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Biliary tract disorders encompass a wide range of benign and
malignant disease processes. In this special issue, we aimed to
highlight advances in novel biomarkers, pharmacotherapies,
endoscopic techniques, and surgical management of a variety
of biliary tract disorders. Such advances continue to lead to
improved diagnostic accuracy, better therapies, and subse-
quently superior patient outcomes. Manuscripts selected for
publication in this issue come from around the world and
address clinically relevant topics and advances in biliary tract
disorders, as briefly summarized below.

Endoscopic retrograde cholangiopancreatography (ERCP)
is an established procedure with numerous applications in
biliary tract disorders. However, it may be associated with
several periprocedural complications, including acute pan-
creatitis and cholangitis. The presence of periampullary
diverticula (PAD) may influence the technical success and
safety of ERCP and hence affect patient outcomes. Z. Sun et
al. evaluate the difference in clinical outcomes between 161
patients with PAD as compared to matched controls.

Technical modifications and ancillary techniques to
ERCP are areas of ongoing research. A strategy that involves
placement of a biliary stent to avoid sphincterotomy in
patients undergoing ERCP for common bile duct stones is
described by T. Ueda et al.; preserving papillary integrity
via such a technique may be especially desirable in younger
patients.The use of endoscopic ultrasound (EUS) guided bil-
iary drainage as an alternative treatment for biliary obstruc-
tion in cases of failed ERCP is growingly implemented; J. Guo

et al. describe the outcomes of their experience utilizing this
approach for the management of biliary obstruction. T. A. P.
Franzini et al. provide an overview of various cholangioscopy
techniques and comment on recent advances in visualization
of the biliary system and its application to biliary disease
management.

Evolution of specific surgical techniques such as those
employed in Roux-en-Y hepaticojejunostomy is reviewed
from a technical standpoint by D. Moris et al. They sum-
marize their 25-year experience with RYHJ for management
of bile duct injury and different perioperative measures they
implement to optimize patient outcomes.

Various malignancies have been associated with primary
biliary diseases. Optimization of surveillance strategies and
care for these patients is crucial. A review manuscript by V.
Hrad et al. summarizes the cancer risks found in different pri-
mary biliary diseases, including primary sclerosing cholangi-
tis, primary biliary cholangitis, and overlap syndrome. This
is complemented by a review paper in which L. Z. C. T.
Pu et al. discuss evidence for best practice in management
of malignant biliary strictures. For unresectable intrahepatic
cholangiocarcinoma, treatment options are limited and often
disappointing.

R. Seidensticker et al. aim to assess the outcomes of
patients with unresectable intrahepatic cholangiocarcinoma
treated by a tailored therapeutic approach, combining sys-
temic and advanced image-guided local or locoregional
therapies.
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Lastly, gallstone disease remains a major public health
burden worldwide. A. Hayasaki et al. aim to identify signifi-
cant independent variables influencing postoperative hospi-
tal stay andmedical costs in patients with definite, suspected,
or unmatched acute cholecystitis diagnosis according to the
2013 Tokyo Guidelines.

We hope the manuscripts in this special issue will high-
light useful advances in the field and help lay groundwork for
further studies addressing the etiopathogenesis, diagnosis,
and management of biliary tract disorders.

Mohamad H. Imam
Sooraj Tejaswi

Mohammed Nabil Quraishi
James H. Tabibian
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Background and Study Aims. Endoscopic ultrasound- (EUS-) guided biliary drainage (EUS-BD) is an alternative treatment
for biliary obstruction after failed endoscopic retrograde cholangiopancreatography (ERCP). In this study, we present the
outcomes of inpatients with obstructive jaundice treated with EUS-BD using a fully covered metallic stent after failed ERCP.
Patients and Methods. A total of 21 patients with biliary obstruction due to malignant tumors and prior unsuccessful ERCP
underwent EUS via an intra- or extrahepatic approach with fully covered metallic stent between March 2014 and October 2015.
A single endoscopist performed all procedures. Results. Seven patients underwent hepatogastrostomy (HGS) and 14 underwent
choledochoduodenostomy (CDS). The technical and clinical success rates were both 100%. There was no difference in efficacy
between HGS and CDS. Adverse events occurred in three patients, including two in the HGS group (1 bile leakage and 1 sepsis)
and one in the CDS group (sepsis). Four patients died as a result of their primary tumors during a median follow-up period of 13
months (range: 3–21 months). No patient presented with stent migration. Conclusion. EUS-BD using a fully covered metallic stent
appears to be a safe and effective method for the treatment of obstructive jaundice.

1. Introduction

Endoscopic retrograde cholangiopancreatography (ERCP)
has become the first-line therapy for bile duct drainage
[1, 2]. In the hands of experienced endoscopists, conven-
tional ERCP results in a failed-cannulation rate of only
3%–5%. Most failures are associated with altered anatomy
(e.g., because of previous surgery such as surgical bypass,
gastrectomy or Whipple resection) or technical difficulties
related to duodenal or biliary obstruction [3]. Percutaneous
or surgical interventions aremandatory in patientswith failed
ERCP but are associated with considerable morbidity and
mortality [4, 5]. Interventional EUS is a minimally invasive
procedure, and EUS-BD has recently been developed as a
salvage therapy for transpapillary treatment [6–9]. The first
case reports of EUS-guided transgastric (hepatogastrostomy,
HGS) and transduodenal (choledochoduodenostomy, CDS)
biliary drainage using plastic or metallic stents were pub-
lished in the early 2000s [10, 11], followed by subsequent case
series [12–16].

The current study aimed to report the outcomes of EUS-
BD using a fully covered metallic stent for the treatment of 21
patients with obstructive jaundice and failed ERCP.

2. Patients and Methods

2.1. Patients. All patients who presented with obstructive
jaundice and underwent EUS-BD with placement of a fully
covered metallic stent after failed ERCP were entered into
the study. A total of 45 patients suffered from obstructive
jaundice and underwent failed ERCP in our endoscopy
center from March 2014 to October 2015. Sixteen of
these patients underwent percutaneous transhepatic biliary
drainage (PTBD) and eight underwent surgery. The remain-
ing 21 patients underwent EUS-BD and were included in the
current study.

This study was approved by the Institutional Review
Board and Ethics Committee of China Medical University.
All patients chose their therapeutic course voluntarily and
provided written informed consent for their participation in
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this study. All drainage procedures were performed by the
same endoscopist who was familiar with interventional EUS
techniques.

2.2. Procedures. The equipment used included a linear array
echoendoscope (EG3830UT; Pentax, Tokyo, Japan) with an
adjustable ultrasonic frequency of 5, 7.5, or 10MHz, in
combinationwith an ultrasound scanner (EUB 6500;Hitachi,
Tokyo, Japan). 19-gauge needle (EUS N-19-T; Wilson-Cook
Medical, Winston-Salem, NC, USA) was used for puncture.
A 0.035-inch guidewire (Jagwire; Boston-Scientific, Natick,
MA, USA) was used for guidance. A cystotome (10 Fr;
Wilson-CookMedical) was used to dilate the tract and create
a large fistula. A fully covered metallic stent (Wilson-Cook
Medical, Winston-Salem, NC, USA) was used for biliary
drainage. Prophylactic intravenous antibiotics (ceftriaxone,
1 g) were administered routinely twice daily for at least 2 days
after the procedure.

2.3. EUS-Guided HGS (EUS-HGS) (Figure 1). EUS-HGS was
usually performed in patients who suffered from proxi-
mal bile duct obstruction, surgically altered anatomy, or
duodenal-bulb invasion.

The intrahepatic approach was performed via the neigh-
boring gastrointestinal tract to allow visualization of the left
intrahepatic bile ducts. The usual puncture point was in the
cardia or the lesser curvature of the stomach. The echoen-
doscope was advanced into the stomach. After checking the
local vasculature by color Doppler, the 19G EUS puncture
needle was then advanced into the intrahepatic duct and
cholangiography was performed, which usually delineated
the dilated biliary tree down to the point of obstruction.
A guidewire was then inserted through the needle and a
cystotome was used to create a fistula between the stomach
(or jejunum in patients with total gastrectomy) and the
left hepatic duct. Once the fistula had been dilated, a fully
covered self-expandablemetal stent (SEMS) (8–10 diameter×
4–10 cm long, fully covered with a silicon membrane) was
inserted anddeployed transmurally. To avoid bile leakage into
the peritoneum, a 7 Fr nasobiliary catheter was sometimes
placed through the metallic stent for 48 h. Sometimes an
uncovered SEMS was placed through the covered stent to
avoid stent migration.

2.4. EUS-Guided CDS (EUS-CDS) (Figure 2). EUS-CDS was
usually performed in patients who suffered frommid or distal
bile duct obstruction or insufficient intrahepatic bile duct
dilatation.

For CDS, the needle was directed towards the hilar
(proximal) bile duct by maintaining a long scope position,
usually from the duodenal bulb. This was important because
an upward needle orientation facilitated the procedure by
decreasing the angle for transmural stent advancement into
the bile duct. After placement of a guidewire, a fistula was
created using a cystotome, to pass the stent into the bile duct.
Once the fistula was dilated, an SEMS (fully covered) was
inserted and deployed transmurally.

3. Results

A total of 21 patients (15 male, 6 female; mean age 67 years,
range 41–79 years) were included in the study. The biliary
obstruction was malignant in all cases. The reasons for failed
ERCP were duodenum stenosis (𝑛 = 9), surgical bypass (𝑛 =
1), biliary cannulation failure associated with periampullary
tumor infiltration (𝑛 = 10), and altered position of the
ampulla (𝑛 = 1). The causes of duodenal stenosis were pan-
creatic carcinoma (𝑛 = 4), ampullary carcinoma (𝑛 = 3), and
duodenal carcinoma (𝑛 = 2). Surgical bypass was associated
with a previous gastrectomy.

Seven patients underwent HGS and 14 underwent CDS.
Both the technical and the clinical success rates were 100%.
Bilirubin levels fell in all patients after the procedure. There
was no difference in efficacy between HGS and CDS. Adverse
events occurred in three patients, including two in the HGS
group (1 bile leakage and 1 sepsis) and one in the CDS group
(sepsis). A 7 Fr nasobiliary catheter was placed through the
metallic stent in the two patients who suffered sepsis, after
which the body temperature of both patients returned to
normal within 48 h. An uncovered SEMSwas placed through
the covered stent in one case to avoid stent migration.

Patients were followed up for amean of 13months (range:
3–21 months). During this period, four patients died as a
result of their primary tumors, two patients presented with
stent occlusion, and successful recanalizationwas achieved in
both patients. No patient presented with stent migration.

4. Discussion

Technologic advances in echoendoscopes, processors, and
accessories have allowed EUS to progress from a largely
diagnostic to a therapeutic modality [17]. The widespread
adoption of minimally invasive surgery and radiologic pro-
cedures has led to an increase in the use of therapeutic EUS
for the curative and/or palliative treatment of gastrointestinal
and pancreaticobiliary diseases [17].

Endoscopic retrograde cholangiographywithBD remains
the most frequent method for palliation of malignant biliary
obstruction, with cases of ERCP failure traditionally being
referred for either PTBD or surgery. However, both PTBD
and surgery have relatively high complication rates, which,
together with patient dissatisfaction associated with external
drainage, make these options undesirable. Khashab et al.
[18] compared the efficacy, safety, and cost of EUS-BD and
PTBD in jaundiced patients with distal malignant biliary
obstruction after failed ERCP.A total of 73 patientswith failed
ERCP subsequently underwent either EUS-BD (𝑛 = 22) or
PTBD (𝑛 = 51), and although the clinical success rates were
equivalent (92.2% versus 86.4%, 𝑃 = 0.40), EUS-BD was
associatedwith fewer adverse events (18.2%versus 39.2%) and
lower total costs.

EUS-BD has emerged as an effective alternative over
the last decade, with significant potential as a minimally
invasive and low-risk method of biliary access. Since 2008,
numerous studies on EUS-BD have reported high technical
and functional success rates and adverse event rates of 3%–
23% [6, 7, 9, 19–27].
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 1: (a) Echoendoscope was advanced into the stomach. After checking local vasculature with color Doppler, the EUS puncture needle
was then advanced into the intrahepatic duct. (b) Cholangiography was performed, which usually delineates the dilated biliary tree down
to the point of obstruction. (c) A guidewire was then inserted through the needle. (d) The cystotome was used to create a fistula between
the stomach and the left hepatic duct. (e) The distance between the stomach and the left hepatic duct was measured. (f)–(i) Once the fistula
has been dilated, a fully covered SEMS (10mm diameter × 8 cm length, fully covered with a silicon membrane) was inserted and deployed
transmurally.

Complications after EUS-BD include pneumoperito-
neum, bile leakage, cholangitis, bleeding, abdominal pain,
and stent occlusion. Gupta et al. [28] compared the complica-
tion rates of EUS-BD in patients with benign and malignant
diseases and found similar complication rates in both groups
(26.7% versus 37.1%). They placed stents in 173 patients
with malignant etiologies, including 42 (24%) plastic and 131
(76%) metal stents, and found no significant difference in
complication rates between the two types of stents but did
note a trend towards better outcomes in patients with metal
stents (𝑃 = 0.09).

EUS-BD was initially largely performed using plastic
stents, though many experts reported favorable outcomes
with SEMS, instead of plastic stents [29–31]. Song et al. [32]
performed a study in 15 patients with distal malignant biliary
obstructionwhowere candidates for alternative techniques of
biliary decompression following failed ERCP. They achieved
a technical success rate following EUS-CDS with a fully
covered SEMS of 86.7% (13/15), and a functional success rate
of 100% (13/13). Eum et al. [30] studied three consecutive
patients who underwent EUS-BD with a fully covered SEMS
for biliary decompression and concluded that this technique
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 2: (a) Echoendoscope was advanced into the duodenal bulb. After checking local vasculature with color Doppler, the EUS puncture
needle was then advanced into the intrahepatic duct. (b) Cholangiography was performed, which usually delineates the dilated biliary tree
down to the point of obstruction. (c)The cystotomewas used to create a fistula between the stomach and the left hepatic duct. (d)Thepuncture
site after dilation. (e) The guidewire was observed under the EUS. (f)–(h) The fully covered SEMS was inserted and deployed transmurally.
(i) To avoid bile leakage into the peritoneum, a 7 Fr nasobiliary was placed through the metallic stent.

was able to achieve a large-diameter sustainable fistula.
Endoscopic intervention through this fistula thus seems to
be feasible and useful for the management of intrabiliary
lesions. Fabbri et al. [20] successfully used a new partially
covered biliary stent for EUS-assisted cholangiography in
patients with malignant biliary obstruction. There were no
major complications or procedure-related deaths, and no
patients required endoscopic reintervention during the 170-
day follow-up period.

We used fully covered SEMS in the current study. These
stents may decrease the risk of bile leakage and pneu-
moperitoneum. Indeed, only one patient suffered from bile
leakage (4.8%, 1/21), which occurred in the primary stage of

treatment and may have been related to lack of experience
of the procedure. The resulting peritonitis was mild and self-
limited.

CDS or HGS is used for gastrointestinal luminal access,
depending on the desired site. In our study, EUS-HGS was
usually performed in patients suffering from proximal bile
duct obstruction, surgically altered anatomy, or duodenal-
bulb invasion. We found no difference in efficacy between
HGS and CDS. Artifon et al. [22] compared the outcomes
of EUS-CDS and EUS-HGS in 49 patients with unresectable
distal malignant biliary obstruction and failed ERCP. The
technical success rates for HGS and CDS were 96% and 91%,
and the clinical success rates were 91% and 77%, respectively.
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The mean procedural times were 47.8min for HPG and
48.8min for CDS.Themean quality of life scores were similar
during follow-up. They therefore concluded that HGS and
CDS were similar in terms of efficacy and safety.

EUS-guided rendezvous is a choice for the patient after
failed ERCP with issues of biliary cannulation at the papilla.
Compared with direct transluminal techniques, the process
of rendezvous is relatively complex and time consuming. In
the study of Khashab et al. [6], 35 patients underwent EUS-
BD (rendezvous 𝑛 = 13, transluminal 𝑛 = 20). Technical
successwas achieved in 33 patients (94%), and clinical success
was attained in 32 of 33 patients (97.0%). There was no sig-
nificant difference in adverse event rate between rendezvous
and transluminal groups (15.4% versus 10%; 𝑃 = 0.64). In
their study, both rendezvous and direct transluminal tech-
niques seem to be equally effective and safe. So, we always
choose direct transluminal techniques instead.

In the current study, four of the 21 patients died after
about 13 months of follow-up; however, the fully covered
SEMS was still functioning after the time span it would be
expected to remain in patients with unresectable malignan-
cies.

One disadvantage of fully covered SEMS is their greater
cost, compared with plastic stents. However, their long-term
patency and significantly lower reintervention rates suggest
that metal stents may still represent a cost-effective choice.

In summary, EUS-BD with fully covered SEMS offers
great potential as an alternative method of biliary decom-
pression, associated with high success rates, low complication
rates, and a lack of fatalities. The present study was limited
by its retrospective nature and relatively small sample size.
Larger prospective studies are thus needed to confirm these
results.
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Primary biliary diseases have been associated in several studies with various malignancies. Understanding the risk and optimizing
surveillance strategy of these malignancies in this specific subset of patients are an important facet of clinical care. For instance,
primary sclerosing cholangitis is associated with an increased risk for cholangiocarcinoma (which is very challenging to diagnose)
andwhen IBD is present for colorectal cancer. On the other hand, primary biliary cirrhosis patients with cirrhosis or not responding
to 12 months of ursodeoxycholic acid therapy are at increased risk of hepatocellular carcinoma. In this review we will discuss in
detail the risks and optimal surveillance strategies for patients with primary biliary diseases.

1. Introduction

Primary biliary diseases encompass several entities includ-
ing primary biliary cholangitis (PBC), primary sclerosing
cholangitis (PSC), autoimmune hepatitis (AIH), and overlap
syndrome (classified as having PBC, PSC, or AIH). Patients
affected with these diseases often present with a cholestatic
biochemical profile and often are asymptomatic. Distinc-
tion between these entities is necessary due to variance of
associated complications and recommended management.
Complications of biliary diseases include an increased risk for
development of malignancy especially in certain subsets of
patients. In this review we intend to shed a light on advances
in diagnosis and management of malignancy in patients with
primary biliary diseases.

2. Overlap Syndromes

The serologic and clinical characteristics of AIH may overlap
with other forms of chronic immune-mediated liver dis-
orders such as PBC and PSC. Although the prevalence of
overlap syndromes is small, itmay affect themanagement and
prognosis of patient’s illness. The International AIH Group

(IAIHG) recommends that patients with suspected overlap
syndrome be classified on the basis of their primary disease
as AIH, PBC, or PSC and therapy of primary disease should
determine therapy [1]. A synopsis of the PBC-AIH and PSC-
AIH overlap syndromes is as follows.

2.1. PSC-AIH Overlap. On the basis of criteria deemed
arbitrary by the IAIHG, the frequency of PSC-AIH overlap
ranges from 6% to 11% [2]. The hallmark of this overlap
syndrome is the serologic finding reflective of AIH (presence
of ANA and/or ASMA) and radiographic finding reflective
of PSC. One study reported that PSC-AIH overlap patients
had higher serum globulins (𝑃 = 0.01), IgG levels (𝑃 =
0.001), autoantibody titers (𝑃 < 0.001), and histologic scores
(𝑃 < 0.001) than patients with PSC alone [3]. If a patient
with known inflammatory bowel disease (particularly, ulcer-
ative colitis) presents with pruritus, has an elevated alkaline
phosphatase, and demonstrates radiographic or histologic
findings of PSC, a diagnosis of PSC-AIH overlap can be con-
sidered. This overlap syndrome is difficult to treat. Although
the safety and efficacy of immunosuppressive treatment are
established in AIH, no effective therapy exists for PSC. A
combination of immunosuppression (such as azathioprine)
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and varying doses of ursodiol may be tried; one study
reported the efficacy of this regimen to be 20%–100% with
inverse relationship to the severity of cholestasis. In selected
patients, empiric cyclosporin, mycophenolate mofetil, and
budesonide were also found to be beneficial [2].

2.2. PBC-AIH Overlap. One study reported the frequency
of this overlap syndrome to be 7%–13% and reported the
patients to be highly susceptible to a variety of autoimmune
and immunologic diseases [2]. Two varieties of PBC-AIH
overlap exist, based on presence or absence of antimitochon-
drial antibodies (AMAs). The AMA-positive variety of PBC-
AIH overlap demonstrates histologic characteristics of AIH
and responds well to steroid therapy. On the other hand,
the AMA-negative variety of PBC-AIH overlap is usually
positive for antinuclear antibodies (ANA) and/or antismooth
muscle antibodies (ASMA) and has histologic findings and
therapeutic management consistent with PBC. The AMA-
negative variety of PBC-AIH overlap has also been termed
“autoimmune cholangitis” or “immune cholangiopathy” and
could also be considered as an AMA-negative form of PBC.
Thediagnostic criteria of the PBC-AIHoverlap have garnered
significant interest among gastroenterology circles. One of
such diagnostic criteria, termed Paris criteria, requires the
presence of two out of three diagnostic criteria for each of
PBC andAIH to denote a case as PBC-AIH overlap. Accepted
diagnostic criteria of PBC and AIH under Paris criteria are as
follows:

Accepted criteria for diagnosis of PBC:

(1) Twofold elevation in the alkaline phosphatase or
fivefold elevation in the 𝛾-glutamyl transferase.

(2) Positive AMA.
(3) Liver biopsy with bile duct lesions as seen in PBC.

Accepted criteria for diagnosis of AIH:

(1) Elevated ALT of at least fivefold the upper limit of
normal.

(2) At least a twofold increase in IgG level or a positive
ASMA.

(3) A liver biopsy with classic findings suggestive of AIH.

Paris criteria yield high diagnostic accuracy with sensitivity
and specificity of 92% and 97%, respectively [4].

PBC-AIH overlap syndrome responds well to a combi-
nation of immunosuppression (such as azathioprine) and
ursodiol [1, 2, 4]. We learn the following lessons:

(i) Overlap syndrome could be classified as encompass-
ing AIH and either PBC or PSC.

(ii) AMA-positive AIH-PBC overlap demonstrates his-
tologic characteristics of AIH and responds well to
steroid therapy.

(iii) AMA-negative variety of AIH-PBC overlap is positive
for ANA and/or ASMA and should be managed as
PBC.

(iv) AIH-PSC overlap is difficult to treat.

3. Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (PSC) is a cholestatic liver
disease often affecting men (male : female, 2 : 1) in their fifties
and is commonly associatedwith inflammatory bowel disease
(IBD) [5, 6].

The pathogenesis of PSC remains obscure and is thought
to involve (similar to PBC) several pathways that include
autoimmune, genetic, and infectious processes. Evidence for
an autoimmune component is underlined by its association
with many extrahepatic autoimmune diseases. On the other
hand, GWAS studies have revealed several genetic loci asso-
ciated with an increased risk for development of PSC.

3.1. Risk of Malignancy. PSC is considered a premalignant
condition. Risk for cholangiocarcinoma (CCA) and colon
cancer and in cirrhotic patients risk for hepatocellular carci-
noma are increased. CCA accounts for about 15% of primary
liver and intrahepatic bile duct cancers annually in theUnited
States with an incidence of 1-2 per 100,000 persons [7–9].

In a Swedish study by Bergquist et al., 44% of deaths
in their cohort of patients were related to malignancies. It
was determined that in their cohort of 604 PSC followed for
5.7 years the incidence of hepatobiliary carcinoma was 1.5%
per year and cholangiocarcinomawas 13%.Most importantly,
pancreatic carcinoma risk was found to be 14 times higher
compared with the general population and malignancy can
affect up to 25% of the patients with PSC [10].

The presence of dominant stenosis/strictures (defined as
a stricture less than 1.5mmdiameter in the common bile duct
or less than 1mm in the left or right main hepatic ducts)
when accompanied with IBD seems to be associated with
an increased risk of cancers including biliary, gallbladder,
and colorectal malignancies as compared to those without
preexistent IBD. This may suggest that patients with dom-
inant stenosis may represent a sicker group of people with
worsened outcomes [11].

There is a widely accepted sequence in development
of CCA in PSC inflammation-dysplasia-carcinoma. Neither
of other suggested predictors as elevated Bilirubin, variceal
bleeding, older age, and duration of IBD was found to be
clinically useful. CCA develops independently of cirrhosis.
A study performed at the Mayo Clinic demonstrated that
inducible nitric oxide (iNOS) is expressed in PSC and CCA
but not in normal biliary epithelium and increases in 8-
oxodeoxyguanosine. These findings with generation of oxys-
terols in bile support inflammatory theory of pathogenesis
[12]. Signaling has been implicated in biliary cancers such as
CCA in patients with PSC [13–17]. Genetic polymorphism of
natural killer cell receptor G2D (NKG2D) is seen to be a risk
factor for these patients [18], as well as loss of CDKN2A/p16
gene at the chromosome 9p21 locus which is a marker for
dysplasia [19].

PSC is the most common risk factor for developing CCA
in theWestern countries [20]. CCA can be found in 5–15% of
patients with PSC [21, 22] with the annual incidence rate of
0.6–1.5% and lifetime risk of 7 to 20% [5, 23]. The prognosis
for CCA is very poor with median survival time of 5 months
after diagnosis [24].
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A study from Finland utilizing 20 years of follow-up
reports almost 1000-fold risk of CCA in concomitant IBD and
PSC compared to the general population [25]. More than a
third of the patients with PSC are expected to be diagnosed
with CCA within the first year of having PSC, with most
CCAs being found in the first 2.5 years after the conclusion
of PSC [23]. Furthermore, a study evaluating autopsy findings
estimated the occurrence of CCA in patients with PSC at 40%
[26, 27].

Due to lack of sensitive diagnostic testing, distinction
between benign bile duct strictures and CCA remains chal-
lenging. Serological testing is of importance in making that
distinction. Tumormarker CA 19-9 with a serum level higher
than 100 IU/mL has 75% sensitivity and 80% specificity in
identifying CCA in patients with PSC. Accuracy can be
improved to 86% by addition of CEA [28]. Increasing the CA
19-9 cut-off level to >129 IU/mL in one study has improved
specificity to 99% but only in the absence of bacterial
infection [29].

