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Preface

Professor Rikiya Fujita asked me to write a book regarding the pancreatico-biliary
system, and I accepted his offer, settling on the title Advanced Therapeutic
Endoscopy for Pancreatico-biliary Disease. The editors were Rikiya Fujita and me.
We divided the entire book into nine parts. Part I is about ERCP and includes an
introduction, the cannulation method, the cannulation method on postoperative
stomachs by balloon endoscopy, and ENBD. Next, EUS is described in Part II. It
includes fine-needle aspiration and biopsies; the current situation and future of
EUS-FNA, EUS-BD, and, furthermore, pancreatic gastrostomy focusing on WON;
tumor ablation using EUS; and neurolysis of celiac ganglions using EUS. Part III
includes intraductal ultrasonography. Part IV includes EST, and in Part V, EPLBD
including EST is described. Part V includes how to treat biliary calculi. Mechanical
lithotripsy and electrohydraulic shock wave lithotripsy are also described therein.

Moreover, we decided to include how to treat chronic pancreatitis in Part VI. In
Part VII, we decided to include biliary drainage. We included peroral pancreatos-
copy in Part VIII, and finally, endoscopic papillectomy is included in Part IX.

Isehara, Japan Tetsuya Mine
Yokohama, Japan Rikiya Fujita
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Chapter 1
The History of ERCP and EUS

Rikiya Fujita

Abstract Initially, endoscopic retrograde cholangiopancreatography (ERCP) was
developed based on the idea that diagnosis of pancreatic cancer would be possible
by injecting a contrast medium retrogradely from Vater’s papilla. After imaging
diagnosis of pancreatic cancer became possible in the 1970s, ERCP gradually
developed into interventional ERCP.

Around the same time, development of endoscopic ultrasonography (EUS) was
underway, which was aimed at diagnosis of early stage pancreatic cancer. EUS
development began in 1980, more than a decade after the development of ERCP had
begun. Like ERCP, EUS was used for imaging diagnosis, and early applications
took the form of endoscopic ultrasound fine-needle aspiration (EUS-FNA), later
developing into interventional EUS. Today, the diagnostic and therapeutic applica-
tions of EUS have overtaken ERCP.

The capabilities of medical equipment reflect the scientific and technological
conditions of the times. Today, both ERCP and EUS are indispensable for diagnosis
and treatment of pancreatobiliary diseases.

Keywords Duodenoscope ® ERCP ¢ Endoscopic drainage ® EUS « EUS-FNA

1.1 History of ERCP

ERCP was first reported by McCune in 1968 [1], although the fiberscope he used at
the time had not yet been released commercially. Subsequently, Oi et al. of Tokyo
Women’s Medical University in cooperation with Machida Endoscope Co., Ltd.
completed development of the FDS flexible duodenoscope, which was capable of
observing Vater’s papilla. With this new scope, endoscope-assisted imaging of the
pancreatic duct was achieved in 1969 [2].

R. Fujita, M.D., Ph.D., EFA.C.G
Showa University, Kanagawa, Japan

Secom Medical Corporation, Tokyo, Japan
e-mail: rikifuji@jcom.zaq.ne.jp
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Table 1.1 First-generation duodenoscopes

Development of duodenoscopes

Length and tip (mm) | Angulation View-F degree
Machida 1969 FDSL 1465 and 28.5 u:120 d:90 Lateral |52
Panning 60
Olympus 1970 | JF-B 1250 and 20 u:d: 120 Lateral |70
r:1:90
Fujinon 1975 FDQB | 1500 and 17 u:d: 90 Lateral |64
r:1:120
Pentax 1981 FD32A | 1600 and 21.4 u:d: 135 Lateral | 83 retroflex10
r:1:100

At about the same time, Takagi, et al. successfully performed intraoperative pan-
creatobiliary ultrasonography using the same fiberscope [3]. These successful cases
were reported at the Japan Radiological Society Meeting of the Kanto Section in
1969.

A year later, in 1970, the Olympus group completed the JF-B fiberscope, which
was designed specifically for the duodenum and was reported on by Shindo [4],
Fujita [5], and Ogoshi et al. [6]. These groundbreaking developments were of such
historical significance that they were reported on in 1970 at the World Congress of
Gastroenterology (WCOG) co-hosted by Rome and Copenhagen. This marked a
turning point in endoscopy and many endoscopists started visiting Japan. At the
next WCOG held in Paris in 1972, reports on biliary and pancreatic endoscopy fol-
lowed one another in rapid succession.

The standardization of the term “ERCP” was agreed upon at the symposium of
the WCOG held in 1974 in Mexico City [7]. Up until then, it had been called
“EPCG” in Japan, which stood for endoscopic pancreato-cholangiography.
Subsequently, Fujinon and Pentax followed suit in the development of their endo-
scopes (Table 1.1).

In1973 and 1974, further progress was made in interventional ERCP when
Kawai et al. [8], Classen et al. [9], and Soma, et al. [10] succeeded in performing
endoscopic papillotomy, whose subsequent development is detailed in the corre-
sponding chapters.

1.2 History of EUS

Ultrasonography was developed to facilitate diagnosis by obtaining images extracor-
poreally, but it was not easy to obtain images of a targeted pancreatic cancer. One of the
world’s leading experts in ultrasonographic diagnosis at that time, Dr. Fukuda came up
with the idea of attaching an ultrasound transducer to the distal end of an endoscope to
make it possible to diagnose early cancer within the body cavity [11]. Around the same
time, DiMagno, Green et al. [12] also conceived the idea of combining endoscopy with
ultrasonography—a combination that would later develop into EUS.
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Table 1.2 First-generation ultrasound endoscopes

Development of EUS
Scope Tip length mm | Diameter mm | Power MH

ACMI-national TV FX-8 1980 80 13 10
Linear

Olympus-Aloka GF-UM1 1982 35 13.2 7.5
Radial 12
Convex

Machida-Toshiba EPB-503FL 1983 45 10
Linear

Pentax (Hoya)-Hitachi | FG-32UA 1990 40 12 12
Convex

Fujifilm EG-530UR 2007 35 15 20
Radial
Convex 13.9 12

Researchinto this idea was soon undertaken by Olympus and Aloka. Subsequently,
it was decided to transfer some Aloka engineers to Olympus. Soon, the project
moved from the conceptual stage to concrete development. At this point, Japanese
endoscopists such as Dr. Kawai, Dr. Nakazawa, and Dr. Takemoto participated in
the project.

In 1980, work was completed on a model that could be used clinically, with the
first report on successful cases coming from Classen et al. [13, 14] in Germany. This
report can be found in English-language diagnostic books [15, 16].

Soon after, Wiersema and Vilmann et al. [17] performed fine-needle aspiration
biopsy of pancreatic cancer. This technique was called EUS-FNA and marked the
debut of interventional EUS. In addition to pathological examinations of pancreato-
biliary diseases, EUS-FNA is now applied to drainage of pancreatic cysts and cystic
lesions, as well as necrosectomy in cases of acute pancreatitis.

The first-generation models of ultrasound endoscopes from various manufactur-
ers are shown in Table 1.2.

1.3 Conclusion

Development of something new starts from where there is dissatisfaction with the
way things are. There is an old saying of Confucius that goes, “Study the past if you
would define the future.” It is a saying that rings true in the sense that when old ways
of doing things are no longer working, then things that have not existed before need
to be created. The development of new products is influenced by the needs of the
times.

Breakthroughs can occur no matter what the times. Breaking through to the other
side requires courage and luck.
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Chapter 2
Introduction of ERCP

Tetsuya Mine

Abstract Endoscopic retrograde cholangiopancreatography (ERCP) is an endo-
scopic technique in which a side-viewing upper endoscope is guided into the duo-
denum, allowing for instruments to be passed into the bile and pancreatic ducts.
Their new technique involves achieving opacification by the injection of contrast
medium. It was developed by McCune et al., and two Japanese teams (Ohi et al. and
Takagi et al.) followed separately. It is now a major technique employed worldwide.
Recent advances have been made in the diagnosis and treatment of biliary duct and
pancreas diseases. Their techniques are permitting radiologic visualization and
allowing for a variety of therapeutic interventions.

Keywords ERCP e Cholangitis ¢ Common bile duct stones

2.1 Indication

ERCP, magnetic resonance cholangiopancreatography, and endoscopic ultra-
sonography have comparable sensitivity and specificity in the diagnosis of cho-
ledocholithiasis. Patients undergoing cholecystectomy do not require an ERCP
preoperatively if there is a low probability of having choledocholithiasis. ERCP
with sphincterotomy and stone removal is a valuable therapeutic modality in cho-
ledocholithiasis with jaundice, dilated common bile duct, acute pancreatitis, or
cholangitis. In patients with pancreatic or biliary cancer, the principal advantage
of ERCP is palliation of biliary obstruction when surgery is not elected. Tissue
sampling for patients with pancreatic or biliary cancer not undergoing surgery may
be achieved by ERCP, but this is not always diagnostic. ERCP is the best means to
diagnose ampullary cancers. ERCP has no role in the diagnosis of acute pancreatitis
except when biliary pancreatitis is suspected. In patients with severe biliary pancre-
atitis, early intervention with ERCP reduces morbidity and mortality compared with

T. Mine
Division of Gastroenterology and Hepatology, Department of Internal Medicine,
University of Tokai School of Medicine, 143 Shimokasuya, Isehara 259-1193, Japan
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delayed ERCP. ERCP with appropriate therapy is beneficial in selected patients
who have either recurrent pancreatitis or pancreatic pseudocysts. Patients with type
I sphincter of Oddi dysfunction (SOD) respond to sphincterotomy. Patients with
type II SOD should not undergo diagnostic ERCP alone. If sphincter of Oddi mano-
metric pressures are >40 mmHg, endoscopic sphincterotomy is beneficial in some
patients. Avoidance of unnecessary ERCP is the best way to reduce the number of
complications. ERCP should be avoided if there is a low likelihood of biliary stone
or stricture, especially in women with recurrent pain, a normal bilirubin, and no
other objective sign of biliary disease. Endoscopists performing ERCP should have
appropriate training and expertise before performing advanced procedures.

Endoscope disinfection—in January 2014, the Centers for Disease Control
and Prevention (CDC) reported that since January 2013, 69 cases of New
Delhi metallo-beta-lactamase (NDM)-producing carbapenem-resistant
Enterobacteriaceae (CRE; including Escherichia coli, Klebsiella pneumoniae) had
been identified in the United States, 44 of which were from northeastern Illinois.
Further investigation revealed 39 cases from one hospital. The source of infection
was subsequently traced to the elevator channel of a single duodenoscope (the endo-
scopes used for endoscopic retrograde cholangiopancreatography [ERCP]). The
procedure for cleaning the duodenoscopes was carefully reviewed, and no lapses
in protocol were identified. It is theorized that the complex design of the elevator
mechanism makes it more difficult to clean than other parts of endoscopes.

After changing duodenoscope reprocessing from high-level disinfection to gas
sterilization with ethylene oxide, no new cases have been identified. Additional
cases of CRE infection related to ERCP have been reported since the initial CDC
report. With newer diagnostic imaging technologies emerging, ERCP is evolving
into a predominantly therapeutic procedure.

2.2 EST

Furthermore, endoscopic sphincterotomy (EST) was developed in 1973. Three doc-
tors, Classen M et al., Kawai K et al., and Sohma S et al., developed EST, indepen-
dently.

After development of EST, ERCP is a tool of diagnosis as well as therapy.

Thereafter, the use of ERCP appears to be increasing with time. Average utili-
zation of ERCP increased from 58 to 105 ERCPs per 100,000 person-years over
a 10-year period. Similar to other endoscopic procedures, determinants of ERCP
procedural safety include:

Sedation and monitoring practice

Patient age and clinical condition

Specific procedures performed

Setting and equipment of the endoscopy unit
Training and competence of endoscopic team
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At least 180 procedures are required for a trainee to acquire a level of compe-
tence in diagnostic and therapeutic endoscopic retrograde cholangiopancreatogra-
phy, defined by deep cannulation of the bile duct in 70-80% of cases.

This is still below the optimal standard of 90-95% success when the procedure
is performed by experts. Cannulation is the only one diagnostic component of an
ERCP, but ERCP has evolved from a diagnostic to a predominantly therapeutic pro-
cedure, and the procedural threshold has risen well above ASGE training guideline
published in 2006 and updated in 2016.

Indications for ERCP have been proposed in consensus statements and guide-
lines with ASGE. The need for recognizing accepted indications for ERCP is under-
scored by the observation that malpractice litigation surrounding ERCP frequently
involves disputes regarding the appropriateness of the indications. There is general
consensus that ERCP should be done for good indications, by experienced endos-
copists using standard techniques with well-documented, patient-informed consent,
and communication before and after the procedure.

Complications should be recognized and managed early, and there should be
honest and compassionate communication with the family and patients.

Complications are expected to occur in a predictable proportion of patients
undergoing ERCP, even in expert hands. A number of patient-related and technique-
related factors are known to increase the risk of complications.

Careful clinical monitoring of patients by the operator and assistance is manda-
tory, since ERCP is a complex procedure that is often performed for therapeutic
purposes and requires sedation.

The patient is usually kept fasting before the procedure. Following the proce-
dure, most experienced endoscopists will have patients who at high or moderate risk
of complications continue to fast, or they will advance the diet to clear liquid only.

Such patients may resume their normal diet the next morning. Majority of com-
plications appear during the first 6 h after the procedure. Therefore, patients should
be carefully monitored during the recovery phase after ERCP to detect symptoms
or signs suggestive of adverse events.

Several multicenter studies involving large numbers of patients in community
and tertiary environment have identified risk factors associated with complications:
operator-related factors (low numbers of ERCP done), method-related factors, (dif-
ficulty in cannulation, biliary sphincterotomy, and precut sphincterotomy), and
patient-related factors (sphincter of Oddi dysfunction, periampullary diverticulum,
and cirrhosis).

Definition and classification of complications—the spectrum of negative out-
comes of endoscopic procedures includes the following: (1) complications, unde-
sired events that require management by a clinician and unplanned admission or
prolongation of planned hospital stay; (2) incidents, undesired events that do not
qualify as complications; (3) adverse sequelae, adverse but inevitable results of the
procedure, such as the loss of sphincter activity due to sphincterotomy; (4) techni-
cal failures, ERCP-related complications that can be divided into two main groups;
(5) general complications common to all endoscopic procedures, like medication
reactions, oxygen desaturation, cardiopulmonary accidents, and hemorrhage or
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perforation induced by traumatic passage of the endoscope; and (6) selective com-
plications specific to pancreatobiliary instrumentation, including pancreatitis, sep-
sis, and hemorrhage or retroperitoneal duodenal perforation following therapeutic
procedures.

A 1991 consensus panel introduced a standardized, outcome-based set of defi-
nitions and grading system for the major complications of ERCP and endoscopic
sphincterotomy. Complications may be focal, occurring at the point of endoscopic
contact (e.g., perforation, bleeding, pancreatitis), or nonspecific, occurring in organs
not traversed or touched (e.g., cardiopulmonary problems). With regard to timing,
complications may be early or late, with a conventional cutoff at 30 days. The first
group includes immediate, early, and delayed events, while the latter includes focal
direct complications occurring after 30 days. The severity of complications can be
expressed in terms of the length of hospital stay; the need for transfusions; inten-
sive care unit assistance; surgical, radiologic or endoscopic interventions, and any
resulting permanent disability; and death.

2.3 Incidence

Reporting complications—incidence rates of post-ERCP complications vary widely,
depending largely upon the definition adopted, the methods of data collection, and
the case mix (selection of the patients and techniques used). Retrospective surveys
inevitably underestimate the frequency of adverse events. However, even prospec-
tive surveys are prone to measurement biases if the modality of data collection does
not use strict criteria.

Prospective surveys from single referral centers ensure the highest accuracy but
are unlikely to be representative of the frequency and severity of unfavorable events
in practice. By comparison, prospective multicenter studies involving centers with
different volumes of activity and operators with various degrees of expertise more
reliably reflect the general effectiveness and safety of the endoscopic procedures on
the pancreaticobiliary ducts.

Incidence rates—multiple studies have evaluated the incidence of post-ERCP
complications: specific complications (pancreatitis, bleeding, sepsis, and perfo-
ration). In a summary of 21 studies involving 16,855 patients between 1987 and
2003, specific complications totaled 1154 (6.9%), with 55 deaths (0.33%). Mild-to-
moderate events occurred in 872 patients (5.2%) and severe events in 282 (1.7%).
Similar rates of specific complications (5.3%) and deaths (0.34%) were reported in
two subsequent prospective studies involving a total of 7252 patients. Nonspecific
complications—among 12,973 patients enrolled in 14 prospective studies, general
complications totaled 173 (1.3%), with nine deaths (0.07%). A similar rate of non-
specific complications (0.87%) was noted in two subsequent prospective studies
involving a total of 7252. Despite technological progress and recommendations of
scientific societies, the incidence of complications and procedure-related mortality
does not appear to have changed significantly with time. In the specific area, ERCPs
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performed between 2002 and 2009, the overall complication and mortality rates were
11% and 0.4%, respectively. In a multicenter Austrian study that included 13,514
ERCPs performed between 2006 and 2009, the overall complication and mortality
rates were 10% and 0.1%, respectively. Similarly, in a multicenter Norwegian study,
ERCPs performed between 2007 and 2009, the overall complication and mortality
rates were 12% and 1.4%, respectively. One possible reason why complication rates
have not declined is that with time, ERCP has become a primarily therapeutic pro-
cedure. Specific complications are as follows:

Pancreatitis—The most frequent complication of ERCP is pancreatitis.

Bleeding—Bleeding during ERCP typically develops after sphincterotomy. As for
all endoscopic procedures, patients should be screened for a history of excessive
bleeding and the use of anticoagulants or antiplatelet agents. A platelet count and
prothrombin time should be checked in patients undergoing ERCP.

Infection—Infections occurring after ERCP are most often due to manipulation of
an obstructed biliary or pancreatic system. Less commonly, infection can be
introduced by contaminated endoscopic equipment, which is unlikely if proper
disinfection methods have been used. However, several cases of infection with
carbapenem-resistant Enterobacteriaceae have been reported despite proper dis-
infection protocols having been followed. The American Heart Association and
the American Society for Gastrointestinal Endoscopy (ASGE) have issued
guidelines for antibiotic prophylaxis prior to endoscopic procedures. It is imper-
ative to achieve effective drainage in patients with biliary obstruction. Thus,
diagnostic ERCP should not be performed in such patients without the capability
of providing immediate endoscopic drainage.

Perforation—ERCP may rarely be complicated by perforation of the esophagus,
stomach, duodenum, or jejunum. The risk is increased in patients with stenosis
of any of these segments and in patients who have undergone gastric resection.
Retroperitoneal duodenal perforation can occur, usually secondary to
sphincterotomy.

Nonspecific complications—ERCP is associated with a number of complications
common to other procedures.
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Hiroshi Kawakami and Yoshimasa Kubota

Abstract Selective bile duct cannulation (SBDC) is the most common technique
for performing diagnostic and therapeutic biliary interventions. Wire-guided can-
nulation (WGC) is most commonly used in Western countries. A meta-analysis of
randomized controlled trials (RCTs) found that WGC facilitates the primary SBDC
and decreases the incidence of post-endoscopic retrograde cholangiopancreatogra-
phy pancreatitis (PEP). However, the RCTs involved one or at most two skilled
endoscopists in a single-center setting. In more recent Japanese RCTs that were
conducted at multiple centers by multiple endoscopists and using a crossover
design, WGC did not improve the success rate of SBDC or the incidence of PEP
compared with the conventional technique. We performed a multicenter RCT and
found that WGC reduced the time required for SBDC, resulting in lower exposure
to fluoroscopy. We conclude that WGC should be adopted for use in SBDC, leading
to significantly less exposure to fluoroscopy. With a variety of SBDC techniques
available, considerations for choice of technique should include operator, patient,
and institutional factors. Endoscopists should be familiar with various techniques to
allow flexibility depending upon each case. To improve the safety and efficacy of
WGC, training and technique standardization are necessary. Here, we describe the
novel use of WGC in SBDC, results of meta-analysis of WGC, results of the recent
RCTs from Japan, and future perspectives.

Keywords Endoscopic retrograde cholangiopancreatography © Bile duct cannulation *
Wire-guided cannulation

H. Kawakami, M.D., Ph.D. (&4) - Y. Kubota, M.D., Ph.D.
Department of Gastroenterology and Hepatology, University of Miyazaki,
Miyazaki City, Miyazaki, Japan

Division of Endoscopy and Center for Digestive Disease, University of Miyazaki Hospital,
5200 Kihara, Kiyotake-cho, Miyazaki City 889-1692, Miyazaki, Japan
e-mail: hiropon @med.miyazaki-u.ac.jp

© Springer Japan KK, part of Springer Nature 2019 13
T. Mine, R. Fujita (eds.), Advanced Therapeutic Endoscopy for Pancreatico-
Biliary Diseases, https://doi.org/10.1007/978-4-431-56009-8_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-4-431-56009-8_3&domain=pdf
mailto:hiropon@med.miyazaki-u.ac.jp

14 H. Kawakami and Y. Kubota
3.1 Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is the standard proce-
dure for diagnostic and therapeutic interventions for pancreatobiliary diseases.
Selective bile duct cannulation (SBDC) is the most effective technique for perform-
ing diagnostic and therapeutic biliary interventions. In 1968, McCune et al. reported
the first use of endoscopic retrograde pancreatography [1] followed in 1970 by
Takagi et al. reporting the first use of endoscopic retrograde cholangiography
(ERC) [2]. Classen and Demling [3], Kawai et al. [4], and Sohma et al. [5] reported
endoscopic sphincterotomy in 1974. The technical success rate of SBDC for train-
ees is suggested to be 80-90%, while that for expert endoscopists climbs to
95-100% [6]. Although there have been major advances in techniques, devices, and
the sophistication of endoscopes, no standard SBDC technique has been estab-
lished, and it is still a challenging procedure in difficult cases [7]. Cases of difficult
or failed SBDC can be associated with post-ERCP pancreatitis (PEP). There are
three important factors for successful SBDC: type of catheter, cannulation method,
and skill of the endoscopist and the assistant. Complications arise due to patient
factors (e.g., individual anatomy), procedural factors, and expertise of the endosco-
pist and the assistant [7].

Various endoscopic techniques for SBDC have been reported [6], such as con-
trast injection and wire-guided cannulation (WGC), the pancreatic guidewire tech-
nique (e.g., double-guidewire technique), precut sphincterotomy, endoscopic
papillectomy [6], the endoscopic ultrasonography-guided rendezvous procedure,
and the percutaneous transhepatic biliary drainage-guided procedure. In this text,
WGC is reviewed and summarized.

3.2 Development of WGC

WGC is a technique for SBDC using a guidewire as a micro catheter. It is most
widely utilized in Western countries [8].

Siegel and Pullano [9] reported the first use of WGC for SBDC in 1987. At that
time, no dedicated guidewire for ERCP had been developed, preventing this tech-
nique from gaining widespread acceptance. The WGC technique was popularized
as devices, particularly guidewires, were developed. The usefulness of a sphinc-
terotome for SBDC was reported in 1993 [10]. In 1996, Schapiro et al. reported a
high SBDC success rate when WGC was performed using a guidewire and sphinc-
terotome [11]. Two randomized controlled trials (RCTs) compared guidewire
thickness (0.025 in. vs. 0.035 in.) and assessed the SBDC success rate and inci-
dence of complications, finding no significant differences [12, 13]. A prospective
RCT compared an angled-tip guidewire and a J-tip guidewire for WGC, also report-
ing no significant differences in the incidence of successful SBDC [14]. Hybrid
guidewires composed of a soft, hydrophilic-tipped guidewire with a nitinol shaft
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Fig. 3.1 Wire-guided cannulation technique (From ISBN 978-4-7581-1046-4 [in Japanese] with
permission). Selective bile duct cannulation is usually performed facing the ampulla of Vater. An
endoscopic retrograde cholangiopancreatography (ERCP) catheter or sphincterotome preloaded
with a guidewire is inserted into the working channel of a duodenoscope. The tip of the guidewire
or catheter is directed at the 11-12 o’clock position. Careful guidewire manipulation should be
performed under endoscopic view and fluoroscopic guidance. An ERCP catheter or sphinctero-
tome should not be cannulated before the guidewire is advanced to the common bile duct so as not
to distort the ampulla of Vater and distal bile duct. The guidewire is controlled by an endoscopist
or an assistant. The use of contrast is usually not allowed until the selective bile duct cannulation
has been completed

engineered for optimal wire control and manipulation are currently widely used
(Fig. 3.1).

The advantages of a guidewire technique are as follows: successful cannulation
can be confirmed fluoroscopically, eliminating pancreatic duct opacification, and an
appropriately directed, soft-tipped, hydrophilic wire, or a loop-tipped guidewire,
may more easily overcome anatomical challenges presented by the distal bile duct
and papilla than the more rigid sphincterotome or cannulating catheter [8]. Several
RCTs [7, 15-21] state that WGC facilitates the primary SBDC and decreases the
incidence of PEP (Table 3.1). The guidelines of the European Society of
Gastrointestinal Endoscopy place WGC as the first-line SBDC technique and note
that WGC is essential for reducing PEP, based on the results of Cennamo et al. [24].
In contrast, the guidelines of the American Society of Gastrointestinal Endoscopy
do not recommend WGC as essential for PEP prevention [23].
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Table 3.1 Summary of randomized controlled trials for wire-guided cannulation

No. of | No. of
Study institu- | endos- Enrolled | Time Attempts
Author Ref. | Year | design tions copists patients | limit limit
Lella F [15] 12004 | S vs. 1 1 200 vs. None None
S +GW 200
Artifon EL [16] |2007 |Svs. 1 1 150 vs. ) 10
S +GW 150
Bailey AA [17] |2008 |S vs. 1 2 and 211 vs. 10 min | (-)
S +GW fellows | 202 5 min
fellow
Katsinelos P | [18] 2008 | C vs. 1 1 165 vs. 10 min | (-)
C+GW 167
Lee TH [19] 12009 |Svs. 1 1 150 vs. 10 min | (-)
S+GW 150
Nambu T [20] 2011 |Cvs. 1 Multiple |86 vs.86 |10 min | (-)
S +GW
Kawakami H | [7] 2012 | Cs. 15 Multiple | 101 vs. 10 min | (-)
C+GW 102 vs.
vs. S vs. 100 vs.
S +GW 97
Kobayashi G | [21] | 2013 |Cvs. 9 Multiple | 159 vs. 30 min | (-)
C+GW 163

(From [26] with permission)
S sphincterotome, C. ERCP catheter, GW guidewire, (—) not available, NS not significant, SBDC
selective bile duct cannulation, PEP post-ERCP pancreatitis

3.3 Meta-Analysis of WGC (Table 3.1)

The efficacy of WGC has been shown in meta-analyses [24, 25] and reviewed
elsewhere [26]. In 2009, Cennamo et al. [24] performed a meta-analysis com-
paring the contrast injection technique and WGC. After analyzing five RCTs
[15-19], they showed that WGC improved the success rate of SBDC and reduced
the risk of PEP compared with the standard contrast injection method. However,
another meta-analysis by Shao et al. [25] that analyzed four RCTs [15-17, 19]
did not find a significant association between the use of WGC and the reduc-
tion of PEP. An explanation for the discrepancy between findings was made by
Shao et al. [25] as their subgroup analysis, including trials without a crossover
design, showed that WGC significantly reduced the risk of PEP. A crossover
design is more ideal than a noncrossover design in the clinical setting. Other
SBDC techniques should be performed when a technique fails. Sticking to a
technique is just time consuming [26]. Therefore, care should be taken to under-
stand the study design when interpreting results of the studies included in each
meta-analysis.
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3.4 RCTs from Japan (Table 3.1)

Recent RCTs from Japan showed no superiority of WGC compared with the stan-
dard contrast injection method regarding the success rate of SBDC or the risk of
PEP [7, 20, 21]. Nambu et al. [20] conducted a prospective RCT with a crossover
design including 172 cases. A study by Kawakami et al. included 400 patients in a
multicenter, prospective, randomized controlled design [7]. Kobayashi et al. [21]
included 163 patients in a multicenter randomized controlled design. These studies
did not reveal significant differences in the success rate of SBDC and the incidence
of PEP between WGC and the contrast injection method. However, WGC reduced
the time required for SBDC in one study, leading to significantly less exposure to
fluoroscopy [7]. These results may indicate that WGC is a superior SBDC technique
compared to the contrast injection method.

Factors that influenced results where no significant differences were found
between WGC and the contrast injection method included crossover design and
multiple endoscopists. There was also a difference in the backward oblique angle of
the duodenoscope used in the RCTs that showed significant differences compared
to those that did not. Japanese RCTs [7, 20] used a 15-degree backward oblique
angle duodenoscope, which is the standard ERCP scope in Japan. In contrast, in
Western countries, a 5-degree backward oblique angle duodenoscope is currently
the standard ERCP scope. One report concluded that the 15-degree backward
oblique angle duodenoscope was superior to the 5-degree backward oblique angle
duodenoscope and did not require the bow-up function of the sphincterotome [27].
A 15-degree backward oblique angle duodenoscope can allow the endoscopist to
adjust to the axis of the bile duct [27, 28].

To summarize, in a noncrossover study design conducted by multiple endosco-
pists, WGC for SBDC requires less time and less exposure to fluoroscopy.

3.5 Complications of WGC

Complications specific to WGC have not been well determined since it is difficult
to distinguish WGC-specific complications from complications arising from the
subsequent ERCP procedures. WGC may cause PEP similarly to the contrast injec-
tion method. Nakai et al. [29] retrospectively evaluated the incidence and risk fac-
tors of PEP in 800 consecutive patients with a native papilla who underwent
WGC. They reported the incidence of PEP as 9.5%. In their report, a non-dilated
common bile duct (diameter of <9 mm) and unintentional guidewire insertion into
the main pancreatic duct were revealed as risk factors for PEP in biliary therapeutic
ERCP with the use of WGC [29]. Sasahira et al. [30] compared early conversion to
the double-guidewire method at first unintentional insertion of a guidewire into the
pancreatic duct and repeated single-guidewire cannulation. In their study, PEP
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incidences were not significantly different (17-20%). One characteristic complica-
tion of WGC is perforation of the ampulla of Vater [7]. A rare complication of
WGC, portobiliary fistula, was reported by Kawakami et al. [31].

3.6 Roles of Assistants in WGC

The roles of the assistants, as well as the operators, are important in WGC, just like
any ERCP. Manipulation of the guidewire and manual dexterity are essential for
SBDC using WGC. The expertise and previous medical training of assistants is
seldom described in published reports. Only Lee et al. [19] described the assistants
as having 2 years of training. Since competence development and learning curves of
ERCP are discussed in reports [32-34], training and experience of the assistants
should also be discussed.

3.7 Differences Between Japan and Western Countries

As described, the contrast injection technique is the major SBDC technique utilized
in Japan. ERCP is considered to be both an important diagnostic and therapeutic
procedure in Japan. One problem with WGC is that ERC just above the papilla tends
to be insufficient. However, this can be solved using ERCP catheters that are able to
inject contrast agents without withdrawing the guidewire. The willingness of opera-
tors and assistants to utilize diagnostic ERC is what is required. The guidewire
should not be immediately followed by the catheter after SBDC before ERC. ERC
can be done with continuous suction to eliminate duodenal gas and leaking of the
contrast agent. WGC is a relatively new technique in Japan introduced in 2007.
Guidewires are not covered by medical payment methods in Japan. However, the
use of a guidewire is essential as therapeutic ERCPs are becoming more commonly
used. WGC should become a first-line SBDC technique in Japan. In contrast, WGC
is already a first-line SBDC technique in Western countries. It should be empha-
sized that the most common method is physician-controlled WGC, in which the
guidewire is manipulated by the operator himself/herself. The reasons for differ-
ences between Japan and Western countries with regard to WGC usage are as fol-
lows: (1) procedure time, (2) number of doctors and assistants, (3) insurance, and
(4) training systems, which greatly differ between Western countries and Japan. A
short procedure time is valued in Western countries. ERCP is typically only per-
formed by the operator and assistants in Western countries, while two or more doc-
tors usually participate in the procedure in Japan. Bundled payment has been
adopted in Western countries. Finally, education is systematic in Western countries,
while it is typically one-to-one in Japan.
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3.8 Future Perspectives

WGC should become the first-line SBDC technique worldwide. However, WGC is
not the perfect technique for SBDC. Therefore, other techniques should be consid-
ered as well, based on factors including the operator, patient, and institution.
Pancreatobiliary endoscopists should be familiar with multiple techniques so that
they can be flexible on a case-by-case basis. Standardization and training are neces-
sary to improve the safety and efficacy of the technique.
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Chapter 4
Intrahepatic Selective Cannulation

to the Left Bile Duct

Masami Ogawa, Yoshiaki Kawaguchi, and Tetsuya Mine

Abstract Selective cannulation to the left bile duct is essential for endoscopic
management of biliary strictures caused by hilar cholangiocarcinoma, intrahepatic
ductal calci, or primary sclerosing cholangitis.

However, selective placement of a guidewire or a catheter into the left bile duct
is difficult. The cannula or guidewire tends to enter the right bile duct more easily
than the left bile duct, probably because of the natural curve of the biliary system or
the orientation of the accessories toward the right. So, several methods for insertion
to the left bile duct have been described.

Keywords Selective cannulation * ERCP e Left bile duct

4.1 Intrahepatic Selective Cannulation to the Left Bile Duct

Selective cannulation to the left bile duct is essential for endoscopic management of
biliary strictures caused by hilar cholangiocarcinoma, intrahepatic ductal calci, or
primary sclerosing cholangitis.

However, selective placement of a guidewire or a catheter into the left bile
duct is difficult, especially in the presence of the narrow biliary strictures typical
of advanced hilar cholangiocarcinoma. The cannula or guidewire tends to enter
the right bile duct more easily than the left bile duct, probably because of the
natural curve of the biliary system or the orientation of the accessories toward
the right. So, several methods for insertion to the left bile duct have been
described.
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4.2 Guidewire

The initial attempt to access the desired duct involves various types of catheters and
guidewires with various degrees of torque. Access to irregular or narrow strictures
is usually facilitated by small-caliber, hydrophilic guidewires. Its hydrophilic prop-
erties result in tremendous flexibility and a reduction in frictional forces, making it
possible to traverse strictures of various anatomic configurations.

Guide-wire with rounded tip sometimes easier to select the left bile duct
(Fig. 4.1).

Fig. 4.1 Retrograde cholangiogram showing the strictures of hilar bile duct (a). Looping the tip of
guidewire can selective cannulation to the left bile duct (b, ¢). Left bile duct was shown successfully (d)
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4.3 Sphincterotome

Usefulness of a sphincterotome for selective cannulation for intrahepatic bile duct
was reported [1, 2].

The tip of the sphincterotome has an intrinsic curve that orients it to the right; the
orientation can be changed to the left by rotating the handle. Additionally, by tight-
ening (bowing) the sphincterotome wire, the tip is easily deflected, up to 90°.

Although the rotatable sphincterotome has an advantage in directional control, it
sometimes does not rotate well in the bile duct, especially in a narrow bile duct, and
frequently twists instead of rotating. It also rotates sharply and does not always
align with the intended duct.

SwingTip cannula (Olympus Co.) is similar device for selective cannulation. The
tapered tip can be angulated as much as 90° when the handle is pulled and as much
as 30° when pushed, ensuring easy insertion into the papilla and the biliary ducts,
even in challenging cases.

4.4 Inflated Balloon Catheter

Balloon retrieval catheter was introduced over a guidewire into the right intrahe-
patic duct. The balloon was inflated in the right main hepatic duct under fluoro-
scopic guidance immediately proximal to the duct bifurcation. Subsequently a
0.035-in. guidewire was introduced alongside the balloon catheter via the 4.2-mm
accessory channel of the therapeutic duodenoscope and into the bile duct. The
guidewire was advanced across the CHD stricture and easily deflected off the
inflated balloon into the left intrahepatic ductal system. The balloon was deflated
and the balloon catheter withdrawn, leaving the two wires in place for bilateral
access.

Directed balloon-assisted guidewire access is a procedure in which the opposite
IHD is occluded by using an inflated balloon catheter before advancing the guide-
wire and deflecting it off the balloon and into the opposite duct. The balloon-occlu-
sion method is time-consuming and requires a narrow ERCP catheter and a
therapeutic duodenoscope because of the small diameter of the accessory channel.

4.5 Multi-lumen Catheter

Usefulness of a triple-lumen catheter (Haber Ramp; Cook Endoscopy, Winston-
Salem, NC) for selective cannulation for intrahepatic bile duct was described
(Fig. 4.2). To indicate the location of each opening, there are three radiopaque mark-
ings along the distal part of the triple-lumen catheter. One lumen exits at the tip of
the catheter (distal opening), and the others exit at an angle on the either side of the
catheter near the tip (side ramps; the middle opening is at the just proximal part of
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Fig. 4.2 The triple-lumen
catheter (Haber Ramp;
Cook Endoscopy,
‘Winston-Salem, NC)

two distal radiopaque markings, and the proximal opening is at the proximal part of
the most proximal marking) but at different distances (2 and 3 cm, respectively)
from the tip. Kim et.al reported [3] that selective cannulation with the triple-lumen
catheter was successful in10 of 15 patients (67%) in whom cannulation attempts
were unsuccessful with conventional methods. The success rate of guidewire inser-
tion into the bilateral IHD was 91% (53 patients) with the triple-lumen catheter,
whereas it was 74% (43 patients) without the triple-lumen catheter.
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Chapter 5
Cannulation Through the Common

Bile Duct to the Gallbladder

Nobuhito Ikeuchi and Takao Itoi

Abstract Endoscopic transpapillary gallbladder drainage (ETGBD) is a difficult
procedure to perform, and its technical success rate is reportedly lower than that of
percutaneous transhepatic gallbladder drainage (PTGBD). Therefore, ETGBD is
regarded and positioned as an alternative to PTGBD, and advanced techniques and
tips are often needed for a successful ETGBD. ETGBD is classified into two types,
namely, endoscopic naso-gallbladder drainage (ENGBD) and endoscopic gallblad-
der stenting (EGBS). The selection of ENGBD or EGBS should be decided after
carefully considering the situation and status of the patient as well as after a detailed
examination and treatment planning for the patient. Importantly, prospective studies
involving a large number of patients for long-term EGBS are needed. ETGBD is a
useful alternative to PTGBD and should be performed at institutions with skilled
endoscopists. In this section, we describe the status of ETGBD and provide valuable
technical tips in effectively performing ETGBD.

Keywords ENGBD ¢ EGBS « ETGBD

5.1 Introduction

Diseases that require gallbladder drainage include acute cholangitis and gallbladder
tumors. There are three types of drainage routes for approaching the gallbladder.
These include the transhepatic, transmural, and transpapillary approaches.
Percutaneous transhepatic gallbladder drainage (PTGBD) as a transhepatic
approach is the most recommended drainage technique for acute cholecystitis in
drainage guidelines. The first report of transhepatic drainage involving PTGBD
was in 1977 [1], and many scholarly articles describing the safety and efficacy of
PTGBD for acute cholecystitis have been published since then [2-5]. Therefore,
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PTGBD has become the most recommended drainage technique for acute chole-
cystitis. However, when the purpose of performing the drainage is to obtain bile
juice for the differentiation between benign or malignant disease and when the
cause of the acute cholecystitis requiring gallbladder drainage points to a malig-
nant disease, PTGBD poses a risk of needle tract seeding. If the condition is acute
cholecystitis caused by a benign disease, there are situations wherein PTGBD can-
not always be recommended. These situations include patients with hemorrhagic
diathesis, ascites, and Chilaiditi syndrome. Therefore, an alternative to PTGBD is
highly anticipated.

Endoscopic ultrasonography (EUS)-guided gallbladder duodenostomy (EUS-
GBD) as a transmural approach is a relatively new method of gallbladder drainage,
with the first EUS-GBD report published in 2007 [6]. The efficacy of EUS-GBD has
recently been reported by some endoscopists including our group [7, 8]. EUS-GBD
has become widely recognized to date. However, the specific procedure involved in
EUS-GBD has not yet been clearly established. Thus, many EUS-GBD studies are
expected in the future.

On the other hand, the possible uses of endoscopic transpapillary gallbladder
drainage (ETGBD) have been suggested by Kozarek in 1984 [9], paving the way for
many reports on the efficacy and safety of ETGBD. The success rate of ETGBD has
been reported to range from 64 to 100% [10-15]. However, the success rates of
ETGBD vary for each report, and many of these previous works were retrospective
studies and case reports. Moreover, these studies were reported from high-volume
centers. In addition, the technical success rate of ETGBD is lower than that of
PTGBD [16]. In fact, ETGBD requires a high-endoscopic and guidewire technique.
Moreover, ETGBD should be performed at institutions with skilled endoscopists as
stipulated in the ETGBD guidelines [17]. Therefore, ETGBD is regarded and posi-
tioned as an alternative to PTGBD, and advanced techniques and guidelines are
often needed for a successful ETGBD. Herein, we describe the status of ETGBD
and provide technical tips in effectively performing ETGBD.

5.2 Classifications and Characteristics of Transpapillary
Drainage

ETGBD is classified into two types, namely, endoscopic naso-gallbladder drainage
(ENGBD) and endoscopic gallbladder stenting (EGBS).

In ENGBD, the outflow of bile juice can be checked directly after the procedure,
and the clogging in a tube can be released by washing out with saline. Moreover,
ENGBD can repeatedly obtain bile juice for cytology. On the other hand, nasal dis-
comfort and a risk of self-removal of the naso-drainage tube are associated with the
use of ENGBD.

In the case of EGBS, there are no nasal discomfort and risk of self-removal of the
naso-drainage tube because the tube does not come out of the body. However, there
is difficulty in checking and releasing the stent clogging. Therefore, when acute
cholecystitis recurs because of stent clogging, reintervention may be required.
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5.3 Actual Techniques and Tips for Endoscopic
Transpapillary Gallbladder Drainage

After successful bile duct cannulation, a 0.025- or 0.035-in. guidewire is advanced
into the cystic duct and subsequently into the gallbladder. Before the guidewire is
advanced into the cystic duct, it may be necessary to perform cholangiography by
injection of a contrast medium to locate the bifurcation of the cystic duct. When the
cystic duct is located with a guidewire, a hydrophilic guidewire (Radifocus; Terumo
Co., Ltd., Tokyo, Japan) or a guidewire with hydrophilic coating on the distal end
(VisiGlide2; Olympus Medical Systems, Tokyo, Japan) is helpful.

The bifurcation forming the cystic duct has a variety of distribution or deforma-
tion. In fact, there are some cases that require the use of devices except a catheter
for the cannulate guidewire from the bile duct to the cystic duct. For example, in
patients with a left-side distribution or deformation of the cystic duct, a catheter
with a flexible tip (Swing-tip; Olympus Medical Systems, Tokyo, Japan) may be
useful (Fig. 5.1). A sphincterotome (Ellipsotom; MTW Endoscopie, Wesel,
Germany) is occasionally used, particularly for a downward look diverging of the
cystic duct. The sphincterotome usually bows toward the cystic duct when the cystic
duct takeoff is heading toward the right side. The tip of the sphincterotome is posi-
tioned downward to facilitate a flexed look, and then the guidewire may fall into the
cystic duct opening (Fig. 5.2a-1, a-2, b-1, b-2, c). A rotatable sphincterotome
(TRUEtome; Boston Scientific, Massachusetts, USA) may be helpful for cannulat-
ing left-sided cystic duct takeoffs (Fig. 5.3).

Fig. 5.1 (a) The neutral form of Swing-tip catheter. (b) The bended backward form of Swing-tip
catheter by pulling the handle
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Fig. 5.2 (a-1) The cystic duct is diverged as right-sided and downward looking. (a-2) The neutral
form of Elipsotome. (b-1) Elipsotome is bended toward the cystic duct, and the guidewire is
advanced to the cystic duct. (b-2) The tip of Elipsotome is bended to arrow by pushing the handle.
(¢) The guidewire is advanced into the gallbladder

Fig. 5.3 The mobility of
TRUEtome. © 2012
Boston Scientific or its
affiliates. All rights
reserved
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Fig. 5.4 (a) There is no visualization of the cystic duct on cholangiography. (b) After an occlusion
balloon is inflated below the expected level of the cystic duct and contrast medium injection under
pressure, the cystic duct is projected (arrow)

Notably, in all patients who undergo ETGBD, the gallbladder and cystic duct are
not always visualized on cholangiography because of cholecystitis. In such cases, an
occlusion balloon is often helpful. The occlusion balloon is inflated below the
expected level of the cystic duct bifurcation, and contrast medium injection under
pressure may project some fillings of the cystic duct. In particular, a triple-lumen bal-
loon may be useful because of the requirement for injection into a larger guidewire
port (Extractor TM Pro RX; Boston Scientific, Massachusetts, USA) (Fig. 5.4a, b).

When contrast medium injection under pressure is performed, we recommend
the administration of steroids such as hydrocortisone sodium succinate (500 mg)
before the procedure to prevent cholangio-venous reflux from an increase in the bile
duct content brought about by the contrast medium injection under pressure.

After successfully inserting the guidewire into the cystic duct, the cystic duct is
negotiated by the guidewire. The rotating manipulation of the guidewire is important
because the stricture of the cystic duct is spiral. Specifically, the loop technique is
effective and involves pushing the cystic duct with the guidewire forming a loop
(Fig. 5.5a—d). This technique can reduce the rate of cystic ductal perforation more
than negotiating the cystic duct with the tip of the guidewire. Moreover, the loop
technique can alleviate the effect of stone obstruction in the cystic duct or neck of
the gallbladder.
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Fig. 5.5 (a) The tip of the guidewire formed the loop in the cystic duct. (b) The guidewire is
advanced forming the loop into the cystic duct. (¢) The guidewire is advanced forming the loop
into the gallbladder. (d) The guidewire is placed in the gallbladder

Fig. 5.6 (a) The catheter and the guidewire are inserted with a loop into the gallbladder. (b) After
the catheter and guidewire have been pulled out a few centimeters coincidently, the loop is removed
and straightened

When attempts are made to place the guidewire and catheter into the gallbladder,
the cystic duct occasionally forms loops which usually interfere with the insertion of
a stent or a naso-drainage tube. Therefore, these loops must be removed as much as
possible. When the guidewire and catheter are inserted through and placed over the
loops, the guidewire and catheter are then pulled out by a few centimeters (Fig. 5.6a,
b). At this point, it is important for the guidewire to be sufficiently placed into the
gallbladder because the guidewire may be withdrawn when the loops are removed.

When ENGBD is selected, the catheter is withdrawn leaving behind the guide-
wire in the gallbladder. Then, a 5F to 7F pigtail naso-gallbladder drainage tube (NB
tube; Hanako Medical, Co., Ltd., Tokyo, Japan) is inserted into the gallbladder, and
the endoscope is withdrawn (Fig. 5.7a). The tube is then rerouted to the nose. The
nasal discomfort from the indwelling naso-gallbladder drainage tube may be
reduced using tubes with a smaller diameter (5F or 6F).
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Fig. 5.7 (a) A 5F naso-gallbladder drainage tube is placed into the gallbladder as ENGBD. (b) A
7F double pigtail stent is placed into the gallbladder as EGBS

When EGBS is selected, a 7F to 10Fr double pigtail stent (Zimmon; Cook
Medical, NC, USA) is placed (Fig. 5.7b). When stents of over 7F diameter are
selected, endoscopic sphincterotomy should be considered to prevent post-ERCP
pancreatitis caused by large diameter stents.

5.4 Selection of Procedures According to the Type
of ETGBD

Studies comparing the efficacy and safety of ENGBD with those of EGBS are
extremely rare. To the best of our knowledge, only one randomized and controlled
study comparing the efficacy and safety of ENGBD with those of EGBS has been
reported [18]. This previous study showed that there were no significant differences
in the technical success rate, clinical success rate, and adverse event rate between the
ENGBD group and the EGBS group. However, the mean visual analog score of the
post-procedure pain in the ENGBD group was significantly higher than that in the
EGBS group (p < 0.001). Although there was a small difference in terms of the post-
procedure discomfort, there was no difference in the efficacy and safety of the pro-
cedures between ENGBD and EGBS [18]. Therefore, the selection of either ENGBD
or EGBS should be decided after carefully considering the situation and status of the
patient as well as after the examination and treatment planning for the patient.

5.5 Recurrence Rate of Acute Cholecystitis After EGBS

The long-term outcome of EGBS remains unknown because of the scarcity of studies
regarding this technique. Moreover, most of the available reports have thus far been
retrospective studies [19-22]. In particular, the critical question as to whether EGBS
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should be performed or not for acute cholecystitis to prevent recurrence after improv-
ing the inflammation remains unanswered. Moreover, the safety of long-term EGBS
has not been established to date. Although the recurrence rate in patients who under-
went long-term EGBS was reported to range from 3 to 16% in previous retrospective
studies, prospective studies on the safety of long-term EGBS are rare. Lee et al. pro-
spectively followed up 20 patients who underwent EGBS without stent removal [23].
Their study showed that late complications occurred in 20% (4/20) of the patients and
that there was no patient who had recurrence of acute cholecystitis during the median
follow-up period of 586 days (range 11-1403 days). Although the study of Lee et al.
may show the feasibility of long-term EGBS, another study reported the occurrence
of a liver abscess after EGBS during the follow-up period [19]. Overall, the safety of
long-term EGBS has not been definitively established to date. Therefore, prospective
studies of long-term EGBS involving a large number of patients are needed.

5.6 Conclusion

We described the status of ETGBD and provided important technical tips in per-
forming ETGBD. The selection of either ENGBD or EGBS should be decided after
carefully considering the situation and status of the patient as well as after examina-
tion and treatment planning for the patient. Prospective studies on long-term EGBS
involving a large number of patients are warranted. Taken together, ETGBD is a
useful alternative to PTGBD and should be performed at institutions with skilled
endoscopists.
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Chapter 6
ERCP with Device-Assisted Enteroscopy
in Patients with Altered Gastrointestinal
Anatomy

Takashi Sasaki and Naoki Sasahira

Abstract Diagnosis and treatment using ERCP in patients with altered gastrointes-
tinal anatomy have progressed greatly since the emergence of the double-balloon
enteroscope in 2001. The balloon-assisted enteroscope has improved steadily over
time, and a short-type balloon-assisted enteroscope with a large working channel
became commercially available in 2016. These short-type balloon-assisted entero-
scopes accommodate most ERCP accessories, and many kinds of ERCP interven-
tion can be performed, such as conventional ERCP for patients with normal anatomy.
Although the success rate of ERCP with balloon-assisted enteroscopy in patients
with altered gastrointestinal anatomy has increased to approximately 68-98%, it is
still a challenging procedure for many endoscopists. Because ERCP with a balloon-
assisted enteroscope is time-consuming, mandates specialized training, and requires
special endoscopes and accessories, these factors limit the widespread availability
outside tertiary endoscopic referral centers. Other types of device-assisted enteros-
copies, including spiral enteroscopy and through-the-scope balloon-assisted enter-
oscopy, have also been developed to make it easier to perform ERCP in patients
with altered gastrointestinal anatomy. These novel device-assisted enteroscopy
instruments are still immature compared with balloon-assisted enteroscopy for
ERCP in patients with altered gastrointestinal anatomy. Therefore, both device-
assisted enteroscopy and ERCP accessories must be improved for this challenging
procedure to become a more general procedure.
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6.1 Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) in patients with altered
gastrointestinal (GI) anatomy is still a challenging procedure. Many challenges
have been overcome to perform this difficult procedure. Several types of endoscopes
(side-viewing duodenoscope, forward-viewing endoscope, pediatric- or adult-use
colonoscope, and enteroscope) have been used to perform ERCP. An endoscopic
approach in patients with Billroth II anatomy was first reported by Katon et al. in
1975 [1]. The success rates of ERCP in patients with Billroth II anatomy have been
reported to be 52-92% [2-5]. Roux-en-Y reconstruction is a more challenging situ-
ation in which to perform ERCP. ERCP in patients with Roux-en-Y reconstruction
was first reported by Gostout and Bender in 1988 [6]. The success rates of ERCP in
patients with Roux-en-Y reconstruction have been reported to range from 33 to 67%
[7-9]. Because the success rates of these procedures in patients with altered GI
anatomy are extremely low, the endoscopic approach has not become a standard of
care. Percutaneous transhepatic cholangiograms or even surgical approaches have
been required even for basic diagnostic and therapeutic purposes. Therefore, a new
endoscopic approach is required to overcome the low success rate of ERCP in
patients with altered GI anatomy.

In 2001, Yamamoto et al. developed a double-balloon enteroscope (DBE) for the
diagnosis and treatment of small intestinal disease [10]. The DBE could be inserted
into the deep small intestine by anchoring the bowel with an inflated balloon
attached to both the tip of enteroscope and the overtube. A Fujinon DBE became
commercially available in 2003. The use of a DBE for ERCP in a patient with
altered GI anatomy was first reported in 2005 [11]. An Olympus single-balloon
enteroscope (SBE) was another type of balloon-assisted enteroscope (BAE); it was
developed in 2006 and became commercially available in 2007 [12]. ERCP with
SBE has also been attempted in patients with altered GI anatomy [13]. A spiral
enteroscope was developed in 2007 to potentially provide a simpler and faster tech-
nique than the BAE [14]. The use of a spiral enteroscope was also attempted for
ERCP in patients with altered GI anatomy [15-17]. Because the DBE, SBE, and
spiral enteroscope are all time-consuming, mandate specialized training, and
require special endoscopes and accessories, a new concept of a through-the-scope
balloon-assisted enteroscope was developed, and its use was reported in 2008 [18].
Deep enteroscopy with standard endoscopes and a novel through-the-scope balloon
system (NaviAid AB) was first reported in 2014 [19, 20]. ERCP with this NaviAid
AB system in patients with altered GI anatomy was also reported in 2016 [21].
These device-assisted enteroscopy instruments facilitate ERCP in patients with
altered GI anatomy compared with conventional push enteroscopy. In this chapter,
we reviewed ERCP with these device-assisted enteroscopes in patients with altered
GI anatomy.
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6.2 Device-Assisted Enteroscope

6.2.1 Double-Balloon Enteroscope

The double-balloon enteroscope (DBE) was first introduced in 2001 and became
commercially available in 2003. The DBE uses a specially coupled enteroscope and
overtube apparatus with latex balloons mounted on the distal ends of each compo-
nent. The balloons are intended to anchor the endoscope in position during insertion
to allow the pleating of the bowel over the endoscope shaft, which reduces loop
formation and allows a greater insertion depth. Several types of DBEs have been
developed for several purposes. The main features that discriminate each entero-
scope are the working length of the enteroscope and the size of working channel.
The conventional BAE has been designed to have a 200-cm working length (long-
type DBE). In the early days, the most commonly used long-type DBE system was
EN-450T (Fujinon Co, Saitama, Japan), which has a 2.8-mm working channel and
a 200-cm working length. Although it is easier to approach the target lesion by using
a long-type DBE, various ERCP accessories cannot be used because the working
length of these accessories is approximately 190 cm. Therefore, the need for short-
type DBE increased when DBE-assisted ERCP became widely performed.
EC-450BI5 (Fujifilm Co, Tokyo, Japan), which has a 2.8-mm working channel and
a 152-cm working length, was made for colonoscopy use but was instead used as an
enteroscope for balloon-assisted ERCP. EI-530B (Fujifilm Co, Tokyo, Japan) was
also developed as a short-type DBE, and it has a 2.8-mm working channel and a
152-cm working length. EI-530B was widely used for balloon-assisted ERCP. To
perform more complicated ERCP procedures with BAE, a larger working channel
is required. In 2016, EI-580BT (Fujifilm Co, Tokyo, Japan) became commercially
available. EI-580BT has a 3.2-mm working channel and a 155-cm working length.
This new DBE is equipped with the advanced force transmission function and the
adaptive bending system, which allows better scope maneuverability. This DBE is
designed so the working channel is in the 5:30 direction of the screen and the cath-
eter can be easily adjusted to the axis of the biliary duct. This new DBE has a large
working channel that permits the performance of almost all types of ERCP proce-
dures, including self-expandable metallic stent (SEMS) insertion.

6.2.2 Single-Balloon Enteroscope

A single-balloon enteroscope (SBE) was developed in 2006 and became commer-
cially available in 2007. In contrast to the DBE, only the disposable overtube has a
non-latex balloon at its distal end. The SBE can be inserted into the deep small
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bowel by manipulating the balloon on the distal end of the splinting tube and the
angulation mechanism of the scope. Three SBE systems have become available.
SIF-Q180 (Olympus Co, Center Valley, PA, USA) and SIF-Q260 (Olympus Medical
Systems, Tokyo, Japan) are the conventional SBEs; each has a 2.8-mm working
channel and a 200-cm working length. The SIF-Q180 was mainly used in Western
countries, whereas the SIF-Q260 was mainly used in Japan. These two SBEs were
categorized as long-type SBEs because they have 200-cm working lengths. When a
long-type SBE is used for balloon-assisted ERCP, various ERCP accessories cannot
be used as they are with a long-type DBE. Therefore, the need for a short-type SBE
has also increased. In 2016, the SIF-H290S (Olympus Medical Systems, Tokyo,
Japan) became commercially available in Japan. The SIF-H290S has a 3.2-mm
working channel and a 155-cm working length. This enteroscope has a passive
bending design and a high force transmission design, both of which facilitate a
smoother passage through the flexures of altered GI anatomy. Moreover, the large
size of the working channel makes it possible to perform almost all types of ERCP
procedures, including SEMS insertion.

6.2.3 Spiral Enteroscope

A spiral enteroscope was developed in 2007 to potentially provide a simpler and
faster technique compared with BAE. The spiral enteroscope uses a helical overtube
that allows deep insertion by pleating the small bowel over the enteroscope as the
overtube is rotated clockwise. The overtube is 118-cm long and has a soft raised
spiral helix at its distal end that is either 4.5 mm or 5.5 mm in height. The overtube
is compatible with enteroscopes that are 200 cm in length and between 9.1 and
9.5 mm in diameter. Two different overtubes are available for antegrade or retro-
grade examinations. The overtube has a coupling device on its proximal end that
affixes itself to the enteroscope. This permits the free rotation of the overtube inde-
pendent of the enteroscope but prevents independent movement of the enteroscope
relative to the overtube. When the overtube is uncoupled, the enteroscope can then
be advanced or withdrawn independent of the overtube. A motorized spiral enteros-
copy system is in development [22]. When a spiral overtube is used to perform
ERCP in patients with altered GI anatomy, a long-type enteroscope is used for the
insertion to reach the target sight. A long-type enteroscope is sometimes exchanged
for a short-type enteroscope to use most of the ERCP accessories if needed.

6.2.4 Through-the-Scope Balloon-Assisted Enteroscope

The new concept of through-the-scope BAE was reported in 2008. Through-the-
scope BAE was marketed as the NaviAid system (SMART Medical Systems Ltd.,
Ra’anana, Israel). This new device consists of a disposable balloon component that
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is advanced through the working channel of an endoscope or colonoscope and an air
supply unit. The NaviAid AB (Advancing Balloon) has a working length of 350 cm
with a balloon diameter of 40 mm. The minimum endoscope working channel
diameter needed for passage of the device is 3.7 mm. The deflated balloon was
passed through the working channel 20-30 cm ahead of the standard endoscope. It
was then inflated to anchor itself to the small bowel. Once it was inflated ahead of
the endoscope and anchored in the bowel, the device was used as a rail on which the
endoscope was advanced, replacing pushing with guidance. Once the endoscope
met the balloon catheter, the balloon was deflated to allow the next cycle of advance-
ment. When the endoscope reached the target sight, the balloon catheter was
removed from the working channel to allow the accessories to perform the proce-
dure. Either an adult colonoscope or a therapeutic gastroscope, which has a large
working channel, is chosen when this balloon system is used for ERCP.

6.3 ERCP Using Device-Assisted Enteroscopy

6.3.1 Treatment Outcomes

Recently, there have been an increasing number of patients with altered GI anatomy
following gastric surgery, pancreatobiliary surgery, liver transplantation, and bariatric
surgery. With the increase in altered GI anatomy patients, the frequency at which
pancreatobiliary interventions are performed in such patients has increased. The dif-
ficulty of performing ERCP is influenced by the type of surgically altered anatomy.
Recently, a high success rate of ERCP in patients with Billroth II reconstruction was
reported [23]. However, it is still difficult to reach the target site and perform ERCP in
patients with Roux-en-Y reconstruction and hepaticojejunostomy [24]. In a question-
naire survey at the Endoscopic Forum Japan 2013, it was reported that the success
rates of reaching the target site were 89.6% for Roux-en-Y reconstruction, 94.8% for
pancreaticoduodenectomy, 86.4% for hepaticojejunostomy, 90.0% for liver transplan-
tation, and 98.6% for Billroth II reconstruction. In the systematic review of 945 pro-
cedures (DBE, SBE, and spiral enteroscopy-assisted ERCP) in 679 patients, an overall
success rate was reported to be 70-90%, and the success rates were highest in patients
with Billroth II reconstruction and lowest in patients with Roux-en-Y gastric bypass
[25]. According to the success rate of reaching the target sight, the length to the target
sight and the angulation of the afferent limb are usually the main factors. Roux-en-Y
reconstruction with gastric bypass is particularly challenging due to the long limb
(often greater than 100 cm) that must be traversed from the gastrojejunal anastomosis
to the jejunojejunal orifice. Recently, a short-type DBE and SBE have been introduced
and have advantages because most ERCP accessories can be used with these instru-
ments. However, it is sometimes difficult to reach the target sight using these short-
type BAEs when the length of target site is long. For the angulation of the afferent
limb, the new types of DBE (EI-580BT) and SBE (SIF-H290S) have been introduced
to facilitate smoother passage through the flexures of altered GI anatomy.
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From the data of the systematic review, which included 945 procedures (DBE,
SBE, and spiral enteroscopy-assisted ERCP), the overall ERCP success rate of all
procedures was reported to be 74% [25]. When the enteroscopes were compared,
the success rates were highest in DBE and lowest in spiral enteroscopy. Regarding
the data of DBE, the success rate of reaching the target site was 89% (73—-100%),
the success rate of cannulation was 93% (85-100%), and the overall success rate
was 82% (63-95%). When SBE was used, the success rate of reaching the target site
was 82% (75-100%), the success rate of cannulation was 86% (75-100%), and the
overall success rate was 68% (60—100%). For the spiral enteroscope, the success
rate of reaching the target site was 72%, and the overall success rate was 65%.
However, the data for spiral enteroscopy-assisted ERCP were limited. A multicenter
experience of through-the-scope BAE showed that the success rate of reaching the
target site was 58%, the success rate of cannulation was 94%, and the overall suc-
cess rate was 55% [21]. Through-the-scope BAE is shown to be an effective modal-
ity with which to successfully deliver intervention despite a slightly lower target
success rate compared to other device-assisted enteroscopy instruments. Therefore,
through-the-scope BAE may not yet be able to replace the current methods because
of the lower overall target success rate.

Short-type DBE and SBE are preferred for ERCP in patients with altered GI
anatomy. A Japanese multicenter prospective study that included 311 patients and
used a short-type DBE with 2.8-mm working channel (EI-530B) showed high suc-
cess rates that were comparable to the success rates of conventional ERCP in
patients with normal anatomy. The success rate of reaching the target site was
97.7%, the success rate of cannulation was 96.4%, and the therapeutic success rate
was 97.9% [26]. In this prospective study, only patients with biliary indication were
included. The efficacy of a new short-type DBE (EI-580BT) with a 3.2-mm working
channel was reported in 2016 [27]. When this new short-type DBE was used to treat
112 procedures, the success rate of reaching the target site was 99.1%, the diagnos-
tic success rate was 98.2%, and the overall success rate was 97.3%. The median
time to complete ERCP with DBE was 54 min. Therefore, this new short-type DBE
is very useful for ERCP in patients with altered GI anatomy. A large Japanese retro-
spective observational case series that included 203 procedures with the short-type
prototype SBE with a 3.2-mm working channel also showed high success rates [28].
The success rate of reaching the target sight was 92.6%, and the procedural success
rate was 81.8%. In this retrospective study, the pancreatic indication was also
included. From the multivariate analysis, the pancreatic indication (odds ratio,
4.35), first ERCP (odds ratio, 6.03), and no transparent hood (odds ratio, 4.61) were
reported to be potential risk factors for procedural failure.

Biliary cannulation of the intact papilla in patients with altered GI anatomy
remains challenging, especially in the case of Roux-en-Y reconstruction. The suc-
cess rate of the standard cannulation of the intact papilla was reported to be 67.8%
[29]. Therefore, several advanced cannulation methods, including the double-
guidewire technique, precutting, and percutaneous transhepatic cholangiography-
guided rendezvous technique, are required to improve the deep cannulation rate.
When these techniques were used, the final cannulation success rate became
95.6%.
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Several complications occurred from ERCP with device-assisted enteroscopy.
From the data of a systematic review that included 945 procedures, major complica-
tions occurred in 3.4% of the procedures. Major adverse events included cholangitis
(0.1%), pancreatitis (1.2%), bleeding (0.3%), perforation (1.4%), and death (0.1%),
which was attributed to an embolic stroke [25]. From a Japanese multicenter pro-
spective study that used a short-type DBE, adverse events occurred in 10.6% of
procedures [26]. The most common adverse event was pancreatitis (3.5%), followed
by cholangitis (2.6%). Obvious perforation that required surgical repair occurred in
0.3% of the cases, and microperforations, as identified by escaped air, occurred in
1.9% of the cases. The perforation rate of ERCP with device-assisted enteroscopy is
not as high. ERCP in patients with altered GI anatomy could be performed safely,
similar to conventional ERCP in patients with normal anatomy.

6.3.2 Therapeutic ERCP

Bilioenteric anastomotic stricture can now be treated with device-assisted enteros-
copy [11,30-32]. A practical classification proposed by Monkemiiller and Jovanovic
is used to assess the type of the anastomotic stricture [33]. When the guidewire
passes through the stricture, the stricture is usually treated with balloon dilation and/
or stent placement (Fig. 6.1). The use of a Soehendra stent retriever and wire-guided
diathermic dilator is useful when the balloon cannot pass through the stricture [34,
35]. It is occasionally difficult to determine the orifice of bilioenteric anastomosis.
In such cases, a rendezvous technique via percutaneous transhepatic biliary drain-
age route is usually useful [36, 37].

Fig. 6.1 Treatment of bilioenteric anastomotic stricture using short-type single-balloon entero-
scope (SIF-H290S)
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Fig. 6.2 Self-expandable metallic stent placement for malignant biliary obstruction using short-
type single-balloon enteroscope (SIF-H290S)

The extraction of a biliary stone is also a major treatment in patients with altered
GI anatomy [38]. Endoscopic papillary large-balloon dilation is performed such
as a conventional ERCP and shows good efficacy [39, 40]. Direct cholangioscopy
with an ultra-slim endoscope or a SpyGlass Direct Visualization System is use-
ful for the detection and treatment of biliary stones and biliary tumors [41-43].
Electrohydraulic lithotripsy could be used to treat a large stone under direct chol-
angioscopy [44-46].

Biliary drainage via an endoscopic approach is less invasive in patients with altered
GI anatomy compared with percutaneous and surgical drainage. latrogenic biliary
injury and bile leakage from choledochojejunostomy could be treated with biliary
drainage with device-assisted enteroscopy [47, 48]. The insertion of SEMS for malig-
nant biliary obstruction was a difficult procedure when a long-type BAE was used
[49]. With the introduction of the short-type BAE, it became easier to deploy SEMS,
as with conventional ERCP, even in situations of multiple stenting (Fig. 6.2) [50-52].

Pancreatic intervention is more difficult than biliary intervention in cases of
altered GI anatomy. Identifying the pancreaticojejunal anastomotic site is difficult
because of the location and small size of the anastomosis and interference from the
jejunal folds. Therefore, dilation and/or stenting of pancreaticodigestive tract anas-
tomotic stricture showed a relatively low success rate (38%) [53]. The use of the
EUS-guided or US-guided rendezvous method may improve the success rate of
these difficult cases [53, 54]. Pancreatitis caused by the pancreaticojejunal anasto-
motic stricture and pancreatic duct stones is a confusing problem in patients with
pancreaticoduodenectomy. A short-type BAE with a transparent hood might be use-
ful for the detection of the pancreaticojejunal anastomotic site and the successful
removal of the pancreatic duct stone [55].

6.4 Conclusions

The emergence of a BAE has changed the treatment of pancreatobiliary disorders in
patients with altered GI anatomy. Due to the improvement of device-assisted enter-
oscopy, ERCP with device-assisted enteroscopy has become the mainstay of
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management in patients with altered GI anatomy. However, it is still a challenging
procedure for many endoscopists. Therefore, both the device-assisted enteroscopy
and ERCP accessories need to be improved for this challenging procedure to
become a more general procedure.

Another approach for the treatment of pancreatobiliary disorders in patients with
altered GI anatomy is the EUS-guided approach. EUS-guided intervention tech-
niques have also progressed over the past several decades. This novel technique also
helps manage pancreatobiliary disorders in patients with altered GI anatomy in
combination with a BAE. Because of the improvement of the prognosis of patients
with altered GI anatomy, the demand for ERCP for such patients will increase fur-
ther. The treatment of pancreatobiliary disorders in patients with altered GI anatomy
should be improved with the combination of these kinds of novel approach, and
each procedure should become more sophisticated.
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Chapter 7
ENBD

Chun-Tao Liu, Peng Li, and Shu-Tian Zhang

Abstract Endoscopic nasobiliary drainage (ENBD) was developed on the basis of
diagnostic endoscopic retrograde cholangio-pancreatography (ERCP). The nasobili-
ary catheter was inserted with the help of a guidewire for the drainage of the biliary
system. ENBD provides effective decompression for obstructive jaundice and allows
sequential cholangiography, bile culture, and irrigation. Emergent ENBD is essential
for severe obstructive cholangitis cases, whereas patients with mild to moderate con-
ditions should also receive ENBD as soon as possible if they do not respond to
conservative treatment. The nasobiliary catheter is relatively easy to insert once deep
cannulation of the bile duct is achieved. And it is well tolerated for a short term.
Biliary drainage can be achieved via three different routes/procedures: endoscopic,
percutaneous transhepatic cholangiography, and surgery. Compared with surgical or
percutaneous transhepatic approaches, endoscopic drainage is associated with a low
morbidity rate and shorter duration of hospitalization. Thus, ENBD has been widely
used for the initial decompression in patients with acute cholangitis. It also facili-
tates further interventional procedures of the biliary and pancreatic system.

Keywords Endoscopic nasobiliary drainage ¢ External drainage ¢ Nasobiliary
catheter * Cholangitis ® Choledocholithiasis

7.1 Indications and Contraindications

7.1.1 Indications for ENBD

1. Urgent drainage for suppurative cholangitis

2. Temporary drainage for incomplete ductal clearance

3. Lithotripsy for large bile duct stones

4. Preoperative biliary drainage in malignant biliary obstruction
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5. Therapy for benign intrahepatic cholestasis
6. Treatment of biliary adverse events following surgery

7.1.2 Contraindications to ENBD

1. Contraindications include those specific to ERCP.
2. Severe esophageal and gastric varices.

7.2 Endoscope Requirements

7.2.1 Duodenoscopes

Therapeutic duodenoscopes with a working channel of larger than 2.8 mm are
needed for the procedure of ENBD.

7.2.2 Guidewires

During ERCP, guidewires are used for cannulation and for achieving and maintain-
ing access to the bile duct. And they are also used for placing and exchanging
devices. A variety of guidewires are currently available, and these vary in materials,
length, diameter, and design to optimize performance. A 0.035 inch guidewire
(400 cm in length) is needed for the insertion of the nasobiliary catheters.