Combining serological and imaging techniquesmay yield
increased sensitivity and specificity for diagnosis of CCA
in PSC. In an observational study aiming at evaluating the
role of combinations of serological testing and imaging in
detecting CCA in patients with PSC it was determined that
CA 19-9 combined with one of ultrasonography, computed
tomography, or magnetic resonance imaging provided a
sensitivity of 91%, 100%, and 96%, specificity of 62%, 38%, and
37%, PPV of 23%, 22%, and 24%, and NPV of 98%, 100%, and
98%, respectively [30].

It is worth noting that elevated serum biomarker may
carry a prognostic utility following tumor resection. Such
utility has been demonstrated in patients with pancreatic ade-
nocarcinoma where CA 19-9 was predictive of postresection
survival [31].

Nonetheless, bile duct brushings during ERCP remain
first-line investigative procedure for biliary strictures, which
also helps palliate dominant strictures. However, sensitivity
yield remains low at around 40–50%. American Society of
Gastrointestinal Endoscopy recommends > 5 passes across
the stricture, removal of brush and catheter together, and
inclusion of washing into the specimen to increase diagnostic
yield of the test [32]. Cleveland Clinic uses two sets of
brushings: one for cytology and one for FISH [33]. One small
sized Japanese study reports achieving 100% specificity with
forceps biopsy [34].

Fluorescence in situ hybridization (FISH) is used to reveal
chromosomal abnormality by fluorescence-labeled probes.
There are four commercially available FISH probes which
bind to chromosomes 3, 7, 17, and 9p21 locus, responsible for
p16 tumor suppressor gene. Obvious advantages of FISH as
compared to endoscopic testing are the lack of interobserver
variability and simplicity.One of themain concerns regarding
the application of FISH in early detection of CCA in the
patients with PSC is the modest sensitivity and can be con-
sidered exclusively in patients with a high pretest probability
[35].

A meta-analysis conducted by Navaneethan et al. found
that pooled sensitivity and specificity for FISH test using
polysomy alone as a positive result for the diagnosis of CCA

in PSC patients were 51% (95% CI: 43%–59%) and 93% (95%
CI: 91–95%), but low likelihood ratios (positive at 6.51 and
negative at 0.56) do not allow using FISH as a single test in
diagnosing CCA with PSC patients [36]. Patients with CCA
associated with PSC have higher (80%) prevalence of DNA
aneuploidy than those with PSC and without CCA [37].

Eaton et al. further evaluated the opportunities provided
by fluorescence in situ hybridization [38]. They concluded
that multifocal polysomy detected by the FISH in multiple
areas of biliary tree is the strongest predictor of CCA
diagnosis among PSC patients suspected of having biliary
cancer.

A recent analysis of biliary brush samples for DNA
methylation of certain genes identified four genes: CDO1,
CNRIP1, SEPT9, and VIM. Use of these genes as a panel dis-
played 85% sensitivity and 98% specificity in early detection
of CCA in PSC patients [39].

One of the last trends in noninvasive diagnosis of malig-
nant biliary strictures is measurement of “Volatile Organic
Compounds” in bile or urine. A study from Cleveland Clinic
reported the utility of ethane, 2-propanol, trimethylamine,
carbon disulfide, and 1-octene levels as predictors of biliary
malignancy in PSC patients [40].

Another interesting approach in diagnosing CCA in
patients with PSC is the analysis of miRNA patterns in serum
and bile. Several miRNAs occur at lower concentrations in
CCA compared to PSC patient without CCA. The most
promising miRNA in the serum in this regard was miR-126
with specificity of 93% [41].

Another technique is analysis of bile and serum peptides
with capillary electrophoresis coupled with mass spectrom-
etry. This allows for discrimination between PSC with CCA
and absence of CCAwith 84% sensitivity [42]. Lankisch et al.
propose using urine to obtain bile instead of utilizing invasive
and time-consuming endoscopic procedures.

Novel diagnostic modalities have been introduced
recently; these, however, carry a disadvantage of the results
being operator-dependent. One such modality is intraductal
ultrasonography (IDUS) which can be performed as a
part of routine ERCP without the need of sphincterotomy.
This technique, however, does not provide histopathology
limiting its use to an adjunct diagnostic tool despite its
reasonably good sensitivity and specificity, especially in the
proximal biliary strictures [43].

On the other hand, cholangioscopy has a specificity of 82–
90% which is even higher with visual targeted biopsy [33, 44,
45]. However, the value of the visualization without clinical
correlation limits the utility of this method for surveillance
of dominant stenosis [43, 46]. Another limiting factor is the
associated complications related to the need of performing
a sphincterotomy to conduct the test. Serious procedure-
related adverse events of cholangioscopy have been reported
at around 7.5% [44]. Other complications may occur with
tight distal strictureswhere the rate of postprocedural cholan-
gitis is reported at 11% [47].

Narrow Band Imaging is another modality which pro-
vides improved visualization. One study reported increased
detection of suspicious lesions which was not confirmed
by dysplasia detection [48]. Probe based confocal laser
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endomicroscopy (pCLE) detects neovascularization and
abnormal vessels in biliary strictures.This technique has been
proposed as a method with high technical success in patients
with PSC for exclusion of CCA with high sensitivity and
negative predictive value [49]. This method, however, has a
reported specificity of only 61%.However, introduction of the
Miami classification andParis inflammatory criteriamayhelp
improve specificity [50]. Meining et al. described an increase
in accuracy by addition of pCLE to ERCP when compared to
ERCP and tissue sampling alone [51]. This may also carry the
advantage of reducing the frequency of tissue samplings in
patients with PSC and dominant strictures during evaluation
for CCA. Widespread use of this technology is limited by
the need for specialized operator training and low specificity
[46].

3.2. Surveillance. Diagnosis of CCA in PSC may be very
challenging and may sometimes require rather invasive tech-
niques as discussed above. Hence, no accepted surveillance
strategy for CCA in PSC is currently present.

Because sensitivity and accuracy of the biliary brushings
with FISH are still debatable and these tests may carry certain
risks for complications from ERCP (such as pancreatitis and
cholangitis) thismethod is not recommended for surveillance
at this point but is very useful for diagnosis.

Recommendations for offering testing of liver enzymes
every 6 months with an annual check of CA 19-9 plus
any of the imaging studies available (MRCP, US, and CT
cholangiography) have been previously suggested [20]. In the
cases of dominant stenosis or any suspicion indicating the
need to proceed with ERCP, bile brushings and FISH are
anticipated.

3.3. Colorectal Cancer. Colorectal cancer (CRC) is annually
diagnosed in 134,490 men and women in the United States
[52]. Some early studies suggested that the prevalence of
CRC in the setting of concomitant PSC and ulcerative colitis
(UC) is around 9–14% in the first 10 years of establishing a
combined diagnosis, 31% at 20 years, and up to 50%at 25 years
[53].

In a study looking at risk of cancers in patients with PSC
and inflammatory bowel disease, the authors reported an
increased risk for CRC with odds ratio of 5 (95% CI: 2.80–
8.95) [54]. The finding of increased risk for CRC in PSC-UC
patients was also reported in ameta-analysis of eleven studies
[55].

Hence, current guideline recommendations [5] are to
perform screening colonoscopy with biopsy at diagnosis of
PSC and then every 5 years if no IBD is present and yearly if
IBD is present [53, 56–60].

3.4. Gallbladder Carcinoma. Gallbladder cancer has an inci-
dence of 1 to 2 cases per 100,000 persons in the US [61].
Patients with PSC are at increased risk of gallbladder car-
cinoma. A study of 102 PSC patients undergoing cholecys-
tectomy revealed a 13.7% occurrence of gallbladder lesions
with greater than 50% of these lesions being malignant [62].
Hence, current guidelines recommend annual surveillance
for gallbladder lesions with U/S [5].

3.5. Hepatocellular Carcinoma. A German study aimed at
evaluating the risk of HCC in more than 500 PSC patients
did not show increased risk of HCC in this subset of patients
[63]. We learn the following lessons:

(i) PSC carries an increased risk for cholangiocarcinoma
(CCA) and colon cancer and in cirrhotic patients for
hepatocellular carcinoma.

(ii) The annual incidence rate of CCA is reported to be
0.6–1.5% with a lifetime risk of 7 to 20%.

(iii) Diagnosis of CCA in PSC may is very challenging.
(iv) PSC-UC involves a dramatic increased risk of CRC.
(v) Perform screening colonoscopy with biopsy at diag-

nosis of PSC and then every 5 years if no IBD is
present and yearly if IBD is present.

4. PBC

PBC is a rare chronic cholestatic liver disease that, if left
untreated, eventually culminates in cirrhosis and liver failure.
The exact pathogenesis of PBC remains under investigation.
One of the proposed mechanisms includes the oblitera-
tion of small intralobular bile ducts through T-lymphocyte-
mediated activity. Other proposed mechanisms involve envi-
ronmental, geographic, and genetic factors.

Evidence for underlying autoimmune disease is sup-
ported by the presence of circulating antibodies and ele-
vated immunoglobulins on serology, association with other
autoimmune conditions, and development of granulomas in
patients with PBC.

Environmental factors have been implicated by studies
such as the one published by Prince et al. and McNally et al.
that sought to describe the temporal and spatial distribution
of PBC within defined geographical areas. PBC was found
to be significantly more prevalent in urban areas when
compared to rural locales [64]. Moreover, areas with higher
levels of socioeconomic deprivation had an increased risk of
PBC (𝑃 = 0.035) inMcNally’s study. Spatial clustering of PBC
cases was also confirmed in this study [65].

Additionally, Muirhead et al. discovered that PBC
demonstrated a temporal pattern suggesting a possible role
of seasonal factors affecting the disease [66].

GenomeWide Association Studies (GWAS) in PBC have
further solidified a role of a genetic component and have
been instrumental in advancement of our knowledge in the
pathogenesis of PBC. According to a review by Gulamhusein
et al., there have been six large scale studies which have
identified 27 risk loci in addition to HLA associated with
PBC [67]. Two such studies published by Underhill et al.
revealed an association between PBC and human major
histocompatibility complex (HLA) DR8 and DPB subgroup
[68, 69]. Another study published by Wang et al. described
increased frequency of circulating T follicular helper (Tfh)
cells in PBC patients. Additionally, this study described
a decrease in Tfh cells in patients using ursodeoxycholic
acid (UDCA) [70]. This study was reinforced by Limongi’s
findings which demonstrated a significant reduction of T-
helper 1 cytokines after treatment with UDCA [71].
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Some studies also indicate that infectious processes
may play a role in the progression of PBC. Some of the
implicated infections include Chlamydia pneumoniae, E. coli
(particularly UTI caused by E. coli), and Lactobacillus. To
further establish an infectious role to the progression of PBC,
Thomas et al. demonstrated that zidovudine was associated
with a significant reduction in alkaline phosphatase as well
as cholangitis and ductopenias at 12 months. Other studies
detailed in that same paper described promising trials using
the combination of tenofovir and emtricitabine and lopinavir
[72].

4.1. Risk of Malignancy. Several studies have indicated that
patients with PBC are at increased risk for specific malignan-
cies such as hepatocellular carcinoma.

Cirrhotic PBC patients are at increased risk of hepato-
cellular carcinoma (HCC). A study in the Greek population
of PBC patients revealed a 10-year risk of 4% for developing
HCC (15% in cirrhotic patients) and of 13% for developing
extrahepatic malignancies [73]. A similar study in Spanish
and Italian populations revealed that the prevalence and inci-
dence (0.35 and 0.37 per 100 patient-years in Barcelona and
Padova accordingly) of HCC were similar. Only advanced
histological stage was associated with around a sixfold risk of
development of HCC (odds ratio [OR]: 5.80, 95% confidence
interval [CI]: 2.34–14.38,𝑃 < 0.001). On the other hand,male
gender, age >52 years, smoking, alcohol >40 g/day, presence
of HBsAg, and anti-HCVwere not associated with HCC [74].
Unlike cryptogenic and alcoholic cirrhosis, obesity does not
appear to be an independent risk factor for development of
HCC in PBC patients [75].

A recent study by Boonstra et al. involving 992 PBC
patients followed for a median of 73 months (range: 0–
434) concluded that there was a ninefold increased risk of
developing hepatobiliary malignancies (incidence ratio: 9.4;
95% CI: 3.04–21.8) [76]. The risk for developing HCC was
also confirmed in a 2012 meta-analysis by Liang et al. which
revealed that patients with PBC have a relative risk of 19
(95% CI: 11–27) as compared to the general population for
developing HCC [77].

A recent international multicenter study revealed that 12-
month biochemical nonresponse in patients with PBC on
ursodeoxycholic acid was associated with increased risk of
developing HCC [78].

Conflicting evidence regarding increased risk of breast
cancer or lack thereof has been published [79–83]. On the
other hand, Boonstra et al. revealed that patients with PBC
have a fivefold increase in risk for developing urinary bladder
cancer (SIR 5.0; 95% CI: 1.6–11.6) and 1.8-fold increase in risk
for developing breast cancer (SIR 1.8; 95% CI: 1.0–2.81) [76].
We learn the following lessons:

(i) Cirrhotic PBC patients are at increased risk of hepa-
tocellular carcinoma (HCC).

(ii) 12-month biochemical nonresponse in patients with
PBC on ursodeoxycholic acid was associated with
increased risk of developing HCC.

(iii) There is conflicting evidence regarding increased risk
of breast cancer in PBC patients.

4.2. AIH. AIH is characterized by high globulin levels,
autoimmune features, and circulating antibodies directed
against self; AIH is a chronic inflammation of the liver that
can progress to cirrhosis. Due to the variety of ways AIH
can manifest, various immunogenic phenotypes, circulating
autoantibodies, and clinical features have been used to char-
acterize the disease process. Among the modalities used to
describe this disease process, classification using circulating
autoantibodies has been suggested but has not been that
effective given the lack of evidence that ties these antibodies
to the pathogenesis of AIH.

One of the major theories for the pathogenesis of AIH
proposes a combination of environmental triggers (which
includes viruses, herbal supplementations, medications, and
immunizations) in a patient who is genetically predisposed.
Despite lack of evidence regarding detailed associations
between antigens, genetic predisposition, and the autoim-
mune process, the biomolecular level is thought to involve
interaction between antigen, MHC, and T-cell receptors
forming a complex that serves as a contact point to induce
autoimmunity. However, the exact inducers of autoimmunity
cannot be specified. It is also reported that change in T-
cell function plays a central role in the pathogenesis of AIH
with loss of tolerance via absence of normal suppression
of self-reactive T-cells, with B cell abnormalities playing a
lesser role. This mechanism of loss of tolerance contributes
to repetitive inflammation and necrosis of liver in AIH.
The immunoglobulin superfamily which also include HLA
class within theMHC, immunoglobulins, and T-cell receptor
molecules have been the targets with ongoing research to
identify genetic predisposing factors.TheHLA-DR3 serotype
has a strong presence in Caucasians with type I AIH with
early onset and severe disease, while the HLA-DR4 serotype
ismore prevalent inCaucasianswith late-onset disease. HLA-
DR4 is also associated with higher rates of extrahepatic
manifestations and improved steroid responsiveness.

The hallmark features of AIH are represented by its
immunologic and autoimmunologic features in the setting
of circulating autoantibodies and hyperglobulinemia.Despite
the lack of convincing evidence establishing the role of these
antibodies in the pathogenesis of AIH, 2 major forms of AIH
have been proposed based on these immunologic features:
type I AIH and type II AIH.

Type IAIH, also known as classic AIH, is characterized by
antinuclear antibodies (ANA), antismoothmuscle antibodies
(ASMA), and IgG Actin (AAA). According to Frenzel et al.,
F-actin ELISA had superior sensitivity (100%) and similar
specificity (98%) for diagnosis of AIH compared with the
standard antismooth muscle antibody immunofluorescence
testing [84]. Atypical p-ANCA, anti-SLA/LP (soluble liver
antigen/liver pancreas antigens), and double-stranded DNA
are some autoantibodies known to occur in type I AIH.
Type II AIH is characterized by antibodies to liver/kidney
microsomes (ALKM-1) and to liver cytosol antigen (ALC-1).

The mainstay of treatment for AIH is prednisone with
or without azathioprine [85]. Various factors play a role in
the relapse of AIH including lack of response to medication,
intolerance to medication due to side effects, or disease
recurrence after completion of course of treatment. A case
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report described two patients with AIH refractory to stan-
dard treatment with the first patient requiring tacrolimus,
mycophenolate mofetil, and budesonide to achieve remis-
sion.The second patient required rituximab as a replacement
for sirolimus with an addition of mycophenolate mofetil and
prednisone to achieve remission [86]. In a single-center study
examining six patients with biopsy proven AIH refractory
to prednisone and azathioprine, two infusions of rituximab
1000mg two week apart led to biochemical improvement
without serious side effects [87].

4.3. Risk of Malignancy. Among the various manifestations
of AIH, hepatic and extrahepatic malignancies are present
throughout the course of the disease in patients with AIH.
Malignancies can arise secondary to the underlying disease
process, appear independent of AIH, predispose to AIH, and
occur due to prolonged immunomodulation therapy for AIH
[88–94].

Hepatocellular carcinoma (HCC) is a known outcome
in patients with AIH and cirrhosis with cirrhosis being
a requirement for developing HCC [95–99]. Patients with
AIH with the highest risk for HCC have certain defining
features including cirrhosis for more than 10 years, portal
hypertension and its sequelae, repetitive liver inflammation,
and immunosuppressive therapy for more than 3 years [95,
96, 98–100]. In a study looking at the risk Yeoman et al. [97]
established that HCC arises more frequently in AIH patients
with cirrhosis at presentation (9.3% versus 3.4%, 𝑃 = 0.048).
Thus, cirrhosis in AIH appears to be a prerequisite for HCC
development, which consequently arises at a rate of 1.1% per
year and equally affects males and females. Another study
reported an incidence rate of 0.3% cases per year of follow-
up after the development of cirrhosis in AIH patients [101].

Hematogenous metastasis of hepatocellular carcinoma
to the ascending colon in a patient with AIH has also
been documented in a case report [102]. In another case
report, gastric adenocarcinoma occurred after cadaveric liver
transplantation in a patient with AIH; the exact role of
the AIH in the development of the gastric cancer was not
elucidated [103]. Just as AIH is suspected to contribute to the
development of gastrointestinal cancers, it can also develop
in the setting of a gastrointestinal malignancy. A case review
asserted that AIH occurred de novo in 5 patients with
hematologic malignancy and in 1 patient with colon cancer.
The AIH occurred as an overlap with PSC and PBC in two of
the cases. However, the review could not determine whether
AIH developed due to the underlying disease itself or due to
the cancer treatment [104]. We learn the following lessons:

(i) Immunogenic phenotypes, circulating autoantibod-
ies, and clinical features have been used to character-
ize AIH due to its various manifestations.

(ii) Themainstay of treatment for AIH is prednisone with
or without azathioprine.

(iii) HCC occurs more frequently in AIH patients with
cirrhosis and may occur at a rate of 1.1% per year.
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Nowadays, cholangioscopy is an established modality in diagnostic and treatment of pancreaticobiliary diseases. The more
widespread use and the recent development of new technologies and accessories had renewed the interest of endoscopic
visualization of the biliary tract, increasing the range of indications and therapeutic procedures, such as diagnostic of indeterminate
biliary strictures, lithotripsy of difficult bile duct stones, ablative techniques for intraductal malignancies, removal of foreign bodies
and gallbladder drainage. These endoscopic interventions will probably be the last frontier in the near future. This paper presents
the new advances in therapeutic cholangioscopy, focusing on the current clinical applications and on research areas.

1. Introduction

In recent decades, endoscopic retrograde cholangiopan-
creatography (ERCP) had been the primary tool in the
endoscopic treatment of biliary tract diseases, with success
rates above 90% [1–3]. Nevertheless, some situations remain
challenging, with difficult diagnosis and treatment, as inde-
terminate biliary strictures and stones of difficult removal.

In this context, cholangioscopy was introduced in order
to improve diagnostic and therapy of biliary diseases, allow-
ing direct visualization of the biliary system and also perfor-
mance of therapeutic interventions [4].

Endoscopic evaluation of the biliary tree is not a recent
procedure, as some may believe. The first optical choledo-
coscope was developed in 1941 and the peroral approach in
1976, initially through a prototype that was thin enough to be
inserted through the working channel of the duodenoscope
[5, 6]. This system was known as “mother-baby scope,”
requiring two endoscopists for its management. This first
prototype had a fiber-optic camera, low quality, and neither
working channels nor irrigation and was without tip deflec-
tion. Its use remained limited, mainly due to the high cost,
fragility, and requirement of two experienced endoscopists.
Despite these limitations, it was possible to prove that the
peroral cholangioscopy was feasible [7–9].

From the mid-80s, the second generation of cholangio-
scopes was developed with larger diameters, tip deflections,
and working channels, allowing the introduction of instru-
ments and irrigation [6]. Also, with the advancement of
technology, there was improvement of the image allowing
proper evaluation of the biliary tract mucosa and lumen.

In 2007, the first cholangioscopy platformwas introduced
with a unit of single-operator (SpyGlass�), making the pro-
cedure more feasible and effective, enabling accurate biopsies
and lithotripsy under direct visualization. Consequently, for
its numerous advantages, the use of SpyGlass gained popu-
larity, with great advantages in everyday practice [2]. In 2014,
the second generation was introduced, with higher quality
image (SpyGlass DS�), and also important improvements as
ergonomics, stability, accessory exposure, and larger working
channel (Figure 1).

Single-operator system with “ultraslim” endoscopes with
an external diameter ranging from 5 to 6mm can also
be used. Because of its diameter, the presence of dilated
biliary duct and previously sphincterotomy is necessary. The
major advantage is the superior digital image quality [2, 3],
especially desirable in diagnostic procedures.

The recent development of new technologies, including
high-definition images and the incorporation of optical
chromoendoscopy (NBI), has renewed interest in endoscopic

Hindawi Publishing Corporation
Gastroenterology Research and Practice
Volume 2016, Article ID 5249152, 7 pages
http://dx.doi.org/10.1155/2016/5249152

http://dx.doi.org/10.1155/2016/5249152


2 Gastroenterology Research and Practice

Table 1: Cholangioscopy modalities.

Type Advantages Disadvantages Endoscope
diameter Work channel

Dual-operator

“Mother-baby” It was the first optical
choledoscope developed

Necessary of two
experienced endoscopists,
low image quality,
difficulty in handling,
fragility, limited capacity
of suction and irrigation,
and small diameter of
working channel, limiting
therapeutic procedures

“Mother”: 12.6mm
“Baby”: 2.8–3.4mm 0.8–1.2mm

Karl Storz (short-access-
mother-baby)

More maneuverability,
short size with less fragility,
larger work channel

Necessity of two
experienced endoscopists,
only two-way deflected
steering tip

“Mother”: 12.6mm
“Baby”: 3.4mm 1.5mm

Single-operator

Boston Scientific
(SpyGlass)

Only one endoscopist,
four-direction tip
deflection

High cost, work channel
diameter 3.3mm 1.2mm

Ultra-slim endoscopes
(direct peroral
cholangioscopy)
(Olympus, Pentax,
Fujinon)

Superior video image
quality with narrow band
imaging capability, larger
size of the work channel

High cost, can only be
performed in dilated bile
ducts, difficulty of
insertion into the bile
duct, lack of stability

5-6mm 2.0–2.2mm

Figure 1: SpyGlass DS: cholangioscopy single-operator platform.

visualization of the biliary tree and led to more widespread
use of cholangioscopy [4, 10–15]. Cholangioscopy modalities
are summarized in Table 1.

It is a fact that most of cholangioscopy indications are
to evaluate indeterminate biliary strictures. In the present
paper, we have focused on the advances of therapeutic
cholangioscopy, highlighting the large potential of this issue
in our clinical practice. Diagnostic applications are not on the
scope of this issue. Currently, the established indication of
cholangioscopy in therapeutic field is to treat difficult biliary
stones, when associated with electrohydraulic lithotripsy
(EHL) or laser lithotripsy (LL). Nevertheless, the indications
continued to expand and several applications have been
described, such as treatment of biliary strictures, lithotripsy
of pancreatic duct stones, tumor ablation, gallbladder and
biliary drainage, guidewire placement, foreign body removal,

and the diagnosis and treatment of hemobilia, as discussed
below.

2. Lithotripsy for Difficult Biliary Stones

Approximately 10–15% of stones cannot be extracted by
ERCP conventional methods under certain circumstances,
needing additional or other therapeutic modalities [15, 16].
Furthermore, it has been shown that previous ERCPs failed
to correctly identify choledocholithiasis in 8%–16% of cases
[14].

The definition of difficult bile duct stones is complex and
involves many factors such as size (usually stones larger than
15mm), disproportion of the stone with the distal common
bile duct, postoperative anatomical changes, stenosis, pres-
ence of multiple and barrel-shaped stones, and inaccessible
locations (intrahepatic stones, the Mirizzi syndrome) [11, 13,
15].

Lithotripsy guided by cholangioscopy allows stone frag-
mentation through electrohydraulic waves (EHL) (Figure 2)
or laser (LL), facilitating the subsequent removal with con-
ventional accessories. Several studies report success rates
of 80–90% and these results are frequently achieved in
just one session [2, 9, 11–14]. Thus, lithotripsy under direct
visualization is safer because it helps prevent bile duct injury
and reduces the need for mechanical lithotripsy [4, 15].

EHL is performed through a 1.9 Fr nitinol fiber containing
two electrodes in its tip. High amplitude hydraulic pressure
waves are created, requiring immersion in saline solution. A
generator produces a series of electrical pulses of high voltage
at a frequency of 1 to 20 seconds, with a power of 50 to 100
watts.
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Figure 2: Broken bile duct large stone after EHL session.

LL is performed using a pulse holmium YAG or alu-
minum transmitted through a flexible quartz fiber.The appli-
cation of repeated pulses of energy leads to accumulation of
gaseous ions and free electrons, inducing a wave of mechan-
ical shock and causing stone fragmentation. Irrigation is
necessary to allow laser propagation and to ensure adequate
clearance from the duct during the procedure.

The effectiveness of the electrohydraulic and laser
lithotripsy is similar in terms of stone fragmentation rates,
but LL seems to be more expensive and requires more time
[4, 15].