7.2.3 Nasobiliary Catheters (Fig. 7.1)

Nasobiliary catheters are polyethylene tubes (250 cm in length) of 5-7-French
gauge, with some shaping of the distal end or tip to prevent dislocation. Multiple tip
configurations are available. Common configurations are straight and pigtail. The
straight tip can be inserted into the hepatic duct, while the pigtail tip is suitable for
a dilated common bile duct. Pigtails (especially in 7-French tubing) do not reform
well unless the duct is dilated. The pigtail tip has to be straightened over a guidewire
before insertion and remain straightened within the endoscope during cannulation.
There is a preformed alpha curve loop about 15 cm from the tip which corresponds
to the loop of the duodenum. Multiple side holes are placed over the distal 10 cm of
the catheter to facilitate drainage, and the proximal end is connected to a drainage
bag. A nasal transfer tube is needed for rerouting the tube from the mouth to the
nose. A connecting tube is needed for gravity drainage.
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Fig. 7.1 (a) A straight-tip nasobiliary catheter; (b) a straight-tip nasobiliary catheter inserted into
the hepatic duct; (c) a pigtail-tip nasobiliary catheter; (d) a pigtail-tip nasobiliary catheter inserted
into the common bile duct

7.3 Procedures

During ERCP, a 0.035 inch guidewire is used to achieve deep cannulation of the bile
duct. The guidewire helps to bypass the bile duct strictures or obstructing stones and
to position the tip of the nasobiliary catheter deep in the bile duct. Then the nasobiliary
catheter is inserted into the bile duct over the guidewire with or without a prior
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Fig. 7.2 The oral-nasal transfer process of nasobiliary catheter

sphincterotomy. Under fluoroscopic monitoring, slowly advance drainage catheter to
the desired position in biliary duct above obstruction. Anchorage of the catheter within
the bile duct is provided by the pigtail tip or by hooking the bent tip into one of the
intrahepatic ducts. Once the nasobiliary catheter is in the desired place, the endoscope
is withdrawn slowly from the patient while simultaneously advancing the catheter.
This exchange will make sure that the catheter and guidewire are staying in the right
place of the bile duct. When the endoscope is retrieved to the stomach, additional
advancement of the nasobiliary catheter allows it to be in a long position along the
greater curvature, which allows a safety margin so that the tube is not accidentally
dislodged during endoscope withdrawal and oral-nasal transfer (Fig. 7.2). The whole
procedure is performed under fluoroscopic control to avoid excess looping of the cath-
eter in the stomach and duodenum, since loop formation may cause the intraductal
portion to be dislodged. After the endoscope is removed from the patient, a nasal trans-
fer tube is inserted through a nostril and brought out through the mouth. The end of the
nasobiliary catheter is inserted into this tube, and then the nasobiliary catheter together
with the nasal transfer tube is pulled back through the nose. The loop in the posterior
pharynx is straightened to avoid kinking. The final position of the nasobiliary catheter
is checked under fluoroscopy. The catheter is taped onto the nose and face for anchor-
age. The proximal end is then connected to a drainage bag. The endoscopists need to
check the amount and color of the bile in the drainage bag after the procedure.

7.4 Clinical Applications

7.4.1 Urgent Drainage for Suppurative Cholangitis

Patients presenting with acute cholangitis caused by stone obstruction of the biliary
system carry a significant morbidity and mortality, especially in elderly patients.
Complete biliary obstruction and infection may lead to suppurative cholangitis. The
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raised intrabiliary pressure leads to cholangiovenous reflux resulting in septicemia
and shock with an increased risk of fatality. Conservative treatment with antibiotics
is poorly effective for these patients. Decompression of the biliary system is manda-
tory. Before the introduction of ERCP and endoscopic drainage, the mortality rate of
operation for acute suppurative cholangitis was around 40%. The clinical outcomes
have been improved with urgent endoscopic biliary decompression using a nasobili-
ary catheter or a biliary stent. In 1989, emergency ENBD was shown to be effective
in controlling sepsis of patients presenting with suppurative cholangitis [1]. Since
then, ERCP has established its role in urgent drainage for suppurative cholangitis.
Patients with coagulopathy due to prolonged cholestasis have a high risk of compli-
cations after biliary sphincterotomy. ENBD can be achieved without a sphincterot-
omy, thus avoiding the risk of bleeding in patients with coagulopathy. It has been
shown by a randomized controlled trial that ENBD is a safe and effective measure
for the initial control of severe acute cholangitis due to choledocholithiasis and to
reduce the mortality associated with the condition, when compared with emergency
open surgery and CBD exploration [2]. Sphincterotomy and stone extraction can be
performed after sepsis is controlled. With successful drainage of the biliary system,
abdominal pain and fever subside, and the patient’s hemodynamic status stabilizes.
The mortality rate of cholangitis has been brought down to 5-8% in recent years.

There are several randomized controlled trials comparing ENBD and endoscopic
retrograde biliary drainage (ERBD) by using a plastic biliary stent in patients with
acute suppurative cholangitis. The results showed that endoscopic biliary decom-
pression, either by ENBD or ERBD, was equally effective for patients with acute
suppurative cholangitis caused by bile duct stones. There is no significant difference
in the success rate, effectiveness, and complications between the two procedures
[3-6]. ENBD suffers the disadvantage of patient discomfort and risk for dislodge-
ment; thus it is mainly selected for the patients with multiple biliary strictures, hem-
orrhage tendency, and excessive purulent bile in Western countries. Advantages of
ENBD over internal stents are the ability to obtain noninvasive cholangiograms and
cholecystogram and to provide irrigation for hemobilia, mucin, or debris. In the
authors’ center, we currently still prefer ENBD for urgent decompression for
patients with acute suppurative cholangitis. On the other hand, the internal stent is
associated with less postprocedure discomfort and avoidance of the potential prob-
lem of inadvertent removal of the nasobiliary catheter. The major drawback of inter-
nal stent is that its patency and adequacy of drainage cannot be monitored.
Furthermore, a higher rate of blockage and more frequent hyperamylasemia in the
ERBD group has been found [4, 6]. Thus, the choice of endoscopic drainage, ENBD
or ERBD, depends on the specific circumstances of each patient.

7.4.2 Temporary Drainage for Incomplete Ductal Clearance

After successful cannulation and decompression of the bile duct is achieved, there
are several potential strategies in the treatment of bile duct stones. A one-step
approach with endoscopic sphincterotomy and stone extraction is the treatment of
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choice for patients with stable clinical conditions. A prospective randomized study
has assessed whether routine ENBD improves the clinical course in patients with
choledocholithiasis-induced acute cholangitis after clearance of choledocholithia-
sis. The results showed that a routinely inserted ENBD tube did not improve the
clinical course, despite patients having to endure increased procedure time and dis-
comfort, and the insertion would therefore be unnecessary [7]. However, in patients
with large or multiple common bile duct stones and failure of complete clearance of
the stones, insertion of a nasobiliary catheter prevents stone impaction and provides
drainage for the biliary system [8]. Complete ductal clearance is also difficult for
patients with poor cardiopulmonary function, while the complication rate of ERCP
and stone extraction is high. During the first ERCP, complete ductal clearance may
only be achieved in 57-85% of patients [9]. Prolonged procedure and increasing
sedation pose unnecessary challenges to these patients. For patients that are not suit-
able for prolonged endoscopic intervention, temporary ENBD followed by elective
ERCP and stone extraction is recommended. Continuous bile duct irrigation via the
nasobiliary catheter may be useful for management of patients with purulent chol-
angitis. Post-sphincterotomy cholangitis can occur in patients with failed or incom-
plete stone extraction. In patients with uncertain duct clearance, a check
cholangiogram can be performed via the nasobiliary catheter. Through successful
drainage, stone extraction can be achieved after the edema around the sphincterot-
omy has settled. The nasobiliary catheter can be safely removed without the need
for a repeat ERCP [10].

7.4.3 Lithotripsy for Large Bile Duct Stones

Large bile duct stones, particularly those larger than 2 cm in diameter, are difficult
to remove and usually need stone fragmentation prior to removal with baskets or
balloons. There are many methods for stone fragmentation, including mechanical
lithotripsy using metal baskets, intraductal electrohydraulic or laser lithotripsy, and
extracorporeal shock wave lithotripsy (ESWL) [11-13]. The process of lithotripsy
generates a lot of stone fragments which tend to obscure the endoscopic view.
Furthermore, stone fragments may cause bile duct impaction and subsequent chol-
angitis. A nasobiliary catheter inserted into the common bile duct may be useful
during fragmentation of large stones. Flushing the bile ducts with normal saline via
the nasobiliary catheter removes the stone fragments and debris generated during
the process of stone fragmentation and hence provides a clear endoscopic view.
Adequate immersion of the probe and stones in normal saline is also necessary
for effective electrohydraulic lithotripsy. In cases in which the stone is impacted
within the bile duct, it is important to ensure the bile drainage by placing a nasobili-
ary catheter to avoid subsequent cholangitis. A pernasal cholangiogram by inject-
ing contrast through the nasobiliary catheter helps to localize the bile duct stones
in patients undergoing ESWL. The indwelling nasobiliary catheter also serves to
drain the biliary system and prevents acute cholangitis after lithotripsy. Endoscopic
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papillary balloon dilatation (EPBD) has been reported to increase the risk of post-
ERCP pancreatitis (4—11%). Application of ENBD after EPBD prevents pancreatic
duct obstruction by residual stones or papillary edema and decreases the incidence
of post-ERCP pancreatitis [14, 15]. In the event that the stone is too large and endo-
scopic stone extraction fails, a nasobiliary catheter needs to be placed and additional
endoscopic attempts can be performed at a later time.

7.4.4 Preoperative Biliary Drainage in Malignant Biliary
Obstruction

Malignant biliary obstruction (MBO) is most frequently encountered in the setting
of pancreatic adenocarcinoma, followed by cholangiocarcinomas, ampullary ade-
nocarcinoma, duodenal adenocarcinoma, gallbladder adenocarcinoma, lymphoma,
and compressive metastatic proximal lymph nodes [16]. The highest incidence of
MBO is in Asia. The prognosis of MBO is poor with a median survival of 1-4 years
after surgery [17]. Obstructive jaundice resulting from MBO may serve as the initial
sign of disease, such as in the classic presentation of painless jaundice in pancreatic
adenocarcinoma. Obstructive jaundice may lead to coagulopathy, abnormal liver
function, and pre- or postoperative cholangitis. As the disease develops, other com-
plications may occur, such as renal dysfunction and hepatic failure. The only cura-
tive treatment for MBO is surgical resection. However, both pancreatic cancer and
cholangiocarcinoma usually progress to an advanced stage at diagnosis when radi-
cal surgery is contraindicated. Treatment goals for these patients include downstag-
ing of the tumor with chemoradiotherapy or strictly palliative measures. Biliary
drainage is recommended to resolve jaundice, improve clinical outcomes, and
reduce postoperative complications. Functional impairment caused by jaundice
increases the risk of surgery; therefore, preoperative biliary drainage (PBD) has
been suggested. There are three types of biliary drainage: ENBD, ERBD, and per-
cutaneous transhepatic cholangial drainage (PTCD). A lot of studies have assessed
the outcomes of the different types of biliary drainage in MBO patients. Kumar
et al. [18] prospectively compared the efficacy of endoscopic drainage for severe
acute cholangitis in biliary obstruction as a result of malignant and benign diseases.
They found endoscopic biliary drainage is equally effective in patients with either
malignant or benign biliary diseases. PTCD is not recommended as the first choice
of biliary drainage due to the risk of tumor seeding and other adverse events, in
addition to the patient discomfort caused by such invasive treatment [19]. Lin et al.
[16] performed a meta-analysis to compare the safety and efficacy of ENBD and
ERBD in MBO treatment, showing that ENBD is better than ERBD for MBO in
terms of the preoperative cholangitis rate, the postoperative pancreatic fistula rate,
the incidence of stent dysfunction, and morbidity. A multicenter retrospective study
was conducted to determine the optimal method of endoscopic preoperative biliary
drainage (ENBD or ERBD) for malignant distal biliary obstruction. The results
showed that ENBD/ERBD shared the same jaundice resolution rate (85%). However,
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stent/catheter dysfunction rate was higher in the ERBD group (35%) than in the
ENBD group (18%), suggesting that ERBD has insufficient patency for PBD [20].

However, the role of biliary drainage in patients who will undergo pancreatico-
duodenectomy for biliary obstruction remains controversial. The choice of biliary
drainage is also affected by the location of MBO. Sugiyama et al. [21] assessed the
use of preoperative drainage for distal biliary obstruction and demonstrated that
PBD should not be routinely performed because of higher risk for postoperative
complications. PBD should only be considered in carefully selected patients, par-
ticularly in those whose surgery had to be delayed. PBD may be needed in patients
with severe jaundice, concomitant cholangitis, or severe malnutrition. The optimal
method of biliary drainage has yet to be confirmed. PBD should be performed by
endoscopic routes rather than by percutaneous routes to avoid metastatic tumor
seeding. ENBD or ERBD can be selected. Van der Gaag et al. [22] reported a ran-
domized trial of 202 patients demonstrating that preoperative biliary drainage with
stents was linked to increased complications compared to surgery alone in resect-
able pancreatic cancer. This study suggests PBD for distal biliary obstruction is not
recommended except for treatment of cholangitis or intractable pruritus.

Treatment of distal MBO is typically managed by an endoscopically placed sin-
gle biliary prosthesis, whereas hilar MBO can be more challenging to manage due
to the need to access the left and right systems of the biliary tree. Hilar cholangio-
carcinoma is a tumor of the extrahepatic bile duct involving the left main hepatic
duct, the right main hepatic duct, or their confluence. Biliary drainage in hilar chol-
angiocarcinoma is sometimes clinically challenging because of complexities asso-
ciated with the level of biliary obstruction. This may result in some adverse events,
especially acute cholangitis. Hence the decision on the indication and methods of
biliary drainage in patients with hilar cholangiocarcinoma should be carefully eval-
uated. Under certain conditions such as right lobectomy for Bismuth type IIIA or IV
hilar cholangiocarcinoma, or preoperative portal vein embolization with chemora-
diation therapy, PBD should be strongly recommended. Several studies compared
the outcomes of ENBD, ERBD, and PTCD in patients with hilar cholangiocarci-
noma. Jo et al. reveals that PTCD, ERBD, and ENBD showed comparable results
regarding initial technical success rates, complication rates, and surgical outcomes
[23]. However, ENBD was significantly associated with a lower risk of biliary rein-
tervention [24]. Drainage tube occlusion with cholangitis was a frequent
complication of ERBD. PTCD was associated with serious complications such as
vascular injury and cancer dissemination. Thus, ENBD proves to be the most appro-
priate method for initial PBD management in patients with hilar cholangiocarci-
noma [25-27].

In patients with suspicious malignant biliary strictures, ENBD cytology may be
used to assist the pathological diagnosis. Bile cytology via an ENBD tube is often
performed, in addition to aspirated bile cytology, brush cytology, and forceps
biopsy, during the initial ERCP. Yagioka et al. [28] assessed the sensitivities of vari-
ous sample acquisition methods in 214 patients with malignant biliary strictures.
The results showed that the sensitivities were as follows: 30% (28/93) for aspirated
bile cytology, 48% (62/130) for brush cytology, 41% (47/114) for forceps biopsy,
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and 24% (19/79) for ENBD cytology. Although the sensitivity was inferior to that
of the other methods used, ENBD cytology may contribute to the improvement of
the total diagnostic sensitivity for malignancy.

7.4.5 Therapy for Benign Intrahepatic Cholestasis

Benign recurrent intrahepatic cholestasis (BRIC) is a rare disease characterized by
repeated episodes of cholestasis and pruritus. It is an autosomal recessive disorder
associated with the mutation of two hepatic transporter genes: the ATPSB1 gene,
coding for familial intrahepatic cholestasis-1 (FIC1; BRIC type 1), and the ABCB11
gene, coding for the bile salt export pump (BSEP; BRIC type 2). Pruritus and jaun-
dice are the only subjective symptoms, and cholestasis generally improves within a
few months. The therapeutic aim is to relieve pruritus and other complications of
severe cholestasis until the episode resolves spontaneously. Ursodeoxycholic acid is
used as the first-line treatment for jaundice and pruritus in most cases of BRIC, but
it is not necessarily effective. Several studies have demonstrated that ENBD is
highly effective in the treatment of jaundice and pruritus in BRIC [29, 30]. ENBD
forces external bile drainage, blocks the enterohepatic circulation, and results in the
subsequent restoration of the function of bile excretion transporters. It suggests that
patients with BRIC attacks can be treated with temporary ENBD.

Pruritus is a common and prominent symptom of cholestatic diseases such as
primary biliary cholangitis (PBC), primary sclerosing cholangitis, and other less
common cholestatic conditions including BRIC, progressive familial intrahepatic
cholestasis, and drug-induced liver injury. A retrospective multicenter European
study assessed the efficacy of nasobiliary drainage in relieving cholestatic pruritus
[31]. The median duration of ENBD was 7 days. Pruritus was decreased in 89.6%
of cases, suggesting ENBD is effective in relieving cholestatic pruritus. Prospective
studies are needed to confirm these findings.

7.4.6 Treatment of Biliary Adverse Events Following Surgery

Biliary adverse events are relatively common following biliary and liver surgery,
including cholecystectomy, hepatectomy, and liver transplantation. Bile duct injury
during surgery may cause bile leak, biliary strictures, hemobilia, and so on. These
complications result in morbidity and mortality following surgery. Endoscopic
management remains to be the first choice for these biliary adverse events associ-
ated with surgery.

Bile leaks may result from various conditions after biliary and liver surgery.
Patients usually present with persistent bile drainage or formation of a biloma.
Clinically significant bile leak after surgery is a serious complication and poses dif-
ficulties in management. Surgery or PTCD has been used to treat bile leaks after
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surgery. However, surgical repair has a higher rate of adverse events and death, and
PTCD has a lower rate of success. ERCP is a safe and effective treatment for bile
leakage. Several studies have reported the use of ERCP for the endoscopic treat-
ment of bile leakage, with a success rate of approximately 65-80% [32-34]. ENBD
or ERBD which bypasses the sphincter may serve to decompress the biliary system
and reduce the bile flow through the leak site. This contributes indirectly to the heal-
ing of the leak. A small leak can be closed off easily by ENBD for a few days.
Closure of the leak can be monitored by repeating cholangiography, low pressure
suction can be applied, and the removal of ENBD tube does not require an addi-
tional endoscopy [35]. Bile leak associated with CBD damage may require drainage
for several weeks. Since ENBD is not proper for long-term drainage, ERBD is often
performed after initial emergency ENBD for these patients.

Hemobilia is an uncommon biliary complication after liver transplantation. Park
et al. [36] investigated the frequency of spontaneous hemobilia after liver transplan-
tation and assessed the outcomes of endoscopic management. The results showed
that the frequency of spontaneous hemobilia was 1.22% (33/2701). ENBD was
achieved in all 33 cases (100%). In 29 of 33 patients (87.9%), hemobilia was
improved. Thus ENBD is a feasible method for the management of spontaneous
hemobilia after liver transplantation.

7.5 Complications of ENBD

ENBD is a rather safe procedure, with patient discomfort and risk for dislodgement
being the main disadvantages. Patients may complain of retropharyngeal discom-
fort. Most patients can tolerate the nasobiliary catheter well and consume a normal
diet. The insertion and rerouting of the nasobiliary catheter through the nose may be
difficult in septic patients with confusion. The catheter may be pulled out either
accidentally or intentionally by the unconscious or uncooperative patient. In such
cases, the catheter needs to be carefully taped onto the nose and face for anchorage,
and the patients need to be constrained. In patients that require prolonged drainage,
the fluid and electrolytes loss through the external drainage could be a potential
problem for patients. Thus, ENBD is not proper for long-term external drainage.
Improper positioning of the nasobiliary catheter, such as excessive looping in the
stomach and duodenum, may cause the intraductal portion to be dislodged.
Furthermore, kinking of the catheter in the posterior pharynx due to improper
rerouting technique may result in failed drainage. Thus, the whole procedure needs
to be performed under fluoroscopic control. The final position of the nasobiliary
catheter needs to be checked under fluoroscopy after the procedure.

Severe complications of ENBD are extremely rare. Furuzono et al. [37] reported
a case of cannulation and placement of an ENBD tube in the portal vein during
ERCP and sphincterotomy. Immediate withdrawal of the tube inserted in the portal
vein did not cause serious bleeding. Yu et al. [38] reported a case of gangrene of
cystic duct due to the insertion of ENBD tube into the cystic duct by mistake. The
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patient experienced right upper quadrant pain, along with fever, shivering, hypoten-
sion, jaundice, and leukocytosis, and then received emergency surgical exploration
subsequently. Therefore, the location of the catheter must be repeatedly checked to
avoid such complications.
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Abstract Endoscopic ultrasound (EUS) is used to obtain ultrasound images from
the gastrointestinal (GI) lumen by inserting an endoscope with a US transducer
mounted at the tip. Recently, electronic scanning EUS has been developed, mark-
edly improving the quality of conventional B-mode images. Moreover, EUS comes
with various functions, including tissue harmonic imaging, Doppler function, elas-
tography, and contrast harmonic echo using contrast agents. There are two types of
EUS: the radial scanning (RS) and the curved linear array (CL). CL is now widely
used for not only the pathological diagnosis through the collection of specimens
but also various therapeutic applications. To perform both radial and curved array
EUS, visualization of the target is necessary. Moreover, the EUS technique is oper-
ator dependent, and an operator must acquire a certain level of skill including inter-
ventional procedures. Nowadays, there are some training models which include
living animal, ex vivo animal model, phantom, and computer-based simulator that
are developed. With the expansion of indications, more complex skills will be
required for EUS procedures, and appropriate training systems will play an increas-
ingly vital role.
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8.1 Introduction

8.1.1 Endoscopic Ultrasound

Endoscopic ultrasound (EUS) is used to obtain ultrasound (US) images from the
gastrointestinal (GI) lumen by inserting an endoscope with a US transducer mounted
at the tip. Compared with abdominal US, EUS produces fewer artifacts from gas in
the GI tract and provides superior images with high spatial resolution [1-3]. For this
reason, EUS is considered to be an important modality for the diagnosis of pancre-
aticobiliary diseases. The utility of EUS has been noted in the differential diagnosis
of tumors and the visualization of small lesions [4, 5]. EUS is also extremely useful
in the visualization of nodules and the septum within a cyst in pancreatic cystic
diseases [6, 7]. It can also be used for tumor staging, particularly in the visualization
of vascular invasion and enlarged lymph nodes [8].

EUS has been used mostly for diagnostic purposes through observation and visu-
alization. However, with the advent of curved linear array (CL) echoendoscopes,
EUS is now widely used for the pathological diagnosis of tumors through the col-
lection of specimens or the so-called endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA) [9—12]. Because of its high sampling and diagnostic accu-
racy rates and low incidence of accidental injury, EUS-FNA is used for the histo-
pathological diagnosis of various conditions. The interventional applications of
EUS-FNA are not limited to pancreatic cyst drainage but have been expanded to
biliary and pancreatic ductal drainage and approaches. Similarly to endoscopic
ultrasound-guided celiac plexus neurolysis, EUS-FNA is also used for the localized
injection of medications to treat pain.

However, although EUS plays a central role in the diagnosis of pancreaticobili-
ary diseases, the procedure is largely operator dependent. Moreover, interventional
EUS requires a high level of technical skill. In this chapter, we provide an appraisal
of EUS in terms of the techniques, educational aspects, and training models used for
this important procedure.

8.1.2 Equipment
8.1.2.1 Echoendoscope

EUS scopes can be classified into two types: radial (Fig. 8.1a) and linear (Fig. 8.1b)
types. A radial echoendoscope (RS) produces images by transmitting a US signal
radially from the transducer in the center, whereas a CL produces US images in a
plane parallel to the long axis of the echoendoscope. The advantages of using an RS
are the 360° scanning range and the ease of obtaining long axis images of the pan-
creas, bile duct, and gallbladder. In contrast, the scanning range of a CL is limited;
its field of view ranges from 180° to 270°, which is narrower than that of an RS
(Table 8.1). However, with a CL, the EUS needle can be advanced from the distal
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Fig. 8.1 Echoendoscope. (a) Radial echoendoscope. (b) Curved linear echoendoscope. (c)
Forward-viewing echoendoscope

Table 8.1 Advantages and disadvantages of radial and curved linear array endoscopic ultrasound

Radial array Curved linear array

Advantages The scanning range is 360° Histological diagnosis is possible
The pancreas and bile duct are The junction between the pancreatic
easily seen as a longitudinal and | head and the pancreatic body can be
continuous image seen from the stomach

The aorta, celiac artery, and superior
mesenteric artery

(SMA) are easily seen in a single
longitudinal image

Disadvantage Histological diagnosis is not The scanning range is from 180° to
possible 270°
Operator dependent Images of the pancreatic body and tail

easily become cross-sectional images
A continuous image of the bile duct,
cystic duct, and gallbladder is difficult
to capture
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tip of the echoendoscope in the same plane as the US image. This allows for the
simultaneous visualization of the target lesion and the EUS needle as it is advanced
[13]. Although most CL are oblique viewing, forward-viewing linear echoendo-
scopes have also been developed in recent years and have been clinically applied
(Fig. 8.1c) [14, 15]. Although the scanning range is small, treatment accessories
extend straight from the channel, which is reportedly useful in interventional
procedures.

Several manufacturers market echoendoscopes, but these echoendoscopes all
have different tip diameters and frequencies. Therefore, it is important to fully
understand the characteristics of each product. According to a randomized con-
trolled trial that compared RS and CL in terms of observation and visualization,
both types had the same level of visualization capabilities; however, the RS was
superior in the visualization of the papillary area and gallbladder, whereas the CL
was superior in the visualization of the pancreatic neck and celiac artery as well as
the upper mesenteric artery [16].

8.1.2.2 EUS Processors

When EUS was first developed, it used only a mechanical scanning method.
Recently, however, electronic scanning EUS has also been developed, markedly
improving the quality of conventional B-mode images. Moreover, the US proces-
sors sold for use with EUS come with various functions, including tissue harmonic
imaging to produce images with fewer artifacts, Doppler to provide information on
blood flow, elastography to visualize tissue stiffness, and contrast harmonic echo to
allow detailed observation of blood flow in the tissue with the use of US contrast
agents.

8.1.2.3 FNA Needles and Devices for Interventional EUS

EUS-FNA procedures require a needle. Needles are available in different outer
diameters, namely, 19-gauge, 22-gauge, and 25-gauge needles. Some of the needles
used in EUS-FNA have side holes or a core trap at the tip. The 25-gauge needle is
easy to insert through the accessory channel and is superior in terms of the ease of
pass in locations where an echoendoscope needs to be bent to target a lesion, such
as when puncturing via the transduodenal route. The drawback of the 25-gauge
needle is the limited amount of tissue samples it can collect because of its very small
diameter. On the other hand, the 19-gauge needle can collect larger amounts of tis-
sue samples but is inferior in terms of the ease of insertion through the channel and
pass owing to its larger diameter [17, 18].

When performing interventional EUS, particularly drainage, it is ideal to use
therapeutic accessories specifically designed for the procedure, including tools used
for dilation of the transmural tract and drainage tubes. However, there are currently
few dedicated accessories that are available for EUS-guided drainage.
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8.1.3 EUS-FNA and Interventional EUS Procedures

Since the first report of Vilmann et al. [9] regarding the use of linear EUS for the
tissue diagnosis of pancreatic tumors, the indications for linear EUS have expanded
to include the histological diagnosis of various diseases. Moreover, a study in 1992
reported on the EUS-guided drainage of a pancreatic pseudocyst [19].

Diagnostic EUS-FNA is often indicated for the definitive histopathologic diag-
nosis of lesions in cases of pancreatic tumors, gastrointestinal submucosal tumors,
and lymphadenopathy and in cases where tissue diagnosis may influence the subse-
quent treatment. On the other hand, EUS-FNA is contraindicated in the following
cases: (1) when a target cannot be visualized by EUS, (2) when blood vessels in the
needle path cannot be avoided, and (3) when a bleeding tendency is noted. In patients
who are taking oral antithrombotic drugs, careful considerations should be given to
all pertinent factors, including drug discontinuation, to determine whether or not
EUS-FNA is feasible. Lesions such as paragangliomas may cause an elevated blood
pressure when passed and thus need to be identified before performing FNA [20].

There are various kinds of EUS-FNA needles that are commercially available.
Needles with a larger diameter may be more difficult to insert into the channel of an
echoendoscope and pass through a target, although they can collect a larger amount
of tissue samples. After the needle tip reaches a target, the stylet is removed, and the
needle is moved to and fro within the target, while negative pressure is applied to
collect tissue samples. Regarding the needle movement within a target, the fanning
technique changes the direction of a needle within a lesion by the movements of the
elevator and echoendoscope to collect tissue. Various clinical trials have been con-
ducted to determine the optimal method of collecting tissue samples. The focus of
these trials has been on whether to use a stylet or not [21] or whether to sample with
or without suction [22, 23], among others. However, a prevailing consensus has not
been obtained for any of these methods; thus, further investigation is necessary.

The diagnostic accuracy of EUS-FNA is in fact high ranging from 88 to 95% as
reported by most studies [24—-26]. Its common complications include bleeding, per-
foration, and pancreatitis, but the rate of complications is only from 1 to 3% [25-28],
and, therefore, EUS-FNA is considered to be a safe procedure. Although needle
tract seeding after FNA of a malignant lesion has been reported [29-31], the inci-
dence is extremely low.

EUS-guided interventions are divided into two types: (1) drainage (Table 8.2) and
(2) injection. There are several types of drainage procedures, namely, pancreatic pseu-
docyst drainage, biliary drainage, pancreatic duct drainage, and pelvic abscess drain-
age. In all of these procedures, needle puncture is performed, followed by dilation of
the transmural tract and placement of a stent or a drainage tube at the target site.

Among all linear EUS-guided drainage procedures, drainage of pancreatic pseu-
docysts is performed most frequently. Recently, the usefulness of endoscopic necro-
sectomy has also been reported for the treatment of walled-off necrosis following
necrotizing pancreatitis [32, 33]. In this procedure, the transmural tract is dilated,
and a forward-viewing endoscope is advanced directly into the necrotic cavity to
remove the necrotic material.
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Table 8.2 EUS-guided drainage technique Pancreatic cyst drainage

— Pseudocyst

— Walled-off necrosis

Biliary drainage

— Choledocoduodenostomy

— Hepaticogastrostomy

— Antegrade stenting

— Rendezvous technique
— Gallbladder drainage
Pancreatic drainage

— Pancreaticogastrostomy

— Pancreaticoduodenostomy

— Antegrade stenting

— Rendezvous technique

Pelvic abscess drainage

EUS-guided biliary drainage is a useful alternative to endoscopic retrograde
cholangiopancreatography (ERCP) or percutaneous biliary drainage in cases of dif-
ficult endoscopic insertion, such as those with intestinal obstruction and surgically
altered anatomy, and in cases of difficult transpapillary biliary cannulation. EUS-
guided biliary drainage is performed by either EUS-guided choledochoduodenos-
tomy to puncture the bile duct from the duodenal bulb or EUS-guided
hepaticogastrostomy (EUS-HGS) to puncture the intrahepatic bile duct from the
stomach. The EUS-HGS technique is applied to EUS-guided antegrade stenting, in
which a guidewire is introduced anterograde from the intrahepatic bile duct across
a stenosis for stent placement. Additionally, an EUS-guided rendezvous technique
is used for difficult biliary cannulation. In EUS-guided rendezvous drainage, the
bile duct is punctured, and a guidewire is advanced across the papilla. Then, while
the guidewire is left in place, the echoendoscope is replaced with a duodenoscope,
which is inserted into the channel to perform biliary cannulation.

EUS-guided pancreatic duct drainage is performed in the same manner as EUS-
guided biliary drainage. However, the pancreatic duct drainage requires a higher
level of technical skill because dilation of the pancreatic parenchyma is difficult.
Moreover, the pass route from the transmural tract tends to have a steep angle at the
main pancreatic duct.

8.2 Educational Aspects

8.2.1 Standard Visualization Technique

To perform both radial and curved array EUS, visualization of the target is neces-
sary. The EUS-guided observation technique is operator dependent, and an operator
must start with the acquisition of a certain level of skill and a proper visualization
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technique to make an accurate diagnosis. Factors contributing to the difficulty in
performing EUS-guided observation include the following: (1) the operator needs
to maneuver the echoendoscope while watching the ultrasound images; (2) the
images are not endoscopic images, making it difficult to check the orientation of the
US transducer within the GI lumen; (3) the images obtained can change greatly by
subtle movement of the echoendoscope; and (4) it is difficult to grasp the three-
dimensional positioning within the GI lumen.

For EUS visualization, standard techniques for radial EUS and linear EUS were
reported in 2003 and 2007, respectively [34, 35]. In the report, radial EUS tech-
niques can be performed via the transgastric and transduodenal approaches. The
transduodenal approach involves pull and push maneuvers. The pull maneuver
employs the ERCP stretch technique to make an observation from the pancreatic
head, whereas the push maneuver involves the pushing of the EUS scope through
the stomach and its advancement across the pylorus to be maneuvered from the
duodenal bulb. Specifically, the pull maneuver from the descending limb of the
duodenum is divided into the longitudinal method and transverse method
(Fig. 8.2a, b). The longitudinal approach uses the up angle to initially obtain a lon-
gitudinal image of the aorta before maneuvering the scope. The transverse approach
obtains a transverse image of the aorta without using the up angle.

Linear EUS techniques can also be divided into the transgastric and transduode-
nal approaches. As with radial EUS, the transduodenal approach involves pull and
push maneuvers (Fig. 8.3a, b). In both radial EUS and linear EUS, the orientation of
the transducer in the duodenal approach changes between the pull and push maneu-
vers, which may alter the positional relationship on the EUS images displayed on
the monitor.

Taken together, a thorough knowledge of the standard visualization techniques is
very essential in mastering the skills required to perform EUS-guided procedures.

Fig. 8.2 Scanning of the pancreatic head from the duodenum by radial EUS. (a) Longitudinal
method. Uses the up angle to obtain a longitudinal image of the aorta. (b) Transverse method (P
pancreatic head, Ao aorta, /VC inferior vena cava, SMV superior mesenteric vein)
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Fig. 8.3 Scanning of the pancreatic head from the duodenum by linear EUS. On the image, the
left and right directions are opposed. (a) Push method. (b) Pull method. (P pancreatic head, PV
portal vein, BD bile duct, PD pancreatic duct)

8.2.2 Training and Learning Curve

To master EUS observation and FNA techniques, proper training and learning
opportunities are necessary. The number of cases required for training varies depend-
ing on the technical competence of each trainee. Studies have been conducted to
explore learning curves for acquiring an adequate level of skills and expertise.

The American Society for Gastrointestinal Endoscopy (ASGE) recommends that
for comprehensive competence in all aspects of EUS, at least 150 supervised EUS
procedures should be performed; 50 of them must be EUS-FNA, and at least 75
should include pancreaticobiliary indications. More specifically, these guidelines
recommend that for pancreatic EUS-FNA competence, the trainee should be com-
petent in performing pancreaticobiliary EUS and must have performed at least 25
supervised FNAs of pancreatic lesions [36].

Therefore, it is essential that trainees carry out a sufficient number of procedures
under the supervision of an attending doctor to master EUS techniques.

Wani et al. [37] in their study of prospectively defining learning curves in EUS
among advanced endoscopy trainees observed a substantial variability in achieving
competency and a consistent need for more supervision in all advanced endoscopy
trainees than current recommendations (150 cases). Mohamad et al. [38] addressed
the importance of a proper training program to master the techniques for performing
EUS-FNA in pancreatic tumors. Wasan et al. [39] investigated the EUS training
status in multiple facilities and reported that most EUS operators are in academic
practice. Those with advanced training obtained higher training volumes and per-
form higher volumes of EUS. The majority of respondents felt well trained regard-
less of the training type and the number of procedures performed during the
training.
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To master the techniques for performing EUS procedures, proper training is a
must. This should be performed under the supervision of an attending doctor who
possesses sufficient levels of technical skills and proficiency.