In case of intrahepatic stones, the thinner LL probe is
generally preferred to the EHL probe, whereas the EHL
is the most widely used technique, particularly with the
SpyGlass system, because of the dedicated irrigation channel
providing the flowing water that is required to perform
the EHL [14]. Percutaneous transhepatic cholangioscopy-
(PTCS-) EHL/laser lithotripsy is probably the only alternative
to surgery for removal of intrahepatic stones [15, 17, 18].

Regarding the Mirizzi syndrome, the conventional man-
agement has been surgical and endoscopic treatment is
still controversial, except to relieve a bile duct obstruction,
with limited data regarding the effectiveness or complica-
tion rate of this approach [19–21]. Binmoeller et al. [22]
demonstrated 100% success when treating 14 patients with
Mirizzi’s syndrome and Tsuyuguchi et al. [21] successfully
treated 23 of 25 patients (92%), concluding that endoscopic
treatment of patients with the Mirizzi syndrome is effective
and less invasive compared with surgery in those with type
II syndrome. In patients with type I, the stones may not
be accessible to the cholangioscope, and surgery may be
preferable.

3. Ablation Techniques

The ablative therapies for intraductal cancer guided by
cholangioscopy are increasingly being applied and aim to
improve cholestasis, survival, and quality of life [15]. These
techniques include various forms and can be performed
directly (e.g., brachytherapy and radiofrequency ablation) or
indirectly (e.g., photodynamic therapy).

3.1. Photodynamic Therapy (PDT). PDT has become an
ascending mode for the treatment of unresectable cholan-
giocarcinoma and involves intravenous administration of a
photosensitizer which is accumulated preferentially in tumor
cells, followed by exposure of the tissue to the photocuring
light, by generating cytotoxic reaction and subsequently
ischemia, necrosis, and apoptosis of tumor cells. In many
studies, patients undergoing PDT showed an increased sur-
vival rate comparedwith conventional stenting alone [23, 24].
Cholangioscopy may be useful for determining the extent of
the spread of bile duct tumors and the appropriate location
of the diffuser for light activation as well as for evaluating the
clinical response to PDT.

Ortner et al. [24] performed a randomized control
trial comparing stenting + PDT with stenting alone in 39
patients with histologically confirmed cholangiocarcinoma.
PDT resulted in prolongation of survival (𝑃 < 0.0001).
It also improved biliary drainage and quality of life. This
study was terminated prematurely because PDT proved to
be so superior to simple stenting treatment that further
randomization was deemed unethical. Other studies also
proved the advantages of PDT [25].

3.2. Radiofrequency Ablation (RFA). RFA is themost promis-
ing endoscopic ablative technique nowadays due to its
potential benefits, including reducedmortality andmorbidity
[23]. It is performed through catheters that induce thermal
damage to the tissue by electromagnetic energy. Direct
cholangioscopy can be useful in confirming a successful
response to therapy.

Several authors [23, 26] described the feasibility and
effectiveness of this technique; however, more randomized
controlled trials are needed to compare its benefit against
other treatments.

3.3. Brachytherapy. Intraductal brachytherapy (IB) is per-
formed using a catheter positioned directly into the biliary
stricture area, to apply iridium-192 isotopes. Radiation doses
may vary from 10.4 to 20Gy. It has the advantage of affecting
only the desired location and a small area around, preventing
tumor growth and avoiding unnecessary irradiation. It can be
performed either endoscopically or percutaneously [23].

The effectiveness of this technique remains controversial
in literature. Montemaggi et al. [27] described 12 patients
submitted to intraluminal brachytherapy (eight on the bile
duct and four on pancreatic duct). The results suggested that
the addition of IB after biliary drainage prolongs survival.
However, complications as cholangitis and gastrointestinal
toxicities occurred in nine patients. Deodato et al. [28]
evaluated long-term effects of IB, with clinical response rate
of 28.6%, complete response in 9%, andmedian survival of 23
months. In conclusion, the role of IB in biliary cancer may be
further analyzed in larger clinical trials.

4. Foreign Body Removal

Cholangioscopy-guided foreign body removal has been
described in some case series.
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Figure 3: Direct view cholangioscopy enabling the adequate place-
ment of guidewire through a biliary stricture.

Hasan et al. [29], using the new digital SpyGlass cholan-
gioscope, performed direct endoscopic evaluation of a benign
biliary stricture and identified a staple protruding through the
biliary mucosa, which could have been a nidus for stricture
formation. The staple was then removed by using SpyBite�
biopsy forceps.

Basket impaction of a bile duct stone is a well-known
problem occurring during endoscopic transpapillary lit-
hotripsy. Generally, it is resolved by a transoral endotripter.
However, even if the endotripter is used, sometimes it failed
when the wires break because of the hardness of the stone.
Wong et al. and Tsuchiya et al. [30, 31] described a successful
removal of basket-impacted stone by use of transpapillary
cholangioscopic electrohydraulic lithotripsy (EHL) and laser.

Cholangioscopy can be a useful tool to remove occluded
or migrated biliary stents that cannot be removed with
conventional techniques. Sanaka et al. and Sejpal et al. [32, 33]
performed a retrieval of migrated biliary stent with direct
peroral cholangioscopy, one by grasping with a thin snare
and the other by cannulating with a guidewire and a stent
retriever. Ikeura et al. [34] described a reintervention for an
occluded metal stent under the guidance of peroral direct
cholangioscopy by using an ultraslim enteroscope.

5. Guidewire Placement

Occasionally, guidewire placement can be a challenge, requir-
ing more invasive procedures, such as percutaneous access or
surgery. Using a cholangioscope, under direct visualization,
the guidewire can be easily manipulated and placed in the
desired location [35] (Figure 3).

6. Gallbladder Drainage

The gold standard treatment for acute cholecystitis is surgery.
Nevertheless, some patients are not amenable due to sig-
nificant comorbidities. In this case, percutaneous cholecys-
tostomy is an alternative to surgery. Although a simple
procedure, there are several complications, rating from 9

to 27% and including hemobilia, hematoma, and bile leak.
When this technique is contraindicated or anatomically
inaccessible, endoscopic-guided drainage can be used [36–
38].

Cholangioscopy has significant advantages over ERCP in
allowing direct visualization of the bile duct and obtaining
targeted cystic duct cannulation. Itoi et al. [39] published a
systematic review that revealed that endoscopic gallbladder
stenting had a technical success rate of 96% and a clinical
success rate of 88% which compared favorably with percu-
taneous transhepatic gallbladder drainage (98% and 90%,
resp.). More investigations that compare cholangioscopy-
assisted procedures and those without cholangioscopy are
needed to evaluate the efficacy of this technique.

Shin et al. [36] reported 8 cases of SpyGlass-assisted
gallbladder drainage, with a technical and clinical success
rate of 88% and 75%, respectively. Complications such as
pancreatitis, bleeding, and perforation did not occur in any
patient.

7. Hemostasia

There are few cases reporting cholangioscopy diagnostic and
therapeutic of bleeding lesions in the biliary mucosa [40–
42]. Komaki et al. [40] reported a case of argon plasma
coagulation under direct peroral cholangioscopy in a patient
with hereditary hemorrhagic telangiectasia and repeated
hemobilia.

8. Postliver Transplant Biliary Stricture

Cholangioscopy has been very useful in the evaluation and
treatment of biliary complications after liver surgery. Direct
visualization of the bile ducts may be a useful adjunct
to endoscopic retrograde cholangiopancreatography (ERCP)
for the evaluation of biliary strictures [43, 44]. Cholan-
gioscopy increases the ability to evaluate mucosal changes
and presence of fibrosis and provides direct intraductal
therapies.

The safety and feasibility of single-operator cholangi-
oscopy-guided steroids injection has been demonstrated by
Franzini et al. [45] in a patient with refractory anastomotic
biliary stricture after liver transplant. The patient under-
went two sessions of cholangioscopy-guided steroid injection
immediately after biliary balloon dilation, with 40mg of
triamcinolone acetate injected per session (Figure 4). It was
the first report of a benign biliary stricture (BBS) treated
by extreme balloon dilation combined with cholangioscopy-
guided steroid injection. Randomized controlled trials could
confirm if this technique has the potential to become a
standard treatment for refractory BBS.

Severe anastomotic stricture after living donor transplant
is a challenge to endoscopic treatment, mainly due to the
inability to advance the guidewire through the stenotic area.
In these cases, cholangioscopy commonly enables successful
guidewire placement as described in report cases [46–48].

Another interesting field of application cholangioscopy
is the evaluation and treatment of biliary cast syndrome,
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Figure 4: Cholangioscopy-guided steroid injection.

a condition usually associated with biliary strictures and
hepatic ischemia after liver transplant.Navaneethan et al. [49]
reported a complete cholangioscopy removal of biliary cast
using single-operator cholangioscopy in a single sitting.

Biopsies samples of the stricture site under direct visual-
ization with the use of SpyBite forceps have been done suc-
cessfully after evaluation of mucosal abnormalities [50, 51].
Balderramo et al. [50] described 2 different cholangioscopic
anastomotic stricture patterns, based ondirect view.Thatmay
help to predict responses to endoscopic therapy. Pattern A
was defined as mild erythema, and had better response to
endoscopic treatment than pattern B characterized by edema,
ulceration and sloughing. The histological findings showed
nonspecific inflammatory changes.

9. Primary Sclerosing Cholangitis

The role of cholangioscopy in Primary Sclerosing Cholangitis
(PSC) is to perform imaging of the biliary tract aiming at
studying biliary strictures, characterizing dominant bile duct
stenosis, enabling target biopsies of dysplastic lesions, and
management of biliary stones.

Awadallah et al. [52] evaluated dominant strictures and
cholangioscopy-directed stone therapy in PSC with demon-
strable clinical benefits. Some other studies [53–57] have
shown the effectiveness and usefulness of cholangioscopy
in PSC, improving the detection of dysplastic lesions and
allowing directed biopsies.

10. Resections

Although there are no published data on the therapeutic
applications of cholangioscopy for the resection of a biliary
lesion, a biliary polypoid lesion could be removed using a 5-F
snare [14].

11. Conclusion

New therapeutic applications for cholangioscopy are emerg-
ing in the last years. Diffusion of single-operator concept,

addition of digital imaging, and increase of availability of
cholangioscopes surely played an important role.

The development of new accessories, as well as controlled
trials evidence, will contribute in the near future to expand
the indications of interventional cholangioscopy.
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Aims. To investigate the effect of biliary stent placement without endoscopic sphincterotomy (EST) on common bile duct stones
(CBDS) disappearance and the contribution of preserving the duodenal papilla function to reduce recurrence of CBDS.Methods.
Sixty-six patients admitted for acute obstructive cholangitis due to CBDS who underwent biliary stent placement without EST for
2 years fromMarch 2011 were evaluated retrospectively. The second endoscopic retrograde cholangiopancreatography (ERCP) was
performed for treatment of CBDS 3 to 4 months after the first ERCP. We estimated the rate of stone disappearance at the time
of second ERCP. Results. CBDS disappearance was observed in 32 (48.5%) of 66 patients. The diameter of the bile ducts and the
diameter of CBDS in patients with CBDS disappearance were significantly smaller than in those with CBDS requiring extraction
(𝑝 = 0.007 and 𝑝 < 0.001, resp.). Stone disappearance was evident when the diameter of bile ducts and that of CBDS were <10 and
7mm, respectively (𝑝 = 0.002). Conclusions. Short-term stent placement without EST eliminates CBDS while preserving duodenal
papilla function and may be suitable for treating CBDS in patients with nondilated bile ducts and small CBDS.

1. Introduction

To treat common bile duct stones (CBDS), endoscopic
sphincterotomy (EST) is an established procedure and is
widely performed. However, late complications including
liver abscess, cholangitis, CBDS recurrence, and bile duct
cancer have recently been reported with this technique
[1, 2], the occurrence of which is probably due to reflux
into the bile duct of duodenal juice, which contains both
pancreatic juice and bacteria. It is desirable to avoid such
complications in younger patients, who have a long life
expectancy.

Endoscopic papillary balloon dilation is an alternative
method for treatment of CBDS [3], and it has the advantage of
preserving duodenal papillary function [4]. However, com-
pared with EST, a higher rate of postendoscopic retrograde

cholangiopancreatography (ERCP) pancreatitis (PEP) has
been reported [4], and this remains a potential hazard when
using this method for treatment of CBDS.

Biliary stent placement is widely performed for acute
obstructive cholangitis (AOC) due to CBDS. This procedure
is easy to perform, effective, and accepted as an emergent
treatment [5, 6]. In patients with difficult stones, biliary stent
placement to drain obstructed bile juice due to CBDS can
be selected [7–10]. Some reports have described a decrease
in size and diameter, as well as disappearance of stones in
patients with biliary stent placement after EST [7, 8].

We performed biliary stent placement in patients of
various ages for AOC due to CBDS without EST during
their first hospitalization. These patients were discharged
temporarily after evidence of relief of AOC, and readmission
for extraction of CBDS was scheduled 3 to 4 months after

Hindawi Publishing Corporation
Gastroenterology Research and Practice
Volume 2016, Article ID 6153893, 5 pages
http://dx.doi.org/10.1155/2016/6153893

http://dx.doi.org/10.1155/2016/6153893


2 Gastroenterology Research and Practice

Table 1: Patient characteristics (𝑛 = 66).

Characteristics 𝑛

Male/female 43/23
Mean age (years) 68.5 (36–94)
Cholangitis

Grade III/II/I 3/24/39
Gallbladder with/without gallstones 45/14

the first hospitalization. When endoscopic treatments were
initiated at the second hospitalization, stone disappearance
occurred in about half of patients. Herein, we report our
findings in these patients.

2. Subjects and Methods

Sixty-six patients admitted forAOCdue toCBDSwho under-
went biliary stent placement for 2 years fromMarch 2011 were
evaluated retrospectively. Patients with a past history of EST
and biliary tract malignancies such as gallbladder carcinoma
or bile duct carcinoma were excluded. Of the 66 patients,
43 were male and 23 were female. The mean age of these
patients was 68.5 years (range: 36–94 years) (Table 1). Severity
of AOC was confirmed in accordance with the 2013 Tokyo
Guidelines [11]. Severity grades III, II, and I were noted in
3, 24, and 39 patients, respectively. Of the 59 patients with
a gallbladder, 45 had gallbladder stones. This retrospective
study was approved by the institutional review board of
Shizuoka General Hospital.

Diagnosis of CBDS was confirmed by recognition of
a movable filling defect on endoscopic retrograde cholan-
giopancreatography (ERCP), and a 7 Fr/7 cm double-pigtail
stent (Olympus, Japan) was placed in all of these patients.
Biliary stent placement was performed with a lateral-viewing
endoscope (JF 260, Olympus, Japan). Bile duct diameter and
CBDS were measured using ERCP images. After cannulating
a bile duct, a small amount of contrast medium (60%
Urographin, Bayer) was injected and CBDS was identified,
followed by selective cannulation of the relevant bile duct.
Bile juice was aspirated as much as possible, and a cholan-
giogram showing intrahepatic bile ducts and a cystic duct
was recorded. After cholangiography, a 0.035-inch guide wire
(Jagwire, Boston Scientific Japan) was inserted.The 7 Fr/7 cm
double-pigtail biliary stent was placed over the guide-wire
with the objective of fixing the tip of the stent to either hepatic
duct. A pancreatic stent was placed simultaneously in cases
where difficulty placing the cannula selectively extended the
procedure time beyond 10 minutes, misinjection into the
pancreatic duct occurredmore than 3 times, or a small orifice
in the major papilla was present.

Oral food intake was started on the day after stent place-
ment, if symptoms of AOC such as pain, fever, and abnor-
mal laboratory data were relieved. Patients were discharged
temporarily if aggravation of AOC was not recognized after
starting oral food intake. Readmission was scheduled for
endoscopic treatment of CBDS 3 to 4 months after the first

Table 2: Stone disappearance (𝑛 = 66).

Stone disappearance/persistence (𝑛) 32/34
Stone disappearance rate (%) 48.5

hospitalization. In patients with gallstones, cholecystectomy
was performed before the second admission.

With the second ERCP, identification of CBDS was
achieved by cholangiography while maintaining a biliary
stent in the bile duct. When a filling defect revealing CBDS
was absent, the biliary stent was removed and treatment for
CBDS was terminated. On the other hand, when a filling
defect showing CBDS was recognized, extraction of CBDS
using a basket catheter was performed after removing the bil-
iary stent with EST, or without EST because of small diameter
of the stone. In patients treated with an anticoagulant, the
biliary stent was maintained in place.

We estimated the rate of stone disappearance and com-
pared diameters of bile ducts, diameters of CBDS, number
of CBDS, ratio of calcified CBDS to total CBDS, and dura-
tion from discharge to second admission in the 2 groups
(i.e., those with stone disappearance and stone persistence).
Stone disappearance was confirmed by ERCP. Complications
associated with endoscopic procedures were evaluated. The
recurrence rate of CBDS after the second ERCP with an
average follow-up period of 34.3 months (9–44 months) was
estimated, while recurrence of CBDS was evaluated with
recurrence of symptoms of cholangitis.

The data obtained in this study were statistically analyzed
by Student’s 𝑡-test and Fisher’s exact test to determine factors
related to stone disappearance. 𝑝 values <0.05 were regarded
as statistically significant.

3. Results

CBDS disappeared in 32 (48.5%) of 66 patients (Table 2).
Diameters of the bile ducts and the diameter of CBDS in
patients with stone disappearance (Table 3) were significantly
smaller than in those without stone disappearance (𝑝 = 0.007
and 𝑝 < 0.001, resp.). The number of stones, ratio of calcified
stones, and duration from first hospitalization discharge to
second admission were not significantly different between
the 2 groups (𝑝 = 0.998, 𝑝 = 0.180, and 𝑝 = 0.205,
resp.). Seventeen patients had bile duct and CBDS diameters
of <10 and 7mm, respectively (Table 4). CBDS disappeared
in 14 (82.4%) of the 17 patients. When the diameters of the
bile duct and stones were <10 and 7mm, respectively, CBDS
disappeared readily (𝑝 = 0.002).

With respect to complications (Table 5), mild post-ERCP
pancreatitis and middle hepatic vein thrombosis were expe-
rienced in 4 (6.1%) patients and 1 (1.5%) patient, respectively.
The latter complication was caused by compression of the
middle hepatic vein by the tip of the stent placed at the caudal
lobe.

During the second ERCP (Table 6), 32 patients with
stone disappearance underwent biliary stent removal and
the treatment for CBDS was completed. Among patients
without stone disappearance, stone extraction using a basket
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Table 3: Analysis of factors associated with stone disappearance and persistence (𝑛 = 66).

CBDS disappearance (𝑛 = 32) CBDS persistence (𝑛 = 34) 𝑝 value
Diameter of bile ducts (mm) 9.59 ± 3.43 12.20 ± 4.17 0.007
Diameter of bile duct stones (mm) 5.77 ± 3.01 11.21 ± 6.42 <0.001
Number of bile duct stones (pieces) 1.56 ± 0.98 1.55 ± 1.02 0.988
Ratio of calcified stones (%) 75.8 91.1 0.180
Duration from first hospitalization discharge to second
admission (days) 143 ± 10 111 ± 58 0.205

Table 4: Stone disappearance in patients with CBD < 10mm and CBDS < 7mm.

Diameter
𝑝 value

CBD < 10mm and CBDS < 7mm CBD ≥ 10mm or CBDS ≥ 7mm
CBDS disappearance 14/17 (82.4%) 18/49 (36.7%) 0.002

Table 5: Complications.

Complications 𝑛 (%)
Mild pancreatitis 4 (6.1)
Hepatic vein thrombosis 1 (1.5)

catheter with EST was performed in 17 (25.8%) patients
and stone extraction using a basket catheter without EST
because of small stone diameter and a widely opened papilla
orifice due to stent placement (phenomenon which was
frequently experienced in our study) was performed in 10
(15.1%) patients. Biliary stent replacement, for persistent
biliary stent placement due to a large stone, and anticoagulant
administration were performed in 7 (10.6%) patients. Finally,
CBDS were treated without disruption of duodenal papilla
function in 42 (63.6%) patients (Figure 1).

During an average follow-up period of 34.3 months
(Table 6), cholangitis due to stone recurrence was experi-
enced in 1 (3.1%) patient with stone disappearance, 2 (11.8%)
patients with EST, and 1 (10%) patient with stone extraction
without EST. However, the recurrence rate of cholangitis
was not significantly different between the two groups:
stone disappearance or stone extraction by a basket catheter
without EST and stone extraction with EST (𝑝 = 0.57).

4. Discussion

Several studies have investigated stent placement for the
treatment of CBDS in cases with stones that cannot be
removed by ordinary endoscopic treatments including EST
[7–10]. In one report, plastic stent placement was evaluated
for the treatment of large CBDS in 45 patients [7]. Among
all 45 patients, EST was performed in cases where extrac-
tion of CBDS failed. A decrease in the size of stones was
observed in almost all patients and CBDS disappearance
occurred in 22.2% of patients. Agitation of CBDS within
the bile duct where the stent was located was suggested to
be the most likely explanation for these results. In another
report [8], placement of a pigtail stent after EST resulted

in disappearance in 7 (35%) of 20 patients and a decrease
in the size of CBDS in 11 (55%) of 20 patients, presum-
ably caused by grinding of the placed stent against the
stone.

Stent placement for 2 months was reported to contribute
to a decrease in the number and size of CBDS in almost
all of a cohort of 40 patients who did not undergo EST [9].
CBDS diameters were greater than 20mm in many patients;
moreover, disappearance of small CBDS was observed. The
authors presumed that disruption of stones caused by the
placed stent contributed to a decrease in CBDS diameters
and numbers. Friability of stones was also described as
a possible mechanism over the short term, resulting in
facilitation of endoscopic procedures using a lithotriptor for
CBDS [12]. Agitation, grinding, and friability of stones might
contribute to the destruction of CBDS, enabling them to
be discharged, and preserving duodenal papilla function in
patients who have not undergone EST is also considered to be
responsible for disappearance of small CBDS by facilitating
their discharge. In another report, discharge of CBDS with
preservation of the duodenal papilla was observed during
ERCP [13]. This suggests that discharge of CBDS is a possible
mechanism for CBDS disappearance.

In our study, CBDS disappeared with short-term stent
placement for about 3 months without EST in about 50%
of patients. Smaller sizes of CBD and CBDS were associated
with CBDS disappearance. Short-term stent placement could
contribute to CBDS disappearance, especially in patients
with CBD diameters of <10mm and CBDS diameters of
<7mm. The most likely mechanism of the disappearance
in our cases was discharge of CBDS through the functional
duodenal papilla, in addition to agitation caused by the placed
stent. This is because the smaller CBDS would be discharged
more readily through the duodenal papilla and the smaller
bile duct could be associated with preserved bile excretion
function of the duodenal papilla and probably with CBDS
discharge.

Previous studies differ from ours in that the endoscopic
treatments used for patients in those studies, including EST,
were not successful in removing the stones. In our patients,
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Table 6: Procedures during the second ERCP and cholangitis after the second ERCP.

Procedures during the second ERCP 𝑛 (%) Cholangitis
𝑛 (%)

Stone disappearance Biliary stent removal 32 (48.5) 1 (3.1)#

Stone persistence
Stone extraction with EST 17 (25.8) 2 (11.8)#

Stone extraction by a basket catheter without EST 10 (15.1) 1 (10)#

Biliary stent replacement for persistent biliary stent placement 7 (10.6) 3 (42.9)
#𝑝 = 0.57.
# shows statistical significance between “Biliary stent removal” plus “Stone extraction by a basket catheter without EST”, and “Stone extraction with EST”.

CBDS treated without disruption of duodenal papilla function (n = 42, 63.6%)

Biliary stent replacement for persistent biliary stent placement (n = 7, 10.6%)

Stone extraction by a basket catheter without EST (n = 10, 15.1%)

Stone extraction with EST (n = 17, 25.8%)

Stone persistence (n = 34, 51.5%)

Biliary stent removal (n = 32, 48.5%)

Stone disappearance (n = 32, 48.5%)

Biliary stent for cholangitis due to CBDS (n = 66)

Figure 1: Flow diagram of patients analyzed in this study.

we did not attempt to remove CBDS by EST before stent
placement, and we did not always encounter stones that were
difficult to treat. These factors could have contributed to the
higher rate of stone disappearance in our study compared
with previous reports.

Although EST is widely performed to treat CBDS, com-
plications including perforation, hemorrhage, and pancre-
atitis are experienced during or after the procedure [14,
15]. Moreover, disruption of the duodenal papilla lets the
duodenal juice, including pancreatic juice and bacteria, reflux
into the bile duct, which can induce liver abscess, cholangitis,
and CBDS recurrence as late complications [1, 2]. Our results
showed that recurrent cholangitis during an average follow-
up period of 34.3 months occurred in 11.8% of patients with
EST as the second ERCP procedure, while, compared with a
group of patients who did not undergo EST because of stone
disappearance or stone extraction without EST following
biliary stent placement, the recurrence rate of cholangitis was
not significantly different. However, the follow-up period was
too short to estimate complications correctly.

Our method compelled patients to be admitted twice.
In spite of the fact, the advantage of our method is the
preservation of duodenal papilla function. Moreover, if the

size of bile duct and CBDS is <10 and 7mm, respectively,
the disappearance rate is high and statistically significant.
Patients that meet these criteria have the potential to experi-
ence great benefit with the procedure. In particular, younger
patients with bile duct size and CBDS <10 and 7mm,
respectively, may be ideal candidates, because they have a
long life expectancy and avoiding destruction of the duodenal
papilla function would therefore be highly desirable.

We propose the following new strategy for CBDS treat-
ment. For younger patients with CBD diameters of <10mm
and CBDS diameters of <7mm, a biliary stent is placed
temporarily for 3 months and a second ERCP is performed.
If the CBDS disappears, the treatment is considered complete
and the stent is removed. Patients with relatively large
persistent stones would be indicated to undergo EST with
stone extraction. In those with small but persistent stones,
EST would not be needed for stone extraction.

We deemed that stones had disappeared by confirming
the absence of a filling defect on ERCP. This is a typical
method used to judge stone disappearance. Persistent stones
cannot be excluded completely by ERCP if they are small
in diameter. However, our results showed that even if small
stones remained that could not be confirmed on ERCP, they
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would not be of clinical importance, because no cases of
cholangitis occurred after the second ERCP in patients whose
stones were judged to have disappeared.