8.2.3 Training Models

Currently, most facilities and endoscopists conduct EUS training in actual clinical
settings. Clinical training is certainly important; however, when considering recent
medical circumstances, it may be necessary to use training models first, rather than
using patients from the start. In fact, various EUS training models have been
reported, and their utility has been demonstrated. These models include live animal
models, ex vivo animal models, phantoms, and computer-based simulators.

Barthet [40] reported the utility of EUS training using living pig models. In 17
trainees who had undergone EUS training using living pig models, improvement
was observed in their EUS observation and FNA techniques after the training.

Ex vivo animal models are prepared from a combination of explanted animal
organs and artificial parts to overcome some limitations of living animal models.
The most well-known ex vivo model for endoscopy is the Erlangen Active Simulator
for Interventional Endoscopy (EASIE) (ECETraining GmbH, Erlangen, Germany)
[41, 42]. This was the first model to simulate spurting blood realistically, and it was
developed for therapeutic endoscopy training in 1997 [43]. The EASIE model is a
human-shaped mannequin consisting of an anatomical torso, a pivotal suspension
frame with an external perfusion system. This mannequin is adapted to connection
devices and fixation elements for topographically implanting the prepared special
swine organs.

The EUS visualization model (Ikuma model) (Fig. 8.4a) is one of the well-known
phantoms that is used for simulating real-life human anatomy. This model was
designed through collaboration between Olympus Corporation (Tokyo, Japan) and
Kyoto Kagaku (Kyoto, Japan). Structures, organs, and blood vessels surrounding
the gastric region can be viewed under EUS (Fig. 8.4b) [44]. It is considered to be a
good model for teaching the localization of structures and the navigation of
stations.

The GI endoscopic ultrasound training phantom (ATS Laboratories, Inc.,
Bridgeport, CT, USA) is also a well-designed phantom which provides training of
EUS-FNA procedure (Fig. 8.5a, b). This training phantom is a low-cost, practical,
hands-on, easy-to-use device. The target structures or spheres are continued within
a soft rubber-based tissue-mimicking material. The number, placement, and con-
trast of these spheres vary between the three models offered.

In recent years, a new training phantom for EUS-guided biliary drainage has
been developed. This model contains a bile duct created by 3D printing (Fig. 8.6a,
b) which allows passage and drainage of tube inserted, and its utility has been dem-
onstrated [45].
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Fig. 8.4 (a) EUS
visualization model (Ikuma
model) (Olympus Co.
Tokyo, Japan, and Kyoto
Kagaku, Kyoto, Japan). (b)
Structures, organs, and
blood vessels surrounding
the gastric region can be
viewed under EUS. (Panc
pancreas, SA splenic artery,
SV splenic vein)
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As for computer-based simulators, there are reports of the GI Mentor™
(Simbionix, Tel Hashomer, Israel), which is based on a flight simulator technology.
The simulator endoscope tip has a sensor that allows the computer to generate a
dynamic real-time endoscopic view according to the user’s movements. A module
for EUS (EUS Mentor) is available on the GI Mentor [46, 47]. The EUS Mentor
represents an addition to a computer-based endoscopic simulator platform and was
developed for radial and linear array EUS.

As described above, various EUS training models have been developed. However,
each model has its own advantages and disadvantages (Table 8.3). Living animal
models and ex vivo animal models provide a realistic sense of how to perform EUS
on living bodies, and these models are similar to living bodies in terms of actually
having blood flow. However, the use of living animal models and ex vivo animal
models also involves ethical concerns and requires special facilities and equipment.
Particularly for living animal models, a facility to perform veterinary anesthesia is
absolutely necessary. Furthermore, animal models are not anatomically the same as
humans. They are also costly and thereby not practical for repeated use in training.

Computer simulators are capable of creating various situations and are free from
ethical issues or the need for special facilities. However, they are expensive, and
EUS performed on a computer simulator does not provide a sense of reality com-
pared with a living body. To overcome these issues, phantoms have been developed.
Unlike computer simulators, phantoms can be created at a relatively low cost.
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Fig. 8.5 (a) GI endoscopic
ultrasound training
phantom (ATS
Laboratories, Inc.,
Bridgeport, CT, USA). (b)
Image of EUS-FNA using
GI endoscopic ultrasound
training phantom

However, they are still not realistic compared with living bodies. It is also difficult
to replicate a complete model for EUS procedures without blood flow. With further
advancement in technology, the emergence of new training models that can provide
a more realistic sense of how to perform EUS on living bodies is eagerly
anticipated.

8.2.4 Limitations of Training Models

With the expansion of indications, more complex skills will be required for EUS
procedures, and appropriate training models will undoubtedly play an increasingly
vital role. However, it is difficult to definitively assess whether these models are
truly useful for acquiring practical EUS skills, thus necessitating further investiga-
tions. In most of the studies that evaluated EUS training models, the results were
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Fig. 8.6 (a) 3D printing
model (Mumbai model) for
EUS-guided
hepaticogastrostomy.

(b) Hands-on training
using Mumbai model
(Courtesy by prof. Takao
Itoi, Tokyo Medical
University)

based only on questionnaire surveys and skill improvement observed over a short
period of time; therefore, additional studies are necessary. Despite the various train-
ing models that have been developed, many of these models are unfortunately not
practical to be used for daily EUS education. Moreover, shortages of facilities and
instructors capable of providing proper EUS training are a reality.

In conclusion, EUS is an essential modality for the diagnosis and treatment of
pancreaticobiliary diseases, and its role is expected to become increasingly vital.
However, effective EUS training systems are currently far from being established;
thus, further development and upgrading of such systems are required.
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Table 8.3 Characteristics of training models for endoscopic ultrasonography and endoscopic
ultrasonography-guided fine needle aspiration

Advantages

Disadvantages

Living animal model

Realistic

High cost

Ethical issues

Needs special facilities and
equipment

Anatomy is not completely the
same

Ex vivo model

Realistic
Lower cost than living animal
model

Longer preparation time
No vital tissue characteristics

Phantom Simple Not realistic
Easy to use Not actual anatomy or conditions
Minimal preparation
Reusable

Computer-based Easy to use High cost

simulator Reusable Not realistic
Feedback and alert function
Various situations are possible
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Chapter 9
Endoscopic Ultrasound-Guided Fine Needle
Aspiration and Biopsy

Check for
updates

Charilaos Papafragkakis, Sayam Thaiudom, and Manoop S. Bhutani

Abstract Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) and
biopsy (FNB) has been widely accepted as a fundamental procedure for the diag-
nosis and staging of lesions of the gastrointestinal tract or non-gastrointestinal
lesions within reach of the aspiration needle. EUS-FNA has been used in lesions
of the esophagus, mediastinal lesions, lymph node (LN) sampling, lung cancer
diagnosis and other less common conditions (such as tuberculosis and sarcoid-
osis), gastrointestinal subepithelial lesions, pancreatic solid cystic lesions and
neuroendocrine tumors, liver and bile duct lesions (such as cholangiocarcinoma
and hepatocellular carcinoma), rectal and pelvic lesion, and lesions of extra-gas-
trointestinal organs (such as the adrenals and the prostate). Continued improve-
ments in the technology and the technical aspects of EUS-guided FNA and FNB
aim to improve the diagnostic accuracy and sensitivity and at the same time reduce
the adverse events associated with the procedure. This chapter focuses on com-
mon technical aspects of EUS-FNA and FNB, such as the choice of needle and
use of the stylet and suction, and performs a short review of the current applica-
tions of EUS-guided FNA in gastrointestinal and extra-intestinal lesions, along
with a brief review of the adverse events that have been associated with the
procedure.
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9.1 Technical Aspects of Endoscopic Ultrasound-Guided
Aspiration and Biopsy

9.1.1 The Choice of Needle

The imaging plane of linear echoendoscopes allows acquisition of tissue by various
needles and devices (Fig. 9.1). Multiple needles have been marketed for use in
endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) and biopsy
(FNB), with different gauges, needle composition, penetration features, ability to
reshape after bending (metal memory properties), reverse bevel technology for his-
tology, and variable durability (Fig. 9.2). The appropriate needle in EUS-FNA/
FNB has been evaluated in multiple studies. The currently available needles are
listed in Table 9.1.

The choice of needle is largely dependent on the location and type of lesion. Two
meta-analyses of pancreatic EUS-FNA using 22 and 25 gauge needles demonstrated
increased sensitivity of the 25 gauge needle in the diagnosis of pancreatic malig-
nancy (93% vs. 85%, respectively, p =0.003) [1, 2]. Besides pancreatic lesions, solid
data comparing different needle types are lacking. In subepithelial lesions both the
22 and 25 gauge needles have shown similar diagnostic yield [3]. The use of a
19 gauge needle for pancreatic lesions is falling out of favor, mainly when a trans-
duodenal approach is preferred. A recent study compared the 22 gauge core needle
with the 25 gauge aspiration needle for the diagnosis of solid pancreatic lesions. The
proportion of adequate sampling was nearly 82% for the 25 gauge and 74% for the
FNB needle. The diagnostic yield was slightly higher for the FNB needle (77% vs.
75%). The FNB needle had 68% sensitivity compared to 60% of the FNA needle,
achieved, however, with fewer passes (1.7 vs. 3.5). The authors concluded that there
are nonsignificant differences in FNA versus FNB for diagnosing solid pancreatic
lesions [4]. A new 25 gauge FNB needle was studied in solid pancreatic, liver, bile
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Fig. 9.2 Types of needles used for EUS-FNA and FNB. Used with permission from Weston BR,
Bhutani MS. (2013) Gastroenterol Hepatol 9:352-363. (a) The BNX system with 19 gauge (G),
22G, and 25G needles allows multiple needle exchanges through the outer sheath. (Image courtesy
of Beacon Endoscopic and used with permission.) (b) The EchoTip ProCore needle has a reverse
bevel design for acquiring a tissue specimen. The 22G and 25G needles are shown. (¢) A close-up
view of the tip of the ProCore 25G needle. (Image courtesy of Cook Medical and used with permis-
sion.) (d) The nitinol-based Expect Flex 19G fine aspiration needle is more flexible than its stain-
less steel predecessors and appears more promising for use in the duodenum. (e) An extreme
close-up view of the Expect 19G needle. (Image courtesy of Boston Scientific and used with per-
mission.) (f) The ClearView endoscopic ultrasound-guided fine aspiration needle. The distal 2 cm
of the needle are laser-etched to enhance visibility. (Image courtesy of ConMed Endoscopic
Technologies and used with permission)
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Table 9.1 Types Qf n?edles Manufacturer Type Gauge

fb?(r);;;e needle aspiration and Beacon Endoscopic Shark Core FNB 19,22,25
Beacon Endoscopic BNX FNA 19,22,25
Boston Scientific Expect 19,22,25
Boston Scientific Expect Flex 19 19
Boston Scientific Expect Slimline (SL) 19,22,25
Boston Scientific Expect SL Flex 19
ConMed Corporation | ClearView 19,22,25
Cook Medical EchoTip 22
Cook Medical EchoTip Ultra 19,22,25
Cook Medical EchoTip ProCore 19,22,25
Cook Medical Quick-Core 19
Olympus EZ Shot 22
Olympus EZ Shot 2 19,2225
Olympus EZ Shot 2 with side port |22

duct, subepithelial, and other lesions. It provided samples for histological examina-
tion in only 40% of the cases, when the specimens were examined by two or three
pathologists. The pooled sensitivity of that needle for neoplasia was 65% and speci-
ficity was 98%, with diagnostic accuracy of about 71% [5]. The number of passes
needed for adequate tissue acquisition and diagnosis was assessed in a recent study
of 117 pancreatic neoplasms. It was found that lesions smaller than 1.5 cm, located
in the head of the pancreas, and pancreatic neuroendocrine tumors required two or
more passes for adequate tissue sampling. It was concluded that the overall optimal
number of passes in pancreatic lesions, without on-site cytopathologist, was between
one and three [6]. A recent study found that needles are changed in 5% of the cases
during a session of EUS-FNA of pancreatic, nodal, or other lesions, to improve
sample cellularity or decrease bloodiness of the sample [7]. Overall the use of a
25 gauge needle is probably more appropriate for pancreatic masses and has been
associated with higher diagnostic yield. For non-pancreatic lesions the use of high-
definition FNB (19-22-25 gauge) should be considered in cases of inadequate sam-
ples obtained by an FNA needle and for lesions that need immunohistochemistry [8].

9.1.2 The Role of the Stylet

The role of the stylet has been studied extensively. Most of the studies have demon-
strated that its use is not associated with inferior diagnostic yield compared to the
non-stylet approach. However, stylet use has been occasionally shown to yield
bloodier samples (75% vs. 52%, p < 0.0001) compared with FNA without stylet. It
is therefore suggested that stylet use can be omitted without concern of compromis-
ing sample quality [9-14]. The use of air flush in tissue extraction from the FNA
needle has been associated with cleaner, less bloodier specimen, compared to
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pushing the stylet. Therefore, stylet use for this purpose should probably be used
when there is difficulty in extracting the specimen from the needle. Caution must be
applied when handling the stylet to avoid risk for stick injuries [15]. In our institu-
tion we do generally use stylet prior to tissue sampling and tissue extraction from
the needle, as the stylet comes preloaded in all available needle devices.

9.1.3 The Role of Suction

The purpose of suction is to facilitate tissue acquisition through application of nega-
tive pressure during FNA. There are three techniques for suction during EUS-guided
FNA: the use of dry and wet suction, a combination of those, or use of no suction at
all [16]. In our institution we choose the type of suction based on immediate feed-
back from our in-room cytotechnician, depending on the quality of the aspirated
material. Commonly, dry suction with 10 mL syringes is used. With wet suction, the
needle is flushed with saline, and suction is applied in a syringe filled with 3 mL of
saline [17]. Recent comparison of dry and wet techniques demonstrated superiority
of wet technique in specimen cellularity and diagnostic yield [18]. However, fre-
quently the application of more suction leads to more bloody aspirates. This effect
may be more profound in FNA of LNs. From multiple studies it has been shown that
it is associated with increased frequency of bloody aspirates, and therefore it should
probably be avoided in LN sampling. However, in pancreatic lesions it may be more
useful, as it has been shown to increase the cellularity, accuracy, and sensitivity of
the FNA, although this observation has not been consistent among different studies
[9, 15, 19, 20].

9.1.4 On-Site Cytopathology Evaluation

In EUS-FNA the goal is to obtain adequate tissue for cytopathological evaluation
and diagnosis. From a number of retrospective studies, it has been suggested that
rapid on-site cytopathology evaluation (ROSE) may be important for diagnosis. In
a meta-analysis, the presence of on-site cytopathologist was associated with lower
heterogeneity and improved, albeit not significant, sensitivity (88% vs. 80%) [21].
Another meta-analysis showed increased accuracy with on-site cytopathologist;
however, it did not show statistically significant difference in the rate of inadequate
sampling whether the cytopathologist was present or not, with a tendency toward
inadequate sampling when a cytopathologist was not present [22]. Another meta-
analysis found improved diagnostic accuracy in FNA of pancreatic lesions with
ROSE, without impact on diagnostic yield [23]. A recent multicenter, prospective
study focusing on the diagnostic yield of pancreatic specimens with and without
ROSE demonstrated no difference in diagnostic yield of malignancy or adequacy
of specimens between the two groups. However, less passes were required with
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ROSE [24]. It is suggested that the use of ROSE does not have a major impact on
the diagnostic yield of cancer and the number of inadequate specimens. It may be
beneficial in centers with adequacy rate less than 90% [8].

9.2 Applications of Endoscopic Ultrasound-Guided Fine
Needle Aspiration and Biopsy

9.2.1 Esophageal Cancer

EUS-FNA for staging of esophageal cancer should depend on clinical assessment
and prospective of disease management. A retrospective study showed that FNA
was associated with increased sensitivity of 93% compared to echo features alone
[25]. In cases of esophageal strictures, EUS-FNA may be challenging or impossible
due to inability to pass the echoendoscope beyond the stricture or manipulate it
through the stenotic segment. Additionally, we do not perform FNA through the
tumor due to contamination of the specimen. In such cases and when the LNs have
malignant-appearing echo features (size more than 1 cm, round shape, well-demar-
cated borders, and hypoechogenicity), it is probably advisable to defer sampling,
but sometimes this depends on specific institutional oncology policies [26, 27].
Lesions that invade the muscularis propria, the adventitia, or deeper are associated
with poor outcomes, and therefore biopsy of associated LNs may not alter the prog-
nosis. If decision is made to sample a LN, lesions that demonstrate avid FDG-PET
uptake should be biopsied with priority [28].

9.2.2 Subepithelial Lesions

EUS-FNA is used in the diagnosis of subepithelial lesions of the gastrointestinal
tract (Fig. 9.3). Multiple studies have evaluated the use of EUS-FNA and FNB in
subepithelial masses with a sensitivity ranging from 46 to 93%. The diagnostic yield
of FNB has been shown to be superior to FNA in these lesions. Two recent studies
demonstrated the diagnostic yield of FNB to be 67 and 75% compared to 33 and
20% for FNA [29, 30]. Conventional cytology can differentiate between malignant
and benign lesions; however in order to determine the type of benign lesion, addi-
tional assessment with immunohistochemistry may be necessary. The most com-
mon markers used in these cases are CD-117, CD-34, smooth muscle actin, and
S-100 [31]. FNB with a 19 gauge needle has been shown to yield good results for
subepithelial lesions, because it can provide histological examination and preserva-
tion of tissue architecture [32]. Gastrointestinal stromal tumors may have endosono-
graphically malignant-appearing features (size over 3 cm, irregular extraluminal
borders, cystic components, heterogeneous EUS appearance, and presence of
malignant-appearing regional LNs). However, given that, independent of size, they
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Fig. 9.3 FNB of
gastrointestinal stromal
tumor

may metastasize, FNB or FNA is useful in determining malignant potential. For
gastric lymphomas FNA or FNB may be necessary for diagnosis, because frequently
the lesion is subepithelial and cannot be diagnosed with endoscopic biopsies. EUS-
guided FNA or FNB is used in these cases to obtain tissue for flow cytometry or
assess regional LNs [33]. EUS-guided FNA has also been shown to be useful in the
diagnosis of glomus tumors with cytological and immunohistochemical analysis
and also granular cell tumors [34, 35].

9.2.3 Mediastinal Lymphadenopathy, Lung Cancer,
and Pleural Fluid

EUS-FNA is considered a valuable method in the diagnosis of mediastinal adenopa-
thy or metastatic disease (Fig. 9.4). In the setting of lung cancer, LNs are frequently
metastatic, and EUS-FNA is useful in the diagnosis and staging of the disease.
Isolated posterior mediastinal lesions are either lung cancer metastases, lymphoma,
infectious, or cystic [36]. FNB is infrequently used in the mediastinum but may be
useful in cases of lymphoma [37]. In cases of sarcoidosis, EUS-FNA has high accu-
racy in establishing the diagnosis by providing granulomatous tissue with sensitiv-
ity and specificity approaching 90% and 96%, respectively. Similarly, in cases of
enlarged, irregular, calcified LNs or node clusters, fungal infections may be diag-
nosed after aspiration of granulomas in the appropriate clinical setting [38, 39].
Addition of polymerase chain reaction in FNA samples may assist in the diagnosis
of tuberculosis [40]. Mediastinal cysts may be aspirated with EUS-FNA; however
this approach has been associated with post-FNA cyst infection or mediastinitis, a
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Fig. 9.4 FNA of
metastatic periaortic
melanoma
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potentially fatal complication. When antibiotics are given at the time of FNA of a
cyst, the risk of infection diminishes [41]. Aspiration of posterior mediastinal cysts
is generally not recommended, but in cases when this is performed, complete aspi-
ration of the fluid needs to be sought. Antibiotics at the time of the FNA, and for up
to 5 days afterward, should be administered. EUS-FNA is frequently performed for
the assessment of suspected mediastinal metastases of lung cancer, usually mani-
festing with subcarinal LNs or involvement of the posterior aortopulmonary win-
dow. Mediastinal metastases from other organs may also be diagnosed with
EUS-FNA [42, 43]. Mediastinal lymphoma can also be diagnosed with EUS-FNA
or FNB with sensitivity close to 90% when additional flow cytometry and immuno-
histochemistry are implemented [44]. Lung cancer diagnosis may also be facilitated
with the use of EUS-FNA. Especially for lung lesions that exist in close proximity
to the esophagus, EUS-FNA may be particularly useful. These lesions often present
as hypoechoic, irregularly shaped masses, easily distinguishable from mediastinal
LNs. In case of large lesions, attempt should be made to sample the periphery,
where more viable tissue exists, and avoid sampling necrotic areas [36]. Potential
complications of EUS-FNA of lung lesions are pneumothorax, hemoptysis, and
infection [45]. In a small number of patients with non-small cell lung cancer, pleural
effusions have been sampled by EUS-FNA using a 19 or 22 gauge needle. The pro-
cedure is technically feasible and safe and can help guide further management
depending on positive or negative cytology results [46].

9.2.4 Pancreatic Lesions
9.2.4.1 Solid Pancreatic Lesions
EUS-FNA has evolved as a first-line procedure for the diagnosis of solid, benign,

or malignant pancreatic lesions (Fig. 9.5). The procedure should be performed
whenever the results are likely to affect further management, for example, for
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Fig. 9.5 FNA of
pancreatic nodule in a
patient with Whipple
surgery (nodule seen
adjacent to jejunal loop)

borderline resectable cases, unsuspected metastasis, or in cases such as pseudotu-
mors to avoid unnecessary surgery. These lesions are usually hypoechoic compared
to the pancreatic parenchyma [47, 48]. As demonstrated in a meta-analysis of
almost 5000 patients, the pooled sensitivity, specificity, positive predictive value,
and negative predictive value of this procedure was 85-91%, 94-98%, 98-99%,
and 65-72%, respectively [21]. False-negative results occur up to 20-40% of the
cases, and therefore repeated FNA is recommended in cases of strong clinical sus-
picion [49, 50]. EUS-FNA of solid pancreatic lesions is associated with a 1-2%
risk of pancreatitis and very low risk of tumor seeding, only reported scarcely,
mainly in cases of distal pancreatic body and tail lesions [51, 52]. Pancreatic lesions
in the head and uncinate process are best approached from the duodenum whereas
masses in the rest of the pancreas from the stomach [47]. Well-differentiated
tumors, small in size or in the setting of chronic pancreatitis, may require more
passes for adequate sampling or may render the malignancy not clearly visible by
EUS. In cases of chronic pancreatitis, EUS-FNA has been shown to have low sen-
sitivity, 54—-74% in different studies. More passes may be needed in these cases to
improve the diagnostic accuracy [47, 53, 54]. “Fanning” of the needle inside the
lesion, targeting the periphery to avoid necrotic areas, and rapid back and forth
movements may yield better cytology [47].

9.2.4.2 Pancreatic Neuroendocrine Tumors

Pancreatic neuroendocrine tumors (PNET) can be diagnosed accurately with EUS-
FNA. In one study EUS-FNA findings correlated in 83% with the surgical speci-
mens [55]. Another study showed accuracy of EUS-FNA for PNET nearly 90%
compared to surgery [56]. In a recent study, EUS-FNA demonstrated concordance
rate with surgery of 87.5% and additionally was found to be effective for diagnosis
and Ki-67 index grading for WHO 2010 classification, an important parameter for
decision-making on unresectable PNET [57].
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9.2.4.3 Pancreatic Cystic Lesions and Intraductal Papillary Mucinous
Neoplasms (IPMN)

EUS-FNA plays a pivotal role in the diagnosis of pancreatic pseudocysts, cystic
neoplasms, and IPMN [58]. In a recent study of 154 patients with pancreatic cysts
who underwent EUS-FNA, 81% had adequate cellularity, and the FNA was diag-
nostic in 55% of the patients. In the same study, EUS, with or without FNA cytol-
ogy, amylase, and carcinoembryonic antigen, showed higher sensitivity of 76%
compared to CT or MRI (48% for CT and 34% for MRI) in differentiating neo-
plastic from nonneoplastic cysts [59]. Cysts that have concerning features on
imaging, with size over 3 cm, dilated pancreatic duct, or solid components, should
be considered for EUS with or without FNA [60]. EUS-guided aspiration of the
cystic fluid is associated with rare incidence of bleeding, infection, or perforation
of <2% [61]. Based on echo features alone, EUS cannot accurately distinguish
mucinous from non-mucinous cystic lesions (sensitivity 63% and specificity
88%) [62]. EUS-FNA should be therefore utilized to differentiate these lesions,
with the caveat that negative cytology has poor negative predictive value [63].
EUS-FNA has been shown to be superior to EUS alone for diagnosing malignant
IPMN. Non-mucinous epithelium, severe atypia, single atypical cells, and irregu-
lar clusters are features that determine high probability for malignancy [64].
Histopathological analysis provides sensitivity of over 90% for IPMN with solid
components [65]. Pseudocysts appear anechoic, frequently with hyperechoic rim,
with high amylase and low CEA levels in the aspirate. EUS-FNA has been shown
to accurately differentiate between pseudocysts and cystic neoplasms in about
90% of the cases [66]. Confocal laser endomicroscopy with a probe inserted
through a 19 gauge needle has been used to diagnose pancreatic cystic neoplasms
with 59% sensitivity and 100% specificity in one study [67]. Serous cystic neo-
plasms are vascular, and therefore FNA of these lesions may result in bloody
aspirate and reduce cytology yield [68]. Solid pseudopapillary tumors usually
demonstrate solid and cystic components, with low CEA levels. EUS-FNA of
these lesions has been shown to be diagnostic in 65% of the cases, based on cytol-
ogy and immunohistochemistry [69].

9.2.44 Autoimmune Pancreatitis (AIP)

EUS can enhance the diagnostic capabilities for AIP, a distinct type of pancreatic
disease. According to the international consensus of diagnostic criteria for AIP
(ICDC), only tissues obtained by EUS-FNB (Trucut) or resection are appropriate
for histopathological diagnosis of AI [70]. Others have proposed that 22 gauge FNA
needle is useful in the differentiation of AIP type 1 from type 2, particularly in sero-
negative cases. Histological diagnosis can be achieved in 80% of the case according
to the ICDC. Rapid motion of the needle and proper handling of the tissue are
emphasized to optimize the diagnostic yield [71, 72].
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9.2.5 Liver Lesions, Hepatocellular Carcinoma,
and Cholangiocarcinoma

For newly diagnosed liver lesions, EUS-FNA has been shown to have diagnostic
accuracy of 98% in detecting hepatic metastases [73] (Fig. 9.6). For liver malignan-
cies, EUS-FNA has a sensitivity of 94%, specificity of 100%, negative predictive
value of 78%, and positive predictive value of 100% [74]. For the diagnosis of
hepatocellular carcinoma (HCC), the EUS-FNA has been shown to have diagnostic
accuracy of up to 94% [75]. Liver biopsy with a 19 gauge FNA needle was evalu-
ated in a recent prospective study. With a mean of two passes, FNA yielded a histo-
logical diagnosis in 91% of the cases [76]. EUS-FNA has been studied in the
management of hepatic cysts and abscesses. Hepatic cysts and abscesses can be
drained with EUS-FNA with excellent results [77, 78]. When there is clinical suspi-
cion for echinococcal cysts, FNA should probably be avoided due to risk of cyst
rupture and anaphylactic shock [79]. The EUS plays an important role in the diag-
nosis of cholangiocarcinoma (CC), particularly in the setting of other nondiagnos-
tic, noninvasive tests (MRI/MRCP/CT) [80]. A meta-analysis of EUS-FNA for the
diagnosis of CC demonstrated pooled sensitivity and specificity of 66% and 100%,
respectively. For those studies that had negative brush cytology, the sensitivity and
specificity of EUS-FNA was 59% and 100%, respectively [81]. A retrospective
study in patients with perihilar and distal CC demonstrated the superiority of EUS
in diagnosing CC, compared to MRI or multiphase CT (tumor detected in 94% of
the cases with EUS vs. 42% and 30% with MRI and CT, respectively). EUS
sensitivity was shown to be significantly higher in distal than proximal CC (81%

Fig. 9.6 FNA of
metastatic pancreatic
cancer in the left lobe of
the liver
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and 59%, respectively) [82]. Another study of EUS-FNA and FNB in patients with
suspected perihilar malignant strictures demonstrated EUS sensitivity 79% and
accuracy 82% [83]. It is suggested that EUS should not be used without FNA for the
diagnosis of malignant LN, since it has been shown that LNs in CC do not follow
the typical imaging prognostic features of malignancy and non-FNA EUS is associ-
ated with low sensitivity for nodal metastases. EUS-FNA may detect malignant LNs
despite negative CT or MRI and alter surgical management and potential for liver
transplantation (LT) [82, 84]. The Mayo Clinic group has suggested that EUS or
percutaneous FNA of perihilar CC is associated with significant risk of tumor seed-
ing (83% vs. 8% in patients without FNA) and therefore should be avoided in cases
of potentially curative resection or LT. The risk of seeding seems to be higher in
transperitoneal FNA than after percutaneous transhepatic cholangiography (PTC)
or FNA of HCC. The reason for this may be related to the distance of perihilar
tumors from the abdominal wall, which allows more space for seeding during
biopsy. Most patients in this study, however, underwent FNA using percutaneous
approach rather than EUS-guided approach [85]. Therefore for suspected hilar chol-
angiocarcinoma, which is potentially resectable or curable with liver transplanta-
tion, a discussion with the surgical team is needed before attempting EUS-FNA of
the hilar lesion to weigh in the risks and benefits. A recent prospective study com-
pared EUS-FNA and ERCP with biopsy and demonstrated that both modalities have
similar sensitivity and accuracy in evaluating proximal or distal malignant strictures
(79% and 80%) and sensitivity of 80% and 67%, respectively, for proximal and
distal indeterminate strictures [86].

9.2.6 Other Applications

9.2.6.1 Portal Vein Thrombosis, Peritoneal Metastases, Gallbladder,
Ascitic Fluid Drainage, and Ampullary Lesions

EUS-FNA has also been utilized in the assessment of intra-abdominal and perito-
neal metastatic disease (Fig. 9.7) and malignant portal vein thrombus [87]. Peritoneal
metastatic lesions that appear hyperechoic compared to the ascitic fluid can be
assessed with EUS-FNA [88, 89]. EUS-FNA, usually performed after administra-
tion of prophylactic antibiotics, has been also shown to be safe for paracentesis of
ascitic fluid, with specificity of 100%, sensitivity of 80%, and diagnostic accuracy
of 100%, as shown in a recent retrospective study [90]. EUS-FNA has been used for
the diagnosis and staging of gallbladder masses, with accuracy of 100% for in situ
tumors, and may be useful in cases when CT cannot detect the lesion [91, 92].
Endoscopic drainage of the gallbladder in cases of cholecystitis has also been
described and is technically feasible and successful [93]. EUS-FNA has been excel-
lent for diagnosis of tumors of the ampulla of Vater. As shown in a recent retrospec-
tive study, the EUS-FNA accuracy of high- and low-grade dysplasia and
adenocarcinoma was 50%, 93%, and 100%, respectively [94].
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Fig. 9.7 FNA of
peripancreatic germ cell
tumor

9.2.6.2 Splenic Lesions

Splenic lesions mostly occur in infectious disease processes such as abscesses,
leishmaniasis, tuberculosis, and malaria. EUS-FNA with a 22 gauge needle has been
shown to be safe. In cases of FNA of vascular lesions, such as hemangiomas, the
aspirate is bloody and diagnostic. Also, for splenic lymphomas a larger bore needle
may be used; however this may be associated with higher rate of complications [95,
96]. However, a recent retrospective analysis showed that the procedure is safe and
may assist in decision-making and avoidance of unnecessary splenectomy [97].

9.2.6.3 Adrenal Lesions

EUS-FNA is used to biopsy masses in the left adrenal gland. Approach of the left
adrenal with FNA is technically feasible, because other organs are easily avoided
[98]. The right adrenal gland, due to its deep position or adjacent to the inferior vena
cava, makes FNA difficult. However, it can be seen occasionally with the echoendo-
scope positioned beyond the duodenal papilla. The left adrenal loses its typical
appearance when it is infiltrated by a mass. A recent retrospective study using 19,
22, and 25 gauge needles demonstrated that the left adrenal FNA is safe and had
sensitivity, specificity, positive predictive value, and negative predictive value of
86%, 97%, 96%, and 89%, respectively, for the diagnosis of malignancy [99].

9.2.6.4 Rectal and Perirectal Lesions

EUS is more specific than CT in the T and N regional staging of rectal carcinoma
[100]. EUS-FNA for rectal and perirectal lesions has been evaluated in a limited num-
ber of studies. A recent retrospective study demonstrated sensitivity and specificity of
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91% and 100%, respectively, in detecting benign or malignant lesions [101]. In another
study, EUS-FNA was shown to be very useful in the diagnosis of primary metastatic
colorectal lesions and improvement of staging of regional or distal nodal metastases.
Using histology as a reference standard, the overall sensitivity, specificity, positive
predictive value, and negative predictive value of EUS-FNA were 89% (74-100%),
79% (50-100%), 89% (74—100%), and 79% (51-100%), respectively [101].

9.2.6.5 Pelvic Lesions and Prostate

EUS-FNA of pelvic lesions is feasible when in reachable distance from the rectum.
A retrospective study evaluated the use of EUS-FNA (with a 22 or 25 gauge nee-
dles) or Trucut biopsy (TCB) (with 19 gauge needle) in the diagnosis of pelvic
masses. Compared with surgical pathology, EUS-FNA was 88% sensitive and 100%
specific for malignancy. EUS-TCB had a sensitivity of 67% and specificity of 100%
for malignancy, and the combination of both modalities had a sensitivity and speci-
ficity of 100%. Seven percent of the patients with FNA of cystic pelvic masses
developed abscess, prompting the authors to recommend against biopsying cysts in
that region [102]. Other authors have come to similar conclusions. In a recent retro-
spective study in benign and malignant pelvic lesions, the sensitivity and specificity
of EUS-FNA with the use of a 22 gauge needle was 90% and 100%, respectively,
positive predictive value was 100%, and negative predictive value was 90%.
Contrary to other reports, there were no early or late complications in the sampling
of cystic and noncystic lesions. Prophylactic antibiotics were given prior to sam-
pling of cystic lesions [103]. Diagnosis of retroperitoneal endometriosis by EUS-
FNA has been reported. The ectopic endometrial tissue appears hypoechoic and
heterogeneous [104]. EUS-guided FNA has a utility in the diagnosis of local tumor
recurrence and staging of pelvic urological malignancy. The examination should be
performed with the patient in the left lateral decubitus position by an experienced
endosonographer, with knowledge of the pelvic anatomy. The rectum should be
cleaned prior to the procedure [105]. A retrospective study with the use of 22 gauge
FNA and Trucut needles demonstrated EUS-guided biopsy sensitivity and specific-
ity of almost 95% and 100%, respectively, and positive and negative predictive val-
ues of 100% and 50% (1-98), respectively. EUS-FNA of LNs, luminal wall, and
perirectal space may increase the initial staging accuracy for urological cancers and
may enhance detection of local tumor recurrence. Hematuria may develop as a com-
plication of bladder EUS-guided FNA [106].

9.3 EUS-Guided FNA-Associated Morbidity and Mortality

A recent systematic review of EUS-FNA in almost 11,000 patients demonstrated
EUS-FNA-specific morbidity of 0.98%. Pancreatitis was documented in 0.44% and
post-procedural pain in 0.34% of the cases. The overall mortality rate was 0.02%.