5. Conclusions

Our study suggests that short-term stent placement without
EST is effective for the treatment of CBDS with preservation
of duodenal papilla function. Suitable initial candidates for
this method of treatment are patients with nondilated bile
ducts and small CBDS. Further study is warranted to confirm
our results, because this study was limited by a small sample
size and was performed at a single center.
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Purpose. To identify significant independent preoperative factors influencing postoperative hospital stay (PHS) and medical costs
(MC) in 171 patients who underwent cholecystectomy for benign gallbladder diseases and had definite, suspected, or unmatched
acute cholecystitis (AC) diagnosis according to the Tokyo Guidelines 2013 (TG13). Methods. The 171 patients were classified
according to the combination of diagnostic criteria including local signs of inflammation (A), systemic signs of inflammation (B),
and imaging findings (C): A+ B+ C (definite diagnosis, 𝑛 = 84), A+ B (suspected diagnosis, 𝑛 = 25), (A or B) + C (𝑛 = 10), A
(𝑛 = 41), and B (𝑛 = 11). Results. The A+ B + C and (A or B) + C groups had equivalent PHS and MC, suggesting that imaging
findings were essential for AC diagnosis. PHS and MC were significantly increased in the order of severity grades based on TG13.
Performance status (PS), white blood cell count, and severity grade were identified as preoperative factors influencing PHS by
multivariate analysis, and significant independent preoperative factors influencing MC were age, PS, preoperative biliary drainage,
hospital stay before surgery, albumin, and severity grade. Conclusion. PS and severity grade significantly influenced prolonged PHS
and increased MC.

1. Introduction

Laparoscopic cholecystectomy (LC) has become the standard
treatment for acute cholecystitis (AC) [1]; however, when
AC becomes more severe, it increases the risk of major
complications such as bile spillage, major bleeding, common
bile duct injury, and bowel injury [2], resulting in prolonged
postoperative hospital stay (PHS) [3]. The clinical features
of patients with AC differ by disease severity; therefore, AC
severity assessment is important in providing suitable medi-
cal management for each patient. Under these circumstances,
the Evidence-Based Practice Guidelines for the Management
of Acute Cholangitis and Cholecystitis were published in

Japanese for the first time in 2005 (JG05) [4]. The Tokyo
Guidelines 2007 were the first international practical guide-
lines (TG07) [5]. After the Revision Committee for TG07
performed multi-institutional studies and collected cases of
acute cholangitis, AC, and noninflammatory biliary disease
[6], TG07 was revised as the Tokyo Guidelines 2013 (TG13)
[7].

LC is recognized as a cost-effective treatment for patients
with AC compared with open cholecystectomy [8–10], and
various factors influencing length of hospital stay including
PHS and medical costs (MC) during hospitalization have
been studied [3, 11, 12]. Identification of significant indepen-
dent factors that affect PHS and MC in patients with AC
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not only is beneficial for the quality management of patient
medical treatment but also is useful to assess severity grading.
No previous studies have focused on MC as an index to
evaluate AC severity grading, although many studies of AC
severity indices have used perioperative complications,major
organ damage, and hospital stay [3, 13–16]. For the purpose
of reducingMC in Japan, a new payment system based on the
diagnosis procedure combination/Per-DiemPayment System
(DPC/PDPS) [17] was developed and introduced in amedical
treatment fee system in 2003 [18], and the DPC database
recently became a feasible tool for the evaluation of care
processes that can provide useful information contributing to
improved medical treatment quality [19].

The AC diagnostic criteria consist of three major factors:
local signs of inflammation (A), systemic signs of inflamma-
tion (B), and imaging findings (C). It is noteworthy that C
is essential for the definite diagnosis of AC and that AC is
suspected when A and B are present [20]. According to these
criteria, however, somepatientswithCwho are elderly and/or
have dementia or paralysis are not definitively diagnosedwith
AC because they do not present with A or B [21]. Fever and
elevated white blood cell count are not usually observed in
elderly patients with AC because of their decreased antistress
capacity [22, 23]. Recently, Zhang et al. [24] reported the
significance of ultrasound examination in the elderly with
AC because ultrasound score could accurately determine AC
severity in the elderly.Therefore, the TG13 diagnostic criteria
should be reassessed, especially in the elderly.

The mortality rate in patients with AC in the 1960s was
comparatively high at 4% [25, 26]. However, since the 2000s,
this rate decreased to <1% with improvements in medical
treatment [27–29]. Therefore, mortality is no longer suitable
as an indicator of AC prognosis in clinical practice, and
we focused on PHS and MC as the clinical outcomes that
should reflect AC severity. The aim of the present study was
to identify the significant independent preoperative factors
influencing PHS andMC in patients with definite, suspected,
or unmatched AC diagnoses according to TG13, paying
attention to the elderly and those with dementia who showed
AC findings on imaging but lacked local or systemic signs of
inflammation.

2. Materials and Methods

We reviewed the clinical database of 259 consecutive patients
who underwent simple cholecystectomy for benign gall-
bladder diseases such as AC, adenomyomatosis, and benign
polyps from January 2012 to July 2013 at Ise Red Cross Hospi-
tal. We excluded 57 patients who were treated conservatively
at the first admission and operated after readmission and 31
without symptoms and/or findings of AC. Thus, we included
171 patients in the present study.

In our hospital, every in-hospital patient has his or her
physical performance status assessed on admission by a nurse
using the Criteria for Evaluating the Degree of Independence
of Disabled Elderly Persons in Performing Activities of Daily
Living [30], and it is recorded with the ranks of J, A, B, and
C in electronic medical records. Therefore, we used these
records for the assessment of physical performance, and these

ranks could be translated into the performance status (PS)
defined by the Eastern Cooperative Oncology Group [31],
because ranks J, A, B, and C are compatible with PS 0 and
1, PS 2, PS 3, and PS 4, respectively. We defined PS 0, 1, 2, and
3 as “better” and PS 4 as “poor” in the present study.

2.1. ACDiagnostic Criteria and Severity Grading. Weamassed
diagnostic findings from electronic medical records and
classified the patients with A (local signs of inflammation) +
B (systemic signs of inflammation) + C (imaging findings)
as definite diagnosis and those with A + B as suspected
diagnosis based on the TG13 diagnostic criteria for AC (see
the following list).

TG13 Diagnostic Criteria for AC. The criteria are as follows
(TG13: Tokyo Guidelines 2013, AC: acute cholecystitis, RUQ:
right upper quadrant, CRP: C-reactive protein, and WBC:
white blood cell):

(A) local signs of inflammation and so forth:

(1) Murphy’s sign,
(2) RUQ mass/pain/tenderness;

(B) systemic signs of inflammation and so forth:

(1) fever,
(2) elevated CRP,
(3) elevated WBC count;

(C) imaging findings:

imaging findings characteristic of AC.

Suspected diagnosis: one item in A + one item in B.
Definite diagnosis: one item in A + one item in B + C.

In the present study, new combinations—that is, the
unmatched diagnoses of (one item in A or one item in B)
+ C and one item in A, B, or C—were added. The following
list shows AC severity grades defined by TG13, which, in
principle, should be employed for patients with definite AC
diagnosis. In the present study, however, this severity grade
was employed in the 171 patients with definite diagnoses as
well as those with suspected or unmatched diagnosis as a
matter of convenience.

AC Severity Assessment by TG13

Grade III.Grade III is associated with dysfunction of any one
of the following organs/systems:

(1) Cardiovascular dysfunction∗.
(2) Neurological dysfunction∗.
(3) Respiratory dysfunction∗.
(4) Renal dysfunction∗.
(5) Hepatic dysfunction∗.
(6) Hematological dysfunction∗.
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n = 171

C
n = 0

Patients who underwent cholecystectomy for benign gallbladder diseases
n = 259

Patients who were treated conservatively at the first
admission and underwent operation after readmission 

n = 57

Unmatched diagnosis
n = 62

B
n = 11
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n = 41

Patients who had no symptoms 
and/or findings of AC

n = 31
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Suspected diagnosis

n = 25
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A + B + C A + B

(A or B) + C

Figure 1: Flow diagram of the 259 patients who underwent cholecystectomy for benign gallbladder diseases according to the diagnostic
criteria based on TG13. A, B, and C represent each item in the TG13 diagnostic criteria. AC: acute cholecystitis and TG13: Tokyo Guidelines
2013.

Grade II. Grade II is associated with any one of the following
conditions:

(1) Elevated WBC (>18,000/mm3).
(2) Palpable tender mass in the right upper abdominal

quadrant.
(3) Duration of complaints > 72 h.
(4) Marked local inflammation (gangrenous cholecysti-

tis, pericholecystic abscess, hepatic abscess, biliary
peritonitis, and emphysematous cholecystitis).

Grade I. Grade I does not meet the criteria of “Grade III” or
“Grade II” AC:

AC: acute cholecystitis, TG13: Tokyo Guidelines 2013,
and WBC: white blood cell.
∗Details of criteria not described.

Figure 1 shows a flow diagram of the 259 patients who
underwent cholecystectomy for benign gallbladder diseases.
Of the subjects (171 patients), 84 patients were classified as
having definite diagnosis (A + B + C); 25 suspected diagnosis
(A + B); 62 unmatched diagnosis; 10 (A or B) + C; 41 A; and
11 B. No patients had only C.

2.2. Clinical Outcome Assessment. MC was calculated as the
total amount of medical expenses during the hospital stay.
To investigate the correlations between AC severity grading
and MC, we used two different MC assessments: one was
calculated by the fee-for-service (FFS) payment system and
the other by the DPC system. The claim of medical expenses
at our hospital was based on DPC/PDPS during the survey
period.

2.3. Preoperative Factors Predicting Clinical Outcomes. To
identify the preoperative factors predicting the clinical out-
comes of patients with definite, suspected, or unmatched
AC diagnoses, we accumulated preoperative clinical findings,
including the severity grade based on TG13. These included
(1) patient characteristics: age, sex, body mass index, history
of diabetes mellitus, and PS; (2) preoperative diagnoses:
gallbladder stones, CBD stones, acute cholangitis, and acute
pancreatitis; (3) preoperative treatment: biliary drainage, hos-
pital stay before surgery, and preoperative fasting period; (4)
preoperative laboratory data: white blood cell count (WBC),
hemoglobin, platelet cell count, C-reactive protein (CRP),
serum albumin, blood urea nitrogen, serum creatinine,
total bilirubin, aspartate aminotransferase, alanine amino-
transferase, alkaline phosphatase, 𝛾-glutamyl transpeptidase,
serum amylase, and prothrombin time/international normal-
ized ratio.

If patients had duplicate values in each item during
the preoperative period, we selected the most unfavorable
value for those patients. We determined the most useful
preoperative factors to predict outcomes by using univariate
and multivariate analyses.

2.4. Statistical Analysis. The data for continuous variables
were expressed as mean values with standard deviations. The
statistical significance of mean differences among the groups
was determined by the Kruskal-Wallis test. In the evaluation
of preoperative factors predicting clinical outcomes of AC
(PHS and MC), simple regression analyses were first used to
detect statistically significant associations between each pre-
operative factor and then amultiple linear regression analysis
was used to identify the independent preoperative factors.
Only factors that were statistically significant according to the
univariate analysis were included in themultivariate analysis.
The results were considered to be significant for values of
𝑃 < 0.05.
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Table 1: Characteristics and medical backgrounds for 171 patients who had definite, suspected, or unmatched AC diagnoses.

Variables Total
(𝑛 = 171)

A + B + C
(𝑛 = 84)

A + B
(𝑛 = 25)

(A or B) + C
(𝑛 = 10)

A
(𝑛 = 41)

B
(𝑛 = 11)

Age (years) 64.2 ± 14.7 68.9 ± 13.5 58.1 ± 15.0 71.4 ± 17.9 57.2 ± 12.2 61.7 ± 10.0
Sex (male/female) 90/81 48/36 9/16 8/2 20/21 5/6
BMI (kg/m2) 23.7 ± 3.3 23.6 ± 3.3 25.0 ± 3.7 22.6 ± 3.2 23.7 ± 3.3 23.6 ± 3.1
DM (yes/no) 23/148 11/73 1/24 3/7 7/34 1/10
PS (0, 1/2/3/4) 87/36/20/20 28/19/17/20 22/2/0/1 2/2/1/5 27/10/2/2 8/3/0/0
CT scan (yes/no) 171/0 84/0 25/0 10/0 41/0 11/0
Gallbladder stones (yes/no) 171/0 84/0 24/1 9/1 41/0 11/0
CBD stones (yes/no) 22/149 16/68 2/23 3/7 0/41 0/11
WBC (×103/𝜇L) 10.1 ± 5.2 13.6 ± 4.8 6.7 ± 1.9 11.0 ± 4.3 5.6 ± 1.1 7.2 ± 2.4
Alb (g/dL) 3.7 ± 0.8 3.3 ± 0.7 4.2 ± 0.3 3.0 ± 1.1 4.2 ± 0.4 3.9 ± 0.5
CRP (mg/dL) 6.6 ± 9.3 12.1 ± 10.2 0.9 ± 1.2 8.6 ± 7.9 0.1 ± 0 0.3 ± 0.3
Definitive diagnosis of AC (yes/no) 84/87 84/0 0/25 0/10 0/41 0/11
Acute cholangitis (yes/no) 29/142 24/60 2/23 3/7 0/41 0/11
Preoperative biliary drainage
(yes/no) 28/143 11/73 5/20 2/11 6/35 4/4

Hospital stay before surgery (day) 4.6 ± 6.2 6.9 ± 7.0 1.3 ± 1.0 9.2 ± 7.8 1.2 ± 0.8 2.7 ± 5.2
Surgical procedure
(laparoscopic/conversion to
open/open)

147/20/4 66/15/3 24/1/0 7/2/1 39/2/0 11/0/0

Length of operation (min) 108 ± 34 121 ± 33 98 ± 25 125 ± 49 89 ± 22 89 ± 23
Blood loss (mL) 152 ± 291 243 ± 310 14 ± 40 428 ± 585 18 ± 38 31 ± 39
Histopathology of gallbladder
(cases)

AC 52 47 0 4 1 0
Chronic cholecystitis 117 35 25 6 40 11
Other 2 2 0 0 0 0

AC: acute cholecystitis, BMI: body mass index, DM: diabetes mellitus, PS: performance status (Eastern Cooperative Oncology), CT: computed tomography,
CBD: common bile duct, WBC: white blood cell, Alb: albumin, and CRP: C-reactive protein.

3. Results

The characteristics and medical backgrounds for 171 patients
are shown in Table 1. Variables such as age, poor PS, WBC,
CRP, acute cholangitis, hospital stay before surgery, and blood
loss in theA+B+C and (A or B) +C groupswere higher than
those in the other groups. When we compared PHS and MC
in the FFS system among the five groups of A+B+C (definite
diagnosis), A + B (suspected diagnosis), (A or B) + C, A, and
B, the A + B + C and (A or B) + C groups were equivalent,
showing significantly higher values than the other groups
(Figure 2). The backgrounds of 10 patients belonging to (A
or B) + C were compared to those of 84 patients belonging to
A+B+C. Regarding comorbidities in (A or B) +C, 5 patients
(50%) had dementia (2 patients) or paralysis (3 patients).
Among 84 patients in A + B + C, only 2 (2.4%) had dementia.

Regarding severity grade (Table 2), the 84 patients with
definite diagnosis showed Grade I in 55 (65.5%), Grade II
in 18 (21.4%), and Grade III in 11 (13.1%); all patients in A
+ B (𝑛 = 25), A (𝑛 = 41), and B (𝑛 = 11) belonged to
Grade I. In contrast, among 10 patients with (A or B) + C,
Grade I severity was noted in 7 (70%), Grade II in 2 (20%),

Table 2: Distribution according to severity grades based on TG13
in the 171 patients who had definite, suspected, or unmatched AC
diagnoses.

Combination of criteria Grade I
(𝑛 = 139)

Grade II
(𝑛 = 20)

Grade III
(𝑛 = 12)

Definite diagnosis
A + B + C (𝑛 = 84) 55 (65.5%) 18 (21.4%) 11 (13.1%)

Suspected diagnosis
A + B (𝑛 = 25)∗ 25 (100%) 0 0

Unmatched diagnosis
(A or B) + C (𝑛 = 10)∗ 7 (70.0%) 2 (20.0%) 1 (10.0%)
A (𝑛 = 41)∗ 41 (100%) 0 0
B (𝑛 = 11)∗ 11 (100%) 0 0

∗These patients were also classified according to severity grades based on
TG13 as a matter of convenience.
TG13: Tokyo Guidelines 2013 and AC: acute cholecystitis.

and Grade III in 1 (10%). Postoperative complications with
regard to severity grade for 171 patients are listed in Table 3.
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Figure 2: Comparison of PHS andMC in the FFS and DPC systems according to the five groups (𝑛 = 171). (a)The differences in the average
PHS for each group. (b)The differences in the averageMC in the FFS system for each group. (c)The differences in the averageMC in the DPC
system for each group. PHS: postoperative hospital stay, MC: medical costs, FFS: fee for service, and DPC: diagnosis procedure combination.
∗∗

𝑃 < 0.01 and ∗𝑃 < 0.05.

Table 3: Postoperative complications according to severity grade in the 171 patients who had definite, suspected, or unmatched AC diagnoses.

Complications Grade I
(𝑛 = 139)

Grade II
(𝑛 = 20)

Grade III
(𝑛 = 12)

Urinary tract
infection 0 0 1

Acute cholangitis 0 0 1
Decreased activities
of daily living 0 0 3

Surgical site infection 1 1 0
Loss of appetite 1 0 2
Aspiration
pneumonia 0 1 0

Deep vein thrombosis 1 0 0
Delirium 0 1 0
Other 2 0 0
Total (𝑛 = 17) 6 (4.3%) 3 (15.0%) 8 (66.7%)
AC: acute cholecystitis.
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Figure 3: Comparison of PHS and MC according to severity grade (𝑛 = 171). (a) The differences in the average PHS for each grade. (b) The
differences in the averageMC in the FFS system for each grade. (c)The differences in the averageMC in the DPC system for each grade. PHS:
postoperative hospital stay, MC: medical costs, FFS: fee for service, and DPC: diagnosis procedure combination. ∗∗𝑃 < 0.01 and ∗𝑃 < 0.05.

There was no postoperative mortality, and the incidence
of postoperative complications significantly increased with
severity grade: 4.3% in Grade I, 15.0% in Grade II, and 66.7%
in Grade III.The incidence of preoperative drainage in Grade
III was significantly higher than that in Grade I: 66.7% (8/12)
versus 12.1% (15/124) (𝑃 < 0.001).

When we compared PHS and MC (×10,000 yen) in the
FFS and DPC systems according to severity grades based on
TG13 (Figure 3), PHS andMCwere significantly stratified for
each grade. MC in the DPC system was strongly correlated
with MC in the FFS system (𝑅 = 0.99, 𝑃 < 0.001) (Fig-
ure 4(a)). Furthermore, we found that PHS was significantly

correlated with MC in the FFS system (𝑅 = 0.78, 𝑃 < 0.001),
although some patients had markedly longer or shorter PHS
compared to MC (Figure 4(b)). Therefore, we performed
univariate and multivariate analyses of preoperative factors
influencing PHS and MC.

Univariate analysis revealed the 21 preoperative factors
significantly correlated with PHS as shown in Table 4.
Interestingly, among three signs of A, B, and C for AC
diagnosis, B (𝑃 = 0.004) and C (𝑃 < 0.001) were significantly
associated with prolonged PHS. Multivariate analysis using
these 21 factors identified the three factors of PS, WBC,
and severity grade based on TG13 as significant independent
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Table 4:Univariate analyses of the factors influencing PHS in the 171
patients who had definite, suspected, or unmatched AC diagnoses.

Variables Regression
coefficient 𝑃 value

Age 0.205 <0.001∗∗
Sex 2.168 0.055
BMI −0.374 0.025∗
DM 1.632 0.325
PS 9.920 <0.001∗∗
Gallbladder stone −12.911 0.013∗
CBD stone 4.472 0.008∗∗
Acute cholangitis 3.199 0.033∗
Acute pancreatitis −2.350 0.381
Preoperative biliary drainage 5.949 <0.001∗∗
Hospital stay before surgery 0.414 <0.001∗∗
Preoperative fasting period 0.679 <0.001∗∗
WBC 0.556 <0.001∗∗
Hb −1.503 <0.001∗∗
Plt −0.035 <0.001∗∗
CRP 0.315 <0.001∗∗
Alb −4.832 <0.001∗∗
BUN 0.244 <0.001∗∗
Cr 1.222 0.110
T-Bil 1.667 <0.001∗∗
AST 0.001 0.544
ALT 0.002 0.523
ALP 0.004 0.018∗
𝛾-GTP −0.0001 0.947
AMY 0.0000 0.973
PT-INR 19553 <0.001∗∗
Severity grade based on TG13 7.859 <0.001∗∗
A for the diagnosis of AC based on TG13 −2.632 0.143
B for the diagnosis of AC based on TG13 3.707 0.004∗∗
C for the diagnosis of AC based on TG13 4.830 <0.001∗∗

PHS: postoperative hospital stay, AC: acute cholecystitis, BMI: body mass
index, DM: diabetes mellitus, PS: performance status, CBD: common bile
duct, WBC: white blood cell, Hb: hemoglobin, Plt: platelet cell, CRP: C-
reactive protein, Alb: albumin, BUN: blood urea nitrogen, Cr: creatinine,
T-Bil: total bilirubin, AST: aspartate aminotransferase, ALT: alanine amino-
transferase, ALP: alkaline phosphatase, 𝛾-GTP: 𝛾-glutamyl transpeptidase,
AMY: serumamylase, andPT-INR: prothrombin time-international normal-
ized ratio. ∗∗𝑃 < 0.01 and ∗𝑃 < 0.05.

preoperative factors influencing PHS (Table 5). Regarding
MC, univariate analysis revealed the 24 preoperative factors
significantly correlated with MC, and multivariate analysis
using these 24 factors identified the six factors of age, PS,
preoperative biliary drainage, hospital stay before surgery,
albumin, and severity grade based on TG13 as significant
independent preoperative factors influencing MC (Table 6).

4. Discussion

AC severity grading in TG13 focuses on the presence of
organ dysfunction and is considered to predict severity
accurately. When AC becomes more severe, it increases the
risk of major complications and results in prolonged PHS
[3]. However, no reports have evaluated the usefulness of
the TG13 severity grading of AC in terms of PHS and MC.
Our results showed that PHS and MC were significantly
increased in the order of severity grades, although our study
included patients with definite, suspected, or unmatched AC
diagnoses. In order to reduce MC, DPC was introduced in
2003 in Japan [18]. Recent database analyses comparing the
DPC and FFS systems for patients with acute myocardial
infarction revealed that theDPC system significantly reduced
total accumulated medical charges [32]. In the present study,
however, a linear correlation (𝑅 = 0.99, 𝑃 < 0.001) between
MC in the DPC and FFS systems was observed, which in turn
demonstrated that the DPC system in this cohort of patients
did not reduce MC.

In contrast, the relationship between PHS and MC eval-
uated by the FFS system did not show a linear correlation,
because some patients had markedly longer or shorter PHS
compared to MC as shown in Figure 4(b). In order to clarify
the significant preoperative factors influencing PHS, we per-
formed univariate andmultivariate analyses, which identified
three significant independent factors: PS, WBC, and severity
grade based onTG13. Cheng et al. assessed the impact of TG13
and the presence of comorbidities on clinical outcomes in 103
patients with AC by univariate and multivariate regression
analyses [3]. According to multivariate analysis, patients with
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Table 5: Multivariate analyses of the factors influencing PHS in
the 171 patients who had definite, suspected, or unmatched AC
diagnoses.

Variables Regression
coefficient 𝑃 value

Age 0.0579 0.1106
BMI 0.0638 0.6531
PS 4.4929 0.0022∗∗

Gallbladder stone −2.7409 0.5475
CBD stone 2.1809 0.3002
Acute cholangitis −1.9900 0.2351
Preoperative biliary drainage −0.7287 0.6988
Hospital stay before surgery −0.0768 0.4268
Preoperative fasting period 0.1777 0.2807
WBC −0.4312 0.0107∗

Hb 0.3093 0.4013
Plt 0.0007 0.9304
CRP −0.0379 0.6538
Alb −1.8506 0.1447
BUN 0.0855 0.0567
T-Bil 0.4488 0.3045
ALP −0.0029 0.1186
PT-INR 1.3707 0.7111
Severity grade based on TG13 6.6843 <0.001∗∗

B for the diagnosis of AC based on TG13 0.6840 0.5722
C for the diagnosis of AC based on TG13 1.3101 0.3456
PHS: postoperative hospital stay, AC: acute cholecystitis, BMI: body mass
index, PS: performance status, CBD: common bile duct, WBC: white blood
cell, Hb: hemoglobin, Plt: platelet cell, CRP: C-reactive protein, Alb: albumin,
BUN: blood urea nitrogen, T-Bil: total bilirubin, ALP: alkaline phosphatase,
PT-INR: prothrombin time-international normalized ratio, and TG13: Tokyo
Guidelines 2013. ∗∗𝑃 < 0.01 and ∗𝑃 < 0.05.

Grade III in TG13, higher Charlson’s comorbidity scores
(assessing the prognostic burden of comorbid disease), and
postoperative complications had longer hospital stays. Fur-
thermore, Murata et al. performed a large database analysis
using Japanese DPC data in 2176 patients with AC in 2008,
andmultiple linear regression analyses revealed that early and
laparoscopic cholecystectomy was significantly associated
with a decrease in length of stay, whereas severity of comorbid
conditions, age ≥ 80 years, intensive care unit use, longer
pre- and postoperative antimicrobial therapy, and gallbladder
drainage were significantly associated with an increase in
length of hospital stay [11]. According to these previous
studies, preoperative factors influencing length of hospital
stay are severity grade based on TG13, severity of comorbid
conditions, age, preoperative antimicrobial therapy, and gall-
bladder drainage. Severity of comorbid conditions including
Charlson’s comorbidity score, which includes the presence of
hemiplegia and dementia, is associated with PS. No reports
have evaluated the significance of PS in the length of hospital
stay in patients with AC. According to an international
prospective study of 460 elderly patients with cancer, PS

Table 6: Multivariate analyses of the factors influencing MC in
the FFS system in the 171 patients who had definite, suspected, or
unmatched AC diagnoses.

Variables Regression
coefficient 𝑃 value

Age 0.3518 0.0050∗∗

BMI 0.1676 0.7263
PS 19.7213 <0.001∗∗

CBD stone 2.2151 0.7495
Acute cholangitis −2.7459 0.6357
Preoperative biliary drainage 13.5827 0.0320∗

Hospital stay before surgery 2.6646 <0.001∗∗

Preoperative fasting period 0.9821 0.0586
WBC −0.5084 0.3568
Hb 1.0317 0.4094
Plt 0.0169 0.5015
CRP −0.0842 0.7555
Alb −10.1145 0.0197∗

BUN 0.0705 0.7116
Cr 1.1566 0.6605
T-Bil 0.4788 0.7585
AST −0.0126 0.3581
ALT 0.0181 0.3973
ALP −0.0122 0.0719
𝛾-GTP 0.0041 0.5503
PT-INR 9.1888 0.4562
Severity grade based on TG13 14.4135 <0.001∗∗

B for the diagnosis of AC based on TG13 −0.8822 0.8311
C for the diagnosis of AC based on TG13 2.1487 0.6437
MC: medical costs, FFS: fee for service, AC: acute cholecystitis, BMI: body
mass index, PS: performance status, CBD: common bile duct, WBC: white
blood cell, Hb: hemoglobin, Plt: platelet cell, CRP: C-reactive protein, Alb:
albumin, BUN: blood urea nitrogen, Cr: creatinine, T-Bil: total bilirubin,
AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alka-
line phosphatase, 𝛾-GTP: 𝛾-glutamyl transpeptidase, PT-INR: prothrombin
time-international normalized ratio, and TG13: Tokyo Guidelines 2013.
∗∗

𝑃 < 0.01 and ∗𝑃 < 0.05.

was significantly associated with extended hospital stay [33].
Interestingly, in the present study, PS was not identified as
a significant independent factor predicting PHS when we
classified PS 0, 1, and 2 as “better” and PS 3 and 4 as “poor.”
This indicated that the difference between the patients who
were up and aboutmore than 50% of waking hours (PS 3) and
those who were confined to bed or a chair more than 50% of
waking hours (PS 4) significantly influences PHS. WBC is a
significant prognostic factor of AC [2, 34, 35]; therefore, an
increased WBC is associated with prolonged PHS.

On the other hand, we revealed that significant inde-
pendent preoperative factors influencing MC were age, PS,
preoperative biliary drainage, hospital stay before surgery,
albumin, and severity grade based on TG13. PS and severity
grade were identified as significant independent factors
influencing PHS and MC. Although we can understand that
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preoperative biliary drainage and hospital stay before surgery
were associated with increased MC, it is difficult to explain
why increased age and decreased albumin were significant
independent factors, because there are no previous reports of
MC analysis in AC.We speculate that elderly patients require
more medical resources including drugs and that decreased
albumin levels are associated with poor nutrition, which may
increase MC.

With regard to AC diagnostic criteria, our study suggests
that imaging findings (C) are essential for diagnosis, because
the patients belonging to A + B + C and (A or B) + C were
equivalent in PHS and MC, and univariate analysis revealed
that B and C (𝑃 < 0.001) were significantly associated with
prolonged PHS. Some patients who are elderly and/or have
dementia or paralysis are unlikely to present with local signs
of inflammation (A) or systemic signs of inflammation (B)
[21] because of their decreased antistress capacity, especially
the elderly [22, 23]. In the elderly with AC, the significance of
ultrasound examination prior to cholecystectomy is empha-
sized because ultrasound score can accurately determine
AC severity and may be used as a reference for surgical
intervention timing and mode selection to guide clinical
therapy [24]. Therefore, we recommend reassessment of the
TG13 diagnostic criteria by taking the elderly and/or those
with dementia into consideration.

5. Conclusions

PS and severity grade based on TG13 significantly influence
prolonged PHS as well as increased MC in patients with
definite, suspected, or unmatched AC diagnosis, and we have
to pay attention to the elderly and those with dementia who
may show AC findings on imaging studies but lack local or
systemic signs of inflammation.
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Roux-en-Y hepaticojejunostomy (RYHJ) is currently considered as the definitive treatment for iatrogenic bile duct injuries and the
principal representative of biliary diversion procedures.This technique hasmetmanymilestones of extensive evolution, particularly
the last years of concomitant technological evolution (laparoscopic/robotic approach). Anastomotic strictures and leaks, which
may have deleterious effects on the survival and quality of life of a patient with biliary obstruction of any cause, made the need of
the development of a safe and efficient RYHJ compulsory. The aim of this technical analysis and the juxtaposed discussions is to
elucidate with the most important milestones and technical tips and tricks all aspects of a feasible and reliable RYHJ technique that
is performed in our center for the last 25 years in around 400 patients.

1. Introduction

Roux-en-Y hepaticojejunostomy (RYHJ) is currently con-
sidered as the definitive treatment for iatrogenic bile duct
injuries [1]. It is a common operation, not only to bypass
extrahepatic biliary obstructions, but also to establish biliary-
enteric continuity after resections for benign and malignant
diseases. Studies have shown good medium- and long-
term outcomes following this procedure [1, 2]. Postoperative
stricture formation at the anastomotic site varies throughout
the literature from 4 to 38% of patients [3–5]. Untreated HJ
stricture could lead to long-term complications such as chole-
docholithisis, cholangitis, liver abscess formation, secondary
biliary cirrhosis, and portal hypertension [6]. Although revi-
sionHJ is required in about 20–25%of patients [7], themajor-
ity of such strictures can be treated by dilation via transhep-
atic or jejunal routes [8]. Indisputable tenets of this procedure
include the creation of a durable jejunojejunostomy, followed
by the creation of a tension-free anastomosis between the
hepatic duct and the defunctionalized jejunal limb.

Anastomotic site stricture is a recognized complication of
HJ. Bismuth-Corlette classification type of bile duct injury,
revision surgery, nondilated proximal biliary system, and
electrocautery damage are implicated in its occurrence [8].

Thepresence of dilated proximal bile duct is of paramount
technical and clinical importance since when the ducts are
dilated due to biliary obstruction, the anastomosis could be
easy to constitute, which in turn minimizes the risk for post-
operative complications but this is not the case in nondilated
ducts.

It is a matter of debate among surgeons which operative
techniquemust be chosen in order to prevent the anastomotic
failures in cases with small nondilated ducts and whether the
selective use of a transanastomotic stent could be of benefit in
order to minimize the risk of stricture formation [9].

The aim of this technical analysis and the juxtaposed dis-
cussions is to elucidate with the most important milestones
and technical tips and tricks all aspects of a feasible and
reliable RYHJ techniquewith intra-anastomotic stentingwith
low leakage and stricture rates that can be successfully applied
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in a variety of biliary diseases; it is to be hoped that some
global insights will emerge.

2. Milestones of the Evolution of Biliary
Diversion Procedures

The history of biliary diversion procedures began almost a
century ago, with the first report of choledochojejunostomy
(CJ), the predecessor of hepaticojejunostomy (HJ), made in
1921 by Reid [10] whereasMaingot [11] presented the first case
of concomitant cholecystectomy and CJ.The first report with
the term hepaticojejunostomy (HJ) wasmade in the literature
in 1949 by Sanders in a case of hemihepatectomy with HJ for
irreparable defects of the bile ducts [12]. In 1950, Best intro-
duced the use of T-tube in cases of CJ [13]. In 1952, Corff et al.
[14] published the very first series of CJ with cholangiography
whereas Allbritten Jr. introduced for the first time the term
Roux-en-Y CJ (RYCJ) [15]. 1956 was a year of updates for
CJ since 2 novel techniques of CJ were published, the Allen
technique [16] and the Warren modification [17].

It was late 70s when the first evaluation of the feasibility
and safety of RYHJ in the treatment of benign biliary diseases
was published by Bismuth et al. [18] in a retrospective analysis
of 123 patients. It was shown that this operation has 0%
mortality rate and low learning curve andmorbidity rate.The
same year, Daugherty et al. [19] announced proximal hepatic
duct reconstruction in benign and malignant biliary diseases
using sutureless mucosal graftHJ, with all patients presenting
with improvement of their symptoms postoperatively. A year
later, the experience from Japan on intrahepatic pigment
calculi treated withmodified wraparound end-to-endHJ was
presented to provide an effective and alternative method of
treatment [20].

In 1984, Barker and Winkler [21] described a new tech-
nique of RYHJ with permanent access by involving the incor-
poration of a cutaneous access stoma in the Roux-en-Y loop
of jejunum used for the anastomosis. This stoma provides
permanent access to the anastomosis and to the hepatobiliary
tree for nonoperative management of chronic and recurrent
biliary tract problems.

In 1987, Bismuth et al. [22] announced the first application
of RYHJ in the liver transplant setting as a safe and feasible
approach to perform biliary anastomosis. In early 90s, there
were the first data of the hedge-up comparison betweenRYHJ
and jejunal interposition hepaticoduodenostomy to treat
congenital dilation biliary tract diseases and the former was
found superior in terms of postoperative reflux gastritis [23].
At the same period, Quintero et al. [24] published their data
on RYHJ with subcutaneous access and the use of Gianturco
stents as a method to control recurrent biliary strictures.

In 1998, the first experience of laparoscopic technique
RYHJ in experimental setting with the application of tran-
sient endoluminally stented anastomosis (TESA) was an-
nounced [25]. This approach gave birth to the evolution of
intra-anastomotic stenting and the laparoscopic approach
when performing RYHJ.

At the end of the previous century, 2 technical advances
of RYHJ were published. The first was a new technique

of Hepp-Couinaud HJ using the posterior approach to the
hepatic hilum, approach that was proven safe and feasible
despite being evaluated as a case report [26], and the second
was the first case controlled study evaluating the role and
efficacy of laparoscopic RYHJ as a palliative treatment in the
clinical setting of pancreatic cancer [27]. The results were
encouraging in terms of mortality, morbidity, and length of
hospitalization. In all categories, the laparoscopic approach
was found superior compared to open RYHJ.

In 2002, Nagino et al. [28] developed new placement
of RY jejunal limb in which the limb is placed via the
retrocolic-retrogastric route in 133 consecutive obese patients
and achieved tension-free anastomosis in all patients with
neither early nor late complications directly related to this
new reconstruction route occurring.

In 2004, the first robotically assisted laparoscopic RYHJ
was performed in experimental setting and a feasibility study
between the latter and pure laparoscopic and open approach
took place [29].Theprocedurewas found feasible and safe but
more time-consuming than the open approach. In the same
year, the application of an external metallic circle instead
of intra-anastomotic stent in low caliber anastomoses in the
setting of RYHJ was suggested [30].

Three years later, in the clinical setting, a robotically
assisted complete excision of choledochal cyst type I and con-
comitant extracorporeal RYHJ was performed [31]. The
approach was compared with current literature standards
on the treatment of choledochal cyst type I and was found
noninferior compared to laparoscopic setup. In 2012, the
first single-incision laparoscopic RYHJ was performed using
conventional instruments in children with choledochal cysts
offering noninferior postoperative results in terms of length
of hospital stay and time to feed compared to conventional
laparoscopic approach [32].

Nowadays, the intermediate-term outcome for totally
laparoscopic choledochal cyst excision and RYHJ at a single
center in a 5-year period was published and concluded that
this procedure is a safe and efficacious procedure for themost
instances of adult choledochal cyst demanding advanced
laparoscopic skills, good team cooperation, and stapler anas-
tomosis [33].

Table 1 summarizes the crucial milestones of the evolu-
tion of the biliary diversion operations throughout the years.

3. Our RYHJ Technique

Herein, we describe a step-by-step analysis of our technique
as we use it during the last 25 years inmore than 400 patients.
After careful dissection and division of the extrahepatic,
hilar, or intrahepatic bile duct(s) (depends on the operation
indication), the arterial blood supply of the proximal cutting
edge is checked. In cases of insufficient bleeding from the bile
duct stump(s), the preparation is continued cranially, until
satisfactory arterial bleeding is observed. Neighboring bile
ducts with a small orifice diameter were transformed into a
common channel, using one to two PDS 5-0 or 6-0 (PDS®;
Ethicon, Hamburg, Germany) interrupted stitches. In order
to achieve sufficient bile duct caliber we prefer to open up
the left hepatic duct but keeping the posterior wall of the
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Table 1: Milestones of the evolution of biliary diversion techniques.

Author Year Technique Novelty
Reid [10] 1921 CJ First report of the technique
Sanders [12] 1949 HJ First report of the technique
Allbritten Jr. [15] 1953 RYCJ First report of the technique
Allen [16] and Warren [17] 1956 CJ Introduction of a modified CJ technique
Bismuth et al. [18] 1978 RYHJ Feasibility and safety study
Bismuth et al. [22] 1987 RYHJ First application in liver transplantation
Röthlin et al. [7] 1998 Lap RYHJ First retrospective analysis on the safety and feasibility
Nagino et al. [28] 2002 RYHJ Limb placed via the retrocolic-retrogastric route in obese patients
Kang et al. [31] 2007 Robotic-assisted RYHJ First experience in clinical setting
Diao et al. [32] 2012 SILS RYHJ Performed using conventional instruments in children with choledochal cysts

bifurcation, according to theHepp-Couinaud technique [34].
In case that the stenosis is covered by liver tissue at the liver
hilum, the liver tissue has to be removed using ultrasonic
dissection (MISONIX, USA). When there is concomitant
vascular injury to the hepatic hilum, we try to avoid early
reconstruction after the injury, in order to allow arterial
supply regeneration. Stay sutures are placed at the anterior
surface and at the 2 corners (3 and 9 hours) in order to
improve lumen visibility.

The Roux-en-Y jejunal limb is then prepared by tran-
secting the jejunum around 20–30 cm distal from the Treitz
ligament.The stapler-line of the Roux-limb is reinforced with
interrupted PDS 4-0 sutures and then brought in a retrocolic
(anteduodenal, in the cases where the duodenum is present)
fashion, right of the middle colic vessels, to the right upper
abdomen. Caremust be taken to ensure a tension-free jejunal
limb with sufficient length.

A small orifice (5mm) at the antimesenteric side of the
Roux-limb and 2-3 cm distal to stapled jejunal stump is
created. When a pancreatoduodenectomy is performed, we
prefer to leave a distance of 8–10 cm between the pancreati-
cojejunostomy and the hepaticojejunostomy.The diameter of
the jejunal orifice should always be much smaller than the
width of the hepatic duct.Themucosa of the intestinal orifice
is slightly inverted, using four PDS 5-0 interrupted stitches in
a “crosswise” fashion, in order to create a mucosa-to-mucosa
anastomosis (Figure 1). The reason for this step is to ensure a
well-adapted duct-to-mucosa HJ.

For the construction of our single-layer, end-to-side HJ
we use 4-0 to 6-0 PDS interrupted sutures. The first two
sutures are placed in the left corner of the jejunum and the
bile duct. The needles are passed through the bile duct from
outward to the inside and then through the jejunum from the
inside outwards.The jejunal limb is then gently pushed down
to the hepatic duct and the sutures are tied. All the passings
of the stiches take a good amount of seromuscular part of the
small bowel but not the mucosa, helping the mucosa to be
inside the bile duct and so to complete a mucosa-to-mucosa
anastomosis. Besides, we have to mention that every bite to
the bile duct has to take a good tissue amount, which has to
be at least 4-5mm in order to avoid tearing and ischemia.The
number of stiches we use is related to the caliber of the bile
duct and long experience showed us that every step to next

Figure 1: Dissection and division of the extrahepatic bile duct to
the level of the biliary confluence of the right and left hepatic ducts
at the hilum. Stay sutures with atraumatic needle placed in the
stumps of each hepatic duct.Themucosa of the jejunal limb orifice is
slightly inverted, using four PDS 5-0 interrupted sutures. Note that
the circumference of the duct is 2𝜋𝑟 = 21.997, so the bites have to be
2𝜋𝑟/4 = 21.997/4 = 5,4mm. So this anastomosis can be done with
6 stiches (assuming you put your stiches with a step of 4mm).

stich has to be also 4-5mm.This number comes mainly from
experience but can be also helpful to calculate the number of
stiches or bites you are going to use for the whole anastomosis
based on the perimeter of the duct (Figure 1).

The posterior wall of the anastomosis is completed by
placing the appropriate number of sutures in the same way
from the left to the right. All knots of the posterior wall
remain outside of the anastomosis (Figure 2). Attention has to
be paid not to tear the bile duct during the ligation. In selected
cases, where the bile duct diameter and its wall thickness are
big enough, this step can also be done in a “running” fashion.

At this point, we prefer to place a transanastomotic (in-
in) stent in order to protect and improve the patency of the
anastomosis in the early postoperative period.We usually use
an 8-10 French Nelaton catheter or the edge of a 6 Fr. “pigtail”
catheter in cases of small bile ducts. The stent is temporarily
fixed in place using a 5-0 Vicryl suture (Figure 3). When a
PTBD is placed preoperatively, the drainage is preserved and
placed intraluminally as an external-internal stent.

The anterior wall of the anastomosis is constructed in the
same fashion. Suturing should start from the left to the right
side, passing the needle through the jejunumoutside-inwards
and then through the bile duct from the inside to outward.
The sutures are then tied, while the inverted mucosa of the
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Figure 2: Construction of the posterior wall of the anastomosis.
The jejunal limb is gently pushed down to the hepatic duct and the
sutures are tied with the knots lying on the outside of the anas-
tomosis.

Figure 3: Fixation of the pigtail catheter to the jejunal stump using
a 5-0 Vicryl suture.

Figure 4: Anterior row of sutures placed to complete the approxi-
mation of the jejunum and bile duct.

jejunum should be buried intraluminally (Figure 4). A small
trick to achieve that is to bring the knot of the tie on the bowel
site.

After the completion of the anastomosis, control for bile
leaks (if present) should be performed (Figure 5). When a
PTBD is in place, a “white-test” with propofol or lipiodol can
bemade in order to check the patency and the integrity of the
anastomosis. The mean operative time of the technique is 74
minutes.

We strongly believe that the key-points to the long-lasting
results of this technique are the prevention of ischemia, the
avoidance of bile leak, and themucosa-to-mucosa anastomo-
sis.

Despite not being the purpose of our analysis, we will
briefly report the outcomes of the application of this tech-
nique from 1992 till 2015. During this period, 412 patients
underwent biliary diversion with the technique described
above. The majority of cases were due to pancreatic or

Figure 5: Completion of the hepaticojejunostomy.

ampullary cancer (29%). Around 25% of the cases were
BDIs and 12% of the cases were cholangiocarcinomas. Benign
biliary (choledochal cyst, choledocholithiasis, etc.) and pan-
creatic diseases (chronic and autoimmune pancreatitis)
reached almost 22% of the cases. Finally, 50 cases (12%)
were performed in liver transplantation setting. The num-
ber of anastomotic leaks was 8 (2.1%) and the cases of
anastomotic strictures reached 12 (3.1%). Other complica-
tions included wound infection (38-10%), biloma (9-2.3%),
recurrent cholangitis (11-2.88%), biliary peritonitis (2-0.5%),
and others (pulmonary embolism, urinary tract infection,
pneumonia, etc./13 cases; 3.4%). The overall morbidity rate
was 28.2%. The mortality rate reached 3.9% (15 cases). The
majority (12/15-80%) of these patients underwent RYHJ in
emergency setting.

4. Discussion

The creation of a secure HJ is an essential skill for any hepat-
obiliary surgeon. And if we take into consideration that an
imperfect anastomosis or its failure may lead to reoperations
or reinterventions in a patient with recurrent devastating
symptoms, the need for well-performed HJ is imperative.

To date, many techniques and approaches have been
described. Recently Sutherland and Dixon [35] described a
refined technique of sewing the end of the common hepatic
duct to the side of the jejunum. The sutures are placed to
include all layers of the bowel wall except mucosa. This
extramucosal HJ was performed in 185 cases with 1.7% leak
rate, a stricture rate of 4.9%, and no mortality [35].

Laukkarinen et al. [36] demonstrated a RYHJ with a
transanastomotic biodegradable stent with low rates of anas-
tomotic leakage or stricture in experimental models. The
presence of a stent seems to increase the caliber of the anas-
tomosis since postoperative duct diameter was found larger
than the preoperative one [36]. Long-term clinical studies are
required to confirm these initial experimental findings.

One of the long-standing tenets when performing biliary
reconstruction is the use a long hepatic limb to decrease the
risk for postoperative cholangitis. Most authors recommend
Roux-limbs of up to 75 cm; Felder et al. [37] have routinely
used a Roux length of 20 cm to facilitate possible postopera-
tive endoscopic access. In their series they presented less than
6% of anastomotic stricture and 10% of long-term and 3% of
immediate complications; most of them required reoperation
[37]. We must highlight that almost half of the cases in the
series were liver transplantation cases.
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Emerging data come from the evaluation of minimal
invasive approaches to perform HJ, even in severe BDI inju-
ries. In the laparoscopic setting, it was recently showed that
laparoscopic approach to BDI repair is feasible and safe
with low morbidity rates (bile leak, 17.2%, reintervention,
6.8%) accompanied with the well-established advantages of
laparoscopic surgery (low pain, earlier mobilization, and
cosmesis) [38]. In the setting of malignancies, the results are
not that satisfactory since the morbidity rate reached 33.3%
and mortality was 2.08% in a series of laparoscopic HJ cases
for palliative treatment of pancreatic head malignancy [39].
The disadvantages of these series were the short follow-up
and the inadequate number of cases.Moreover, it was recently
published that E2 BDI injury was successfully treated with
robotic-assisted RYHJ [40]. Despite the satisfactory results,
this approach is still in its infancy with several disadvantages
including the bulky hardware which makes it impossible for
the robot to be moved to other theatres, the high learning
curve, and the high operating and maintenance cost making
it a “forbidden fruit” in the era of financial crisis. The com-
parison among different technical modalities of performing
RYHJ is not always feasible since the indications, the selection
of patients, and the surgical experience differ among studies.
And although the technique can be meticulously followed,
the experience of the surgeon involved in the performance
of the anastomosis is the most important issue.

In our institution, we follow a strict evaluation algorithm
to each patient referred to us with biliary disease. The post-
operative outcomes of our technique are evaluated as cat-
egories of wound infection, bile leak, biloma, and biliary
peritonitis. The long-term postoperative complications were
evaluated as categories of stricture, recurrent cholangitis,
defined as the occurrence of two episodes of cholangitis,
the need for nonsurgical intervention/dilation (percutaneous
drainage of biloma, ERCP and sphincterotomy, and dilation
of anastomosis), and the need for reoperation. As we have
previously demonstrated, the long-term postoperative mor-
bidity rate of our technique in BDI cases is 26.8% with half of
these cases presenting with stricture of the anastomosis with
no difference between the early and late intervention group.
No patient required reoperation for BDI-related HJ [41].
This rate of anastomotic stricture is noninferior compared
to current literature standards and seems rather attractive if
one takes into consideration selection bias secondary to the
referral pattern [42–44].

Far beyond the surgical stress that an open surgical inter-
vention releases, HJ itself seems to cause many interesting
pathophysiological changes. In an animal model it was well
described that HJ was associated with less weight gain and
colonization of the bile duct with aerobic bacteria,Escherichia
coli, dominating with concomitant fibrous periportal infiltra-
tion [45]. These changes are of potential clinical importance
since many of the postoperative complications could be
explained to the bactibilia that might be an important factor
in the pathogenesis of cholangitis, gallstone formation, and
gallstone pancreatitis.

Long-term outcomes in biliary reconstruction are mainly
influenced by the level of injury, presence of local inflam-
mation, timing of final repair, type of reconstruction, and

experience and expertise of surgeon in these operations and
previous attempts of repair in the same or in other institu-
tions. Patients without history of previous interventions, lack
of inflammation, lack of complete transection of common
bile duct, and greater diameter of bile duct present better
operative results, decreased rates of morbidity and mortality,
and lower rates of postoperative complications [46, 47].

It is widely accepted that the best results in biliary recon-
struction can be achieved in specialized hepatobiliary centers
[48]. Nevertheless, many general surgeons without previous
experience attempt to repair these injuries, often without
proper understanding or characterization of the biliary
injury. This may be associated with inferior short-term and
long-term outcomes, substantial morbidity, and higher rates
of complications [49]. Every failed attempt at repair leads to a
decreased bile duct length, making definitive reconstruction
more difficult.

5. Conclusions

TheRYHJ is a reliable and efficient technique of biliary diver-
sion in most cases of biliary obstruction. It has been signif-
icantly developed in the last 100 years till our current era
of minimally invasive surgery. We analyze by step-by-step
approach the RYHJ technique that we perform in our center.
It is established to be a feasible approach, with short learning
curve, low anastomotic stricture rates, and almost zero anas-
tomotic leakage cases. It can be applied in a variety of diseases
and conditions.
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Aims.We here investigated the association of different types of periampullary diverticula (PAD) with pancreaticobiliary disease and
with technical success of endoscopic retrograde cholangiopancreatography (ERCP). Methods. A total of 850 consecutive patients
who underwent their first ERCP were entered into a database. Of these patients, 161 patients (18.9%) had PAD and the age- and sex-
matched control group comprised 483 patients. Results. PAD was correlated with common bile duct (CBD) stones (59.6% versus
35.0% in controls; 𝑃 = 0.008) and negatively correlated with periampullary malignancy (6.8% versus 21.5% in controls; 𝑃 = 0.004).
The acute pancreatitis was more frequent (62.5%) in patients with PAD type 1 followed by PAD type 2 (28.9%, 𝑃 = 0.017) and
type 3 (28.0%, 𝑃 = 0.006). No significant differences were observed in successful cannulation rate and post-ERCP complications
among the 3 types of PAD. Type 1 PAD patients had less recurrence of CBD stones than did the patients who had type 2 or type 3
PAD (53.8% versus 85.7%; 𝑃 = 0.043). Conclusions. PAD, especially type 1 PAD, is associated with an increased acute pancreatitis
as well as occurrence and recurrence of CBD stones. PAD during an ERCP should not be considered as an obstacle to a successful
cannulation.