9 Endoscopic Ultrasound-Guided Fine Needle Aspiration and Biopsy 95

For pancreatic mass, analysis of the prospective studies showed a morbidity rate of
2.44% compared to 0.35% in the retrospective studies. For pancreatic cysts, the
morbidity rate was 2.33% in the prospective studies versus 5% in the retrospective
ones. The most common documented complication was chest or abdominal pain
(34.6% of the complications) and acute pancreatitis (33.6%). Most of the patients
who developed post-FNA pancreatitis had mild presentation and only 0.04% severe.
The overall bleeding rate was 0.1%, fever 0.08%, and infection 0.02%. For FNAs of
mediastinal lesions, complications occurred in only 0.38% of the cases. For FNAs
of hepatic lesions, 2.33% developed complications, and there was one mortality due
to cholangitis. For perirectal lesions, the complication rate was 2.07% (abscess,
limited bleeding, abdominal pain, transient fever). EUS-FNA of ascitic fluid was
associated with 3.5% complication rate, mainly transient fever and bacterial perito-
nitis [107]. Bacteremia after EUS-FNA is rare. In a prospective study of 100 patients
who underwent FNA of rectal or perirectal lesions, only two developed bacteremia.
The authors concluded that prophylactic antibiotics are not warranted [108]. Another
prospective study reached similar conclusions in EUS-FNA of upper GI tract
lesions, with only 2 out of 50 patients developing bacteremia, albeit clinically insig-
nificant [109]. The current ASGE guidelines advise against using prophylactic anti-
biotics for EUS-FNA of solid lesions. For pancreatic cystic lesions, it has been
shown that the risk of infection is low; however, it seems to be a common practice
to give prophylactic antibiotics prior to or during EUS-FNA and for 3-5 days after
EUS-FNA [110, 111]. Complete aspiration of the punctured locule must be pursued
to alleviate the risk of infection. Aspiration of mediastinal cysts is generally not
recommended [51]. Generally, mediastinal cystic lesions should not be aspirated,
unless the expected benefit clearly outweighs the risk, and always in consultation
with the thoracic surgery colleagues.

References

1. Madhoun MF, Wani SB, Rastogi A, et al. The diagnostic accuracy of 22-gauge and 25-gauge
needles in endoscopic ultrasound-guided FNA of solid pancreatic lesions: a meta-analysis.
Endoscopy. 2013;45:86-92.

2. Affolter KE, Schmidt RL, Matynia AP, et al. Needle size has only a limited effect on out-
comes in EUS-guided fine needle aspiration: a systematic review and meta-analysis. Dig Dis
Sci. 2013;58:1026-34.

3. Imazu H, Uchiyama Y, Kakutani H, et al. A prospective comparison of EUS-guided FNA
using 25-gauge and 22-gauge needles. Gastroenterol Res Pract. 2009;2009:6. https://doi.
0rg/10.1155/2009/546390.

4. Berzoza M, Villa N, El-Serag H, et al. Comparison of endoscopic ultrasound guided 22-gauge
core needle with standard 25-gauage fine-needle aspiration for diagnosing solid pancreatic
lesions. Endosc Ultrasound. 2015;4:28-33.

5. Attilli F, Petrone G, Abdulkader I, et al. Accuracy and inter-observer agreement of the
Procore 25-gauge needle for endoscopic ultrasound-guided tissue core biopsy. Dig Liver Dis.
2015;47:943-9.

6. Uehara H, Sueyoshi H, Takada R, et al. Optimal number of needle passes in endoscopic ultra-
sound-guided fine needle aspiration for pancreatic lesions. Pancreatology. 2015;15:392-6.


https://doi.org/10.1155/2009/546390
https://doi.org/10.1155/2009/546390

96

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

C. Papafragkakis et al.

. BangJY, Hebert-Magee S, Varadarajulu S. Objective assessment of reasons for needle change

during endoscopic ultrasound-guided fine-needle aspiration. Dig Endosc. 2015;27(6):714.
https://doi.org/10.1111/den.12500.

. Wani S, Muthusamy R, Komanduri S. EUS-guided tissue acquisition: an evidence-based

approach (with videos). Gastrointest Endosc. 2014;80:939-59.

. Wani S. Basic techniques in endoscopic ultrasound-guided fine-needle aspiration: role of a

stylet and suction. Endosc Ultrasound. 2014;3:17-21.

Wani S, Early D, Kunkel J, et al. Diagnostic yield of malignancy during EUS-guided FNA
of solid lesions with and without a stylet: a prospective, single blind, randomized, controlled
trial. Gastrointest Endosc. 2012;76:328-35.

Sahai AV, Paquin SC, Gariepy G. A prospective comparison of endoscopic ultrasound-guided
fine needle aspiration results obtained in the same lesion, with and without the needle stylet.
Endoscopy. 2010;42:900-3.

Wani S, Gupta N, Gaddam S, et al. A comparative study of endoscopic ultrasound guided fine
needle aspiration with and without a stylet. Dig Dis Sci. 2011;56:2409-14.

Gimeno-Garcia AZ, Paquin SC, Gariepy G, et al. Comparison of endoscopic ultrasonogra-
phy-guided fine-needle aspiration cytology results with and without the stylet in 3364 cases.
Dig Endosc. 2013;25:303-7.

Rastogi A, Wani S, Gupta N, et al. A prospective, single-blind, randomized, controlled trial of
EUS-guided FNA with and without a stylet. Gastrointest Endosc. 2011;74:58-64.

Lee JK, Choi JH, Lee KH, et al. A prospective, comparative trial to optimize sampling tech-
niques in EUS-guided FNA of solid pancreatic masses. Gastrointest Endosc. 2013;77:745-51.
Bhutani MS. Endoscopic ultrasound comes of age: mature, established and here to stay!
Endosc Ultrasound. 2014;3:143-51.

Villa NA, Berzosa M, Wallace MB, et al. Endoscopic ultrasound-guided fine needle aspira-
tion: the wet suction technique. Endosc Ultrasound. 2016;5:17-20.

Attam R, Arain MA, Bloechl SJ, et al. “Wet suction technique (WEST)”: a novel way to
enhance the quality of EUS-FNA aspirate. Results of a prospective, single-blind, randomized,
controlled trial using a 22-gauge needle for EUS-FNA of solid lesions. Gastrointest Endosc.
2015;81:1401-7.

Bhutani MS, Suryaprassad S, Moezzi J, et al. Improved technique for performing endoscopic
ultrasound guided fine needle aspiration of lymph nodes. Endoscopy. 1999;31:550-3.

Puri R, Vilmann P, Saftoiou A, et al. Randomized controlled trial of endoscopic ultrasound-
guided fine-needle sampling with or without suction for better cytological diagnosis. Scand J
Gastroenterol. 2009;44:499-504.

Hewitt MJ, McPhail MJ, Possamai L, et al. EUS-guided FNA for diagnosis of solid pancre-
atic neoplasms: a meta-analysis. Gastrointest Endosc. 2012;75:319-31.

Hebert-Magee S, Bae S, Varadarajulu S, et al. The presence of a cytopathologist increases
the diagnostic accuracy of endoscopic ultrasound-guided fine needle aspiration cytology for
pancreatic adenocarcinoma: a meta-analysis. Cytopathology. 2013;24:159-71.

Schmidt RL, Witt BL, Matynia AP, et al. Rapid on-site evaluation increases endoscopic
ultrasound-guided fine-needle aspiration adequacy for pancreatic lesions. Dig Dis Sci.
2013;58:872-82.

Wani S, Mullady D, Early D, et al. The clinical impact of immediate on site cytopathol-
ogy evaluation during endoscopic ultrasound-guided fine needle aspiration (EUS-FNA)
of pancreatic mass: final results of a multicenter, prospective, randomized controlled trial.
Gastrointest Endosc. 2014;79:AB192-3.

Vazquez-Sequeiros E, Norton ID, Clain J, et al. Impact of EUS-guided fine-needle aspi-
ration on lymph node staging in patients with esophageal carcinoma. Gastrointest Endosc.
2001;53:751-17.

Vazquez-Sequeiros E. Nodal staging: number or site of nodes? How to improve accu-
racy? Is FNA always necessary? Junctional tumors-what’s N and what’s M? Endoscopy.
2006;38(S1):s4-8.


https://doi.org/10.1111/den.12500

9 Endoscopic Ultrasound-Guided Fine Needle Aspiration and Biopsy 97

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Vazquez-Sequeiros E, Levy M, Clain JE, et al. Routine versus selective EUS-guided FNA
approach for preoperative nodal staging of esophageal carcinoma. Gastrointest Endosc.
2006;63:204-11.

Santo E, Barkay O, Ross W, Bhutani MS. Advanced esophageal cancer. In: Bhutani MS,
Deutsch JC, editors. EUS pathology with digital anatomy correlation. Textbook and atlas.
Shelton: People’s Medical Publishing House-USA; 2010. p. 25-32.

Kim GH, Cho YK, Kim EY, et al. Comparison of 22-gauge aspiration needle with 22-gauge
biopsy needle in endoscopic ultrasonography-guided subepithelial tumor sampling. Scand J
Gastroenterol. 2014;49:347-54.

Nagula SPK, Aslanian HR, Bucobo JC, et al. EUS-fine needle aspiration (FNA) vs. EUS-fine
needle biopsy (FNB) for solid mass lesions: interim analysis of a large multicenter, random-
ized clinical trial. Gastrointest Endosc. 2013;77:AB357-8.

Weirsema MJ, Vilmann P, Gioavannini M, et al. Endosonography-guided fine-needle
aspiration biopsy: diagnostic accuracy and complication assessment. Gastroenterology.
1997;112:1087-95.

Hunt GC, Rader AE, Faigel DO. A comparison of EUS features between CD-117 posi-
tive GI stromal tumors and CD-117 negative GI spindle cell tumors. Gastrointest Endosc.
2003;57:469-74.

Hwang JH, Rulyak SJ. Subepithelial lesions of the upper GI tract. In: Bhutani MS, Deutsch
JC, editors. EUS pathology with digital anatomy correlation. Textbook and atlas. Shelton:
People’s Medical Publishing House-USA; 2010. p. 79-94.

Debol SM, Stanley MW, MAllery S, et al. Glomus tumor of the stomach: cytologic diag-
nosis by endoscopic ultrasound-guided fine-needle aspiration. Diagn Cytopathol. 2003;28:
316-21.

Prematilleke IV, Piris J, Shah KA. Fine needle aspiration cytology of a granular cell tumor of
the oesophagus. Cytopathology. 2004;15:120-1.

Savides TJ. EUS for mediastinal lymph nodes and masses. In: Bhutani MS, Deutsch JC, edi-
tors. EUS pathology with digital anatomy correlation. Textbook and atlas. Shelton: People’s
Medical Publishing House-USA; 2010. p. 117-28.

Levy MJ, Jondal ML, Clain J, et al. Preliminary experience with an EUS-guided Tru-Cut
biopsy needle compared with EUS-guided FNA. Gastrointest Endosc. 2003;57:101-6.
Wildi SM, Judson MA, Fraig M, et al. Is endosonography guided fine needle aspiration
(EUS-FNA) for sarcoidosis as good as we think? Thorax. 2004;59:794-9.

Savides TJ, Gress FG, Wheat LJ, et al. Dysphagia due to mediastinal granulomas: diagnosis
with endoscopic ultrasonography. Gastroenterology. 2000;95:2278-84.

Kramer H, Nieuwenhuis JA, Groen HJ, et al. Pulmonary tuberculosis diagnosed by esopha-
geal endoscopic ultrasound with fine-needle aspiration. Int J Tuberc Lung Dis. 2004;8:272-3.
Fazel A, Moezardalan K, Varadarajulu S, et al. The utility and safety of EUS-guided FNA in
the evaluation of duplication cysts. Gastrointest Endosc. 2005;62:575-80.

Devereaux BM, LeBlanc JK, Yousif E, et al. Clinical utility of EUS-guided fine-needle aspi-
ration of mediastinal masses in the absence of known pulmonary malignancy. Gastrointest
Endosc. 2002;56:397-401.

Kramer H, Koeter GH, Sleijfer DT, et al. Endoscopic ultrasound-guided fine-needle aspira-
tion in patients with mediastinal abnormalities and previous extrathoracic malignancy. Eur J
Cancer. 2004;40:559-62.

Ribeiro A, Vazquez-Sequeiros E, Wiersema LM, et al. EUS-guided fine-needle aspiration
combined with flow cytometry and immunohistochemistry in the diagnosis of lymphoma.
Gastrointest Endosc. 2001;53:485-91.

Annema JT, Veselic M, Rabe KF. EUS-guided FNA of centrally located lung tumors follow-
ing a non-diagnostic bronchoscopy. Lung Cancer. 2005;48:357-61.

Lococo P, Cesario A, Attili F, et al. Transesophageal endoscopic ultrasound-guided fine-
needle aspiration of pleural effusion for the staging of non-small cell lung cancer. Interact
Cardiovasc Thorac Surg. 2013;17:237-41.



98

47

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

C. Papafragkakis et al.

. Weston BR, Bhutani MS. Optimizing diagnostic yield for EUS-guided sampling of solid
pancreatic lesions: a technical review. Gastroenterol Hepatol. 2013;9:352-63.

Dumonceau JM, Polkowski M, Larghi A, et al. Indications, results, and clinical impact of
endoscopic ultrasound (EUS)-guided sampling in gastroenterology: European Society of
Gastrointestinal Endoscopy (ESGE) clinical guideline. Endoscopy. 2011;43:897-912.
Dewitt J, McGreevy K, Sherman DS, et al. Utility of repeated EUS at a tertiary referral center.
Gastrointest Endosc. 2008;67:610-9.

Eloubeidi MA, Varadarajulu S, Desai S, et al. Value of repeat endoscopic ultrasound-
guided fine needle aspiration for suspected pancreatic cancer. J Gastroenterol Hepatol.
2008:23:567-70.

Adler DG, Jacobson BC, DavilaRE, etal. ASGE guideline: complications of EUS. Gastrointest
Endosc. 2005;61:8-12.

Katamuna A, Maguchi H, Hashigo S, et al. Tumor seeding after endoscopic ultrasound-guided
fine needle aspiration of cancer in the body of the pancreas. Endoscopy. 2012;44:E160-1.
Fritscher-Ravens A, Brand L, Knofel WT, et al. Comparison of endoscopic ultrasound-guided
fine needle aspiration for focal pancreatic lesions in patients with normal parenchyma and
chronic pancreatitis. Am J Gastroenterol. 2002;97:2768-75.

Varadarajulu S, Tamhane A, Eloubeidi MA. Yield of EUS-guided FNA of pancreatic
masses in the presence or the absence of chronic pancreatitis. Gastrointest Endosc. 2005;62:
728-36.

Larghi A, Capurso G, Carnuccio A, et al. Ki-67 grading of nonfunctioning pancreatic neuro-
endocrine tumors on histological samples obtained by EUS-guided fine-needle tissue acquisi-
tion: a prospective study. Gastrointest Endosc. 2012;76:570-7.

Unno J, Kanno A, Masamune A, et al. The usefulness of endoscopic ultrasound-guided fine-
needle aspiration for the diagnosis of pancreatic neuroendocrine tumors based on the World
Health Organization classification. Scand J Gastroenterol. 2014;49:1367-74.

Sugimoto M, Takagi T, Hikichi T, et al. Efficacy of ultrasonography-guided fine needle aspira-
tion for pancreatic neuroendocrine tumor grading. World J Gastroenterol. 2015;21:8118-24.
Brugge WR. Diagnosis and management of cystic lesions of the pancreas. J Gastrointest
Oncol. 2015;6:3375-88.

Khashab MA, Kim K, Lennon AM, et al. Should we do EUS/FNA on patients with pancreatic
cysts? The incremental diagnostic yield of EUS over CT/MRI for prediction of cystic neo-
plasms. Pancreas. 2013;42:717-21.

Levy MJ, Clain JE. Evaluation and management of cystic pancreatic tumors; emphasis on the
role of EUS FNA. Clin Gastroenterol Hepatol. 2004;2:639-53.

Lee LS, Saltzman JR, Brounds BC, et al. EUS-guided fine needle aspiration of pancreatic
cysts: a retrospective analysis of complications and their predictors. Clin Gastroenterol
Hepatol. 2005;3:231-6.

Thosani N, Thosani S, Qiao W, et al. Role of EUS-FNA-based cytology in the diagnosis
of mucinous pancreatic cystic lesions: a systematic review and meta-analysis. Dig Dis Sci.
2010;55:2756-66.

Scheiman JM, Hwang JH, Moayyedi P. American Gastroenterological Association techni-
cal review on the diagnosis and management of asymptomatic neoplastic pancreatic cysts.
Gastroenterology. 2015;148:824-848.e22.

Soweid AM, Skoury AM. Endoscopic ultrasonography in intraductal papillary mucinous
tumors of the pancreas. In: Bhutani MS, Deutsch JC, editors. EUS pathology with digital
anatomy correlation. Textbook and atlas. Shelton: People’s Medical Publishing House-USA;
2010. p. 191-204.

Maire F, Couvelard A, Hammel P, et al. Intraductal papillary mucinous tumors of the pan-
creas: the preoperative value of cytological and histopathological diagnosis. Gastrointest
Endosc. 2003;58:701-6.

Brugge WR. Approaches to the drainage of pancreatic pseudocysts. Curr Opin Gastroenterol.
2004;20:488-92.



9  Endoscopic Ultrasound-Guided Fine Needle Aspiration and Biopsy 99

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

Konda VJ, Meining A, Jamil LH, et al. A pilot study of in vivo identification of pancreatic
cystic neoplasms with needle-based confocal laser endomicroscopy under endosonographic
guidance. Endoscopy. 2013;45:1006—13.

Belsley NA, Pitman MB, Lauwers GY, et al. Serous cystadenoma of the pancreas: limita-
tions and pitfalls of endoscopic ultrasound-guided fine-needle aspiration biopsy. Cancer.
2008;114:102-10.

Jani N, Dewitt J, Eloubeidi M, et al. Endoscopic ultrasound-guided fine-needle aspiration
for diagnosis of solid pseudopapillary tumors of the pancreas: a multicenter experience.
Endoscopy. 2008;40:200-3.

Shimosegawa T, Chari ST, Frulloni L, et al. International consensus diagnostic criteria for
autoimmune pancreatitis: guidelines of the International Association of Pancreatology.
Pancreas. 2011;40:352-8.

Kanno A, Ishida K, Hamada S, et al. Diagnosis of autoimmune pancreatitis by EUS-FNA
by using a 22-gauge needle based on the International Consensus Diagnostic Criteria.
Gastrointest Endosc. 2012;76:594-602.

Ishikawa T, Itoh A, Kawashima H, et al. Endoscopic ultrasound-guided fine needle aspiration
in the differentiation of type 1 and type 2 autoimmune pancreatitis. World J Gastroenterol.
2012;18:3883-8.

Singh P, Mukhopadhyay P, Bhatt B, et al. Endoscopic ultrasound versus CT scan for detection
of the metastases to the liver. Results of a prospective comparative study. J Clin Gastroenterol.
2009:43:367-73.

Hollerbach S, Willert J, Topalidis T, et al. Endoscopic ultrasound-guided fine-needle aspira-
tion biopsy of liver lesions: histological and cytological assessment. Endoscopy. 2003;35:
743-9.

Singh P, Erickson RA, Mukhopadhyay P, et al. EUS for detection of the hepatocellular carci-
noma: results of a prospective study. Gastrointest Endosc. 2007;66:265-73.

Stavropoulos SN, Im GY, Jlayer Z, et al. High yield of same-session EUS-guided liver
biopsy by 19-gauge FNA needle in patients undergoing EUS to exclude biliary obstruction.
Gastrointest Endosc. 2012;75:310-8.

Lee S, Seo DW, Paik WH, et al. Ethanol lavage of huge hepatic cysts by using EUS guidance
and a percutaneous approach. Gastrointest Endosc. 2014;80:1014-21.

Singhal S, Changela K, Lane D, et al. Endoscopic ultrasound-guided hepatic and perihilar
abscess drainage: an evolving technique. Therap Adv Gastroenterol. 2014;7:93-8.

Wallace MB, Krishna M. Liver lesions. In: Bhutani MS, Deutsch JC, editors. EUS pathology
with digital anatomy correlation. Textbook and atlas. Shelton: People’s Medical Publishing
House-USA; 2010. p. 287-98.

Anderson MA, Appalaneni V, Ben-Menachem T, et al. American Society for Gastrointestinal
Endoscopy (ASGE) Standards of Practice Committee. The role of endoscopy in the eval-
uation and treatment of patients with biliary neoplasia. Gastrointest Endosc. 2013;77:
167-74.

Navaneethan U, Njei B, Venkatesh PG, et al. Endoscopic ultrasound in the diagnosis of chol-
angiocarcinoma as the etiology of biliary strictures: a systematic review and meta-analysis.
Gastroenterol Rep (Oxf). 2015;3:209-15.

Mohamadnejad M, DeWitt JM, Sherman S, et al. Role of EUS for preoperative evaluation of
cholangiocarcinoma: a large single-center experience. Gastrointest Endosc. 2011;73:71-8.
Tellez FI, Bernal-Mendez AR, Guerrero-Vazquez CG, et al. Diagnostic yield of EUS-guided
tissue acquisition as a first-line approach in patients with suspected hilar cholangiocarci-
noma. Am J Gastroenterol. 2014;109:1294-6.

Gleeson FC, Rajan E, Levy MJ, et al. EUS-guided FNA of regional lymph nodes in patients
with unresectable hilar cholangiocarcinoma. Gastrointest Endosc. 2008;67:438-43.
Heimbach JK, Sanchez W, Rosen CB, et al. Trans-peritoneal fine needle aspiration biopsy
of hilar cholangiocarcinoma is associated with disease dissemination. HPB (Oxford).
2011:13:356-60.



100

86

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

C. Papafragkakis et al.

. Weilert F, Bhat YM, Binmoeller KF, et al. EUS-FNA is superior to ERCP-based tissue sam-
pling in suspected malignant obstruction: results of a prospective, single-blind, comparative
study. Gastrointest Endosc. 2014;80:197—4.

Storch I, Gomez C, Contreras F, et al. Hepatocellular carcinoma (HCC) with portal vein
invasion, masquerading as pancreatic mass, diagnosed by endoscopic ultrasound fine-needle
aspiration (EUS-FNA). Dig Dis Sci. 2007;52:789-91.

Hammoud GM, Almashhrawi A, Ibdah JA. Usefulness of endoscopic ultrasound-guided fine
needle aspiration in the diagnosis of hepatic, gallbladder and biliary tract lesions. World J
Gastrointest Oncol. 2015;6:420-9.

Rana SS, Bhasin DK, Srinivasan R. Endoscopic ultrasound-guided fine needle aspiration of
peritoneal nodules in patients with ascites of unknown cause. Endoscopy. 2011;43:1010-3.
Wardeh R, Lee JG, Gu M. Endoscopic ultrasound-guided paracentesis of ascitic fluid: a mor-
phologic study with ultrasonographic correlation. Cancer Cytopathol. 2011;119:27-36.
Sadamoto Y, Kubo H, Harada N, et al. Preoperative diagnosis and staging of gallbladder
carcinoma by EUS. Gastrointest Endosc. 2003;58:536-41.

Varadarajulu S, Eloubeidi MA. Endoscopic ultrasound-guided fine-needle aspiration in the
evaluation of gallbladder masses. Endoscopy. 2005;37:751-4.

Choi JH, Lee SS, Choi JH, et al. Long-term outcomes after endoscopic ultrasonography-
guided gallbladder drainage for acute cholecystitis. Endoscopy. 2014;46:656-61.

Roberts KJ, McCulloch N, Sutcliffe R, et al. Endoscopic ultrasound assessment of lesions
of the ampulla of Vater is of particular value in low-grade dysplasia. HPB (Oxford).
2013;15:18-23.

Fritscher-Ravens A, Topalidis T. Splenic lesions. In: Bhutani MS, Deutsch JC, editors. EUS
pathology with digital anatomy correlation. Textbook and atlas. Shelton: People’s Medical
Publishing House-USA; 2010. p. 299-311.

Fritscher-Ravens A, Mylonaki M, Pates A, et al. Endoscopic ultrasound-guided biopsy for the
diagnosis of focal lesions of the spleen. Am J Gastroenterol. 2003;98:1022-7.

Handa U, Tiwari A, Singhal N, et al. Utility of ultrasound-guided fine needle aspiration in
splenic lesions. Diagn Cytopathol. 2013;41:1038—42.

Eloubeidi MA, Black RK, Tamhane A, et al. A large single-center experience of EUS-guided
FNA of the left and right adrenal glands: diagnostic utility and impact on patient manage-
ment. Gastrointest Endosc. 2010;71:745-53.

Martinez M, LeBlanc J, Al-Haddad M, et al. Role of endoscopic ultrasound fine-needle aspi-
ration evaluation adrenal gland enlargement or mass. World J Nephrol. 2014;3:92—-100.
Knight CS, Eloubeidi MA, Crowe R, et al. Utility of endoscopic ultrasound-guided fine-
needle aspiration in the diagnosis and staging of colorectal carcinoma. Diagn Cytopathol.
2013;41:1031-7.

Amin K, Olyaee M, Tawfik O, et al. Endoscopic ultrasound guided fine needle aspiration as
a diagnostic and staging tool for rectal and perirectal lesions-an institute experience. Ann
Diagn Pathol. 2013;17:493-7.

Mohamadnejad M, Al-Haddad MA, Sherman S, et al. Utility of EUS-guided biopsy of extra-
mural pelvic masses. Gastrointest Endosc. 2012;75:146-51.

Rzouq F, Brown J, Fan F, et al. The utility of lower endoscopic ultrasound fine-needle
aspiration for the diagnosis of benign and malignant pelvic lesions. J Clin Gastroenterol.
2014;48:127-30.

Artifon ELA, Franzini TAP, Kumar A, et al. EUS-guided FNA facilitates the diagnosis of
retroperitoneal endometriosis. Gastrointest Endosc. 2007;66:620-2.

Artifon ELA, Sakai P, Bhutani MS. Prostate lesions. In: Bhutani MS, Deutsch JC, editors.
EUS pathology with digital anatomy correlation. Textbook and atlas. Shelton: People’s
Medical Publishing House-USA; 2010. p. 387-96.

Gleeson FC, Clain JE, Karnes RJ, et al. Endoscopic-ultrasound-guided tissue sampling facili-
tates the detection of local recurrence and extra pelvic metastasis in pelvic urologic malig-
nancy. Diagn Ther Endosc. 2012;2012:6. https://doi.org/10.1155/2012/219521.


https://doi.org/10.1155/2012/219521

9 Endoscopic Ultrasound-Guided Fine Needle Aspiration and Biopsy 101

107.

108.

109.

110.

111.

Wang KX, Ben QW, Jin ZD, et al. Assessment of morbidity and mortality associated with
EUS-guided FNA: a systematic review. Gastrointest Endosc. 2011;73:283-90.

Levy MJ, Norton ID, Clain JE, et al. Prospective study of bacteremia and complications with
EUS FNA of rectal and perirectal lesions. Clin Gastroenterol Hepatol. 2007;5:684-9.
Janssen J, Konig K, Knop-Hammad V, et al. Frequency of bacteremia after linear EUS of the
upper GI tract with and without FNA. Gastrointest Endosc. 2004;59:339—44.
Guarner-Argente C, Shah P, Buchner A, et al. Use of antimicrobials for EUS-guided FNA of
pancreatic cysts: a retrospective, comparative analysis. Gastrointest Endosc. 2011;74:81-6.
Khashab MA, Chithadi KV, Acosta RD, et al. Antibiotic prophylaxis for GI endoscopy.
Gastrointest Endosc. 2015;81:81-9.



®

Check for
updates

Chapter 10
Present Status and Future Perspectives

of Endoscopic Ultrasonography-Guided
Fine Needle Aspiration (EUS-FNA)

Mitsuhiro Kida, Tomohisa Iwai, and Hiroshi Imaizumi

Abstract The first report of pancreatic cancer diagnosing by EUS-FNA has been
reported by Peter Vilmann in 1992. Then EUS-FNA has widened its application
such as submucosal tumor, mediastinal lesions, liver lesions, adrenal lesions, biliary
lesions, etc. Furthermore, EUS-FNA widened not only diagnostic but also therapeu-
tic procedure such as pseudocyst drainage, necrosectomy, EUS-BD, EUS-PD, EUS-
CPN/CGN, injection treatment, and gastrojejunostomy.

The application of EUS-FNA seems to be widened year by year in the future.

Keywords EUS ¢ FNA ¢ FNI ¢ FNT e Future perspectives

10.1 History of EUS

After endoscopic ultrasonography (EUS) for gastroenterological diseases was
firstly reported by Strohm and DiMagno in 1980, EUS had widened its indications,
in which EUS had been employed not only for the evaluation of biliopancreatic
diseases but also diagnosis of gastrointestinal diseases and mediastinal lesions, etc.
And finally, EUS had become an indispensable examination in the clinical fields
until the late 1980s. However, clinical demand for EUS had been widened year by
year. For example, characteristics of metastatic lymph node had been reported as
hypoechoic, well demarcated, round shape, more than 10 mm, without central
hyperecho, etc.; using these findings, the diagnostic accuracy varied still from 70 to
80%. Concerning about submucosal tumors, the diagnostic accuracy of EUS had
been also 80-90%, and especially differentiation of malignant GIST from benign
leiomyoma and schwannoma, etc. had been 50-70%. There is no imaging diagnos-
tic examination, which was more accurate than histology and cytology. In order to
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improve its accuracy, it had become necessary to obtain cytology or histology
because of unsatisfactory EUS diagnostic accuracy. Then, the first report of EUS-
FNA (fine needle aspiration) was made by Vilmann in 1992. After its introduction,
EUS-FNA has widened its indication with high accuracy and low complication rate
in the clinical fields. And EUS-FNA technique has been improved on the size of
needle, stroke, number of passes, and negative aspiration pressure.

10.2 EUS-FNA Indication Spreading

Vilmann et al. performed the first case of EUS-guided fine needle aspiration (EUS-
FNA) for pancreatic cancer in 1992 [1]. And at the same time, two Japanese doctors,
Nagakawa et al. and Harada et al., also performed EUS-FNA in gastric submucosal
tumor [2, 3]. After these reports, Wiersema et al. reported a cohort study of EUS-
FNA comprised of 26 patients including seven cases of mediastinal lymph node in
1994 [4]. Chang et al. reported EUS-FNA of pleural effusion and ascites [5], and
Pedersen et al. performed EUS-FNA in mediastinal lesions in 1995 [6]. Silvestri
et al. did the first report of EUS-FNA comprised of 27 patients in the diagnosis and
staging of lung cancer in 1996 [7]. Nguyen et al. performed EUS-FNA in 14 (2.4%)
liver lesions out of 574 consecutive patients in 1999 [8]. Erickson did the first report
of EUS-FNA in 18 (1.6%) retroperitoneum neoplasms out of 1120 patients in 2000
[9]. Gerk performed EUS-FNA for pleural effusion [10]. Jacobson et al. performed

Table 10.1 Spreading Author Year | Target of EUS-FNA
indication of EUS-FNA Harada 1991 | Basic study of EUS-FNA
Vilmann 1992 | Pancreatic cancer
Nagakawa 1993 | Gastric submucosal tumor
Harada 1993 | Gastric submucosal tumor
Wiersema 1994 | Lymph node
Chang 1995 | Pleural effusion, ascites
Pedersen 1995 | Mediastinal lesions
Silvestri 1996 | Lung cancer
Nguyen 1999 | Liver lesions
Erickson 2000 | Retroperitoneal tumor
Gerke 2001 | Pleural effusion, ascites
Jacobson 2002 | Bile juice in the gallbladder
Farrell 2002 | Kidney
Hernandez 2002 | Pancreatic cyst
Bounds 2002 | IPMN
Lai 2002 | Pancreatic duct
Fritscher-Ravens 2003 | Spleen
Matsumoto 2003 | AIP
Shami 2004 | Rectum
Varadarajulu 2005 | Gallbladder tumor
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bile aspiration of the gallbladder with a 22-guage needle in three patients and con-
cluded that transduodenal EUS-guided FNA of the gallbladder bile carries a signifi-
cant risk of bile peritonitis [11].

Lai et al. reported the first EUS-guided pancreatic duct aspiration of 12 patients
with 75% diagnostic yield in 2002 [12].

Varadarajulu et al. performed the first EUS-FNA of gallbladder mass lesions
which diagnosed five malignant and one benign in 2005 (Table 10.1) [13].

10.3 Recent Application of Therapeutic EUS

Basic study of EUS-FNA was done by Harada et al. in 1991 [14]. First therapeutic
EUS of pseudocyst drainage was performed by Grimm et al. [15] in 1992. They
punctured a needle into the pseudocyst with endoscopic ultrasound guidance, kept
a guidewire, changed echoendoscope to duodenoscope, and then inserted a drainage
tube. In the same time, Koito et al. performed EUS-guided sclerotherapy for esoph-
ageal varices [2]. Harada et al. also reported a first case of endoscopic ultrasound-
guided pancreatography in 1995 [16]. Wiersema M. J. et al. performed transgastric
injection of the celiac plexus with bupivacaine and 98% dehydrated absolute etha-
nol (EUS-CPN) in 25 patients in 1996 [17]. Then 79-88% of patients had persistent
improvement in their pain score. Wiersema et al. also reported endosonography-
guided cholangiopancreatography with ten patients who failed pancreatico-ductog-
raphy by ERCP. Hoffmann et al. reported treatment of achalasia by injection of
botulinum toxin under endoscopic ultrasound guidance in 1997 [18]. After Sahai
et al. reported experimental EUS-BD (hepatico-gastrostomy) in pigs in 1998 [19],
Giovannini et al. performed EUS-BD (choledochoduodenostomy) in a 56-year-old
man with obstructive jaundice in 2001 [20]. Concerning about EUS-PD, Francois
et al. performed the first case of EUS-PD (pancreaticogastrostomy), and Bateile
et al. did EUS-PD (rendezvous) in 2002 [21, 22]. In 2000, Seifert et al. went out
through the gastric wall into pancreatic abscess and removed the necrotic tissue,
so-called necrosectomy, which has been frequently employed as a first step of treat-
ment of pancreatic abscess [23]. After Chang et al. reported phase 1 clinical trial of
allogenic mixed lymphocyte culture (cytoimplant) injection in patients with
advanced pancreatic carcinoma, many agents such as ONYX-015 (E1B-55kD
gene-deleted replication-selective adenovirus) for pancreatic cancer by Hecht [24],
ethanol for GIST by Gunter [25], dendritic cell for pancreatic cancer by Irisawa
[26], ethanol for pancreatic cyst by Gan [27], TNFa for pancreatic cancer by Senzer
[28], ethanol for pancreatic insulinoma, etc. [29] have been tried in the clinical
fields. In 2008 Levy et al. reported that the celiac ganglia can be visualized by EUS
and performed direct injection into the celiac ganglia for neurolysis (CGN) and
block (CGB) with 33 patients [30]. After Fritscher-Ravens et al. reported experi-
mental gastrojejunostomy and cholecystogastric anastomosis in pigs, Itoi et al. per-
formed gastrojejunostomy in humans with a new double-balloon enteric tube in
2013 [31, 32].
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Table 10.2 Spreading indication of therapeutic EUS

Author Year Therapeutic procedure

Grimm 1992 Pseudocyst drainage

Nobuta, Koito 1992 Injection to the esophageal varix

Harada 1995 Pancreatography

Wiersema 1996 Celiac plexus neurolysis

Wiersema 1996 Choledochography

Hoffmann 1997 Botulinus toxin injection to the esophagus of achalasia

Sahai 1998 EUS-BD (hepatico-gastrostomy) in pig

Chang K 2000 Injection therapy (cytoimplant) for pancreatic cancer

Giovannini 2001 EUS-BD (choledochoduodenostomy)

Seifert 2000 Endoscopic necrosectomy for pancreatic abscess

Francois 2002 EUS-PD (pancreaticogastrostomy)

Bataile 2002 EUS-PD (rendezvous)

Fritscher-Ravens 2003 Gastrojejunostomy and cholecystogastric anastomosis
in pigs

Hecht 2003 Injection therapy (ONYX-015) for pancreatic cancer

Gunter 2003 Injection therapy (ethanol) for GIST

Irisawa 2004 Injection therapy (dendritic cell) for pancreatic cancer

Gan 2004 Injection therapy (ethanol) for pancreatic cyst

Ashida 2004 Ethanol injection to the pancreas in pig

Senzer 2004 Injection therapy (TNFa) for pancreatic cancer

Sun 2005 Brachytherapy for pancreatic cancer

Jurgensen C 2006 Injection therapy (ethanol) for pancreatic insulinoma

Levy 2008 Celiac ganglion neurolysis

Itoi 2013 Gastrojejunostomy

Nowadays EUS-FNA technique has introduced many possibilities such as injec-
tion of agents, anastomosis, etc. Then we have to collaborate with basic science and
are waiting for new agents in order to treat diseases (Table 10.2).
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Chapter 11 )
EUS-BD and EUS-GBD

Check for
updates

Susumu Hijioka, Kazuo Hara, Nobumasa Mizuno, Takamichi Kuwahara,
and Nozomi Okuno

Abstract Endoscopic retrograde cholangiopancreatography (ERCP) has become
the standard tool for diagnosis and treatment of patients with biliary obstruction.
However, ERCP occasionally fails owing to anatomical or technical problems,
despite high reported success rates. Endoscopic ultrasound-guided biliary drainage
(EUS-BD) has recently emerged as an effective alternative biliary drainage method
over percutaneous transhepatic biliary drainage (PTBD) after unsuccessful
ERCP. EUS-BD includes EUS-rendezvous technique, EUS-guided transluminal
biliary drainage including choledochoduodenostomy and hepaticogastrostomy, and
EUS-guided gallbladder drainage (EUS-GBD).

This section describes the techniques and current status of EUS-BD procedures.

Keywords EUS-BD ¢ EUS-CDS ¢« EUS-RV ¢ EUS-HGS ¢ EUS-GBD

11.1 Introduction

Endoscopic biliary drainage (EBD) is an established means of providing biliary
decompression in patients with bile duct obstruction. However, EBD sometimes
fails due to failed biliary cannulation or inaccessible papilla due to duodenal steno-
sis caused by tumor invasion. Percutaneous transhepatic biliary drainage (PTBD) or
surgical intervention is required in such situations, and both methods are associated
with higher morbidity and mortality rates. Since 1996, endoscopic ultrasound
(EUS)-guided biliary drainage (EUS-BD) has served as an alternative technique to
PTBD when endoscopic retrograde cholangiopancreatography (ERCP) fails.

S. Hijioka (D<)
Department of Gastroenterology, Aichi Cancer Center Hospital, Nagoya, Aichi, Japan

Department of Hepatobiliary and Pancreatic Oncology, National Cancer Center Japan, Tokyo,
Japan
e-mail: shijioka@ncc.go.jp

K. Hara - N. Mizuno - T. Kuwahara - N. Okuno
Department of Gastroenterology, Aichi Cancer Center Hospital, Nagoya, Aichi, Japan

© Springer Japan KK, part of Springer Nature 2019 109
T. Mine, R. Fujita (eds.), Advanced Therapeutic Endoscopy for Pancreatico-
Biliary Diseases, https://doi.org/10.1007/978-4-431-56009-8_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-4-431-56009-8_11&domain=pdf
mailto:shijioka@ncc.go.jp

110 S. Hijioka et al.

Multiple approaches to EUS-BD have been described. Transluminal stenting
(EUS-TL) includes EUS-guided choledochoduodenostomy (EUS-CDS), EUS-
guided hepaticogastrostomy (EUS-HGS), EUS-guided hepaticoenterostomy (EUS-
HES), and EUS-guided rendezvous (EUS-RV) via transesophageal, transgastric
(TG), and transduodenal (TD) routes [1, 2]. The indications, techniques, and com-
plications of EUS-HGS/EUS-HES and CDS are quite different. A guide wire
inserted into an extrahepatic or intrahepatic bile duct for EUS-RV is then advanced
via the papilla and retrieved using an endoscope for interventions such as stent
placement. Many published reports including reviews have described the tech-
niques, indications, safety, and effectiveness of EUS-BD [3-18]. This section
describes the techniques and current status of EUS-BD procedures.

11.2 EUS-BD

Wiersema et al. [19] originally described EUS-guided cholangiopancreatography in
1996 as a diagnostic alternative in two patients with failed ERCP. EUS-BD com-
prises mainly the rendezvous technique (EUS-RV) and transluminal stenting
(EUS-TL). The latter uses transgastric (TG) and transduodenal (TD) approaches.
The intrahepatic biliary radical is punctured using a needle from the left lobe of the
liver (EUS-HGS) in the TG approach, whereas the common bile duct is punctured
from the duodenum (EUS-CDS) in the TD approach. The findings of several sys-
tematic and meta-analyses of EUS-BD have been published [11, 12, 16, 18].

A systematic review of 42 studies [18] found rates of 94.71%, 91.66%, and
23.32% of cumulative technical success (TSR), functional success (FSR), and
adverse events, respectively. Some articles [12, 16, 20] describe comparative evalu-
ations of EUS-BD and PTCD among patients with distal malignant biliary obstruc-
tion. In these reports, the technical success rate was higher, but the clinical success
and stent patency were the same, and the adverse event rate (70.6% vs. 18.2%,
P < 0.001) and total charges were higher in the PTCD group (P = 0.003).Therefore,
it concluded that EUS-BD should be selected if the procedure can be performed by
experienced endoscopists [6].

A recent systematic analysis of 1192 patients who underwent EUS-BD revealed
a cumulative adverse event rate of 23.32%.

11.3 EUS-Guided Biliary Drainage with the Rendezvous
Technique

EUS-guided bile duct drainage with the rendezvous technique was originally
described in 2004 by Mallery et al. [21], who used EUS-RV to drain obstructed bili-
ary duct in patients with ERCP failure. Many reports followed [22-28], which
caused the procedure to become widely recognized.
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11.3.1 Patient Selection

EUS-RV is actually indicated for patients who have difficulties with biliary cannu-
lation defined as unachievable even via advanced techniques such as a double guide
wire, pancreatic sphincter, or needle knife precuts or judged as difficult by operators
due to conditions such as tumor invasion of the papilla or the location of the papilla.

11.3.2 EUS-RV Puncture Route

The puncture sites are the stomach, duodenal bulb, and descending duodenum
(Fig. 11.1). The first route is transmural puncture of the intrahepatic bile duct
(IHBD) as the IHBD route (Fig. 11.1a). Transesophageal puncture of B2 and TG
puncture of B2 or B3 can be the puncture routes for [HBD. In addition, transjejunal
puncture is a possibility for patients who have undergone reconstruction after total
gastrectomy. However, the TG puncture route, especially B2, is a popular choice in
many patients. The extrahepatic bile duct (EHBD) can be punctured via the proxi-
mal duodenum (D1) and via the second portion of the duodenum (D2). The scope is
in the long (push) and short position when the EHBD is punctured viaD1 (Fig. 11.1b)
and D2 (Fig. 11.1c), respectively.

11.3.3 EUS-BD with Rendezvous Technique

After positioning the echoendoscope in the esophagus, stomach, or duodenum and the
bile duct is visualized by endosonography, the bile ducts are punctured primarily with
a 19-G needle (Fig. 11.2a). Contrast is injected through the EUS needle to visualize
the bile ducts. After bile duct puncture is deemed successful by confirmation on

Fig. 11.1 Three puncture sites in EUS-RV. (a) Transgastric puncture of intrahepatic bile duct
(B2). (b) Transduodenal bulb approach via long position. (¢) Transduodenal (descending duode-
num) approach via short position
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Fig. 11.2 Endoscopic ultrasound-guided rendezvous technique. (a) Intrahepatic bile duct is punc-
tured with 19-G needle under endoscopic ultrasound guidance. (b) Contrast is injected, and then
0.025-in. guide wire is inserted through the needle and manipulated across the papilla into the
duodenum. (¢) Needle and echoendoscope are exchanged for duodenoscope. (d) Guide wire from
the papilla is grasped with loop cutter and pulled out through working channel of duodenoscope.
(e) Deep biliary cannulation achieved over guide wire

endosonographic and fluoroscopic images, a guide wire (0.025 in.) is advanced dis-
tally through any stricture and across the papilla using fluoroscopic guidance
(Fig. 11.2b). Although a 0.018- or 0.021-in. guide wire with a 22-G needle can be
used if a bile duct is insufficiently dilated, it is prone to kinking. Therefore, re-punc-
ture with a 19-G needle achieved by fully dilating the bile duct using contrast imaging
can be useful. After the guide wire has passed through the papilla into the duodenum,
making several loops of wire in the duodenum or stabilizing the wire by introducing
it over the Treitz during subsequent endoscope exchange is advisable (Fig. 11.2c). The
EUS scope is then removed leaving the guide wire in place. A duodenoscope is passed
by the side of the guide wire placed by EUS up to the papilla. The papillary end of the
guide wire is grasped with a snare, forceps, or loop cutter and pulled back out of the
working channel of the duodenoscope for subsequent over-the-wire cannulation
(Fig. 11.2d). Finally, the common bile duct is accessed, and standard endoscopic ret-
rograde cholangiography (ERC) with stent placement can proceed (Fig. 11.2e).

11.3.4 Success Rate

A recent review of 15 publications including 383 patients who underwent EUS-RV
[26] found that the overall success rate of EUS-RV is 81% with a complication rate
of 10%. The success rates for the IHBD and EHBD puncture routes were 65% and
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87%, respectively. The major complications were bleeding, bile leakage, peritonitis,
pneumoperitoneum, and pancreatitis. The incidences of procedural accidents were
17% and 8%, respectively, when using the IHBD and EHBD puncture routes.

11.4 EUS-Guided Choledochoduodenostomy (EUS-CDS)

Giovannini et al. first described EUS-CDS in 2001 [29], and this was subsequently
followed by many studies [4, 6, 30-47]. The technique is similar to EUS-guided
drainage of pancreatic pseudocysts.

11.4.1 Patient Selection

Patients with failed EBS who have been excluded from prospective clinical trials
usually undergo EUS-CDS [35, 48, 49]. This procedure is applicable when the mid-
dle and lower areas of the bile duct are obstructed. However, it is contraindicated for
patients with surgically altered anatomy, such as a Roux-en-Y anastomosis or duo-
denal obstruction caused by invasion by a tumor, which is impenetrable by an endo-
scope. In such circumstances, EUS-guided hepaticogastrostomy might be indicated.
However, if the duodenal bulb is not involved, EUS-CDS can be combined with
duodenal stenting (Fig. 11.3). The indications for EUS-CDS vs. ERCP for benign
conditions are not established. Hence, the following are indications for EUS-CDS:
failed EBS, inaccessible ampulla of Vater caused by situations such as tumor inva-
sion of the duodenum, contraindications for percutaneous transhepatic biliary drain-
age (PTBD), and middle or lower bile duct obstruction.

11.4.2 EUS-CDS Technique

The EUS scope is advanced into the duodenal bulb via the long position to visualize
the CBD on EUS (Fig. 11.4a). Doppler visualization of the route is confirmed to
avoid any intervening vessels, and then the CBD is punctured using a 19-G needle
(Fig. 11.4b). Bile juice is aspirated and a small amount of contrast medium is
injected. A guide wire is then placed deep in the intrahepatic bile duct. When the
CBD is aligned parallel to the FNA needle EUS images, the guide wire can be easily
advanced toward the hepatic hilum to the IHBD (Fig. 11.4c). A 0.025-in. guide wire
with a highly flexible tip, sufficient rigidity, and easy-seeking ability is preferable.
When the guide wire is inserted along with other devices, then all devices should be
visualized under EUS and fluoroscopic guidance to ensure that they fit the axis.
Various devices have been described to dilate the fistula after puncturing the
CBD. The newer Cysto Gastro Set diathermic dilator (Endoflex GmbH, Voerde,
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Fig. 11.3 EUS-CDS with duodenal stent. (a) Needle puncture from duodenal bulb under duode-
num stent up to descending portion. (b) Fully covered self-expandable metal stent deployed apart
from duodenum stent. (¢) Endoscopic view of SEMS via transduodenal fistula with distal duode-
num stent from duodenum descending portion to horizontal portion

Germany) is coaxial with the guide wire, and thus it might reduce the incidence of
EUS-BD-related adverse events when applied to fistula dilation.

11.4.3 Stent Selection

Although both plastic and metallic stents have been deployed during EUS-CDS, the lat-
ter should offer some clinical benefits. Plastic stents require a tract with a diameter that
is at least equal to or larger than their own, which might associate such stents with bile
leakage into the peritoneal space. By contrast, metallic stents can effectively seal the gap
between the stent and the fistula tract, thus reducing the risk of bile leakage. Furthermore,
the larger diameter of metallic stents results in patency for longer periods.
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Fig. 11.4 EUS-CDS technique. (a) EUS scope is advanced into duodenal bulb via long position.
(b) Doppler visualization is confirmed and CBD is punctured using 19-G needle. (¢) Guide wire is
advanced toward the hepatic hilum to the IHBD. (d) Fully covered self-expandable metal stent
deployed. (e) Endoscopic view of SEMS via transduodenal fistula

Thus, partially or fully covered self-expandable metal stents (SEMS) should be
deployed (Fig. 11.4d, e). However, they have the disadvantage of potentially occlud-
ing the side branch of the bile duct. This suggests that a partially covered SEMS
should be selected to prevent occlusion of the intrahepatic bile duct if the distance
between the puncture site and the hepatic hilar portion is short.

Stent migration is another complication of EUS-BD. A double-pigtail, plastic
stent can be placed inside a standard metal stent, with the pigtail functioning as an
anchor [14].

11.5 EUS-Guided Hepaticogastrostomy (EUS-HGS)

After the first report of EUS-guided hepaticogastrostomy by Burmester et al. [50] in
2003, many studies of EUS-CDS were published [13, 32, 33, 43, 44, 51].

11.5.1 Patient Selection

When ERCP fails due to surgical anatomy and/or an inaccessible ampulla of Vater,
EUS-HGS should be indicated. Although EUS-CDS is contraindicated in patients
with surgically altered anatomy, such as a Roux-en-Y anastomosis or duodenal bulb
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obstruction caused by tumor invasion, EUS-HGS is an option because it is imple-
mented via the stomach. With respect to biliary stricture, EUS-HGS might be con-
traindicated if the hepatic hilum is obstructed, because the right hepatic bile duct
cannot drain when a stent is deployed in the left intrahepatic bile duct. In fact,
EUS-BD has been reported as an expanding indication for right hepatic biliary
obstruction [52, 53]. Hence, the indications for EUS-HGS comprise failed ERCP,
inaccessible ampulla of Vater including that due to surgical anatomy and tumor
invasion, and contraindications for PTCD such as ascites and possibility self-tube
removal. The contraindications for EUS-HGS comprise massive ascites between
the stomach and the liver, as well as unresectable gastric cancer.

11.5.2 EUS-HGS Technique

The EUS should be advanced into the stomach to visualize the left intrahepatic bile duct,
and then the left hepatic lobe can be visualized using a slight counterclockwise rotation.
A more rigid guide wire can be inserted through the FNA needle, because a dilated fis-
tula is needed to insert the stent delivery system more than with EUS-CDS. Because
each device is passed through the mediastinum when puncturing via the esophagus,
extreme adverse events such as mediastinitis or pneumomediastinum might arise if seg-
ment 2 (B2) is punctured. Therefore, segment 3 (B3) should be initially selected as the
puncture site for EUS-HGS (Fig. 11.5a). After the guide wire is inserted up to the com-
mon bile duct, contrast is injected to confirm the obstructed site and the left bile duct
(Fig. 11.5b). While inserting devices along with the guide wire, the other devices must
be continuously visualized by EUS imaging to ensure that they fit the axis during vari-
ous EUS-guided procedures. The bile duct and stomach wall must be dilated to insert a
stent delivery system. Among various devices for fistula dilation, Soehendra 6-10 Fr
biliary dilation catheter (Cook Medical, Bloomington, IN, USA), balloon catheters, and
Cysto Gastro Set diathermic dilators (Endoflex GmbH) are the most popular.

11.5.3 Stent Selection

Fully covered self-expandable metallic stents (FCSEMS) seem to be the most popular
choice for EUS-HGS (Fig. 11.5¢), perhaps because bile is less likely to leak from the
gap between the stent and a large fistula created to insert the stent delivery system,
stent patency might last longer, and a tamponade effect of the FCSEMS itself will
occur if the stomach wall bleeds. Of course, FCSEMS also has the disadvantages of
being expensive, having to consider shortening (especially in the luminal portion to
prevent stent migration), and possibly obstructing side branches of the left hepatic
biliary tract. On the other hand, Umeda et al. [54] performed EUS-HGS using a novel,
8-Fr, 20-cm-long single-pigtail plastic stent with an effective length of 15 cm with
four flanges. The proximal end has a pigtail stricture, and the distal end is tapered.
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Fig. 11.5 EUS-HGS technique. (a) Segment 3 (B3) should be initially selected as puncture site.
(b) Guide wire is inserted up to common bile duct, and then obstruction site and left bile duct are
confirmed using contrast. (¢) After deployment of metallic stent. (d) CT image

11.5.4 Success Rates

The reported technical and clinical success rates of EUS-HGS range from 65% to
100% and from 87% to 100%, respectively [55].

11.6 EUS-Guided Gallbladder Drainage (EUS-GBD)

Endoscopic ultrasound-guided gallbladder drainage (EUS-GBD) has recently been
reported as an alternative to PTGBD [56-70].

11.6.1 EUS-GBD Technique

The gallbladder is visualized under EUS from the distal gastric antrum or the
duodenal bulb. The gallbladder is then punctured with a 19-G needle, avoiding
intervening vessels. Punctures from the duodenum usually access the gallbladder
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at the neck or infundibulum, whereas those from the distal antrum access the
gallbladder fundus or body [67]. Transduodenal access might interfere with sub-
sequent cholecystectomy after interval EUS-GBD. On the other hand, TG EUS-
GBD might be more prone to stent dislocation or migration, since the stomach is
more mobile than the duodenum [67]. After gallbladder puncture, a 0.025-in.
guide wire is introduced and coiled into the gallbladder. The tract is then dilated
before stent placement. Consensus about the optimal dilation technique has not
been reached. As described above for EUS-HGS, tracts have been dilated using
various cautery and non-cautery devices either alone or serially. After gallblad-
der puncture and tract dilation, a stent is deployed in the gallbladder under com-
bined EUS and fluoroscopic guidance. Various types of stents can be deployed
for EUS-GBD (Fig. 11.6).

Fig. 11.6 EUS-GBD technique. (a) EUS is advanced to duodenal bulb via long position. (b) The
gallbladder is punctured with 19-G needle, and then tract is dilated using non-cautery device. (c)
Tubular metallic stent is deployed. (d) Pigtail stent inserted through SEMS serves as anchor and
safeguard against migration
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11.6.2 Stent Selection

Plastic stents were initially deployed for EUS-GBD. Double-pigtail stents are the
most popular types of plastic stents used for EUS-GBD because tubular stents can
migrate. The pigtail inside the gallbladder is thought to offer protection against the
risk of outward migration [67].

However, the patency of plastic stents is shorter, and bile is more likely to leak
compared with large-diameter metallic stents. Regarding SEMS, tubular metal stents
are not specifically designed for EUS-guided drainage procedures and have several
limitations when applied to transluminal drainage [71]. They do not provide lumen
anchorage, which increases the risk of adverse events such as bile leakage or pneu-
moperitoneum. Despite modifications in tubular SEMS design or adjunct techniques
such as pigtail-in-SEMS, tubular stent migration remains a distinct risk. Beyond
tubular SEMS modifications, novel lumen-apposing metal stents (LAMS) such as
the AXIOS stent (Xlumena, Mountain View, CA, USA) have been developed [71].
Such stents provide robust anchorage between nonadherent luminal structures and
overcome that specific limitation of tubular stents. The bilateral flanges of LAMS are
wider than the saddle section to provide anchorage and prevent migration. Some
authors recommend placing a pigtail stent through a tubular standard SEMS when
used for EUS-GBD to serve as an anchor or safeguard against migration [67, 69].

11.7 Conclusion

Although EUS-BD is an effective alternative procedure for relieving biliary obstruc-
tion, it is safe and appropriate only when performed by experts.
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Chapter 12

New Insight of EUS-Guided Transluminal
Drainage for Pancreatic and Peripancreatic
Fluid Collections

Check for
updates

Atsushi Irisawa, Akane Yamabe, Ai Sato, and Goro Shibukawa

Abstract Endoscopic ultrasound (EUS)-guided drainage, in which accumulated
pancreatic and peripancreatic fluid collections are approached directly through the
digestive tract, has been widely performed. This therapy is a procedure that allows
for simple, reliable, and effective drainage without putting any burden on the pan-
creatic parenchyma. In addition, for cases in which elimination or remission of the
lesions cannot be achieved with EUS-guided transgastric drainage alone, endo-
scopic necrosectomy is also carried out. However, these therapies are associated
with a relatively high incidence of adverse events, and therefore, the indications
must be fully considered, and the procedure must be mastered before it is
performed.

Keywords Walled-off necrosis ¢ Pancreatic pseudocyst ¢ EUS-guided drainage
Endoscopic necrosectomy

12.1 Introduction

Drainage under endoscopic ultrasound (EUS), in which accumulated pancreatic and
peripancreatic fluid collections are approached directly through the digestive tract,
has been widely used in recent years. The method described in this treatment is a
procedure that allows for simple, reliable, and effective drainage without putting
any burden on the pancreatic parenchyma. In addition, for cases in which elimina-
tion or remission of the lesions cannot be achieved with EUS-guided transgastric
drainage alone, endoscopic necrosectomy is also carried out. However, these thera-
peutic procedures are associated with a relatively high incidence of adverse events,
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and therefore, the indications must be fully considered, and the procedure must be
mastered before it is performed. In this article, we describe the therapeutic proce-
dures using EUS for the treatment of pancreatic and peripancreatic fluid collections
associated with pancreatitis, as well as perspectives on the indications for treatment,
and the actual execution of treatment.

12.2 Concept of Pancreatic and Peripancreatic Fluid
Collections Associated with Acute Pancreatitis
and Changes in the Concept

Based on concepts understood thus far, pancreatic pseudocysts (PPCs) are defined
as “an accumulation of pancreatic juice encapsulated in a wall of fibrous or granula-
tion tissue, due to acute pancreatitis, traumatic injuries, or chronic pancreatitis,” as
proposed at the 1992 International Symposium on Acute Pancreatitis [1], which was
held in Atlanta, GA, USA.

Due to recent advances in endoscopic equipment, the endoscopic treatment
of pancreatic and peripancreatic fluid collections associated with pancreatitis
has developed extensively. Thus, treatment outcomes have been reported to dif-
fer depending on the presence or absence of infection, and unlike pseudocysts,
which are composed of only liquid components, pancreatic and peripancreatic
fluid collections may contain necrotic tissue, and in such cases, treatment effi-
cacy has been reported to vary even when the same therapeutic method was
performed [2—-4]. These findings show that the condition can no longer be
explained on the basis of the aforementioned Atlanta classification alone. Thus,
a revised version of the Atlanta classification [5] based on an international con-
sensus was published in 2013. In this classification, the concept of PPCs devel-
oping after acute pancreatitis has changed drastically, and the processes of
formation of pancreatic and peripancreatic fluid collections caused by other dis-
eases such as interstitial edematous pancreatitis and necrotizing pancreatitis
(cystic lesions caused by inflammation) were newly considered in the interpre-
tation of pathological conditions, which had thus far been included among acute
pseudocysts (Table 12.1).

In the case of interstitial edematous pancreatitis, PPCs were defined as acute
peripancreatic fluid collections (APFCs) that develop first as aresult of inflammation,
and which become encapsulated over time in order to become a cyst, without includ-
ing pancreatic or peripancreatic necrotic tissue. Their formation often involves a
collapse of the main pancreatic duct, as well as pancreatic duct branches, and the
cyst’s liquid content often shows extremely high levels of pancreatic enzymes.
Diagnostic imaging usually shows that the cyst has a relatively uniform internal
structure (often unilocular), because no necrotic tissue is contained inside (Fig. 12.1).
Such a condition is believed to rarely lead to the development of fluid collections
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Table 12.1 Processes of formation of pancreatic and peripancreatic fluid collections caused by
acute pancreatitis

Within the first 4 weeks after
onset of More than the first 4 weeks

Interstitial edematous pancreatitis

Acute peripancreatic fluid Pancreatic pseudocyst
collection (sterile/infected)
(sterile/infected)

Necrotizing pancreatitis

Acute necrotic collection Walled-off necrosis (WON)
(sterile/infected) (sterile/infected)

Fig. 12.1 Pancreatic pseudocyst. CT and EUS images show that an encapsulated collection of
fluid with a well-defined inflammatory wall usually outside the pancreas with no necrosis

after acute pancreatitis, and the cyst is highly likely to be resorbed during the clinical
course and to heal spontaneously.

Meanwhile, the accumulation of exudate associated with necrotizing pancreatitis
is called “acute necrotic collection” in its initial stages; later, pancreatic and peri-
pancreatic necrosis reaches a peak, and liquefaction starts to develop. Usually, a
border becomes clearly visible between the necrotic focus and the adjacent tissue
after 4 or more weeks, leading to a condition known as “walled-off necrosis
(WON),” in which the necrosis is encapsulated. Each of the above has been pro-
posed to be considered an independent pathological condition. In most cases, WON
is multilocular and contains necrotic tissue inside (Fig. 12.2). However, pseudocysts
associated with chronic pancreatitis (chronic pseudocysts) have a frequency of
approximately 30% [6]; they are often unilocular and have a morphology that is
apparently different from that of WON. In most cases, such pseudocysts communi-
cate with the pancreatic duct.
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Fig. 12.2 Walled-off necrosis (WON). CT and EUS images show a mature, encapsulated collec-
tion of pancreatic and/or peripancreatic necrosis that has developed a well-defined inflammatory
wall. WON is multilocular and contains necrotic tissue inside

12.3 Indications of Treatment Under EUS (Drainage,
Necrosectomy)

12.3.1 Overview of the EUS Treatment of Pancreatic
and Peripancreatic Fluid Collections

EUS-guided transgastric drainage is an endoscopic treatment aimed at forming an
artificial fistula by puncturing the cyst cavity directly from the gastrointestinal tract.
Using a convex EUS allows for performing the procedure while confirming in real
time the puncture route, as well as the blood vessels on the route; as a result, decom-
pression and drainage of the inner cavities of pseudocysts and WON can be per-
formed easily, conveniently, and safely. The purpose of an endoscopic necrosectomy
is to create, under EUS guidance, a relatively large fistula between the gastric wall
and the WON, to insert the endoscope directly into the cavity, to control infection in
the WON cavity, and to remove necrotic materials involved in the production of
chemical mediators and cytokines. Puncture through the digestive tract is performed
under EUS guidance, and if the WON is drainable, the same route can be used to
perform an endoscopic necrosectomy through the digestive tract.

12.3.2 Understanding the Mechanism of the Formation
of WON/PPCs and Treatment Options

12.3.21 WON
This section describes current considerations regarding the mechanism of formation

of WONs. When inflammation spreads outside the pancreas as a result of acute
necrotizing pancreatitis, an exudate accumulates in the cavity of the omental bursa
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between the pancreas and the stomach. Intense inflammation inside the cavity of the
omental bursa causes a closure of Winslow’s hiatus; thus, the exudate, as well as
pancreatic and peripancreatic necrotic materials, is encapsulated mainly in the cav-
ity of the omental bursa, leading to the formation of cystic lesions. In such cases,
inflammation inside the cavity of the omental bursa causes adhesions between the
gastric serosa and the omental bursa. As a result, the gastric wall itself is integrated
in the wall of the WON [7]. Because of this mechanism of formation of WON, the
risk of leakage of the contained liquid into the abdominal cavity is low, and per-
forming drainage is relatively safe, even if the procedure includes performing a
transgastric puncture.

12.3.2.2 PPCs

Pseudocysts following an acute pancreatitis are due to the encapsulation of APFCs
as aresult of the spread of inflammation to the peripancreatic region. In other words,
the process of formation of a cyst is similar to that of the aforementioned WON, and
cysts can also be treated with transgastric drainage.

Meanwhile, chronic pseudocysts due to pancreatic duct stricture or pancreatic
calculi are basically intrapancreatic cysts, and because the cavity of the omental
bursa is present between the pseudocyst and the stomach, the gastric wall and the
cyst wall are disconnected from each other. Therefore, in principle, transpapillary
drainage needs to be performed in the case of such cysts. However, in many cases,
even when a chronic pseudocyst is clearly present inside the pancreas, repeated
inflammation leads to adhesion between the gastrointestinal wall and the cyst wall,
and in such cases, treatment can be conducted through the digestive tract [7].

12.3.2.3 Indications and Timing of Treatment

Understanding the natural history of cystic lesions after pancreatitis is important for
estimating and determining the indications and timing of the treatment [8, 9]. In
1979, Bradley et al. [10] reported that if a PPC has a diameter less than 6 cm, it has
a 40% chance to regress spontaneously within 6 weeks after its development. In
addition, in 1985, O’Malley VP et al. [11] reported that if a cyst was small with a
diameter of approximately 4 cm, it was highly likely to regress spontaneously; how-
ever, if the cyst’s diameter exceeded 6 cm, spontaneous regression was less likely,
and the risks of complications such as internal hemorrhage inside the cyst, infection,
or rupture were elevated. Considering all of the above, spontaneous regression is
unlikely, and treatment is indicated when a cyst has a diameter of 6 cm or more,
regardless of the presence or absence of symptoms. Treatment is also indicated if
6 weeks have elapsed since the development of the cyst. Meanwhile, if the cyst
increases in size during the follow-up period, if it bleeds or gets infected, or if the
patient has abdominal pain or a disorder of gastrointestinal transit time, treatment is
indicated, regardless of the size or timing mentioned earlier [10]. In the natural
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history of WON, the cavity may communicate with the gastric or intestinal lumen in
some cases; its size may also decrease naturally, and in other cases, the infection
may also resolve spontaneously [12].

Even in cases of acute necrotic pancreatic/peripancreatic collections, which are
conditions that precede the aforementioned WON, infection control through drain-
age should be carried out if the fluid collection is complicated by infection and also
if no improvement is achieved after administration of conservative antimicrobial
therapy. However, as often as possible, conservative treatment alone should be car-
ried out during this period. If the patient’s general condition is relatively stable,
elective treatment should be considered in order to have a lower incidence of com-
plications and a lower mortality rate [13, 14]. In addition, since retention cysts
developing as a complication of chronic pancreatitis are less likely to regress spon-
taneously [15], treatment should be actively considered in patients with clinical
symptoms.

12.3.2.4 Judgment of the Value of EUS-Guided Transgastric Drainage
and that of Endoscopic Necrosectomy

Previous reports have shown that the treatment outcomes of EUS-guided transgas-
tric drainage were very good in roughly 95% of cases, and previously reported
recovery rates were approximately 90%, also showing a favorable outcome [16, 17].
The procedural success rate (94—-100%) has been reported to be higher than that of
drainage performed under direct visualization by using an endoscope [18, 19]. The
incidence of procedural accidents is believed to be approximately 11% [7].

Although endoscopic necrosectomy has often been reported as highly effec-
tive, its high incidence of procedural accidents has been considered problematic.
Earlier reports [20], which could be considered from the dawn of the development
of the method described in this study, have shown that endoscopic necrosectomy
was more advantageous for the treatment of WON (a high treatment success rate
and an incidence of procedural accidents similar to that associated with the
method using drainage). In addition, a report based on a comparative controlled
study of endoscopic necrosectomy and surgical necrosectomy [21] showed that in
patients treated with endoscopic necrosectomy, the postoperative serum levels of
IL-6 were significantly lower, and the frequency of occurrence of procedural acci-
dents was also significantly lower, indicating that endoscopic necrosectomy was
less invasive and therapeutically superior. However, at a time when reports on
endoscopic necrosectomy became more common, a systematic review [22]
reported that while 76% of patients showed improvements after being treated with
endoscopic necrosectomy alone, the incidence of procedural accidents was 27%,
and the mortality rate was 5%. In other reviews [23] as well, although the rate of
effectiveness of endoscopic necrosectomy for treating WON has been reported to
be as high as 84%, the occurrence of procedural accidents has been reported to be
24%, and the mortality rate was 3.4%; therefore, the method cannot actually be
said to be safe in all cases.
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Based on this information, the step-up approach has recently been recommended.
In other words, patients are initially treated by using an EUS-guided transgastric
drainage, and endoscopic necrosectomy is performed only in uncontrollable cases.
In 2010, van Santvoort et al. [24] conducted a randomized controlled trial that
included a group of participants treated by surgical necrosectomy from the begin-
ning and a step-up group in which the participants were first treated by percutaneous
or endoscopic drainage and secondarily treated by necrosectomy if necessary. The
findings showed that although there was no significant difference in the mortality
rate between the two groups (19 vs. 16%), the incidence of severe cases of proce-
dural accidents, including surgery-related deaths, was 69% in the surgical necrosec-
tomy-treated group and significantly lower (40%) in the step-up group. In addition,
the incidence of newly developed multiple organ failure was also significantly lower
in the step-up group (12%) than in the surgical necrosectomy-treated group (40%).
They also reported that 60% of patients with WON were treatable by drainage
alone, and necrosectomy therefore did not need to be performed [14].

12.4 Therapeutic Procedures and Results

12.4.1 EUS-Guided Transgastric Drainage
12.4.1.1 Therapeutic Procedure and Its Efficacy

The method described in this study applies to procedures used in EUS-guided fine
needle aspiration biopsy and percutaneous biliary drainage. First, the targeted
lesion is visualized, the absence of blood flow in the lesion and the puncture line
is confirmed by color Doppler, and the puncture route is determined. Next, the
puncturing device is fixed to the accessory channel of the endoscope, and the tar-
geted lesion is punctured (Fig. 12.3a). The stylet is pulled out, and a guide wire is
inserted (Fig. 12.3b). The puncture needle is removed, and later, a dilator is
inserted, and the puncture site is dilated; then a drainage tube is inserted. In the
case of an infected cyst, an external fistula method is carried out, in which an
indwelling nasotracheal tube is put in place and the properties of the drainage
fluid confirmed; performing a lavage should be considered if necessary
(Fig. 12.3c). Reports from previous studies have shown that a recovery rate of
90% or higher has been achieved even when the internal fistula method alone was
used [16, 25]; however, for cases in which infection develops inside the cyst, the
external fistula method is recommended, to allow for lavage inside the cystic cav-
ity. In addition, in cases with infected cysts, infection control has been pointed out
as likely to be difficult with the external fistula method alone [26]. Therefore, in
recent years, starting with a combination of internal and external fistulas from the
initial phases of treatment has been considered a better option [27, 28]. Particularly,
in the case of WON, the method using an external fistula for lavage of the cystic
cavity has also been actively carried out.
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Fig. 12.3 Procedure of EUS-guided drainage for WON. (a) The targeted lesion is punctured using
19-gauge needle device. (b) A guide wire (0.025 in.) is inserted into the cavity of WON. (c)
Multiple stents are indwelled into the cavity of WON (one external and two internal stents, single
transluminal gateway transcystic multiple drainages)

In recent years, various efforts have been carried out to improve the performance
of drainage. In particular, in WON, the cavity encapsulated inside the cyst is often
multilocular, and therefore, the therapeutic effect may not be fully achieved if drain-
age is conducted only on a partial portion of the cavity. Suzuki et al. [29] previously
reported a case of multilocular WON in which overall improvement could not be
achieved by only drainage from the stomach into an adjacent site. To deal with the
case, they inserted a small-diameter endoscope transgastrically and placed an
indwelling transnasal drainage tube in the cavity of the WON, which was located at
a site distant from the stomach where the drainage effect could not be achieved.
Later, healing was achieved after they performed a lavage of the inner cavity by
using approximately 500 mL of physiological saline for several consecutive days. In
addition, Varadarajulu et al. [30] reported having achieved favorable outcomes after
treating a multilocular WON by using a multiple transluminal gateway technique
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consisting of carrying out a puncture drainage from various sites. Further, Mukai
et al. [31] reported the usefulness of single transluminal gateway transcystic multi-
ple drainages. The technique consisted of placing several indwelling stents in mul-
tiple directions (inside each cavity with a multilocular structure) by inserting them
from one puncture cavity in the same way as the multiple transluminal gateway
technique (Fig. 12.3c). This has been shown to have favorable therapeutic effects.