1. Introduction

Periampullary diverticula (PAD), also known as perivate-
rian or peripapillary diverticula, is extraluminal mucosal
outpouching of the duodenal arising within a radius of
2-3 cm from the ampulla of Vater [1]. PAD are observed
in around 10–20% of patients undergoing endoscopic ret-
rograde cholangiopancreatography (ERCP) [2] and their
incidence increases with age. There are three types of PAD
according to the position of the major papilla (inside, adja-
cent, or outside of the diverticula) in ERCP examination,
which have become generally accepted for the classification
of PAD [3]. The clinical importance of PAD originates from
its associationwith pancreaticobiliary disease. Several studies
have suggested that PAD is the reason for some clinical
conditions, such as choledolithiasis and pancreatic disorders
[1, 2]. However, the clinical characteristics associated with
different types of PADhave not been well investigated.There-
fore, we conducted this observational study to investigate

the association of different types of PAD with occurrent and
recurrent bile duct stones, with pancreatitis, and with the
technical success of ERCP.

2. Methods

2.1. Patients. The study included 850 consecutive patients
who underwent their first ERCP during the period from
August 2008 until December 2012. ERCP was performed
when the imaging study and laboratory tests indicated that
therapeutic management was needed or the diagnosis was
uncertain.

Demographic characteristics, clinical information, imag-
ing studies, and technical details and findings from an ERCP
regarding those patients were entered into a database.

After completion of database entry for each patient with
PAD, matched cases were selected into the non-PAD group
(control group) that had corresponding parameters for age
and gender.We adopted a 1 : 3 ratio of case: control proportion
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among the 850 consecutive patients who underwent ERCP
during the study period. Of these, 161 patients (18.9%) had
diverticula and the age- and sex-matched control group
comprised 483 patients. This study was approved by the
institutional review board of the hospital and informed
consent was obtained from each patient.

2.2. Classification of PAD. APADwas defined endoscopically
as a depressed lesion of 5mm or more with intact mucosa
within a radius of 2.5 cmof the papilla [4]. PADwere classified
as type 1, 2, or 3 according to the position of the major
papilla from the endoscopic view [5]: type 1, the major
papilla was located inside of the diverticula; type 2, the
major papilla was located at the edge of the diverticula; type
3, the major papilla was located outside of the diverticula.
The sizes of PAD were measured by using a Triple-Lumen
Sphincterotome with a scale on the tip (Ultratome� XL
Triple-Lumen Sphincterotome, model number M00535900,
BOSTON SCIENTIFIC) during ERCP. The largest diameter
of the PAD among length, breadth, and height was chosen as
its representative.

2.3. Methods. The examinations were performed using a
standard technique and duodenoscopes by a hepatobiliary
surgeon. Successful cannulation was defined as free and
deep instrumentation of the biliary tree and a cannulation
attemptwas defined as sustained contact with the cannulating
device and the papilla for at least five seconds [6]. Post-
ERCP complications include post-ERCP pancreatitis and
gastrointestinal perforation.

2.4. Assessment of Recurrent CBD Stones. Patients with CBD
stones who underwent the therapeutic ERCP among the 850
patients were followed up until the date of last follow-up as
of January 2015.The recurrence of CBD stones was defined as
the development of stones according to appropriate imaging
studies not earlier than 6 months after the confirmation of
complete removal of the CBD stones by ERCP.The exclusion
criteria specified a recurrence of CBD stones within 6months
after ERCP. Recurrence-free survival was measured from
the complete stones removal to occurrence of new onset,
imaging-proven biliary stones requiring hospitalization for
ERCP. Data on patients who were recurrence-free were
censored on the date of last follow-up.

2.5. Statistical Analysis. For statistical analysis of the categor-
ical data, the chi-square test or Fisher exact test was used.
To evaluate the effect of the continuous variable, Student’s 𝑡-
test was used. Odds ratios and their 95% confidence intervals
were calculated. For adjustment for possible confounders and
effect modifiers, multivariate analyses were performed using
logistic regressionmodel.The actuarial probability curves for
patients remaining free of recurrence of symptomatic CBD
stones were constructed using the Kaplan-Meier analysis
and compared with the log-rank test. All data analyses
were performed using the SPSS statistical software program,
version 19.0 (SPSS Inc., Chicago, IL, USA) for Windows and
GraphPad Prism 5 (GraphPad Software Inc., San Diego, CA).
𝑃 < 0.05 was considered as statistically significant.

3. Results

3.1. Clinical Characteristics according to the Presence of PAD.
There were 161 patients (18.9%) with 1 or more diverticula for
whom sufficient data were available for this study. A single
diverticula was evident in 80.7% of patients with PAD, 18.6%
had 2 diverticula, and 0.7% had more than 2 diverticula. As
shown in Table 1, the age and male-to-female ratio between
the two study groups were balanced.

The incidences of biliary tract disorders in patients with
PAD and controls are shown in Table 1. PAD was correlated
with CBD stones (59.6% versus 35.0% in controls; 𝑃 < 0.001)
as well as with a higher previous cholecystectomy rate (39.1%
versus 24.0% in controls; 𝑃 < 0.001). However, there was
no significant difference in the incidence of gall stones only
(7.5% versus 9.5% in controls; 𝑃 = 0.428) and gall stones
with CBD stones (6.2% versus 11.4% in controls; 𝑃 = 0.068)
between the PAD group and the control group. Interestingly,
compared to the control group, the detection rate of benign
bile duct strictures (8.1% versus 14.7% in controls; 𝑃 = 0.031)
and periampullary carcinoma (6.8% versus 21.5% in controls;
𝑃 < 0.001) was significantly lower in the PAD group.

In patients with PAD, acute pancreatitis, defined as
pain and serum amylase elevation more than 3 times the
normal value, was not found significantly more often than in
control patients (31.7% versus 25.9%; 𝑃 = 0.154). Chronic
pancreatitis was found with equal frequency in both groups,
3.1% in PAD versus 1.9% (𝑃 = 0.355) in controls (Table 1).

Regarding the technical success of ERCP, there were no
significant differences between the PAD group and controls
in terms of successful duct cannulation (95.0% versus 91.9%
in controls; 𝑃 = 0.190). Severe post-ERCP pancreatitis,
defined as abdominal pain and serum amylase elevation of 3
times the normal value, was observed in 16.1% of PAD group
patients and 12.6% of controls (𝑃 = 0.258). Retroperitoneal
perforation was rarely seen and no difference was detected in
the perforation rate between two groups (1.2% versus 2.5% in
controls; 𝑃 = 0.535) (Table 1).

The abovementioned univariate 𝑃 values have to be
regarded as descriptive. For adjustment for possible con-
founders and effect modifiers, a multivariate logistic regres-
sion model was used with the independent variables which
are confirmed to be statistically significant by univariate anal-
ysis (Table 1). If those confirmatory multivariate 𝑃 values are
considered, CBD stones only (𝑃 = 0.008) and periampullary
malignancy (𝑃 = 0.004) remain significant (Table 1).

3.2. Clinical Characteristics according to the PAD Subtypes.
The relative frequency of PAD was further stratified accord-
ing to the subtype: 9.9% of PAD was diagnosed as type
1, 28.0% as type 2, and 62.1% as type 3. The existence of
PAD subtypes was correlated with differences in clinical
characteristics (Table 2).

The PAD size (mean ± SD) in patients with type 1 PAD
was 18.9±9.2mm, which was significantly larger than that in
patients with type 2 PAD (12.1 ± 4.7mm, 𝑃 = 0.003) or type
3 PAD (10.6 ± 8.6mm, 𝑃 < 0.001). Similarly, the occurrence
of acute pancreatitis was more frequent (62.5%) in patients
with type 1 PAD, and it was approximately 2 times higher than
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Table 1: Comparison of cholangiopancreatic disorders and technical success of ERCP according to the presence of PAD.

PAD
(𝑛 = 161)

Control
(𝑛 = 483) 𝑃

𝑢

∗

𝑃
𝑚

† Odds ratio [95% CI]

Median age (yr) (range) 62 (23–90) 61 (26–87) 0.542
Gender: 𝑛 (%)

Male 83 (51.6) 249 (51.6) 1.000
Female 78 (48.4) 234 (48.4)

Biliary disorders: 𝑛 (%)
CBD and gall stones 10 (6.2) 55 (11.4) 0.068
CBD stones only 96 (59.6) 169 (35.0) <0.001 0.008 2.09 [1.213–3.602]
Gall stones only 12 (7.5) 46 (9.5) 0.428
Benign bile duct strictures 13 (8.1) 71 (14.7) 0.031 0.154 0.61 [0.311–1.203]
Periampullary carcinoma 11 (6.8) 104 (21.5) <0.001 0.004 0.35 [0.174–0.710]
Previous cholecystectomy 63 (39.1) 116 (24.0) <0.001 0.712 1.10 [0.653–1.867]

Pancreatic disorders: 𝑛 (%)
Acute pancreatitis 51 (31.7) 125 (25.9) 0.153
Chronic pancreatitis 5 (3.1) 9 (1.9) 0.349

Successful cannulation: 𝑛 (%) 153 (95.0) 444 (91.9) 0.190
Complications: 𝑛 (%)

Post-ERCP pancreatitis 26 (16.1) 61 (12.6) 0.258
Perforation 2 (1.2) 12 (2.5) 0.533

∗Student’s 𝑡-test for continuous variables and Pearson’s chi-square test for categorical variables.
†Themultivariate logistic regressionmodel included variables which are confirmed to be statistically significant by univariate analysis as independent variables
and PAD as dependent variable.
CBD: common bile duct; ERCP: endoscopic retrograde cholangiopancreatography.

Table 2: Cholangiopancreatic disorders and technical success of ERCP in different PAD subtypes.

Type 1
(𝑛 = 16)

Type 2
(𝑛 = 45)

Type 3
(𝑛 = 100) P value∗

Median age (yr) (range) 65 (51–78) 66 (24–90) 58 (23–88) 0.134
Gender: 𝑛 (%)

Male 9 (56.3) 28 (62.2) 46 (46.0) 0.180
Female 7 (43.8) 17 (37.8) 54 (54.0)

PAD size (mean ± SD, mm) 18.9 ± 9.2 12.1 ± 4.7 10.6 ± 8.6 0.001
Biliary disorders: 𝑛 (%)

CBD stones and gall stones 2 (12.5) 3 (6.7) 5 (5.0) 0.508
CBD stones only 13 (81.3) 26 (57.8) 57 (57.0) 0.177
Gall stones only 1 (6.3) 3 (6.7) 8 (8.0) 0.943
Benign bile duct strictures 0 (0.0) 4 (8.9) 9 (9.0) 0.458
Periampullary carcinoma 0 (0.0) 2 (4.4) 9 (9.0) 0.314
Previous cholecystectomy 9 (56.3) 15 (33.3) 39 (39.0) 0.272

Pancreatic disorders: 𝑛 (%)
Acute pancreatitis 10 (62.5) 13 (28.9) 28 (28.0) 0.020
Chronic pancreatitis 1 (6.3) 2 (4.4) 2 (2.0) 0.549

Successful cannulation: 𝑛 (%) 15 (93.8) 44 (97.8) 94 (94.0) 0.607
Complications: 𝑛 (%)

Post-ERCP pancreatitis 2 (12.5) 8 (17.8) 16 (16.0) 0.884
Perforation 0 (0.0) 1 (2.2) 1 (1.0) 0.740

∗One-way analysis of variance for continuous variables and Pearson’s chi-square test or Fisher exact test for categorical variables.
CBD: common bile duct; ERCP: endoscopic retrograde cholangiopancreatography.
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Table 3: Univariate analysis of the risk factors for recurrence of symptomatic CBD stones.

Recurrence group (𝑛 = 32) Nonrecurrence group (𝑛 = 269) 𝑃 value∗

Median age (yr) (range) 62.5 (44–78) 61 (27–90) 0.360
Gender: 𝑛 (%)

Male 18 (56.3) 131 (48.7) 0.419
Female 14 (43.8) 138 (51.3)

CBD diameter (mean ± SD, mm) 14.5 ± 4.6 14.3 ± 8.3 0.957
CBD stone size (mean ± SD, mm) 11.5 ± 6.4 11.5 ± 7.1 0.984
CBD stone number: 𝑛 (%)

1 8 (25.0) 93 (34.6) 0.278
≥2 24 (75.0) 176 (65.4)

PAD: 𝑛 (%) 18 (56.3) 79 (29.4) 0.002
Type 1 6 (18.8) 7 (2.6)
Type 2 + type 3 12 (37.5) 72 (26.8)

Prior cholecystectomy: 𝑛 (%) 25 (78.1) 141 (52.4) 0.006
ERCP attempt: 𝑛 (%)

1 26 (81.2) 239 (88.8) 0.211
≥2 6 (18.8) 30 (11.2)

Lithotripsy: 𝑛 (%) 6 (18.8) 37 (13.8) 0.445
EST: 𝑛 (%) 22 (68.8) 214 (79.6) 0.160
EPBD: 𝑛 (%) 24 (75.0) 221 (82.2) 0.325
Successful cannulation: 𝑛 (%) 31 (88.1) 256 (93.4) 0.665
∗Student’s 𝑡-test for continuous variables and Pearson’s chi-square test for categorical variables.
CBD: common bile duct; EST: endoscopic sphincterotomy; EPBD: endoscopic papillary balloon dilation.

patients with type 2 PAD (28.9%, 𝑃 = 0.017) or type 3 PAD
(28.0%, 𝑃 = 0.006). In addition, CBD stones alone showed
higher tendency in type 1 PAD than in type 2 or type 3 PAD
although it did not reach a statistical significance. Moreover,
there were no significantly different characteristics between
patients with type 2 and type 3 PAD.

3.3. Risk Factors for the Recurrence of Symptomatic CBD
Stones. 330 patients were diagnosed to have symptomatic
CBD stones in this study. In order to study the risk factors
of recurrence of symptomatic CBD stones after therapeutic
ERCP, a total of 301 patients were finally enrolled (29 patients
were excluded due to the follow-up loss or recurrence of CBD
stones within 6 months after ERCP). The median follow-up
was 40months (6–76months).The recurrence of CBD stones
occurred in 32 patients (10.6%) during the follow-up period,
and the median time until the first recurrence was 36 months
(6–60 months).

After the univariate analysis and the multivariate logistic
regression analysis of the potential risk factors of the recur-
rence of symptomatic CBD stones after therapeutic ERCP, we
found that PAD (odds ratio [OR] = 2.968, [95% CI, 1.394–
6.321], 𝑃 = 0.005) and prior cholecystectomy (odds ratio
[OR] = 3.106, [95% CI, 1.287–7.496], 𝑃 = 0.012) were the two
independent risk factors (Table 3).

The actuarial probability of patients remaining free of
recurrence of symptomatic CBD stones during the follow-up
after therapeutic ERCPwith PADwas significantly lower than
that for the patients without PAD (81.4% versus 93.1%, resp.;
𝑃 = 0.004, log-rank test) (Figure 1(a)). Subgroup analysis

showed that the patients with type 1 PAD had significantly
lower rates of being free of recurrence of CBD stones during
the follow-up than did the patients who had type 2 or type
3 PAD (53.8% versus 85.7%, resp.; 𝑃 = 0.043, log-rank test)
(Figure 1(b)). Since PAD and prior cholecystectomy were two
independent risk factors for recurrence of symptomatic CBD
stones after therapeutic ERCP, another subgroup analysis
was performed to determine if there was a differential
recurrence-free probability between patients with or without
PAD who underwent previous cholecystectomy. The PAD
patients who underwent previous cholecystectomy had a
significantly lower rate of being free of recurrence of CBD
stones than the patients without PAD (42/58, 72.4% versus
99/108, 91.7%, resp.; 𝑃 = 0.001, log-rank test) (Figure 1(c)),
whereas in patients with gall bladder in situ, PAD did not
have a promoting effect on recurrence of CBD stones as the
recurrence-free rate was similar between the patients with or
without PAD (37/39, 94.9% versus 91/96, 94.8%, resp.; 𝑃 =
0.886, log-rank test) (Figure 1(d)). However, due to the small
number of recurrences in patients with gall bladder in situ,
the statistical power was limited.

4. Discussion

In this study, we sought to demonstrate the association of differ-
ent types of PADwith occurrent and recurrent bile duct stones,
with pancreatitis, and with the technical success of ERCP.

PAD, not uncommon findings during ERCP, has been
reported to be associated with biliary diseases [2]. Since the
incidence of both PAD and bile duct stones increases with
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Figure 1:The actuarial probability of patients remaining free of recurrence of symptomatic CBD stones during the follow-up after therapeutic
ERCP. (a) The patients with PAD versus those without PAD; (b) the patients with type 1 PAD versus those with type 2 or type 3 PAD; (c)
recurrence-free probability between the two groups who underwent previous cholecystectomy; (d) recurrence-free probability between the
two groups with gall bladder in situ.

age [7, 8], our study adjusted this confounding variable and
found that the prevalence of PAD was increased in patients
with CBD stones but not in those with gallbladder stones
alone, which confirms the findings from other reports that
PAD is associated with bile duct stones [9–11]. Furthermore,
type 1 PAD, in which the major papilla is located within
the diverticula, is considered to carry a theoretically greater
risk of biliary stones formation [5]. Consistent with this
speculation, we noted that common bile duct stones were
relatively more common in type 1 PAD patients (81.7%)
when compared to patients with type 2 and type 3 PAD
(57.8%, 57.0%, resp.) although it did not reach to a statistical
difference. As such, these results strongly suggest a causal
relationship between PAD and biliary stones formation. The
pathological mechanism of this association is explained by

several hypotheses. The mechanical pressure of the diver-
ticula to the distal end of the biliary tract is commonly
discussed. The larger the PAD and the closer it is to a papilla,
themore it may disturb the bile flow [12]. Another hypothesis
is related to the dysfunction of the sphincter of Oddi (SO),
which is believed to be caused by the accumulation of food in
the diverticula, compressing the end of the bile duct as well as
SO and leading to stricture of the sphincter. The dysfunction
of the SO leads to the reflux of gastrointestinal juice into the
bile duct, bacterial infection of the bile duct, and formation
of the pigment bile duct stones [1, 3, 13, 14].

In addition, we noted that the presence of PAD is
negatively associated with prevalence of periampullary car-
cinoma which to our knowledge has not been reported
before. However, therewere some studies trying to investigate
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the relationship between diverticulosis, diverticulitis, polyps,
advanced neoplastic lesions (ANL), and colorectal carcinoma
(CRC). One study from Korea found an increased risk of
CRC in both patients with left- or right-sided diverticulosis
without prior polypectomy or surgery in the affected area
[15]. One of the possible explanations for the association
between diverticular disease and colorectal cancer is that
the presence of inflammation process increases the risk of
malignant transformation. In contrast, three studies [16–18]
showed no relationship between diverticulosis and CRC, one
of them being a longitudinal study [16]. Moreover, another
three studies [19–21] found less CRC in patients with diver-
ticular disease, which speak in favor of what we observed
that periampullary malignancy is less common in PAD
patients. One possible explanation is that an altered matrix
composition predisposes to the development of colon cancer
in the colonic tissue architecture of cancer patients but not
in patients with diverticular disease [22]. According to these
literature reviews, we considered one hypothesis to explain
the negative correlation between periampullary malignancy
and PAD.That is, theremay be amore protumorigenicmatrix
microenvironment in the periampullary tissue architecture
in the patients without PAD compared to those with PAD,
which is in accordance with no predisposition for cancer in
diverticular disease in these patients. Starting from this point,
our future work is to investigate the detailed microenviron-
ment composition of periampullary tissue in patients with
periampullary malignancy or patients with different types of
PAD by using tissue and gene microarray analyses. These
approaches would be a powerful tool in grouping cancer
patients into classes with clinical and therapeutic relevance.
Clearly, the longitudinal study following cohorts of patients
with diverticulosis or diverticulitis instead of cross-sectional
study is the best way to analyze the causality between
diverticulosis and periampullary malignancy. Therefore, we
will also start a longitudinal study in the near future following
cohorts of patients with PAD and try to clarify this causality.

It has been amatter of dispute whether or not pancreatitis
is induced by PAD per se. Some investigators have suggested
that pancreatitis is not associated with PAD [9, 23]. Others
reported that patients with PAD have a higher rate of acute
pancreatitis [24, 25]. Our study did not find a significant
higher rate of pancreatitis in PAD patients than in patients
without PAD.However, we found that the type 1 PADpatients
had a bigger PAD size and a higher frequency of acute
pancreatitis than the patients with type 2 or type 3 PAD. From
this observation we might hypothesize that the distension
of diverticula with specific location (papilla located inside
of the diverticula) may cause compression of the pancreatic
duct and result in pancreatitis. As described above, PAD
predispose the patient to common bile duct stones; it is
difficult to tell whether pancreatitis is from biliary origin or
by the diverticula themselves. But at least, the presence of
PAD should be taken into account, mainly in elderly patients,
before defining a pancreatitis as idiopathic.

PAD is thought to be an impediment to ERCPprocedures.
Although successful cannulation in patients with PAD varies
from 61% to 95.4%, this was found to be significantly
lower compared with patients without PAD in some studies

[24, 26, 27]; however, some other papers showed that the
successful cannulation rate andmorbidity andmortality rates
after ERCP were almost the same between patients with
and without PAD [4, 9, 28, 29]. The various techniques for
cannulation, the experience of the operators, the different
patient characteristics, and the lack of adjustment for those
variables between the exposed and control groups can all be
responsible for explaining the lack of consistency in results
so far. Our study has the advantage of including a concrete
sample of Chinese patients treated by the same experienced
surgeon in a university hospital. We found no difference in
successful cannulation between patients with and without
PAD, irrespective of the location of the papilla.

In clinical practice, a considerate number of patients
visit the hospital for management of the recurrence of
symptomatic CBD stones. In this situation, identifying the
risk factors for the development of recurrent CBD stones is
needed. In this study, the independent risk factors for the
recurrence of symptomatic CBD stones were PAD and prior
cholecystectomy. PAD has been advocated as a factor for
recurrence of CBD stones in several previous studies [30–32],
yet this is still controversial. Ando et al. [14] did not regard
the periampullary diverticula as a risk factor for recurrent
bile duct stones after endoscopic papillotomy. Kim et al. [33]
addressed that periampullary diverticula is associated with
patients with primary common bile duct stones, but not with
the secondary ones. However, in our study, the presence
of PAD was the independent risk factor of the recurrence
of symptomatic CBD stones after therapeutic ERCP. More
specifically, type 1 PAD, with the papilla located within the
diverticula, was correlated with a shorter recurrence time of
symptomatic CBD stones.This is consistent with the study of
Kim et al. [5] and the study of Baek et al. [34] which both
suggested that type 1 PAD was related to recurrence of CBD
stones. The factor of prior cholecystectomy was considered
as another independent risk factor for recurrence of CBD
stones in our study. In subgroup analysis we found that, in
the patients with an intact gall bladder, PAD did not increase
theCBD stones recurrence rate. It is probable that gall bladder
motility is related to the low recurrence rate of CBD stones.
Several authors proved that significant improvement in gall
bladder motility was achieved after therapeutic ERCP [35,
36]. It is also noted that bile stasis is an important factor in
the pathogenesis of bile duct stone formation. Frossard et al.
[37] evaluated 92 patients with CBD stones and reported that
the presence of the gall bladder was significantly associated
with spontaneous bile duct stone passage. These positive
roles of gall bladder may neutralize the ill effects of PAD
in the recurrence of symptomatic CBD stones. However, in
patients with prior cholecystectomy, the relative risk of the
PAD group was significantly higher than that of the group
without PAD (risk ratio [RR] = 4.034, [95% CI, 1.742–9.346],
𝑃 = 0.001). It is probable that cholecystectomy can result in
some secondary changes like the dysfunction of the sphincter
of Oddi, common bile duct dilatation, long cystic duct stump,
and bile duct angulation which were very important factors
in the pathogenesis of bile duct stone formation [38–40].
In addition, the slow biliary emptying and bile stasis in
patients with PAD [30] may have a synergetic effect with the
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secondary changes induced by cholecystectomy in forming
the recurrence of CBD stones. Therefore, careful periodic
surveillance of blood tests, ultrasonography, and/ormagnetic
resonance cholangiography may be recommended for CBD
patients who present with PAD with prior cholecystectomy
after therapeutic ERCP.

In conclusion, this study demonstrates that PAD, espe-
cially type 1 PAD, is associated with an increased occurrence
and recurrence of CBD stones. Acute pancreatitis is more
frequent in patients with type 1 PAD than patients with
type 2 or type 3 PAD. PAD during an ERCP should not be
considered an obstacle to a successful cannulation.
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What should be done next? Is the stricture benign? Is it resectable? Should I place a stent? Which one? These are some of the
questions one ponders when dealing with biliary strictures. In resectable cases, ongoing questions remain as to whether the biliary
tree should be drained prior to surgery. In palliative cases, the relief of obstruction remains the main goal. Options for palliative
therapy include surgical bypass, percutaneous drainage, and stenting or endoscopic stenting (transpapillary or via an endoscopic
ultrasound approach).This review gathers scientific foundations behind these interventions. For operable cases, preoperative biliary
drainage should not be performed unless there is evidence of cholangitis, there is delay in surgical intervention, or intense jaundice
is present. For inoperable cases, transpapillary stenting after sphincterotomy is preferable over percutaneous drainage. The use
of plastic stents (PS) has no benefit over Self-Expandable Metallic Stents (SEMS). In case transpapillary drainage is not possible,
Endoscopic Ultrasonography- (EUS-) guided drainage is still an option over percutaneous means.There is no significant difference
between the types of SEMS and its indication should be individualized.

1. Introduction

Neoplasms that affect the bile duct are uncommon [1–
5]. Despite their rarity, estimates from the Surveillance,
Epidemiology and End Results (SEER) database from North
America reveal an increased incidence and a poor prognosis.
The calculated prevalence in 2012 was 15 per 100,000 people
[6]. It is estimated that almost 20% of the subclinical jaundice
is due to malignant bile duct obstruction [7], divided by a
ratio of 2 : 1 of pancreatic and other biliary obstructive can-
cers, respectively [8]. The most common causes of malignant
biliary obstruction (MBO) are pancreatic adenocarcinoma,
cholangiocarcinoma, ampullary/duodenal adenocarcinoma,
gallbladder adenocarcinoma, lymphoma, and compressive
metastatic proximal lymph nodes [9, 10].