In addition, in an increasing number of reports, metallic indwelling stents with
larger diameters have been put in place instead of plastic stents, to achieve favorable
therapeutic effects, as well as the early formation of a fistula [32—-37]. The outcomes
have been generally favorable, with a procedural success rate and recovery rate of
approximately 90%. Among such cases, Saxena et al. [37] reported that by placing
exclusively an indwelling metallic stent only once (without needing additional treat-
ments such as necrosectomy), they achieved a high recovery rate and an extremely
short duration of hospitalization (mean duration of hospital stay, 1 day). Walter et al.
[38] (in a study conducted on 61 patients) reported that the procedural success rate
was 98%, and the disappearance of clinical symptoms and the reduction in the size
of the lesions to 2 cm or less accounted for 93% (including 95% of pseudocysts and
81% of WON); the mean duration of placement of indwelling stents was 32 days,
and removal was achievable in 82% of the cases. However, relatively severe proce-
dural accidents (cyst cavity infection, perforation) occurred in 9% of the patients,
whereas 6.5% of the patients needed additional treatment requiring surgery.

Recently, Itoi et al. [39, 40], Yamamoto et al. [41], and Bapaye et al. [42] have
reported the usefulness of dumbbell-shaped metallic stents using both ends as
anchors. Their major advantages consist of their large aperture diameter and high
drainage effect, as well as the fact that they allow for endoscopic necrosectomy to
be performed easily through the stent lumen.

12.4.1.2 Procedural Accidents

Numerous reports have also shown that procedural accidents occurred with a fre-
quency of approximately 10% and mainly included bleeding, cyst infection, perfo-
ration, and stent migration/deviation. Rare cases of accidental punctures of the
gallbladder have also been reported [43]. Bleeding during puncture is the most fre-
quently encountered procedural accident, and bleeding associated with electric
needles has been reported to account for 15.7% of cases, whereas that associated
with non-electric needles accounted for 4.6% [44].

12.4.2 Endoscopic Necrosectomy

The basic target lesions are WON. The basic procedure is as follows:

1. By using a direct-view endoscope and an EUS-guided transgastric drainage, an
indwelling guide wire is inserted into the WON cavity from the site where an
indwelling stent has been placed.
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2. The site of the fistula is forcibly expanded by using a balloon for dilating the
digestive tract (diameter, approximately 18 mm) (Fig. 12.4a).
. The endoscope itself is inserted into the WON cavity while the balloon is left inflated.
4. The balloon catheter is removed, and then an endoscope is inserted into the
WON, and a lavage of the cavity is carried out, as well as a removal of necrotic
materials (Fig. 12.4b).

(O8]

This procedure is performed approximately twice a week, and the purpose is to
cause the WON cavity to shrink and disappear. Although rare, procedural accidents
consisting of air embolisms have been reported, and therefore, using CO, gas is
recommended for air insufflation during the procedure [45, 46].

Lavage of the cavity with a physiological saline solution during the necrosec-
tomy procedure, as well as that of the cavity by using an indwelling transnasal
drainage tube placed after the necrosectomy procedure, is widely performed [47—
51]. Meanwhile, Jurgensen et al. [52] reported having achieved full therapeutic
effects without adding perfusion and lavage to endoscopic necrosectomy, and no
clear evidence of the utility of lavage has yet been established.

In general, most reports have shown good therapeutic effects. In a report from a
multicenter study conducted in Japan, Germany, and the United States (the studies
were conducted on 57, 93, and 104 cases, respectively) [37, 38, 53], the treatment
success rates were 75%, 80%, and 91.3%, respectively.

12.4.3 Procedural Accidents

In the aforementioned multicenter study conducted in Japan, Germany, and the
United States, the incidence of procedural accidents and mortality rate were report-
edly high in all cases (33% and 11%, 26% and 7.5%, and 14% and 6.7% incidence

Fig. 12.4 Endoscopic necrosectomy. (a) The huge fistula between the stomach and WON is made
using a large balloon. (b) An endoscope is inserted into the cavity of WON to perform
necrosectomy
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of procedural accidents and mortality rate, respectively). In detail, the procedural
accidents included bleeding from the puncture site, shock, splenic aneurysm rup-
ture, necrotic cavity wall perforation (retroperitoneal perforation), pneumoperito-
neum, and air embolism. The most frequent procedural accident was bleeding. In
addition, the reported causes of death include bleeding, sepsis, air embolism, mul-
tiple organ failure, and thrombosis of the superior mesenteric artery.

12.5 Conclusions

EUS-guided treatment has recently been widely used for the management of pan-
creatic and peripancreatic fluid collections; however, unless the most appropriate
treatment for each case is selected and carried out after having firmly understood
each patient’s clinical condition, the usefulness of this therapeutic method may not
be fully achieved. Fully understanding the information conveyed by this article is
needed before conducting treatment by using the method described herein.
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Chapter 13 )
Ablation of Tumor Using EUS

Check for
updates

Hyoung-Chul Oh, Woo Hyun Paik, Tae Jun Song, and Dong Wan Seo

Abstract EUS started as an imaging tool for deeply seated organ and pathology.
After introduction of EUS-guided fine needle aspiration (FNA), EUS became an
important tool for histologic diagnosis of pancreatic, peripancreatic, mediastinal,
retroperitoneal, and gastrointestinal tract lesions. Therapeutic and interventional
EUS started by modification of EUS-FNA technology and EUS-guided pseudocyst
drainage is increasingly used for the management of pancreatic pseudocyst. EUS-
guided ablation of pancreatic solid mass is also tried by ethanol injection.
Radiofrequency ablation has long been used to ablate hepatic tumors via percutane-
ous route. Recently, EUS-guided RFA probe was introduced and is cautiously
applied for the ablation of pancreatic solid tumors. EUS-guided pancreatic cyst
ablation has been investigated in a variety of clinical studies. EUS-guided pancre-
atic cyst ablation is safe and feasible and shows potential to become an alternative
to surgery. In this chapter, EUS-guided ablation of pancreatic cysts, EUS-guided
injection therapy of benign solid mass, and EUS-guided RFA will be discussed.

Keywords Endoscopic ultrasonography ¢ Pancreatic cyst ® Ablation

13.1 EUS-Guided Pancreatic Cyst Ablation

13.1.1 Introduction

Pancreatic cyst becomes a surprisingly common finding in clinical practice
because of widespread use of cross-sectional imaging. Although most pancreatic
cysts are incidentally detected, pancreatic cysts represent a wide spectrum of
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histopathology, and neoplastic cysts are more prevalent than previously esti-
mated. Some histologic types including mucinous cystic neoplasms (MCNs) and
intraductal papillary mucinous neoplasms (IPMNs) have malignant potential [1,
2]. Discrimination of pancreatic cysts with malignant potential from those with
benign behavior is an essential step in formulating a management strategy. High-
resolution imaging and cyst fluid analysis improved the diagnostic accuracy.
However, a substantial portion of pancreatic cysts remains indeterminate even
after extensive evaluation [3]. Surgical resection of a pancreatic cystic neoplasm
is associated with a perioperative morbidity of 20-40% and a mortality rate of
2% [4, 5]. This clinical dilemma has raised the need to develop a safe, effective,
and minimally invasive approach for the treatment of pancreatic cysts. Based on
the accumulated experience with EUS-guided fine needle aspiration (FNA) and
pancreatic tissue ablation by EUS-guided injection of ethanol or other ablative
agents [6-8], EUS-guided pancreatic cyst ablation has been investigated in a
variety of clinical studies. In this section, procedural basics and special consid-
erations of cyst ablation, as well as associated clinical outcomes, are summa-
rized. Briefly, the terms used for cyst ablation may be defined as follows: ablation
is related to the destruction of cyst epithelium; injection refers to forceful place-
ment of an ablative agent into a cyst; and lavage is the act of repeated injections
and aspiration.

13.1.2 EUS-Guided Cyst Ablation Technique

Imaging evaluation of pancreatic cystic lesion by EUS is an important first step to
determine the internal structure in terms of septation, wall thickness, and the pres-
ence of a mural nodule or mass. Using a curvilinear-array echoendoscope, the
cyst may be punctured via a transgastric or transduodenal route with a 22-gauge
needle. The collection of cyst fluid provides important diagnostic material, as
well as space for the ablative agent in the cyst cavity. After subtotal evacuation of
the cyst, a bolus of ethanol is injected, equal in volume to the fluid initially aspi-
rated, and the cyst is lavaged for 3—5 min, with alternate filling and emptying of
the cavity. Alternatively, simple retention of injected ethanol for 3—5 min may be
performed instead of lavage. During lavage, fresh ethanol may be injected after
each reaspiration of injected ethanol. Following the lavage process, the injected
ethanol is evacuated, leaving just enough fluid to outline the cyst cavity. A second
ablative agent (a chemotherapeutic agent such as paclitaxel) may then be injected
into and left in the cyst cavity; the total injection volume should not exceed the
volume of aspirated fluid. During the procedure, the needle tip is carefully main-
tained within the cyst to avoid parenchymal injury or a leak in the cyst wall. After
completion of the injection or lavage, the needle is removed from the cyst cavity
(Fig. 13.1) [3, 9-12].
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22G needle

Paclitaxel

Cyst fluid aspiration Ethanol lavage Paclitaxel injection
(injection & aspiration)

Step 1 Step 2 Step 3

Fig. 13.1 Stepwise EUS-guided pancreatic cyst ablation therapy. Step 1: FNA within a septated
cyst (heavy black line). Step 2: 5-min ethanol lavage of the cyst, followed by aspiration of the etha-
nol. Step 3: injection of paclitaxel into the cyst, resulting in the expansion of the cyst to its original
diameter (Reprinted from Gastrointestinal Endoscopy, Volume 77 (4), Hyoung-Chul Oh and
William R Brugge, EUS-guided pancreatic cyst ablation: a critical review (with video), 526-533,
2015, with permission from Elsevier)

13.1.2.1 Ablative Agents

Ethanol is an inexpensive, widely available, low-viscosity agent that is easy to inject
through a small-gauge needle. Ethanol injected into hepatic cysts induces cell mem-
brane lysis, protein denaturation, and vascular occlusion within 10 min but pene-
trates the fibrous capsule slowly [13, 14].

Paclitaxel, a widely used chemotherapeutic agent, inhibits cell processes that are
dependent on microtubules. It is hydrophobic and viscous in nature and hence can
exert a durable effect on the epithelium within the cyst cavity with a low risk of
leakage [15]. Because of the high viscosity of its cosolvent, Cremophor (castor oil),
the paclitaxel solution, needs to be diluted 1:1 in 0.9% normal saline solution (a final
dose concentration of 3 mg/mL paclitaxel) for injection. However, a new formula of
paclitaxel with a less viscous delivery vehicle (polymeric micelle) can be used with-
out dilution (a dose concentration of 6 mg/mL) [3].

13.1.3 Clinical Trial Outcomes

To date, four clinical trials of cyst injection therapy [3, 9, 12, 16], three preliminary
case series [17-19], one long-term follow-up report [10], and two case reports [20,
21] have been reported. These reports were summarized in Table 13.1.

In the initial pilot study [9], 25 patients underwent ethanol lavage and were fol-
lowed for 6-12 months. Eight of twenty-three patients (35%) with complete follow-
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Table 13.1 Summary of previous reports of EUS-guided cyst ablations

Complete
Authors Patients, n | Ablative agent Follow-up period resolution
Gan et al. [9] 25 5-80% ethanol 6—12 months 35% (8/23)
Ohetal. [17] 14 80/99% ethanol with | Median 9 months 79% (11/14)
paclitaxel (6-23 months)
Ohetal. [18]* 10 99% ethanol with Median 8.5 months | 60% (6/10)
paclitaxel (6—18 months)
DeWittet al. [16] |42 80% ethanol 3—-4 months after 33% (12/36)
second lavage
Oh et al. [3]° 47 99% ethanol with Median 20 months 62% (29/27) 2
paclitaxel (12-44) (29/47)
Gomezetal. [12] |23 80% ethanol Median 37 months 9% (2/23)
(7-82)

Included only patients with septated cyst
“Included study population of two preliminary reports [18, 19]

up had complete resolution. All septated cysts persisted despite ethanol ablation
therapy. Five patients underwent surgical resection. All five patients had a diagnosis
of MCN, and a variable degree of epithelial ablation (up to complete) was observed
on surgical pathology.

To increase the ablative effect, a chemotherapeutic agent (paclitaxel) has been
combined with ethanol ablation therapy [17]. It was hypothesized that the epithelial
distortion by ethanol could allow the diffusion of paclitaxel in the injured epithe-
lium. In a pilot feasibility study with ethanol and paclitaxel, 14 patients were fol-
lowed for more than 6 months after injection therapy, and complete resolution was
achieved in 11 patients. The cyst resolution rate (79%) was greater than the previ-
ously observed rate with ethanol alone (33%), suggesting a synergistic effect
between ethanol and paclitaxel.

A randomized, double-blind trial of 42 patients comparing ethanol with saline
solution lavage demonstrated further evidence of cyst ablation [16]. Ethanol lavage
resulted in a significant decrease in cyst size at 3 months after initial ablation com-
pared with saline solution alone. Thirty-three of 42 patients enrolled for the initial
randomization underwent a second unblinded ethanol lavage. There was no signifi-
cant difference in cyst size of subjects exposed to one or two injections of ethanol.
Complete resolution as shown by CT scan was achieved in 33%.

The durable effect of cyst ablation is an important concern because cyst resolu-
tion achieved for a short-term period may not ensure the long-term ablative effect
and ultimately the prevention of malignant transformation. In a clinical trial of 47
patients who underwent ethanol lavage and paclitaxel injection [3], 29 patients
(62%) showed complete resolution of the cyst over a median follow-up of 22 months
(range 12—44 months). The histopathologic extent of epithelial ablation among four
resected cases ranged from 0 to 100%, and a spectrum of histopathologic changes
including epithelial denudation with fibrosis and an atrophied epithelium was
observed (Fig. 13.2). In another follow-up report [10], nine patients who had com-
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Fig. 13.2 The resected specimen showed variable degrees of histopathologic ablation in the cyst
epithelial linings of mucinous cystadenoma with an ovarian-like stroma; epithelial linings were
denuded and replaced by secondary fibrosis (D), were atrophied (A), or were mucinous (M)
(Reprinted from Gastroenterology, Volume 140, Hyoung-Chul Oh et al. Endoscopic ultrasonogra-
phy-guided ethanol lavage with paclitaxel injection treats patients with pancreatic cyst, 172—179,
2011, with permission from Elsevier)
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plete resolution as shown on a CT scan after 1 or 2 ethanol lavages were followed
over a median of 26 months (range 13-39 months). Cyst recurrence on CT scan was
not observed in any patient. Imaging evidence of cyst resolution includes complete
disappearance of cyst, small low-density focus, or residual calcification (Fig. 13.3).
Imaging-based resolution may not correlate, however, with histologic ablation.
Close monitoring should be continued even after complete disappearance, but sur-
veillance policy may be modified based on risk analysis.

To improve the ablative effect of cyst ablation therapy, procedural techniques
including a second needle pass at a different angle and booster ablation have been
tried. In one case series of 13 patients with branch-duct IPMN [19], multiple ses-
sions of cyst lavage were performed. Although cyst diameter and surface area
showed no significant decrease after one ethanol lavage session, these parameters
decreased after two ethanol lavage sessions. Complete resolution was achieved in
38% (5/13) only after two lavage sessions.

A study evaluated genomic in pancreatic cyst fluid following cyst ablation with
ethanol and paclitaxel [22]. Analysis of postablation cyst fluid revealed elimination

L= -

Fig. 13.3 (a, b) A 36-mm unilocular cyst in the body of the pancreas. (¢) Dense calcification
replaced the original cyst on follow-up CT scan at 30 months after cyst ablation (Reprinted from
Gastrointestinal Endoscopy, Volume 77 (4), Hyoung-Chul Oh and William R Brugge, EUS-guided
pancreatic cyst ablation: a critical review (with video), 526-533, 2015, with permission from
Elsevier)
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of all baseline mutations in 8 of 11 patients. Complete resolution was achieved in 10
out of 20 patients (50%) overall and in 5 of the 9 patients with postablation loss of
all cyst fluid DNA mutations.

13.1.4 Safety of Cyst Ablation

Procedure-related adverse events reported in the four representative clinical trials
are summarized in Table 13.2. Most adverse events were mild and self-limited.
Abdominal pain just after cyst ablation was the most common acute complication.
Contrary to initial concerns, the frequency of ablation-related pancreatitis was low
(2.2%, 4/175). The risk of pancreatitis was increased if there was inadvertent injec-
tion of an ablative agent into the pancreatic parenchyma.

Venous obliteration and thrombosis in the venous system adjacent to the cyst have
been reported in two patients who underwent ethanol lavage and paclitaxel injection
[3, 21]. Extensive inflammation within and around the cyst induced by the injection
itself or pericystic leak of the ablative agent may result in local extension of inflam-
mation into the adjacent vessels. These adverse events may become serious because
portal hypertension and collateral formation may develop. In addition, substantial
difficulty may be encountered in subsequent surgical resection for the persistent cyst.

For prevention of procedure-related adverse events, it is important to maintain
the needle in the visual plane and within the cyst cavity during the entire procedure.
The optimal volume of ablative agent needs to be cautiously titrated, and an
aggressive lavage procedure should be avoided, especially when a cyst is in close
proximity to the portosplenic venous system.

13.1.5 Proposed Indications

EUS-guided pancreatic cyst ablation is still an investigational modality and should
be judiciously used in select patients based on strict inclusion criteria that may pre-
dict high treatment efficacy while minimizing procedure-related risks. The ideal

Table 13.2 Cyst ablation-related complications

Gan DeWitt Oh Gomez

etal. [9] etal. [16] etal. [3] etal. [12] Overall

(n=25) (n=15) (n=52) (n=23) (n=175)

Complications, n (%)

Abdominal pain 0 11 1 1 13 (7.4)
Acute pancreatitis 0 2 1 1 4(2.2)
Fever 0 0 1 0 1(0.6)
Pericystic spillage 0 0 1 0 1 (0.6)
Splenic vein 0 0 1 0 1(0.6)
obliteration

n total number of cases who underwent one session of EUS-guided cyst ablation
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cyst candidate for ablation should have (1) a benign appearance without any malig-
nant feature, (2) a diameter between 2 and 4 cm, (3) a unilocular or oligolocular
morphology, and (4) no communication with the main pancreatic duct.

Patient selection should be based on the specific type of cyst. MCN is the ideal
target for EUS-guided cyst ablation because it has malignant potential and is often
unilocular. Cyst ablation should be considered only when the viscous mucinous cyst
fluid can be effectively aspirated. There are some concerns about the treatment of a
benign cyst such as serous cystadenoma (SCA). Because SCAs may exhibit signifi-
cant growth, they may ultimately lead to cyst-related symptom [23, 24]. Cyst abla-
tion may be considered for macrocystic SCAs that demonstrate a size increase
during follow-up.

13.1.6 Future Perspectives

EUS-guided cyst ablation is a promising modality that may become an alternative
to surgical resection. For this paradigm shift, some limitations associated with cyst
ablation need to be overcome. Procedural modifications may improve the treatment
efficacy by (1) a second needle pass in septated cysts, (2) a booster ablation for a
large cyst that demonstrates a plateau in response after initial ablation, and (3) main-
tenance ethanol concentration in the cyst during ethanol lavage [25]. Discovery and
development of novel ablative agents that may exert durable activity by using slow-
releasing formula may provide improved ablation effect [8].

13.2 EUS-Guided Pancreatic Solid Mass Ablation

13.2.1 Introduction

There are various types of pancreatic solid tumors other than ductal adenocarci-
noma, including neuroendocrine tumor and solid pseudopapillary neoplasm. The
pancreatic solid tumors other than adenocarcinoma are rare and show heteroge-
neous behavior. The strategy for treating small pancreatic tumor is surgical resec-
tion. However, despite advances in surgery, the perioperative morbidity of pancreatic
surgery is still high, even in large-volume centers.

EUS is a well-established modality for the diagnosis of pancreatobiliary disease.
Recently, EUS is used as a treatment modality for pancreatic tumors or biliary
drainage as well. EUS-guided pancreatic cyst ablation has been investigated in a
variety of clinical studies and now used as an alternative treatment option in some
institutions. However, only a few attempts using ethanol ablation to treat pancreatic
solid tumors have been reported. The safety and efficacy of EUS-guided ethanol
ablation therapy for pancreatic solid tumors still remain unclear.
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13.2.2 Detection and Ablation of Pancreatic Solid Tumors
Under EUS Guidance

EUS is one of the most sensitive imaging techniques for identifying small pancre-
atic lesions, though the sensitivity is operator-dependent [26]. EUS plays an impor-
tant role in localizing small pancreatic tumors, especially insulinoma, and the
detection rate is reported to be approximately 90% [27]. There has been the devel-
opment of complementary techniques with EUS, and contrast-enhanced harmonic
EUS (CEH-EUS) is helpful for the detection and characterization of solid pancre-
atic tumors [28]. Before ablation therapy, EUS-guided fine needle aspiration and
biopsy is also possible for the histological confirmation of pancreatic solid tumor.

The technique of EUS-guided pancreatic solid tumor ablation is similar to that of
pancreatic cyst. Briefly, under real-time imaging obtained by curvilinear-array
echoendoscope, puncture of pancreatic tumor is performed using 22- or 19-gauge
conventional needle. Then, ethanol is injected as the needle was gently withdrawn
from deep within the tumor. The injection was finished when hyperechoic blush was
seen inside the whole tumor (Fig. 13.4). To minimize procedure-related adverse
events, injection of small amount of ethanol with multiple repeated sessions is rec-
ommended [29].

13.2.3 Clinical Study Outcomes

To date, several case reports and only three preliminary case series have been
reported (Table 13.3) [29-31]. In 2006, Jurgensen et al. reported an insulinoma case
that was treated successfully by using EUS-guided ethanol ablation for the first
time. After that, several case reports about EUS-guided ethanol ablation of insulin-
oma have been documented. Most of the cases reported mild acute pancreatitis after
the procedure, and one case reported a life-threatening complication, the occurrence
of hematoma, and ulceration of the duodenal wall [32].

Fig. 13.4 (a) EUS-guided puncture of a nonfunctioning neuroendocrine tumor. (b) During the
injection of ethanol, the hyperechoic blush was seen inside the tumor
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Table 13.3 Summary of EUS-guided ethanol ablation for pancreatic solid tumor

Early Late
Size | Follow-up adverse adverse
Reference | n Diagnosis (mm) | period Response events events
Levyetal. |5 5 insulinomas | 8-21 | Median Symptomatic | — -
[29] 13 months improvement
(range, 5-38 | in all
months) patients®
Parketal. |11 (14 10 nonfunc- 6-19 | Median 62% (8/13)* | 36% (4/11; | 9% (1/11;
[30] lesions) | tioning NETs 370 days 3 mild pancreatic
and 4 insuli- (range, pancreatitis | duct
nomas 152-730 and 1 stricture)
days) abdominal
pain)
Paik etal. |8 2 SPNs, 3 7-29 | Median 75% (6/8) 50% (4/8;2 | 13% (1/8,
[31] insulinomas, 16.5 months abdominal local
1 gastrinoma, (range, pain, 1 recurrence)
and 2 non- 5.4-55.3 fever, and 1
functioning months) severe acute
NETs pancreatitis)

“Image follow-up was not performed
®One patient was excluded due to follow-up loss

In 2012, Levy et al. [29] reported the feasibility of EUS-guided ethanol ablation of
insulinoma in symptomatic patients considered to be poor surgical candidates or after
incomplete surgical resection. All five patients who underwent ethanol injection under
EUS guidance experienced complete absence of hypoglycemia-related symptoms or
marked clinical improvement after the procedure. They experienced no procedure-
related adverse events since they used lower volumes of alcohol and repeated treat-
ment sessions, aiming for symptom relief rather than complete ablation of the tumor.

In 2015, Park et al. [31] reported a pilot study about EUS-guided ethanol ablation
for small pancreatic neuroendocrine tumors including nonfunctioning neuroendo-
crine tumors. They included 11 patients with 14 tumors: 10 nonfunctioning neuro-
endocrine tumors and 4 insulinomas. At 3 months after the intervention, treatment
response was assessed according to the enhanced residual tumor areas based on
contrast-enhanced computed tomography and/or CEH-EUS 3 months later the inter-
vention. If there is still an enhanced lesion within the tumor, repeated session of
ethanol ablation was performed. Finally, the complete response rate was 62% (8/13),
and none of enrolled patients developed progressive disease during follow-up. There
were four adverse events after the procedure, three mild pancreatitis and one abdom-
inal pain. One patient, who had been previously treated for mild pancreatitis, devel-
oped pancreatic duct stricture requiring stent placement 1 month after the ablation.

13.2.4 Special Considerations

The assessment of treatment outcome is an important issue. In case of functioning
neuroendocrine tumors, treatment outcome can be assessed by hormonal assay and
symptomatic improvement. Nonfunctioning tumor or other pancreatic solid tumors
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are mainly assessed by using radiologic or EUS imaging. In these circumstances,
evaluation of treatment outcome with imaging only seems to be inappropriate, and
the main problem is whether imaging findings guarantees actual complete remission
of the tumor. The adjunctive use of CEH-EUS to facilitate the detection of necrotic
area would be helpful (Fig. 13.5).

Fig. 13.5 (a) An early homogenous enhancing insulinoma on contrast-enhanced harmonic EUS
(CEH-EUS) before ethanol ablation therapy. (b) After treatment, no enhancement inside the tumor
could be observed on CEH-EUS (Reprinted from Paik et al. [31])
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The main concern of ethanol ablation therapy is the risk of acute pancreatitis.
Because severe acute pancreatitis can occur during EUS-guided ethanol ablation
therapy, indiscriminate treatment should be avoided and the procedure must be
carefully performed. As mentioned above, using small aliquots of ethanol at
each session, careful intratumoral injection of optimal volume of ethanol under
real-time EUS guidance, and accurate targeting of the tumor would be
important.

13.2.5 Future Perspectives

EUS-guided ablation of pancreatic solid tumor is still under investigation. In case of
functioning neuroendocrine tumors, it can be a good treatment option. Since func-
tioning neuroendocrine tumors are usually small and sometimes demonstrate as
multiple lesions [33], EUS-guided ablation therapy can show a complementary role
with surgical treatment. However, in case of other pancreatic solid tumors such as
nonfunctioning tumor or solid pseudopapillary neoplasm, EUS-guided ablation
therapy carries some issues. The major concerns of local ablation therapy are local
recurrence and distant metastasis of the tumor. Since pancreatic solid tumors are
rare and the natural history of these tumors is protean, selection of the patients must
be based on strict criteria.

In conclusion, EUS-guided ethanol ablation therapy seems to be a promising
option for patients with small solid pancreatic tumors and could be used to comple-
ment radical resection. However, safety-related issues such as acute pancreatitis and
tumor recurrence should be considered.

13.3 EUS-Guided Radiofrequency Ablation

13.3.1 Introduction

Endoscopic ultrasound (EUS) is a useful method for the diagnosis of lesions within
and adjacent to the pancreas. EUS-guided procedures have been used for treating
the various types of pancreatic diseases including pancreatic cancers [3]. Therapeutic
EUS rapidly gained a role for a variety of therapeutic applications in the treatment
of cancers. Particularly, therapeutic EUS has an evolving role in the field of pancre-
atic tumor therapy.

Percutaneous radiofrequency ablation (RFA) has been commonly used to treat
in liver, thyroid, and kidney cancer. In recent times, EUS devices are revolution-
ized with the ability to treat the lesions such as pancreatic cancer using RFA
which is the similar method of doing EUS-guided fine needle aspiration proce-
dure [34]. The RFA electrode is advanced through the EUS scope’s working chan-
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nel. It is described as a new technique to demonstrate clinical trials, safety, as well
as new indications.

13.3.2 Principles of RFA System

RFA is physically based on radiofrequency current about 350 KHz (electromagnetic
wave) and a high-frequency alternating current which causes vibration of local ions,
thereby producing controlled frictional heat to destroy the tissue. It is transmitted
between an active electrode and a reference electrode, establishing lines of electri-
cal field that produces ionic oscillation, which creates thermal heat around the tip of
the electrode. Eventually, it will destroy the tumor. The thermal heat around the
electrode is generated and induces coagulation necrosis. The temperature at a cer-
tain distance from the RFA electrode will be decreased because of heat transfer by
convection or conduction. The delivery of RF energy is directly proportional to the
amplitude of oscillations, and the volume of coagulation necrosis will be evaluated
according to the temperature and time.

With regard to needle-type electrode, R (radius around electrode) is correlated
with T (temperature). Based on 7 1/r4 formulation, RF ablation effectively causes
thermal damage around the tip of the electrode.

The “heat sink” effect of RFA may occur in treating tumors adjacent to large ves-
sels. The inflow of cold blood at body temperature may impair the heating of the
tumor cells closest to the blood vessels. Heat sink effect is one of the factors we
should consider during RFA procedure.

13.3.3 EUS-Guided RFA

Generally, the different size and shape of needle are not limited to the percutaneous
RFA procedure. Various types of needle for percutaneous RFA can be modified into
different probe design according to the size and the shape of tumors. However, EUS-
guided RFA probe has some limitations of probe design. The length of needle should be
more than 120 cm and requires flexibility in order to get through the working channel
of an endoscope. The tip of the needle should be well visualized under EUS guidance.
EUSRA RF celectrode (STARmed Co. Ltd.,) and Habib EUS-RFA catheters
(EMcision Ltd.,) are now available for EUS-guided RFA of pancreatic tumors.
These electrodes have different concepts of RFA technique. Habib probe uses a flex-
ible 1-Fr electrode and should be inserted through EUS-FNA needle for RFA proce-
dure. However, the volume size which can be ablated is limited due to high
impedance. On the other hand, the distal end of EUSRA RF electrode is needle-
shaped and echogenic on EUS. It is less flexible but has the ability to create large
ablation zone due to the cooling system to decrease the impedance (Fig. 13.6).
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Fig. 13.6 (a) MRI shows neuroendocrine tumor at the pancreas body. (b) EUS shows well-demar-
cated hypoechoic mass at the pancreas. (¢) EUS-guided RFA began at the right distal portion of the
mass on EUS image (arrow). The ablation was repeated at different sites. (d) Follow-up CT on
1 month after RFA shows necrosis of the tumor

13.3.3.1 EUS-Guided RFA in Animal Studies

In 1999, the EUS-guided RFA in a porcine model was first studied by Goldberg and
colleagues [35]. Under EUS guidance, a total of 13 pigs underwent RFA of the
pancreatic tissue. During RF application, about 1-2-cm echogenic bubbles around
ablation area were found. After RFA procedure, the pigs were sacrificed immedi-
ately for gross examination. The result showed acute coagulation necrosis of target
lesion. Subsequently, modified RFA probes were tested in 2008 [36]. Carrara et al.
reported their experiences with a hybrid cryotherm probe combining bipolar RFA
with cryotechnology. They performed EUS-RFA for pancreas in 14 pigs and all
animals well tolerated the procedure without mortality. However, there were several
adverse events including necrotizing pancreatitis with peritonitis, pancreatitis with-
out clinical symptoms, burn of the gastric wall, and adhesions between the pancreas
and the gut. In 2009, Varadarajulu and colleagues used an umbrella-shaped retract-
able monopolar electrode array to ablate porcine livers [37]. The EUS-guided RFA
of the porcine pancreas using Habib electrode was reported by Gaidhane et al. in
2012 [38]. Kim and colleagues also reported the feasibility, efficacy, and safety of
EUS-RFA for porcine pancreatic body and tail in 2012. Moreover, Sethi et al.
reported EUS-guided lymph node ablation with a RFA electrode in 2014 [39].
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13.3.3.2 EUS-Guided RFA in Clinical Studies

Until recent years, there is a lack of clinical study on EUS-guided RFA (Table 13.4).
In 2015, EUS-guided RFA for the cystic neoplasms and neuroendocrine tumors of
pancreas was reported by Pai and colleagues [40]. A 1.2-mm Habib EUS-RFA was
inserted through a 19- or 22-gauge FNA needle and treated the cystic neoplasms and
neuroendocrine tumors of the pancreas using a 1-Fr wire Habib electrode. A total of
eight patients were included. Among them, six patients had a pancreatic cystic neo-
plasm and the mean size of the cystic neoplasm was 36.5 mm. Two of them had
neuroendocrine tumors with the mean size of 27.5 mm. It resulted in effective coag-
ulation necrosis in the center of neuroendocrine tumor. As for the cystic neoplasm,
3—6-month follow-up showed completed resolution in two patients and 48% deduc-
tion in the volume size. The two patients had mild abdominal pain without major
adverse events.

In recent human clinical study, Song et al. reported the technical feasibility and
safety of EUS-guided RFA for advanced pancreatic cancer [34]. EUS-guided RFA
was successfully performed in six patients. After the procedure, two patients expe-
rienced mild abdominal pain, but there was no serious adverse event. RFA for
advanced pancreatic cancer is a type of cytoreductive therapy that does not aim to
completely eradicate the tumor [41]. Combined multi-treatment followed by RFA is
needed in addition to local control of the disease [42]. Several studies reported that
thermal ablation therapy can stimulate and modulate the systemic immune response
against the tumor [43, 44].

Table 13.4 The results of endoscopic ultrasound-guided radiofrequency ablation of the pancreas

Pai et al. [40]

Song et al. [34]

Male: female

1:7

1:5

Median age (years,
range)

65 (27-82)

62 (43-73)

Diagnosis Pancreatic cyst (n = 6) Pancreatic cancer (n = 6)
Neuroendocrine tumor (n = 2)
RFA electrode The Habib™ EUS-RFA probe The EUSRA™ probe

Shape of electrode

1 Fr wire shape (inserted inside the
hollow of the biopsy needle)

Needle shape (18-gauge
integrated type)

Ablation power

5-25W

20-50 W

Ablation time

90-120 s at one site and repeated as
needed

10 s at one site and repeated
as needed

Adverse events

Major adverse 0 0
events
Mild abdominal | 3 1

pain
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13.3.4 Safety and Application of RFA

RFA demonstrated the ability to induce expectable and reproducible thermal injury
on target tissue, unlike to the other previous anticancer therapy. Nevertheless, there
is the potential risk of thermal damage to structures adjacent to a target lesion
because of inaccurate targeting. The pancreas is a highly thermosensitive organ, and
the thermal ablation of normal pancreatic tissue may lead to inflammation with
edema and fibrotic and cystic transformation.

Intraoperative RFA was tried in patients with unresectable pancreatic cancer, and
this procedure can be performed under clear view of the lesions with high energy.
However, major adverse events including severe necrotizing pancreatitis and seri-
ous bleeding were reported following the procedure [45, 46]. Patients got injuries to
a large artery or portal vein during the procedure. However, serious abdominal
bleeding can occur several days after the procedure. Therefore, it is important to
ablate lesions with sufficient safety margin. If adequate safety margin can be
achieved, EUS-guided RFA can also be applied to other organs with difficult percu-
taneous access such as malignant lymph node metastases and malignant tumors of
the liver, kidney, and adrenal glands.

In animal studies, adverse events including symptomatic pancreatitis, peritonitis,
and gastric and intestinal wall injury were reported during/after EUS-guided RFA
[47]. Up to now, no serious adverse events were observed after EUS-guided RFA in
clinical studies.