Despite technological advances, only 20% of peri-
ampullary tumors are found to be resectable at the time
of presentation due to their invasiveness, late symptom
appearance, and onset in elderly people [11–13]. According to

the Brazilian National Institute of Cancer (INCA), pancreatic
tumorswere accountable for 2%of themalignant tumorswith
an estimate of around 17,000 new cases in 2015. Having in
mind that only 15%–20% of these neoplasms are resectable,
the number of inoperable MBO in Brazil in the year of 2015
is estimated to be about 13,000 patients [14].

Biliary tree obstruction and consequent jaundice occur in
70–90% of these patients and have important consequences
mainly for the patient’s quality of life, morbidity, and overall
mortality [15–19]. Options for palliative therapy of biliary tree
obstruction include surgical bypass, percutaneous external
drainage/stenting, and endoscopic stenting. For patients
with resectable tumors, ongoing debate remains on whether
preoperative drainage is necessary. Commonly,MBOappears
as painless jaundice with anorexia and weight loss. This can
sometimes be present in other benign conditions (i.e., chronic
pancreatitis) [9, 10]. Although the diagnosis can be achieved
without tissue biopsy, it is important to have histological
confirmation. Tissue can be acquired through interventional
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radiology (ultrasound/computed tomography-guided punc-
ture) or through endoscopic procedures, such as Endoscopic
Retrograde Cholangiopancreatography (ERCP) and Endo-
scopic Ultrasound-Guided Fine-Needle Aspiration (EUS-
FNA), although the former can be associated with seeding in
the needle tract [20–23].

To further evaluate a biliary stricture, it may be necessary
to perform a computed tomography (CT) scan or a Magnetic
Resonance Cholangiopancreatography (MRCP). If a mass is
observed, a tissue sample should be obtained via themethods
previously mentioned. If no mass is seen, an EUS should
be performed and any visualized lesion can be sampled.
ERCPwith brush cytology, cholangioscopy, endomicroscopy,
and/or intraductal ultrasound can be performed to further
evaluate this [9, 10, 24].

The European Society of Gastrointestinal Endoscopy’s
(ESGE) guidelines [25] recommend placing a plastic stent
for biliary drainage if a diagnosis of the biliary obstruction
(malignant versus benign) is still not ascertained. Despite this
recommendation, patients with a high clinical-imaginologic
suspicion of MBO (i.e., an elderly male patient, smoker,
with high bilirubin levels, anorexia, and metastatic disease
on imaging) could benefit in using a fully covered Self-
Expandable Metallic Stent (cSEMS), therefore avoiding the
cost and possible complications of another ERCP.The current
practice however is to place a plastic stent (PS) in cases of
cholangitis as there is little data about the possible advantages
of SEMS in these cases.

This review intends to explore the possibilities of drainage
of the biliary tree in patients with malignant biliary obstruc-
tion.

2. Operable Cases

2.1. Preoperative Drainage. The routine use of preoperative
biliary drainage (PBD) is not well defined yet, although its use
in cholangitis, neoadjuvant therapies, and delayed surgery is
advocated by the ESGE.

A meta-analysis from Cochrane [26], involving six ran-
domized controlled trials (RCTs) with percutaneous and
endoscopic interventions, revealed major morbidity and no
change in mortality in the group who was subjected to
preoperative drainage. However the clinical status of patients
were rather heterogeneous amongst the studies and the stent
usedwas PS.There is scarcematerial regarding the use of Self-
Expandable Metallic Stents (SEMS) for PBD.

A retrospective study published in January 2015 [27] eval-
uated the use of percutaneous transhepatic biliary drainage
(PTBD) versus SEMS versus PS versus no drainage in PBD.
The results demonstrated a significantly higher rate of sterile
bile in the no drainage group, although this finding was not
translated in less infection in the postprocedure period.There
were no differences between SEMS and PS. Nonetheless, the
sample had a small percentage of SEMS placed (15%) and the
median prestent bilirubin level was 201 𝜇mol/L. The severity
of jaundice is used in clinical practice to infer the severity of
the obstruction and is beginning to figure as an important fac-
tor to look at in recent articles. Sauvanet et al. [17] published
in August 2015 an article demonstrating that a cutoff value of

250–300 𝜇mol/L in serum bilirubin level had clinical impact
in patients with recurrent jaundice after pancreaticoduo-
denectomy due to pancreatic adenocarcinoma, and patients
above this cutoff value had higher morbidity and mortality.

A RCT published in August 2015 added information
not only regarding drainage or not but also analyzing the
types of drainage. It revealed an overall complication rate
for cSEMS, PS, and early surgery groups of 51%, 74%, and
39%, respectively [28].The evidence gathered so far in the use
of preoperative drainage indicates that it can be specifically
beneficial also in proximal obstructions and there may be a
better outcome if SEMS are used [29, 30] in this tendency.
More studies are needed to determine a possible benefit in
patients with high bilirubin levels and long wait for surgery
(either for logistic reasons or for need of clinical compensa-
tion/neoadjuvant chemoradiation), as well as the neoplasia’s
topography most benefited by the drainage and the optimal
material for the stent. In any case, if preoperative drainage
has been deemed necessary, it is needed to ponder the
type of intervention: percutaneous (PTBD) or endoscopic.
PTBD has higher morbidity due to the risk of puncture-
related hemorrhage, cutaneous infection, and catheter tract
recurrence. Percutaneous tract seeding is a major preoccupa-
tion and can compromise up to 5.2% of potentially curable
cases [31]. Nonetheless, some studies have shown that, in
patients with proximal tumors, the endoscopic drainage can
have lower technical success (38% of cases) [32] and should
preferably have an internal drainage [33]. If PTBD is chosen,
sphincterotomy should be performed in transpapillary stent
placement; in order to prevent pancreatitis for tumors more
than 2 cm in distance from the papillae, a suprapapillary stent
could be used as an option for transpapillary stenting [34, 35].

These articles show evidences supporting either therapy.
Since they involved data as far as 14 years ago, their data
may be not applicable for the current practices and technical
success; therefore more studies regarding the type of preop-
erative drainage are needed for a definitive answer.

In summary, the evidence thus far reveals that, for
patients with a low bilirubin level and scheduled early
surgery, preoperative drainage should be avoided. On other
routine PBD cases, the conflicting data suggests that individ-
ual case scenarios should be analyzed.

3. Inoperable Cases

3.1. Palliative Surgical Bypass versus Endoscopic Drainage.
Although initial results with surgical bypass demonstrated
low rates of recurrent jaundice (2–5%), the surgery itself
carries an appreciable risk of postoperative morbidity and
mortality, in up to one-fourth of the patients in some trials
[36, 37]. Despite the evidence of more complications with
surgical decompression, it has been advocated in patients
who at the time of laparotomy for planned tumor resection
are found to have unresectable disease as well as in occasional
patients with longer projected survival due to its longer
jaundice relief [38, 39].

In order to analyze the possible treatments for inoperable
MBO, RCTs have compared some of these interventions and
found that, despite a shorter time for recurrence of jaundice,
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the complication rate was lower in the endoscopic group
[40, 41]. A recent meta-analysis from 2015 regarding surgical
bypass versus endoscopic stenting for distal inoperable MBO
demonstrated no differences for success of the procedures,
but differences were observed with better outcomes for
endoscopic therapy with 10% less mortality and 19% less
complications associated with the procedure [42].

In summary, from a palliative perspective, the use of an
endoscopic approach appears to be favorable.

3.2. SEMS versus PS. Two main types of materials for stents
are routinely used in current practice: plastic and metal.
Several RCTs demonstrated that SEMS are associated with
longer stent patency but survival rate is quite similar to
PS. Some studies favored survival in the SEMS group [43–
52] while some favored the PS group [53, 54]. Statistically
significant survival difference has only been shown in one
study, favoring SEMS [55].

The latestmeta-analysis regardingmetal and plastic stent-
ing in inoperable MBO [56], which involved stents inserted
through ERCP, involved thirteen RCTs and demonstrated a
better survival of about 1-2months in the SEMS group. In this
meta-analysis, the use of SEMS had 24% fewer dysfunction,
almost double patency (124 days versus 250 days), and longer
survival. It also required 30% fewer reinterventions, when
compared to PS. Despite no statistical differences in costs
and complication amongst the two stents groups, there was
numerical difference benefitting SEMS (€4,193.98 for SEMS
versus €4,728.65 for PS, 𝑃 = 0.09 and 3% less complication,
𝑃 = 0.16).

Kimet al. [57] demonstrated a survival benefit inmetastat-
ic biliary tract cancer of about 9 months in a phase II study of
gemcitabine and S-1 combination chemotherapy, in contrast
to the 3-4 months survival of earlier studies. This is also
true for pancreatic adenocarcinoma that has a mean overall
survival of 6.9 months with new treatments [58]. Therefore,
taking into account the patients’ quality of life and adequate
palliative care with the lowest hospital stay possible and
minimal symptomatology, SEMS is always the first option.

An important aspect is to look at the whole treatment
cost rather than the cost of the specific instrument.Therefore,
a prospective randomized controlled study with attention to
a specific population (short expected survival) is needed to
clarify if SEMS is actually more cost-effective in this group.

The summary of evidences presented so far points out
that the use of SEMS is advisable. Even in the short expected
survival cases, the questionwe should ask ourselves iswhynot
use SEMS, as it does not cost more, has similar complication,
and does have better outcomes [56].

3.3. Types of SEMS. Endoscopic stents appear to offer a
less invasive option, but the many designs and stent types
available have made selecting the ideal stent for individ-
ual patients complicated. There are several combinations
of materials, with or without antireflux valves, uncovered
SEMS (uSEMS), partially covered SEMS (pcSEMS) or cSEMS,
and different kinds of mesh. All of them have different
possible complications and conflicting information in the
literature [59–63]. To date, two meta-analyses demonstrated

no benefits to survival or morbidity in cSEMS compared to
uSEMS [64, 65]. There is still no SEMS that has presented a
far superior result compared to the others.

Usually uSEMS are associated with obstruction due to
ingrowth while cSEMS have higher migration rates and
association with cholecystitis if placed across the cystic duct
in patients not cholecystomized [59, 64]. A retrospective
study from 2013 evaluated uSEMS versus cSEMS and found
that the adverse event rate is about 27% for both, tumor
ingrowth with recurrent obstruction is more common in
the uSEMS group (76% versus 9%, 𝑃 < 0.001), and stent
migration is more common in cSEMS group (36% versus 2%,
𝑃 < 0.001) [62]. A more recent pcSEMS was developed,
trying to gather the best of both worlds. Apparently, it has
better results with less stent migration than cSEMS but more
than uSEMS (pcSEMS 5.9% versus uSEMS 0%, 𝑃 = 0.118)
and less tumor ingrowth than uSEMS (pcSEMS 5.9% versus
uSEMS 19.2%, 𝑃 = 0.041) [63].

The major causes of dysfunction of the large bore cSEMS
are attributed to the reflux of duodenal content into the
prosthesis and to the stent migration. Although studies with
innovative mechanisms to surpass the migration problem
failed to show any difference [63], the antireflux mechanism
has shown to lead to longer patency. In the study by Lee et al.
[66], the overall reflux of barium was 7.7% in the Anti-Reflux
ValveMetal Stent (ARVMS) group versus 100% in the cSEMS
group and the cumulative median duration of stent patency
was 407 days for ARVMS versus 220 days for cSEMS.

In order to overcome the main problem of obstruction
due to tumor ingrowth when using the uSEMS, the use
of novel SEMS that are combined with radioactive seeds
(I125) or brachytherapy is still being studied and has shown
promising results regarding patency time and survival (mean
survival of 8 months versus 3 months in the study by Zhu
et al.) [67–69]. The use of drug-eluting stents, namely, with
paclitaxel, had not shown expressive benefits [70].

The use of bilateral versus unilateral SEMS in the prox-
imal MBO is an issue not yet resolved. Despite the better
cumulative patency demonstrated in the studies, the compli-
cation and survival rates do not seem to improve in bilateral
drainage, although the physiologic mechanism that would
lead to a better outcome seems plausible [71–73].

Altogether it is not yet possible to state the optimal
choice for palliative SEMS in MBO. Hence, each case has
to be assessed individually and evaluated regarding the pros
and cons. Novel products and techniques are promising but
lacking in RCTs in favor of certain specific SEMS.

3.4. Radiofrequency Ablation. There are several papers in
recent years demonstrating a good outcome in patients
submitted to radiofrequency ablation (RFA) after the place-
ment of a SEMS (occluded SEMS) or before its placement
[74–76]. It is usually preferred over photodynamic therapy
due to its complications [77–79]. Intraductal RFA can be
performed either endoscopically or percutaneously through
the insertion of a specific catheter that delivers heat energy
directly to neoplastic tissues to achieve tumor necrosis and to
prolong biliary patency. This procedure has a local effect and
is not intended to be curative.
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Despite its promising results, it is an experimental therapy
that just a handful of centres have at disposal. There is still
much research to be done before we can reach a consensus
regarding how, when, and where this new technique should
be used.

3.5. EUS. EUS assists in accessing the biliary tract via
transgastric or transduodenal routes and is an option in
cases where transpapillary route is inaccessible by ERCP. It
is usually performed with a sectorial echoendoscope which
identifies the hepatic ducts or the bile duct. The duct is
punctured and a guidewire is placed, to guide the SEMS
through the gastric or duodenal wall. Alternatively, EUS
can also be used to exteriorize the guidewire through the
papillae to guide a usually placed SEMS through ERCP in
the so-called rendezvous technique. Although these state-
of-the-art techniques are exciting, more studies are needed
to confirm their efficacy and security compared with the
percutaneous option when the transpapillary ERCP drainage
is not possible.

Therefore, it is mainly an option in cases of failed
transpapillary endoscopic drainage, with the advantage of
maintaining physiologic bile flow through the gastrointesti-
nal tract and having better comfort to the patient as internal
drainage [80, 81].

4. Conclusions
In operable cases, routine preoperative stents shall not be
placed unless the patient is cholangitic, there is delay in
surgery, or intense jaundice is present. More research is
needed to clarify the benefits of PTBD in proximal tumors
and the cutoff level of bilirubin. Most of the studies used PS
for PTBD, with just a few studies examining the role of SEMS.
Therefore more data regarding SEMS for PBD is necessary to
have a definitive answer.

For inoperable cases, surgery should be avoided and
transpapillary stenting after sphincterotomy should be
preferable over the percutaneous drainage approach. The use
of PS for MBO has no demonstrated benefit over SEMS and
should not be used, since newmodalities of chemotherapy for
metastatic patients, either with pancreatic adenocarcinoma
or with cholangiocarcinoma, surpass 6 months of mean
overall survival. In inaccessible transpapillary cases, EUS-
guided drainage is still an option over the percutaneous
approach. Among the types of SEMS, there is no significant
difference between their uses and their indication should
be individualized. The concurrent use of SEMS with
radioisotopes, brachytherapy, and radiofrequency ablation
shows promising results.
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2Zentrum für Gastrointestinale Tumoren (ZeGIT), UniversitätsklinikumMagdeburg, Leipziger Strasse 44, 39120Magdeburg, Germany
3Deutsche Akademie für Mikrotherapie (DAfMT), Leipziger Strasse 44, 39120 Magdeburg, Germany
4Klinik für Gastroenterologie, Hepatologie und Infektiologie, Universitätsklinikum Magdeburg, Leipziger Strasse 44,
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Aim. To assess the outcomes of patients with unresectable intrahepatic cholangiocellular carcinoma (ICC) treated by a tailored
therapeutic approach, combining systemic with advanced image-guided local or locoregional therapies. Materials and Methods.
Treatment followed an algorithm established by a multidisciplinary GI-tumor team. Treatment options comprised ablation (RFA,
CT-guided brachytherapy) or locoregional techniques (TACE, radioembolization, i.a. chemotherapy). Results. Median survival was
33.1months from time of diagnosis and 16.0months fromfirst therapy.UICC stage analysis showed amedian survival of 15.9months
for stage I, 9 months for IIIa, 18.4months for IIIc, and 13months for IV. Only the number of lesions, baseline serumCEA and serum
CA19-9, and objective response (RECIST) were independently associated with survival. Extrahepatic metastases had no influence.
Conclusion. Patients with unresectable ICC may benefit from hepatic tumor control provided by local or locoregional therapies.
Future prospective study formats should focus on supplementing systemic therapy by classes of interventions (“toolbox”) rather
than specific techniques, that is, local ablation leading to complete tumor destruction (such as RFA) or locoregional treatment
leading to partial remission (such as radioembolization). This trial is registered with German Clinical Trials Registry (Deutsche
Register Klinischer Studien), DRKS-ID: DRKS00006237.

1. Introduction

Peripheral or intrahepatic cholangiocellular carcinoma (ICC)
is a rare neoplasm. However, its incidence andmortality have
been reported to be increasing worldwide [1]. Prognosis is
poor, with a 5-year survival below 5%, including patients who
do undergo tumor resection. However, surgical treatment
currently represents the only potentially curative therapy.
Unfortunately only 20% of patients are eligible for resection
because of disease spread, anatomic location, inadequate
hepatic reserve, or limiting comorbidities [2–5].

Median survival for patients with untreated unresectable
ICC has been reported as 3–6 months [5, 6]. Furthermore,
systemic intravenous (i.v.) chemotherapy (ivCTX) has only
limited benefit. Although modern chemotherapy regimens
have improved survival considerably in recent years, median
survival is still less than one year for, for example, gemcitabine
plus cisplatin [7].

Several palliative therapeutic options exist for patients
with unresectable ICC. The goals of palliative therapy are
to control local tumor growth, to relieve symptoms, and
to improve and preserve quality of life. Thus, local-ablative
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treatment options are gaining attention, as results from
studies analyzing radiofrequency ablation (RFA) and 90Y-
radioembolization (RE), high dose rate brachytherapy (HDR-
BT), intra-arterial chemotherapy (iaCTX), and transarterial
chemoembolization (TACE) have been encouraging [8–12].

However, most of these studies included patients with
intrahepatic and extrahepatic cholangiocarcinoma or gall-
bladder cancer and involved only a small number of patients,
so that definitive conclusions are sometimes difficult to draw.

Since 2006, we have treated patients with unresectable or
recurrent ICC by different local therapies (alone or in com-
bination) according to a therapy algorithm that was estab-
lished after thorough discussion in a multidisciplinary team
(GI board) involving surgeons, gastroenterologists, medical
oncologists, and interventional radiologists. Data from these
patients treated according to this algorithm were prospec-
tively collected in an institutional database.

In the study described herein we present the clinical
outcomes of this patient-tailored therapeutic approach, com-
bining systemic and image-guided local or locoregional ther-
apies for the treatment of intrahepatic cholangiocarcinoma in
nonsurgical candidates.

2. Materials and Methods

This study was compliant with the ethical guidelines of the
1975 Declaration of Helsinki and was approved by our Insti-
tutional Review Board (positive vote assigned by “Ethikkom-
mission der Medizinischen Fakultät der Otto-von-Guericke-
Universität Magdeburg” at 7-16-2013); written informed
consent to scientific use of data was obtained before therapy.
All clinical data were obtained from the prospectively main-
tained institutional ICC database.

The study was registered at DRKS (Deutsche Register
Klinischer Studien DRKS00006237).

2.1. Patients. From March 2006 to June 2012 (last follow-
up performed in March 2013), 75 consecutive patients with
unresectable ICC were referred to our multidisciplinary GI
board and received treatment recommendations with local
or locoregional treatments often supplementary to systemic
treatments. All of these patients were not surgical candidates
due to advanced tumor stage, comorbidities, or refused resec-
tion. From this cohort, 20 patients were excluded from analy-
sis: 10were lost to follow-upwithin the first twomonths (most
of them initially referred from distant centers) and 10 pre-
sented with a secondary malignoma (3 of those with an addi-
tional extrahepatic cholangiocellular carcinoma, i.e., Klatskin
tumor). Thus, 55 patients were analyzed. Patient and tumor
characteristics at the time of first local or locoregional therapy
are summarized in Table 1.

Palliative treatment options were part of the aforemen-
tioned multidisciplinary treatment algorithm.The algorithm
is outlined in detail in Figure 1. Image-guided techniques
comprised RFA (radiofrequency ablation), TACE (conven-
tional chemoembolization), HDR-BT (CT-guided interstitial
high dose rate brachytherapy), RE (90Y-radioembolization),
iaCTX (intra-arterial chemotherapy), and ivCTX (intra-
venous chemotherapy).

Factors guiding the treatment allocation included stage
and specific morphological properties of the disease (tumor
size, number of lesions, and preexisting extrahepatic metas-
tases) as well as liver function and performance status.

All 55 patients analyzed have been treated with at least
one local or locoregional treatment option at our clinic.
Patients were reassessed with clinical examination and CT
or MR imaging every 3 months thereafter. According to that
restaging patients were entered in the treatment algorithm
again if disease progressionwas present. As a consequence, 37
out of 55 patients received one type of ablative or locoregional
therapy, whereas another 18 patients received a combination
of additional image-guided therapies. With 21 patients pre-
senting after previous, often multiple chemotherapy lines,
16 patients received systemic treatments after the first local/
locoregional intervention. All treatment details after inclu-
sion as well as tumor-targeted prior treatments are outlined
in detail in Table 1.

2.2. Evaluation and Staging. Diagnosis of ICC was based on
biopsy. Pretreatment assessment consisted of demographics,
presence or absence of cirrhosis, biliary obstruction and por-
tal invasion, extrahepatic metastases, and prior treatments.
Diagnostic imaging was performed by magnetic-resonance
imaging (MRI) and/or triphasic computerized tomography
(CT).

Staging was performed at the time of first diagnosis as
baseline staging and again at the time of the first interven-
tional therapy at our institution by the TNM classification
adapted from the 6th edition of the staging manual of
the UICC/AJCC [13]. Lymph nodes were considered to be
metastatic when they were larger than 1 cm in short-axis
diameter [14].

The treatment algorithm groups patients according to six
potential treatments (Figure 1). Patients with single tumors
(𝑛 ≤ 4) received HDR-BT, TACE, or RFA in the absence of
portal vein thrombosis (PVT). In case of PVT, only HDR-
BT or RFA were applicable. Concomitant chemotherapy
was recommended in patients with biologically aggressive
tumors (disease free interval < 12 months) specifically in
chemotherapy-näıve patients. In patients with biologically
favorable tumors with disease free interval ≥ 12 months,
an ECOG > 1, and/or previous chemotherapies further
chemotherapies immediately after complete ablative or
locoregional treatment were not recommended.

Patients with multinodular (𝑛 > 4) or diffuse disease
received radioembolization or iaCTX with 5-fluorouracil/
leucovorin (5-FU/LV) when bilirubin was less than 30 𝜇mol/
L. If bilirubin was 30–50 𝜇mol/L, iaCTX was preferred alone
or in combination with HDR-BT or RFA (depending on
the likelihood for reliable, technically safe complete tumor
destruction). Patients with bilirubin above 50 𝜇mol/L and
those with diffuse peritoneal carcinomatosis were not eligible
for any local-ablative or locoregional therapy and received
ivCTX or best supportive care only. All treatment recommen-
dations were issued by the multidisciplinary gastrointestinal
oncology team in consensus.
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Table 1: Patients’ characteristics.

Demographics and disease history %/(range)
Total N 55 100%
Sex

Male 28 50.9%
Female 27 49.1%

Age, year
Median 67.3 (34.0–82.6)
≤65 25 45.5%
>65 30 54.5%

Months from diagnosis to 1st therapy
Median 10 (0.8–64.4)

Karnofsky index, 𝑛 = 47
Median 70 (60–100)
60 9 16.4%
70 13 23.4%
80 14 25.6%
90 17 31.0%
100 2 3.6%

ECOG index, 𝑛 = 47
Median 1 (0–2)
0 19 34.6%
1 27 49.0%
2 9 16.4%

Prior liver-directed treatment (n)
Any 21 38.2%
Resection 15 27.3%
Intraoperative RFA 3 5.5%
TACE 2 3.6%
RFA 1 1.8%

Prior chemotherapy (n)
Yes 21 38.2%
No 34 61.8%

Prior chemotherapy lines (n)
One 17 30.9%
Two 2 3.6%
>two 2 3.6%
Median 1 (1–5)

Prior chemotherapy agents (n)
Gemcitabine 19 34.5%
Oxaliplatin 12 21.8%
Capecitabine 8 14.5%
5-FU/FA 4 7.3%
Cisplatin 3 5.5%
Others∗ 9 16.4%

T-stage (n)
T1 21 38.2%
T2 12 21.8%
T3 21 38.2%
T4 1 1.8%
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Table 1: Continued.

Demographics and disease history %/(range)
Overall tumor stage (UICC∗∗) (n) at first diagnosis

Stage I 17 30.9%
Stage II 3 5.5%
Stage IIIa 3 5.5%
Stage IIIb 0 0%
Stage IIIc 21 38.2%
Stage IV 5 9.1%
No information available 6 10.9%

Overall tumor stage (UICC∗∗) (n) at first local therapy in Magdeburg
Stage I 11 20.0%
Stage II 5 9.1%
Stage IIIa 3 5.5%
Stage IIIb 0 0%
Stage IIIc 22 40.0%
Stage IV 14 25.5%

CEA
Median, range [ng/mL] 2.6 (0.3–391.7)
Elevated, >3.4 ng/mL (n) 23 41.8%
Not elevated (n) 32 58.2%

CA 19–9
Median, range [U/mL] 66 (0.6–72.9)
Elevated, >39.9U/mL (n) 34 61.8%
Not elevated (n) 21 38.2%

Tumor load
Median, range (%) 8 (2–80)

Tumor size
Median, range (mm) 45 (14–189)

Extent of disease (n)
Bilobar 32 58.2%
Unilobar 23 41.8%

Extrahepatic metastases (n)
All 36 65.5%
Lymph node metastases 32 58.2%
Peritoneal metastases 8 14.5%
Pulmonary metastases 5 9.1%
Bone metastases 2 3.6%

Concomitant liver disease (n)
Vascular infiltration 21 38.2%
Cirrhosis 20 36.4%
Biliary obstruction 18 32.7%
Portal vein thrombosis 10 18.2%
Ascites 7 12.7%

Therapies and combinations of therapies (n)
HDR-BT 19 34.5%
RE 5 9.1%
TACE 2 3.6%
RFA 1 1.8%
HDR-BT & ivCTX 11 20.0%
HDR-BT & iaCTX 6 10.9%
HDR-BT & RE 3 5.5%
HDR-BT & RFA 2 3.6%
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Table 1: Continued.

Demographics and disease history %/(range)
HDR-BT & iaCTX & ivCTX 2 3.6%
HDR-BT & RE & ivCTX 2 3.6%
TACE & ivCTX 1 1.8%
RE & iaCTX 1 1.8%

∗Irinotecan (𝑛 = 1), taxotere (𝑛 = 1), bevacizumab (𝑛 = 1), erlotinib (𝑛 = 1), mitomycin C (𝑛 = 1), cetuximab (𝑛 = 2), and sorafenib (𝑛 = 2).
∗∗Acc. to UICC Edition 6, stage I disease is a solitary tumor without vascular involvement; stage II disease is a solitary tumor with vascular invasion ormultiple
tumors <5 cm; stage IIIa disease is multiple tumors >5 cm with or without vascular invasion; stage IIIb disease is perforation of the peritoneum or infiltration
of adjacent organs; stage IIIc disease is any tumor with regional lymph node metastasis; and stage IV disease is any tumor with distant metastasis.

Intrahepatic CCC Bilirubin >50𝜇mol/L
Peritoneal carcinosis
clinically significant 
extrahepatic metastasis

i.v. chemotherapy
BSC 

Single lesions (n ≤ 4)

No

TAC
HDR-B

RF

Multinodular/diffuse

PVT

Yes

HDR-B
RF

Bilirubin

>30 <50 <30
If necessary combined

umor board decision
For example, based upon relative indications like patients preference or
technical limitations (e.g., anatomy of hepatic vessels) or general
contraindication for one of the feasible local therapies

“Additive”
For example, at relative high risk for relapse
(i) Doubtfully complete ablation 
(ii) Dose reduced HDR-BT (≤20Gy)
(iii) Additional lymph node metastases

The unresectable intrahepatic CCC: individualized treatment algorithm∗

Multidisciplinary centre for gastrointestinal tumors (ZEgiT), Magdeburg

i.v. chemotherapy∗∗

i.a. chemotherapy∗∗

i.a. chemotherapy∗∗

𝜇mol/L𝜇mol/L

T∗∗

Y90-radioembolization∗∗

∗Repetition at tumor relapse

A∗∗ A∗∗
E∗∗

T∗∗ T∗∗

Figure 1: Algorithm for the treatment of intrahepatic cholangiocellular carcinoma. CCC, cholangiocellular carcinoma; HDR-BT, image-
guided HDR brachytherapy; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; i.a., intra-arterial; i.v., intravenous; BSC,
best supportive care; PVT, portal venous thrombosis.

Complications were classified following CTCAE v4.0,
with minor (CTCAE Grades 1 and 2) or major complications
(CTCAE Grades 3 and 4).

2.3. Local-Ablative Therapies

2.3.1. Radiofrequency Ablation (RFA). RFA is an ablative
technique intending complete local tumor destruction. RFA
was performed under CT or MRI guidance using a radiofre-
quency applicator, which can be expanded stepwise to cover

an area ofmaximumdiameter 5 cm and a 150WRF generator
(Starburst Semi-Flex; AngioDynamics, Mountain View, CA)
[15, 16]. The RFA protocol was always completed according
to the manufacturer’s instructions; completeness of ablation
was confirmed by MRI 24 hours after RFA.

2.3.2. Image-Guided HDR Brachytherapy (HDR-BT). The
technique of HDR-BT has been described in detail elsewhere
[9, 17]. As an ablative technique, its intention is complete and
durable local tumor destruction. In brief, liver malignancies
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are treated with high dose rates of iridium-192 in an after-
loading technique after percutaneous positioning of the
brachytherapy catheters under CT or MRI control. The
prescribed minimum dose for the clinical target volume is
20Gy. Specifically in patients where RFA is not feasible owing
to larger tumor sizes (>5 cm) or adjacent, potentially cooling
structures such as larger vessels, HDR-BT is a useful option
[18–20].

2.3.3. Radioembolization (RE) with Yttrium-90 Microspheres.
Radioembolization with 90Y-labeled resin microspheres has
been shown to be effective in unresectable ICC and tumor
metastases of the liver [21, 22]. Its intended effect was
partial remission of diffuse hepatic tumor spread rather than
complete tumor ablation.

The principle of RE is based on the dual blood supply
of the liver from the portal vein and the hepatic artery, so
delivery of the radioactivemicrospheres via the hepatic artery
results in high dose local irradiation with only minor effects
on normal liver tissue. All patients underwent pretreatment
mesenteric angiography and 99Tc-macroaggregated albumin
scanning to minimize the risk of nontarget embolisation
[19, 23]. A detailed account of the treatment protocol has been
published previously [22]. The median dose was 1.63GBq
(range 0.9–2.55GBq).

2.3.4. Transarterial Chemoembolization (TACE). The
intended effect of TACE was partial remission of limited
hepatic tumor spread beyond the technical capabilities
of local ablation such as through RFA or CT-guided
brachytherapy. TACE was conducted by standard techniques
with an emulsion of doxorubicin and cisplatin in lipiodol
(1mL contains 0.5mL lipiodol and 2.5mg each of
doxorubicin and cisplatin) until stasis in tumor feeding
arteries was achieved. No additional embolization particles
were administered. TACE was performed every 6 weeks.
After three sessions tumor response was assessed by CT and/
or MRI and, depending on outcome, TACE was either
continued or interrupted [19, 24, 25].

2.3.5. Intra-Arterial Chemotherapy (iaCTX). iaCTX was per-
formed on an outpatient basis. Chemotherapy was delivered
through a microcatheter-port system into the hepatic artery,
implanted via the common femoral artery as described
elsewhere [26]. This method potentially decreases systemic
side effects (e.g., nausea and vomiting) and may optimize the
chemotoxic effects of the drugs in the hepatic malignancy
[27, 28].

Intra-arterial chemotherapy consisted of daily infu-
sions of fluorouracil (5-FU) 600mg/mÂš and folinic acid
170mg/mÂš on days 1–5, repeated on day 22.

Nine patients (16%) received a median of 6 cycles (range
4–23 cycles) of intra-arterial 5-FU chemotherapy.

2.3.6. Intravenous Chemotherapy (ivCTX). Lacking a well-
defined therapeutic standard until 2010, various ivCTX reg-
imens have been administered following protocols includ-
ing monotherapy or combinations of cisplatin, gemcitabine,
oxaliplatin, 5-FU/FA, and capecitabine [7, 29, 30]. Since 2010

the standard first-line therapy was gemcitabine combined
with cisplatin [7]. In our study, sixteen patients received
ivCTX in combination with their local therapy. The median
number of chemotherapeutic cycles was 5 (range 1–12).
Thirteen patients (24%) received one line of ivCTX, two (4%)
received a second line, and one (2%) received a third line.
Patients who had been treatedwith ivCTXonly are not part of
this analysis.

2.4. Follow-Up/Clinical Assessments. At imaging follow-up,
usually every three months after the intervention, clinical
assessment and laboratory tests (blood counts, liver function
tests, and tumor markers (carbohydrate antigen 19-9 (CA
19-9) and carcinoembryonic antigen (CEA))) were routinely
performed.

Patients diagnosed with progressing ICC during follow-
up were reassessed by the multidisciplinary treatment deci-
sion algorithm and treated again accordingly. Patients were
followed until death or censored at the last known clinical
follow-up.

2.5. Imaging Analysis. Patients were examined every three
months by liver MRI using the liver-specific contrast agent
gadoxetic acid (Gd-EOB-DTPA, Primovist, Bayer Health-
care, Berlin, Germany) or triphasic contrast-enhanced CT
with iopremol 300 (Imeron 300, Bracco Imaging, SpA,Milan,
Italy) of the abdomen. Every six months a chest X-ray was
conducted and once a year a multislice CT of the thorax.
Response was assessed applying the RECIST 1.1 criteria [31].

2.6. Statistical Analysis. Descriptive statistics were calculated
for quantitative variables; frequency counts by category were
calculated for qualitative variables; 95% confidence intervals
are presented where appropriate. p values were considered
significant if <0.05. The primary study endpoint was overall
survival (estimated from the date of first interventional ther-
apy at our institution and additionally from the date of first
diagnosis), analyzed by the Kaplan-Meier method and com-
pared between different groups by a log-rank test.

The following prognostic factors for influencing patient
survival were evaluated: patient’s age and sex, time interval
from first diagnosis to first local therapy at our institution,
performance status at the time of first local therapy at
our institution (Karnofsky and ECOG), prior resection,
prior chemotherapies, prior local therapies, tumor load,
tumor number, tumor size and tumor stage (according to
UICC), extrahepatic metastasis, vascular infiltration, portal
vein invasion, biliary obstruction, ascites, cirrhosis, elevated
tumor marker levels (CEA and CA 19-9), best response, and
therapy-associated complications.

Several prognostic factors were grouped for analysis of
differences in survival. These are listed below (Table 3).

Univariate andmultivariate Cox regression analyses were
performed to identify factors associated with the patients’
survival. Only factors showing significance (𝑝 < 0.05) in the
univariate model were included in the multivariate analysis.

Statistical analyses were performedwith SPSS (version 21,
IBM, Chicago, IL, USA).
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Table 2: Treatment characteristics and cumulative toxicities analysis: only Grade 3-4 toxicities are reported (CTCAE version 4.0).

Treatment characteristics HDR-BT RE RFA TACE ivCTX iaCTX
Patients (n) 45 11 3 3 16 9
Karnofsky index,
median (range)

80
(60–100)

80
(60–90)

90
(60–90)

70
(70)

70
(60–100)

90
(80–90)

ECOG index,
median (range)

1
(0–2)

1
(0–2)

0
(0–2)

1
(1-1)

1
(0–2)

0
(0-1)

Number of days hospitalized,
median (range)

4
(1–11)

4
(3–5)

5
(4–6)

4
(3–6) 0 0

Total number of
treatments/chemotherapeutic cycles
(n)

101 20 3 12 64 43

Median number of
treatments/chemotherapeutic cycles
per patient (range)

1
(1–5)

1
(1–4)

3
(1-1)

4
(3–5)

5
(1–12)

6
(4–23)

Median RE-dose delivered (GBq),
median (range) — 1.63

(0.9–2.55) — — — —

Best response CR PR CR PD SD PR
Adverse events acc. CTCAE
(highest grade recorded) 3 2 2 1 3 2

Abscess (n) 1 — — — — —
Shivering∗ (n) 1 — — — — —
Hematoma subcapsular (n) 1 — — — — —
Anemia (n) — — — — 1 —
Thrombopenia (n) — — — — 1 —
Neutropenia (n) — — — — 1 —
Anorexia (n) — — — — 1 —
Fatigue (n) — — — — 2 —
Pain (n) — — — — 1 —
Diarrhea (n) — — — — 1 —
Rash (n) — — — — 1 —
Data are expressed as absolute number of events (n).
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. CTCAE, common toxicity criteria of adverse events.
∗Shivering due to radiation effects during HDR-BT with the need for abruption of the intervention.

3. Results

3.1. Patient Population. Table 1 summarizes the patient and
tumor characteristics in the current study.

At the time of first interventional treatment, 58% of the
patients suffered from bilobar tumor spread, the median
tumor size was 45mm, and 65% presented with extrahepatic
metastasis (lymph nodemetastasis (𝑛 = 32), single peritoneal
nodules (𝑛 = 8), and pulmonary (𝑛 = 5) and bone metastasis
(𝑛 = 2)).

Forty-two patients (76%) underwent prior therapies
before local intervention at our institution, 21 (38%) had
undergone liver-directed therapy, and another 21 patients
(38%) had received ivCTX.

3.2. Treatment Characteristics and Complication Rates. Treat-
ment characteristics and Grade 3-4 treatment-related toxici-
ties of all 55 patients are summarized in Table 2.

For 101 sessions of HDR brachytherapy, 3 (3%) Grade
3 events (no Grade 4) were reported. Of 16 patients who
received ivCTX combined with a local therapy, 9 (56%)

suffered from Grade 3 toxicities (no Grade 4). Patients
receiving iaCTX, TACE, RE, or RFA did not report any
Grade 3 or 4 toxicity. No patient suffered from severe liver
decompensation.

3.3. Best Tumor Response. Of 55 patients, 8 (15%) showed
complete remission, 21 (38%) partial remission, 8 (15%) stable
disease, and 18 (33%) progressive disease. The best response
for each type of therapy is shown along with the treatments
in Table 2.

3.4. Follow-Up and Overall Survival. Median follow-up time
was 11.7months (range 0.9–51.1). Forty-three of the 55 (78.2%)
patients died during the follow-up period. The median
number of follow-up visits was 3 (range: 1–15). The median
overall survival period was 33.1 months (95% CI 16.5–49.8
months) from the time of first diagnosis and 16.0 months
(95% CI 8.8–32.2 months) from the time of first local therapy
at our institution (Figures 2(a) and 2(b)). A subgroup analysis
by UICC stage showed a median survival of 15.9 months
(95% CI 11.9–19.9 months) for patients with stage I disease, 9



8 Gastroenterology Research and Practice

Table 3: Cox regression analysis of the prognostic factors of the patient survival period.

Variables Univariate analysis Multivariate analysis
HR 95% CI 𝑝 HR 95% CI 𝑝

Age
(≤65 years versus >65 years) 0.83 0.45–1.53 0.551

Sex
(male versus female) 1.17 0.64–2.12 0.615

Previous resection
(no versus yes) 0.73 0.37–1.43 0.358

UICC at first therapy
(stage I versus stages II–IV) 1.20 0.96–1.50 0.133

Lobar spread of disease
(unilobar versus bilobar) 1.47 0.78–2.76 0.237

Extrahepatic metastasis
(no versus yes) 1.55 0.78–3.09 0.211

Tumor load
(≤10% versus >10%) 1.81 0.99–3.31 0.055

Number of lesions
(1 versus >1) 2.44 1.27–4.71 0.008 2.85 1.43–5.65 0.003

Portal vein thrombosis
(no versus yes) 1.43 0.62–3.30 0.407

Vascular infiltration
(no versus yes) 1.20 0.65–2.24 0.560

Ascites
(no versus yes) 1.49 0.66–3.35 0.314

Liver cirrhosis
(no versus yes) 1.25 0.67–2.34 0.493

Biliary obstruction
(no versus yes) 1.02 0.53–1.97 0.950

ECOG index
(0 versus 1–4) 1.23 0.66–2.30 0.511

CA19–9
(≤39.9U/mL versus >39.9U/mL) 1.93 1.01–3.68 0.047 2.05 0.99 – 4.22 0.052

CEA
(≤3.4 ng/mL versus >3.4 ng/mL) 2.30 1.23–4.31 0.009 1.89 0.97 – 3.72 0.025

Objective response
(CR + PR versus SD + PD) 2.43 1.28–4.60 0.006 2.84 1.41 – 5.72 0.003

Complications
(no versus yes) 1.06 0.68–1.67 0.796

Tumor size
(≤50mm versus >50mm) 1.35 0.74–2.46 0.328

Tumor size
(≤100mm versus >100mm) 1.22 0.60–2.50 0.585

HR, hazard ratio; CI, confidence interval; objective response categories, see Table 2.

months (95% CI 0.8–17.2 months) for patients with stage IIIa,
18.4 months (95% CI 8.1–28.7 months) for patients with stage
IIIc, and 13 months (95% CI 6–18.9 months) for patients with
stage IV. Only 5 patients were in stage II when they received
first local therapy and, of these, 3 were still alive and therefore
censored at the time of analysis. There was no significant
difference in survival between the various stages.

3.5. Factors Related to Patients’ Survival Period. The following
variables were found to be significant in the univariate
analysis (Table 3) and were entered into the multivariate

Cox regression model: number of tumor lesions, the tumor
markers carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA 19-9), and objective response. The mul-
tivariate analysis showed that these parameters were inde-
pendent factors associated with duration of survival after
therapy. According to the Kaplan-Meier analysis, factors
identified as influencing median overall survival (after first
local treatment) were number of tumors (1 versus ≥2), 34
versus 12.3 months, 𝑝 = 0.006; elevated CA 19-9 levels
(normal versus above normal), 23.2 versus 15.9 months, 𝑝 =
0.043; elevated CEA levels (normal versus above normal),



Gastroenterology Research and Practice 9

Survival from first diagnosis (months)
100806040200

Cu
m

ul
at

iv
e s

ur
vi

va
l r

at
e

1.0

0.8

0.6

0.4

0.2

0.0

Censored
Survival function

(a)

Cu
m

ul
at

iv
e s

ur
vi

va
l r

at
e

1.0

0.8

0.6

0.4

0.2

0.0

Censored
Survival function

Survival from time of first therapy in our institution (months)
6050403020100

(b)

Figure 2: Overall survival rate in all patients from time of first diagnosis (a) and from time of first therapy at our institution (b). Median
overall survival from time of first diagnosis: 33.1 months (95% CI 16.5–49.8 months). Median overall survival from time of first therapy at our
institution: 16.0 months (95% CI 8.8–32.2 months).

29.8 versus 9.1 months, 𝑝 = 0.007 (the upper normal limits
were taken to be 39.9U/mL for CA 19-9 and 3.4 ng/mL for
CEA); and objective response according to RECIST, 29.8
versus 9.3 months, 𝑝 = 0.005. Corresponding survival curves
are shown in Figures 3(a)–3(d).

4. Discussion

ICC (intrahepatic cholangiocarcinoma of the mass-forming
type) is a uniformly fatal disease with a poor prognosis when
detected at an advanced stage. Unfortunately most patients
present with unresectable disease because of the absence of
symptoms until late in disease progression. Published data
concerning systemic or local therapy options are limited.
Furthermore, most studies fail to provide a clear profile of
their patients in respect of tumor stage or metastatic disease
and often comprise heterogeneous study populations includ-
ing patients with Klatskin tumors, ampullary carcinoma,
and gallbladder carcinoma. Therefore, direct comparison
with systemic or standard locoregional therapy approaches is
sometimes difficult.

We sought to investigate the outcome of a patient-tailored
therapy course, including allmodalities ofminimally invasive
oncology, applied alone or in combination, singly or repeat-
edly, following an interdisciplinary treatment algorithm for
patientswithmass-forming ICConly. In our study the clinical
stage of patients was well described, and tumor disease was
staged according to the UICC tumor node metastasis (TNM)
classification system.

Our study showed a median survival of 16 months from
first local therapy and 33.1 months from first diagnosis,
which is higher than that found in most of the earlier
studies examining different locoregional therapies. Kiefer
et al. [12] reported a median survival of 15 months from
chemoembolization and 20 months from diagnosis. In their
study 62 patients with heterogeneous tumor entities were
treated, 37 with histologically proven ICC and 25 with poorly
differentiated adenocarcinoma of unknown primary origin;
49% of the patients presented with UICC (TNM) stage IIIa
and 24% with stage IV, comparable to our study where
40% of patients presented with stage IIIc and 25% with
stage IV. Survival data concerning different UICC stages are
unfortunately not reported.

In a study conducted by Park et al. 72 patients (61% stage
IIIa/IIIb and 19% stage IV) with untreated, unresectable ICC
received TACE as first-line therapy. Survival after diagnosis
was measured and compared with that of patients who
received supportive therapy only [10]. Median survival was
shorter than in our study: 12.2 months for the TACE group
and 3.3 months for the “supportive treatment” group.

Another study assessing survival after RE was published
by an Australian group in 2010. In that study, 25 patients
underwent RE in advanced ICC: 60% had >25% tumor
burden, 48% showed extrahepatic metastasis, and 76% had
previous antitumor treatments. Seven patients (26%) under-
went ivCTX after RE. The median survival after diagnosis of
ICC was 20.4 months and after RE 9.3 months, but for 13
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Figure 3: Overall survival rate in all patients according to influencing factors (derived from Cox model, Table 3). (a) Overall survival rates
with regard to number of lesions (≤1 lesion versus >1 lesion), with a median overall survival of 34 and 12.3 months, 𝑝 = 0.006. (b) Overall
survival rates with regard to CA 19-9 level (≤39.9U/mL versus >39.9U/mL) with amedian overall survival of 23.2 and 15.9months,𝑝 = 0.043.
(c) Overall survival rates with regard to CEA level (≤3.4 ng/mL versus >3.4 ng/mL), with a median overall survival of 29.8 and 9.1 months,
𝑝 = 0.007. (d) Overall survival rates with regard to best response (objective response (CR and PR) versus stable and progressive disease (SD
+ PD)), with a median overall survival of 29.8 and 9.3 months, 𝑝 = 0.005.
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patients with hepatic disease only a median survival of 16.3
months was achieved [8].

Excellent results have been reported for 13 patients with
17 unresectable but small ICC (10 tumors < 3 cm, 5 tumors 3–
5 cm, and 2 tumors > 5 cm) treated by RFA in an early tumor
stage (8 stage I, 3 stage II, 1 stage IIIb, and 1 stage IV). They
presented a median overall survival period of 38.5 months
[11].

Schnapauff et al. evaluated outcomes after repeated inter-
stitial HDR-BT (27 sessions) in 15 patients with unresectable
ICC who did not show extrahepatic metastasis and suffered
from limited hepatic disease only (<5 lesions), revealing a
median survival of 11 months and 21 months after primary
diagnosis [9].

Recently, results of a larger-scale randomized phase
III trial of systemic therapy were published, comparing
“gemcitabine alone” with “gemcitabine plus cisplatin” in a
heterogeneous group of 410 patients with locally advanced
or metastatic cholangiocarcinoma, gall-bladder cancer, or
ampullary cancer. In that study the gemcitabine-cisplatin
combination resulted in a significantly prolonged median
overall survival of 11.7 months, compared with 8.1 months in
the gemcitabine monotherapy group [7].

In summary, comparing our results with those from
other studies on local-ablative therapies on ICC, we can
conclude a comparatively long overall survival of our patient
cohort, even though the stage of disease wasmostly advanced
according to UICC. Overall survival in our study cohort was
substantially longer than in recent ivCTX-only studies [7].
However, since a significant proportion of our patients were
already heavily pretreated with various treatments (including
ivCTX) when receiving a first locoregional treatment of the
liver, a selection bias towards a favorable tumor biology can-
not be ruled out. However, irrespective of this potential bias,
we were able to show an overall survival from first diagnosis
that was comparable to that after surgical resection with
curative intent (median survival of 27–36 months) [32–34].

In the present study 65% (36/55) of the patients had
extrahepatic metastases (Table 1) before first treatment at
our institution. In agreement with Gusani et al. [35] who
reported the treatment outcome of ICC after TACE, we found
that median survival after therapy did not differ significantly
between patients with liver-only disease and patients suffer-
ing fromextrahepaticmetastasis aswell. Similar findings have
emerged from other studies on TACE and radioembolization
of ICC [8, 12]. Additionally, overall survival was not affected
by the UICC stage at the time of treatment at our institution.
Regarding tumor characteristics, only the number of ICC
lesions had an influence on survival (1 versus >1 lesion,
𝑝 = 0.006). We claim that all these results indicate a pivotal
change in the management and treatment of patients with
advanced ICC disease.The importance of local tumor control
as themain palliative goal has to be emphasized, regardless of
extrahepaticmetastases and stage of disease.This assumption
is underlined by the finding that objective tumor response
(liver only) was one of the independent factors influencing
survival, with 29.8 months for OR and 9.3 months for SD/PD
(𝑝 = 0.005). Obviously, prevention of liver failure due
to progression of intrahepatic tumor (a frequent cause of

mortality) is of utmost importance. According to our and
others’ results, effective suppression of liver tumors may
prolong the survival period even in patients with advanced
local disease and extrahepatic metastasis.We strongly believe
that these findings should further promote clinical trials of
local or locoregional therapies and that these may become a
keymodality in the treatment of nonresectable ICC in future.

Besides objective response and the number of ICC man-
ifestations, only elevation of serum tumor markers CA 19-9
and CEA beyond normal levels showed a negative influence
on survival.Thismight represent amore active tumor biology
in patients with elevated tumor markers. Other factors
included in our analysis (patient age and gender, prior liver-
directed therapies, tumor size and stage, unilobar or bilobar
tumor spread, portal vein thrombosis, vascular invasion, bil-
iary obstruction, ascites, cirrhosis, therapy-related complica-
tions, ECOG status, Karnofsky index, and time from primary
diagnosis to first local therapy) did not appear to affect
outcome.

5. Conclusion

Our results show that patients with unresectable ICC of the
mass-forming type may benefit from hepatic tumor control
by local or locoregional therapies evenwith presence of extra-
hepatic spread. If local or locoregional therapies were deemed
favorable by clinical means, therapeutic recommendations
for a specific technique were driven by technical strengths or
limitations of a given modality. As such, future prospective
study formats should focus on supplementing systemic ther-
apy by classes of interventions (“toolbox”) rather than specific
techniques, that is, local ablation leading to complete tumor
destruction (such as RFA) or locoregional treatment leading
to partial remission (such as radioembolization or TACE).
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Röntgenstr, vol. 184, no. 10, pp. 883–892, 2012.

[26] J. Ricke, B. Hildebrandt, A. Miersch et al., “Hepatic arterial
port systems for treatment of liver metastases: factors affecting
patency and adverse events,” Journal of Vascular and Interven-
tional Radiology, vol. 15, no. 8, pp. 825–833, 2004.

[27] M. Cantore, A.Mambrini, G. Fiorentini et al., “Phase II study of
hepatic intraarterial epirubicin and cisplatin, with systemic 5-
fluorouracil in patients with unresectable biliary tract tumors,”
Cancer, vol. 103, no. 7, pp. 1402–1407, 2005.

[28] T. J. Vogl, S. Zangos, K. Eichler, J. B. Selby, and R. W. Bauer,
“Palliative hepatic intraarterial chemotherapy (HIC) using a
novel combination of gemcitabine and mitomycin C: results in
hepatic metastases,” European Radiology, vol. 18, no. 3, pp. 468–
476, 2008.

[29] J. R.A. Skipworth, S.W.M.OldeDamink,C. Imber, J. Bridgewa-
ter, S. P. Pereira, and M. Malagó, “Review article: surgical, neo-
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