13.3.5 Future Perspectives

The potential advantages of EUS-guided RFA approach are real-time imaging for
target lesion. EUS-RFA may be a technically feasible and safe modality for the
treatment of various pancreatic tumors. The effective tumor destruction can be
achieved by combining tumor ablation with adjuvant therapy.

EUS-guided RFA of pancreatic tumor is still investigational in many areas such
as variety types of electrodes and a method of RF delivery, and it needs more data
and refinement of devices. EUS-guided RFA has great potential for future treatment
of various pancreatic tumors and will be applied to other organs.
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Chapter 14
EUS-Guided Celiac Plexus Neurolysis

Ichiro Yasuda, Shinpei Doi, and Masatoshi Mabuchi

Abstract EUS-guided celiac plexus neurolysis (EUS—CPN) can be performed for
alleviating pain originating from the upper abdominal organs and, particularly,
when the primary indication for pain is pancreatic cancer pain. Two different tech-
niques are currently used when applying EUS—CPN. The classic approach, known
as the central technique, involves injection of a neurolytic agent at the base of the
celiac axis, and the second approach, the bilateral technique, involves injection of
the neurolytic agent on both sides of the celiac axis. Moreover, it was recently estab-
lished that celiac ganglia can be examined and visualized by EUS. Therefore, EUS-
guided direct celiac ganglia neurolysis (EUS—CGN) has been introduced as a new
promising method. These techniques are performed with real-time imaging and
with Doppler assessment of the interposing vessels. Therefore, they are more accu-
rate, safe, and convenient than other classic approaches such as radiographic, fluo-
roscopic, or CT guidance. The effective rates reportedly vary from 50 to 90%.
Common complications included transient diarrhea, transient pain exacerbation,
transient hypotension, and inebriation, but they are not serious.

Keywords Celiac plexus neurolysis ® EUS—CPN ¢« EUS-CGN

14.1 Basic Theory of Celiac Plexus Neurolysis

The celiac plexus surrounds the celiac axis (CA) and the superior mesenteric artery
(SMA) as it originates from the anterior of the abdominal aorta (Fig. 14.1). This
plexus contains several ganglia and the interconnecting neural rami. It is responsible
for transmitting pain sensations originating from the upper abdominal organs, includ-
ing the pancreas, liver, gallbladder, stomach, and ascending and transverse colons.
Celiac plexus neurolysis (CPN) because of a neurolytic agent injected into the celiac
plexus disrupts the transmission of pain signals from afferent nerves to the spinal cord.
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Fig. 14.1 Scheme showing the celiac plexus. The celiac plexus surrounds the celiac axis (CA) and
the superior mesenteric artery (SMA) as it originates from the anterior of the abdominal aorta. It
comprises several ganglia and connecting neural rami

14.2 History of CPN

The CPN was initially described as an intraoperative procedure by Kappis in 1914
[1]. Since then, it has been performed under the guidance of radiographic, fluoro-
scopic, computed tomographic (CT), or ultrasonographic imaging [2, 3]. Later, the
endoscopic ultrasound-guided CPN (EUS-CPN) procedure was introduced by
Faigel et al. [4] and Wiersema and Wiersema [5] in 1996. EUS—-CPN can be per-
formed under real-time imaging guidance and is thus considerably safer and more
accurate than the traditional approaches. Indeed, a prospective randomized com-
parison of EUS-guided and CT-guided CPN showed that EUS—CPN provided more
persistent pain relief than CT-guided CPN [6]. Thus EUS—CPN provided relatively
a good pain relief, but it still sometimes failed to alleviate pain. The reason for this
was that the neurolytic agents were injected at the probable vicinity of the celiac
ganglia, which limited the efficacy of EUS—CPN in relieving pain effectively.

In 2006, Gerke et al. [7] and Levy et al. [8] reported that the celiac ganglia can
be visualized precisely using EUS-guided procedures. After that, a new procedure
involving the direct puncture and injection of a neurolytic agent or a steroid into an
individual celiac ganglion was introduced by Levy et al. in 2008 [9]. This procedure
was named EUS-guided celiac ganglia neurolysis (EUS—CGN). They may be safer
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and more efficacious than EUS—CPN, because it allows for precise delivery of neu-
rolytic agents into an individual celiac ganglion. Indeed, initial evaluations showed
a high rate of success with this procedure [9].

14.3 Indications of EUS-CPN

The indications of EUS—CPN are pains originating from the upper abdominal
organs, including the pancreas, liver, gallbladder, stomach, and ascending and trans-
verse colons. Among them, the primary indication for EUS—CPN is pain associated
with pancreatic cancer. Pain is experienced by 30-60% of pancreatic cancer patients
in the early stages when the cancer is relatively limited. However, as the occurrence
and severity of pain increase with cancer progression, more than 80% of patients in
the advanced stages of pancreatic cancer experience pain [10]. Therefore, pain con-
trol is a major challenge in the management of pancreatic cancer patients. Second
major indication of EUS—CPN is chronic pancreatitis.

14.4 Technique of EUS-CPN

EUS-guided procedures have several advantages over other approaches. They are
highly accurate, safe, and convenient if performed with real-time-imaging and with
Doppler assessment of the interposing vessels. Two approaches are currently used when
performing EUS—CPN. The classic approach, known as the central technique, involves
injection of a neurolytic agent at the base of the CA. In the second approach, the bilat-
eral technique, the neurolytic agent is injected on both sides of the CA (Fig. 14.2).

Fig. 14.2 Two approaches
for EUS-CPN. In the
central approach, a
neurolytic agent is injected
at the base of the celiac
axis (red arrow). In the
bilateral approach, the
neurolytic agent is injected
on both sides of the celiac
axis (blue arrows)




162 1. Yasuda et al.

In the EUS—CPN, absolute ethanol is usually used as a neurolytic agent [11],
while phenol can be also used [12, 13]. In addition, 0.25-0.75% (mainly 0.25%)
bupivacaine is usually used preceding the neurolytic agent. On the other hand,
anesthetic agents such as bupivacaine with anti-inflammatory agents such as
triamcinolone and Depo-Medrol are usually injected instead of a neurolytic
agent for pain due to chronic pancreatitis [11]. This procedure is called EUS-
guided celiac plexus block (EUS—CPB), and it is sometimes different from
EUS-CPN.

14.4.1 Central Technique

In the central technique, the abdominal aorta is initially visualized in the longi-
tudinal plane on the EUS image through the posterior wall of the upper gastric
body. The aorta is then traced to identify the CA. Subsequently, a needle is
pierced and advanced to a point just above the point where the CA originates
from the aorta (Fig. 14.3). Absolute ethanol is injected into the region until the
echogenic cloud widespread sufficiently. A total amount of ethanol is usually
10-20 mL.

Fig. 14.3 EUS image during EUS-CPN (central approach). The needle was advanced to a point
just above the aortal (Ao) origin of the CA. Following ethanol injection, a resultant echogenic
cloud was observed spreading (arrowheads). SMA superior mesenteric artery
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14.4.2 Bilateral Technique

After the origin of the CA is identified, the echoendoscope is rotated clockwise until
the CA and SMA are no longer visible. The needle is then advanced toward the left,
alongside the CA and SMA, up to a position lateral to the point where the SMA
originates from the aorta. Absolute ethanol is injected into this region. Next, the
needle is withdrawn, and the echoendoscope is rotated counterclockwise until the
CA and SMA are no longer visible. The needle is advanced to the right lateral base
of the SMA, and absolute ethanol is injected once again. The total amount of etha-
nol is the same as that in the central technique, 10-20 mL.

14.4.3 EUS-CGN

In this technique, the celiac ganglion (CG) must be identified first, and it may be a
technical limitation of this technique. The visualization rate of CG has been reported
between 63 and 88% in previous studies [7, 14—16]. However, our previous multi-
center study showed that it varied between 67 and 100% depending on the institu-
tion, possibly reflecting inter-facility differences in experience [16]. From our
experience, the CGs are identified between the aorta and the left adrenal gland in
most cases and also cephalad to the origin of the CA in some cases. They are
hypoechoic and often exhibit hypoechoic connections that probably represent the
adjoining neural rami. They can be caterpillar-like (Fig. 14.4) or small and nodular.

Fig. 14.4 EUS image
showing a celiac ganglion
(CG). Ao aorta
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Fig. 14.5 EUS image
during EUS-CGN. The tip
of a needle is advanced
deep within a ganglion.
Thereafter, absolute
ethanol is injected
continuously as the needle
is slowly withdrawn. After
the injection, the ganglion
becomes hyperechoic and
difficult to visualize. Ao
aorta

In our previous study, a mean of 2.9 CGs (range, 1-6) was visualized. The mean
long dimension of the ganglia was 9.8 + 5.9 mm (range, 3.0-35.0 mm), and mean
short dimension of the ganglia was 4.6 + 2.1 mm (range, 2.0-11.0 mm) [16].

After a CG has been identified, a needle is advanced to puncture the CG, and
absolute ethanol is injected. The needle tip is advanced toward the center of the
ganglion in case the observed ganglion is relatively small (approximately smaller
than 8 mm within the axis of the needle plane). For any relatively large ganglion, the
needle tip is advanced deeply within the ganglion. Thereafter, absolute ethanol is
injected as the needle is slowly withdrawn. The injected ganglion becomes hyper-
echoic and difficult to visualize after the injection (Fig. 14.5). To ensure effective
blockage, this procedure is repeated until identification of all ganglia becomes
difficult. The volume of injected ethanol is usually 1-2 mL for small ganglia and
3-5 mL for relatively large ganglia.

14.5 Efficacy of EUS-CPN

Previous reports showed relatively good results in pain relief as shown in Table 14.1
[5,6,9, 11-13, 15-32]. In an initial evaluation by Wiersema [5], 79-88% of patients
showed a long-lasting improvement in their pain scores, whereas 82-91% of patients
required the same or less pain medication. Two meta-analysis have previous been
published. Puli et al. [11] extracted the data from eight studies (N = 283) for EUS—
CPN for pain due to pancreatic cancer and nine studies for chronic pancreatitis
(N =376). With EUS-CPN, the pooled proportion of patients with relief of pain due
to pancreatic cancer was 80.12% (95% CI = 74.44-85.22) and that of patients with
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pain due to chronic pancreatitis was 59.45% (95% CI = 54.51-64.30). In the analy-
sis by Kaufman et al. [25], six relevant studies comprising a total of 221 patients
were identified for chronic pancreatitis and five relevant studies were identified with
a total of 119 patients for pancreatic cancer. As a result, EUS—CPN was effective in
alleviating pain in 72.54% of patients with pancreatic cancer and in 51.46% of
patients with chronic pancreatitis.

14.5.1 Central vs. Bilateral

Puli et al. [11] compared the treatment efficacy between the two patient subgroups
treated by the bilateral and unilateral procedures. The rate of pain relief was much
higher in pancreatic cancer patients treated with the bilateral procedure (84.54%;
95% CI =72.15-93.77) than in those treated by the central procedure (45.99%; 95%
CI = 37.33-54.78). Sahai et al. [22] assessed the short-term safety and efficacy of
central and bilateral EUS—-CPN/EUS-CPB in 160 patients (71 treated centrally, 89
treated bilaterally). The mean pain reduction score was 70.4% in patients treated
bilaterally compared to 45.9% in those treated centrally (P = 0.0016). A positive
response (>50% reduction in pain score) was also significantly more frequent in the
bilaterally treated group (77.5%) than in the centrally treated group (50.7%)
(P =0.0005). The only predictor of a positive response was the use of the bilateral
procedure (odds ratio = 3.55; 95% CI = 1.72-7.34). These results suggested that the
bilateral procedure was more effective than the central procedure. However, later, an
RCT showed no difference in pain relief between the central and bilateral technique
(central 69% vs. bilateral 81%; P = 0.340) [27].

14.5.2 Broad Distribution of the Neurolytic Agent

Iwata et al. [26] examined predictive factors for pain relief after EUS—CPN. Their
multivariate analysis revealed that direct invasion of the celiac plexus and distribu-
tion of ethanol only on the left side of the CA (to both side of the CA) were signifi-
cant factors for a negative response to EUS—CPN (odds ratio = 4.82 and 8.67,
P = 0.0387 and 0.0224). Sakamoto et al. [24] also reported the importance of
broad distribution of the neurolytic agent. In their retrospective study, they com-
pared the effectiveness of standard EUS—CPN and EUS-guided broad neurolysis
(EUS-BPN) that extends over the SMA using a thin 25-gauge needle. As a result,
ethanol was distributed more widely and better pain relief was obtained in EUS-
BPN than in EUS—CPN. These study results suggested that broad distribution of
the injected ethanol was an important factor to predict the good response to EUS—
CPN. However, the volume of the injected ethanol does not appear to be associ-
ated with better results. LeBlanc et al. [31] compared the dose of alcohol used in
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EUS-CPN, 20 mL vs. 10 mL. There were no major complications and pain relief
was similar in both groups.

14.5.3 CPN vs. CGN

The EUS—CGN may be safer and more effective than EUS—CPN, because it allows
for the precise delivery of neurolytic agents into an individual celiac ganglion. The
initial report of EUS—CGN by Levy et al. [8] showed surprisingly high effective
rate. The pain relief was achieved in 16 of 17 (94%) pancreatic cancer patients
treated by EUS—CGN. In the case of chronic pancreatitis, 80% (4/5) of those who
received alcohol injections reported pain relief versus 38% (5/13) of those who
received steroid injections. However, the authors concluded that prospective trials
are necessary to confirm the therapeutic efficacy of this method, because their study
involved a small sample size [8]. In the retrospective study by Ascunce et al. [15],
EUS-CGN was performed when the CGs were visible by EUS; otherwise bilateral
EUS-CPN was performed. Multivariate analysis was performed to determine the
predictive factors of response, and visualization of the CGs (EUS—-CGN) was the
best predictor of response; patients with visible CGs were 15 times more likely to
respond (odds ratio 15.7; P = 0.001). After that, Doi et al. [16] conducted a multi-
center, prospective randomized trial to compare the efficacies of EUS—CPN and
EUS-CGN. As a result, the positive response rate was significantly higher in the
EUS-CGN group (73.5%) than in the EUS-CPN group (45.5%; P = 0.026). The
complete response rate was also significantly higher in the EUS-CGN group
(50.0%) than in the EUS—CPN group (18.2%; P = 0.010).

14.5.4 Phenol Injection

Recently, Ishiwatari et al. [12] investigated the effectiveness of phenol instead of
alcohol. They used phenol for 6 patients with alcohol intolerance and the effective-
ness was compared with that of 16 patients used ethanol without alcohol intoler-
ance. There was no significant difference in the positive response rate on day 7
(83% vs. 69%, P = 0.6). Moreover, no significant difference was found in the rate of
complications between the two groups, but burning pain and inebriation occurred
only in the ethanol group. Later, the same researchers investigated the feasibility of
EUS-CPN by using highly viscous phenol glycerol [13]. The positive response was
observed in 8 of 9 patients (89%), and the complete response rate was 44%. The
median duration of pain relief was estimated to be 19.1 weeks. It provided adequate
neurolytic agent distributions even by the central method. They suggested that the
use of highly viscous phenol glycerol could provide excellent pain relief by enabling
appropriate distribution of the neurolytic agent.
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14.6 Complications of EUS-CPN
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Common reported complications of EUS—CPN include transient diarrhea, transient
pain exacerbation, transient hypotension, and inebriation as shown in Table 14.1. In
most of cases, these complications are not serious. However, several major compli-
cations have been reported as shown in Table 14.2 [22, 23, 33-41]. Most of them,
especially infectious complications, were reported in the setting of chronic pancre-
atitis. Retroperitoneal bleeding occurred in two cases that underwent the bilateral
technique [22, 33]. Ischemic complications were lethal in three cases [38, 40, 41].
These vascular injuries and ischemic complications are probably due to injecting
alcohol into an inappropriate site or excessive sessions of EUS—CPN.

Table 14.2 Major complications of EUS-CPN

Author
(year) Complication () Indication | Technique Substance
Gress Retroperitoneal CP Bilateral Alcohol + bupivacaine
(1997) [33] |bleeding (1) Triamcinolone + bupivacaine
Retroperitoneal
abscess (1)
Mahajan Empyema (3) CP Not Triamcinolone + bupivacaine
(2002) [34] described
Muscatiello | Retroperitoneal PC Not Alcohol + bupivacaine
(2006) [35] | abscess (1) described
Sahai Retroperitoneal CP Bilateral Triamcinolone + bupivacaine
(2009) [22] |bleeding (1)
O’Toole Retroperitoneal CP Not Triamcinolone + bupivacaine
(2009) [23] | abscess (1) described
Ahmed Ischemia (1) CP Not Alcohol + bupivacaine
(2009) [36] described
Lalueza Brain abscess (1) CP Not Alcohol + bupivacaine
(2011) [37] described
Gimeno- Celiac artery CP Bilateral Alcohol 20 mL + bupivacaine
Garcia thrombosis + multiple 10 mL
(2012) [38] | organ infarction (1)*
Fujii Paraplegia (1) PC CGN + CPN | Bupivacaine + alcohol 1 mL
(2012) [39] (CGN) + 23 mL (CPN)
Loeve Necrosis + perforation | CP Multiple Bupivacaine
(2013) [40] | of stomach and aorta CPN (13 6—10 mL + alcohol 8-20 mL
(1)? sessions for
4 years)
Jang (2013) | Infarction of the liver | Metastasis® | Central Bupivacaine 5 mL + alcohol

[41]

and spleen, and
ischemia of the
stomach and small
intestine (1)*

10 mL + triamcinolone
1 mL + saline 3 mL

2Censored case

"Metastatic pancreatic cancer from lung cancer
CP chronic pancreatitis, PC pancreatic cancer
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In the RCT of EUS—-CPN and EUS-CGN [16], the overall complication rates
were similar in the two groups, but the total volume of injected ethanol was signifi-
cantly lower in the EUS—CGN group (12.1 £ 5.1 mL) than in the EUS—CPN group
(18.4 £ 3.0 mL; P < 0.001). In addition, the puncture target is clearer in the EUS—
CGN than in the EUS—-CPN. This reduction in the injection volume and clearer
target may help avoid serious ischemic complications.

14.7 Timing of EUS-CPN

Wyse et al. [28] compared the pain reduction and narcotic use after early EUS—
CPN, at the time of EUS, with those of conventional pain management. They con-
cluded that early EUS—CPN can reduce pain and might moderate morphine
consumption in patients with painful, inoperable pancreatic cancers.

14.8 Conclusions

EUS-CPN is a safe and effective method for reducing pain originating from the
upper abdominal organs, especially pancreatic cancer pain. Bilateral EUS—CPN and
EUS—-CGN may be more effective than central EUS—CPN.
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Masatsugu Nagahama

Abstract Intraductal ultrasonography (IDUS) is a widely used imaging modality
for evaluating gastrointestinal disorders. This modality provides ultrasound images
from the inside of the bile or pancreatic duct with a high-frequency ultrasound
probe with a thin diameter, particularly in the biliopancreatic region. The indica-
tions of IDUS for pancreatobiliary lesions include the diagnosis of small residual
common bile duct stones after endoscopic extraction, differential diagnosis of bili-
ary strictures, the diagnosis of pancreaticobiliary maljunction, the staging of biliary
duct carcinomas, the diagnosis of invasion of intraductal papillary tumors, and the
staging of periampullary carcinomas.

Keywords Intraductal ultrasonography ¢ Biliopancreatic diseases ® Biliopancreatic
stricture

Intraductal ultrasonography (IDUS), which is superior in spatial resolution, is a
widely used imaging modality for evaluating gastrointestinal disorders. This modal-
ity provides ultrasound images from the inside of the bile or pancreatic duct with a
high-frequency (20-30 MHz) ultrasound probe with a thin diameter (2-3 mm), par-
ticularly in the biliopancreatic region. If endoscopic retrograde cholangiopancrea-
tography (ERCP) can be performed, IDUS can be easily performed successively
and does not require any special techniques. Furthermore, the advent of a thin
guidewire-directed probe has allowed the probe to be advanced to a target site along
the guidewire. This probe can be inserted into the bile and pancreatic ducts, pass
through a stenotic area, and reach a target site, thereby allowing the consistent
observation to be made (Figs. 15.1 and 15.2).

A useful feature of IDUS for biliopancreatic disorders is to depict proximal fine
structures from the lumens of the bile and pancreatic ducts. IDUS is suitable for
depiction of intramural structures, fine stones, and tumors in the bile and pancreatic
ducts. IDUS at the time of ERCP may add useful information in the patient with
suspected cholangiocarcinoma [1, 2]. Furthermore IDUS shows good results for

M. Nagahama
Division of Gastroenterology, Showa University Fujigaoka Hospital, 1-30 Fujigaoka,
Aoba-ku, Yokohama 227-8501, Japan

© Springer Japan KK, part of Springer Nature 2019 179
T. Mine, R. Fujita (eds.), Advanced Therapeutic Endoscopy for Pancreatico-
Biliary Diseases, https://doi.org/10.1007/978-4-431-56009-8_15


http://crossmark.crossref.org/dialog/?doi=10.1007/978-4-431-56009-8_15&domain=pdf

180 M. Nagahama

Fig. 15.1 The probe tip
and guidewire

Fig. 15.2 A case of lower bile duct cancer. (a) Endoscopic view (1): A guidewire was inserted into
the common bile duct through the papilla of Vater. (b) Endoscopic view (2): An intraductal ultra-
sonography probe was inserted into the common bile duct along the guidewire. (¢) Intraductal
ultrasonographic view (1): Dilated common hepatic duct was seen. (d) Intraductal ultrasono-
graphic view (2): Intraductal ultrasonography of the lower bile duct revealed a tumorous lesion
filling the lumen
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accurate diagnostics of bile duct strictures of uncertain etiology [3-5]. IDUS are
clinically useful in the diagnosis of microlithiasis [6, 7] at the time of recurrent
idiopathic pancrestitis [8] and choledocholithiasis. Preoperative IDUS was useful in
determining the type of surgery and the extent of resection [9]. It has also been
reported to be useful for differentiating enlarged papilla from papillary diseases and
diagnosing papillary carcinoma invasion [10]. In particular, IDUS is the only imag-
ing modality that allows the sphincter of Oddi at the papilla to be directly visualized
[11]; thus, it is considered to be an important modality for assessment before endo-
scopic papillectomy. With further advances in devices, IDUS has the potential to
become a useful modality for assessing biliopancreatic diseases.
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Chapter 16
IDUS for Biliary Tract

Hironao Miyoshi and Kazuo Inui

Abstract Intraductal ultrasonography (IDUS) normally delineates 2-3 layers of
the bile duct wall. On the other hand, IDUS can identify carcinoma as a hypoechoic
area of irregular thickness. IDUS generally is reliable for diagnosis of extrahepatic
bile duct cancer, but IgG4-related sclerosing cholangitis (IgG4-SC) can be difficult
to distinguish from malignant strictures. Even so, in IgG4-SC, IDUS can depict
circular, symmetric wall thickening with smooth outer and inner margins, associ-
ated with homogeneous internal echo in narrowed ducts. While endoscopic cholan-
giography is unreliable in detection of small gallstones after endoscopic lithotripsy,
IDUS is more successful in detecting small gallstones in such cases. In conclusion,
IDUS and 3D-IDUS are useful for differentiating between malignant biliary stric-
tures and benign ones, including IgG4-SC, as well as for detection of small bile duct
stones.

Keywords Biliary tract cancer ¢ Bile duct stones ° IgG4-related sclerosing
cholangitis

16.1 Introduction

Intraductal ultrasonography (IDUS) first was reported by Silverstein et al. [1] in
1989 as experimental work in dogs. Many subsequent authors [2—7] found IDUS to
be reliable clinically for diagnosis of extrahepatic cholangiocarcinoma and bile duct
stones. Kallimanis et al. [8] introduced three-dimensional intraductal ultrasonogra-
phy (3D-IDUS) in 1995. We subsequently reported the usefulness of 3D-IDUS for
diagnosis of biliary tract cancer and common bile duct stones as a comprehensive
image display, aided by ongoing developments involving both instruments and
image-processing systems [9—11]. In this chapter we demonstrate the usefulness
and clinical applicability of IDUS and 3D-IDUS for diagnosis of biliary tract
diseases.
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16.2 Methods of IDUS and 3D-IDUS

We usually use a ropeway system probe, 2.5 mm in diameter, (UM-DG-35R,
Olympus Medical Systems, Tokyo, Japan), incorporating a radial scanning sys-
tem with a frequency of 20 MHz [12]. The probe is connected to an endoscopic
ultrasonic observation unit (EU-M2000, Olympus Medical Systems) and con-
trolled by a probe-driving unit (MAJ 2000, Olympus Medical Systems). For
3D-IDUS we use an ultrasound image-processing unit (EU-IP2, Olympus
Medical Systems) to produce reconstruction images such as dual-plane recon-
structions. The 3D ultrasonic probe consists of an external tube as an outer sheath
and the probe itself with a diameter of 2.4 mm and a 20-MHz radial scan trans-
ducer at its tip. 3D ultrasonography is performed while the ultrasonic probe is
withdrawn automatically in the outer sheath. The outer sheath remains withdrawn
throughout scanning. Linear reconstruction images are produced by integrating
40 serial radial images. We can obtain 40—118 serial radial images. The length of
the longitudinal images can be set at 10, 20, 30, or 40 mm, with pitches of 0.25,
0.5, 0.75, or 1.0 mm.

The probe passes easily through the 2.8-mm diameter biopsy channel of an elec-
tronic duodenoscope (JF 260V or TJF 200, Olympus Medical Systems). We per-
form IDUS by either a transpapillary or a percutaneous transhepatic approach: the
area surveyed by the probe is confirmed by fluoroscopy.

16.3 IDUS for Diagnosis of Biliary Tract Cancer

The normal bile duct wall is delineated as having 2-3 layers. IDUS depicts a carci-
noma as a hypoechoic image with irregular thickness (Figs. 16.1 and 16.2). When
the tumor image extends to the highly echogenic layer of the bile duct, we can con-
clude that the tumor has invaded the subserosa. When the tumor reaches the paren-
chyma of the pancreas, the pancreas has been invaded. Important findings for
diagnosis of tumor invasion of the pancreas include a hyperechoic layer between the
bile duct and the pancreas. When the tumor image reaches the hyperechoic wall of
the portal vein, the portal vein has been invaded.

We have correlated the results of IDUS and pathologic findings of tumor exten-
sion in 13 patients with bile duct carcinoma [13]. Overall accuracy for depth of
tumor invasion was 84.6%, for tumor invasion of the pancreas 88.9%, and for inva-
sion of the portal vein 92.3%.

IDUS can contribute importantly to differentiating benign from malignant bili-
ary lesions. In a series of 93 patients suspected to have biliary tract cancer [14], we
found that IDUS had a sensitivity and specificity of 89.7% and 84%, respectively,
for diagnosing malignant biliary strictures.

In other reports, accuracy of IDUS in diagnosis of cancer invasion to the serosa
was reported as 86-93% [15, 16]. Accuracy of invasion to the right hepatic artery
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Fig. 16.1 Bile duct
carcinoma. Endoscopic
retrograde
cholangiopancreatogram
indicates a stricture of the
upper part of the
extrahepatic bile duct.
IDUS scanning was
performed at lines (a, b)

Fig. 16.2 (a) Intraductal ultrasonography (IDUS) depicts carcinoma as a hypoechoic image of
irregular thickness. (b) IDUS indicates that the tumor echogram has reached the highly echoic
layer of the bile duct, but not the right hepatic artery (RHA)
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and portal vein was reported as 86—100% and 92—-100%, respectively [3, 9, 15-19],
while accuracy of diagnosis of pancreatic parenchymal invasion was reported as
93-100% [9, 10, 20]. While IDUS is useful for diagnosing depth of invasion as well
as invasion of the portal vein, right hepatic artery, and pancreas, IDUS cannot reli-
ably diagnose involvement of lymph nodes.

16.4 IDUS for Diagnosis of IgG4-Related Sclerosing
Cholangitis

IgG4-related sclerosing cholangitis (IgG4-SC) is a distinct type of sclerosing
cholangitis with an unknown pathogenetic mechanism. IgG4-SC patients have
increased serum concentrations of IgG4, dense infiltration of IgG4-positive
plasma cells with extensive fibrosis in the bile duct wall, and a good response to
steroid therapy [21]. Autoimmune pancreatitis (AIP) frequently complicates
IgG4-SC. Ultrasonography (US) detects thickening of the wall of the common
bile duct about 60% of cases of AIP [22]. Thickening of the bile duct wall may
show either a layered structure or parenchymal hypoechoic wall thickening [23].
Because thickening of duct walls can extend beyond extrahepatic bile ducts and
also involve intrahepatic bile ducts in some cases, these sclerosing lesions may
be difficult to distinguish from malignant strictures. In such instances, both
endoscopic ultrasonography (EUS) and IDUS are useful. Although wall thicken-
ing in narrowed duct segments is not shown clearly by conventional US, EUS
and IDUS depict circular, symmetric wall thickening with smooth outer and
inner margins, associated with homogeneous internal echo in narrowed ducts
(Figs. 16.3 and 16.4) [24, 25]. Sometimes, difficulty arises in correctly diagnos-
ing 1gG4-SC, when IDUS displays irregular wall thickening during the acute
phase of disease. However, with steroid therapy, wall thickness decreases con-
spicuously [14].

16.5 IDUS for Diagnosis of Biliary Tract Stones

Endoscopic cholangiography is not a reliable method for detection of small gall-
stones after endoscopic lithotripsy (Fig. 16.5). On the other hand, EUS is better able
to detect small gallstones after endoscopic treatment. IDUS is also reported to be
useful for detecting small stones after endoscopic treatment for bile duct stones
(Fig. 16.6) [7, 26]. A bile duct stone presents a strong echo with acoustic shadowing
[13]. IDUS revealed air bubbles as comet-shaped echoes with acoustic shadowing
when separated from the transducer or as fan-shaped high-echo signals when touch-
ing the transducer [27]. The detection rate of bile duct stones with IDUS is reported
to be 96.8-100% [27, 28].



16 IDUS for Biliary Tract 187

Fig. 16.3 IgG4-related
sclerosing cholangitis.
Endoscopic retrograde
cholangiopancreatogram
detects a stricture of the
lower part of the
extrahepatic bile duct.
IDUS scanning was
performed at lines (a, b)

Fig. 16.4 (a) IDUS depict a circular, symmetric wall thickening with smooth outer and inner
margins. (b) IDUS shows wall thickening in the region without strictures
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Fig. 16.5 After
endoscopic removal of
common bile duct stones,
ultrasonic probe is inserted
into the common bile duct
along with a guidewire.
ERCP detects no filling
defects in the bile duct

Fig. 16.6 IDUS detects a
residual stone as a strong
echo with no acoustic
shadow
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In one case series involving endoscopic papillary balloon dilation and balloon
endoscopic retrograde cholangiography [27], IDUS was performed in 149 of the
182 patients (81.7%). No residual stones were confirmed in 107 of 149 patients
(71.8%) at the final endoscopy session. When the 42 patients with residual stones
underwent IDUS during the session, IDUS showed either stones or debris. Tsuchiya
et al. [7] reported that additional IDUS to confirm complete stone clearance
decreased the recurrence rate of common bile duct stones over a 3-year period after
endoscopic sphincterotomy (EST).

16.6 Conclusions

IDUS is useful for differentiating between malignant and benign biliary strictures
including IgG4-SC and for detecting small bile duct stones.
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Chapter 17

Endoscopic Papillary Large Balloon
Dilation (EPLBD)

Shomei Ryozawa

Abstract Endoscopic papillary large balloon dilation (EPLBD) combined with
endoscopic sphincterotomy (EST) was introduced to facilitate the removal of large
or difficult bile duct stones. Several studies have reported that this technique is safe
and effective in patients with large bile duct stones without an increased risk of
severe pancreatitis or bile duct perforation. In addition, it appears to decrease pro-
cedure time and fluoroscopy time and reduce the need for mechanical lithotripsy.
Further evaluation and standardization of the method are required.

Keywords Endoscopic papillary large balloon dilation « EPLBD * EST ¢ Bile duct
stone ¢ Large balloon

17.1 Introduction

Endoscopic sphincterotomy (EST) is the most commonly used endoscopic tech-
nique for removal of bile duct stones. Although EST has become an established
technique since it was described in 1974 [1, 2], bile duct stone removal using EST
may be difficult in the setting of large size stones (>15 mm), multiple stones, barrel-
shaped stones, and tapering or tortuosity of the distal common bile duct. Furthermore,
difficult stone removal needs for mechanical lithotripsy (ML) or intraductal electro-
hydraulic or laser lithotripsy [3, 4]. Endoscopic papillary large balloon dilation
(EPLBD) combined with EST was first reported by Ersoz et al. [5] in 2003 to facili-
tate the removal of large or difficult bile duct stones. Since then, EPLBD has become
rapidly and widely adopted.
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17.2  Definition

EPLBD is used to create a larger biliary opening with a large diameter balloon
>12 mm. The intended purpose of EPLBD is to simplify removing large or difficult
bile duct stones without additional adverse events of EST alone. EST has been gen-
erally recommended before EPLBD because it was believed to be associated with a
decreased risk of post procedure pancreatitis or perforation.

17.3 Indication

Bile duct stones may be difficult to remove endoscopically by using standard bal-
loon and basket extraction techniques after mainly large EST in the setting of large
size stones (>15 mm), multiple stones, barrel-shaped stones, and tapering or tortu-
osity of the distal common bile duct [6, 7]. In such situations, additional endoscopic
procedures, mainly EML, are usually required. However, EML is a time-consuming
procedure, raising problems such as impaction and fracture of the Dormia basket,
and increases the risk of adverse events. EPLBD combined with EST can be used as
the alternative to EML after EST for the removal of large or difficult bile duct
stones, reducing the need for EML because it allows a larger biliary orifice to be
achieved than full-incision EST.

In early trials of EPLBD, a supplementary EPLBD was performed when the stan-
dard balloon and basket extraction technique failed after large EST [5, 8]. However,
preemptive EPLBD has recently been performed after limited EST or sometimes
without EST in patients with large bile duct stones that are suspected to be difficult
to remove by using standard extraction techniques even after large EST. Abdominal
CT with coronal reconstruction and MRCP can be used to measure the number and
size of bile duct stones and to determine the shape of the bile duct. Accordingly, this
allows endoscopists to decide on the method to use for bile duct stone removal even
before endoscopic retrograde cholangiopancreatography (ERCP) is performed.

EPLBD is not recommended in patients with obvious distal bile duct strictures or
a nondilated bile duct because of the increased risk of perforation due to excessive
dilation of the bile duct with a balloon [9].

17.4 Techniques

ERCP is performed using side-viewing video duodenoscope. After cholangiogra-
phy (Fig. 17.1a), a guidewire is passed into the bile duct. Immediately after limited
EST (Fig. 17.1b), a balloon catheter is passed over the guidewire and positioned
across the main duodenal papilla. The size of balloon is matched to the diameters of
the bile duct and the stones. The balloon is then gradually inflated with diluted
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Fig. 17.1 Endoscopic papillary large balloon dilation (EPLBD) technique. (a) Cholangiogram
showed large and multiple bile duct stones. (b) Endoscopic sphincterotomy (EST) was performed.
(c) Papillary dilation with large balloon. (d) X-ray showed large balloon expanded. (e) Large bili-
ary orifice can be seen after balloon deflation. (f) Large bile duct stone removal without crush

contrast medium under endoscopic and fluoroscopic guidance until adequate size to
allow stone removal without lithotripsy regardless of disappearance of the balloon
waist (Fig. 17.1c—e). The maximal inflated diameter of the balloon should not
exceed the diameter of the distal bile duct to prevent the risk of perforation due to
overinflation of the balloon. During EPLBD, the rapid and forcible inflation of the
balloon across a tight distal bile duct stricture can lead to perforation and bleeding.
The balloon should always be inflated slowly and gradually, starting from a smaller
diameter than the intended maximal target, to recognize obscure bile duct strictures
with attention paid to the balloon shape under fluoroscopy. If waist formation or
longitudinally extensive narrowing of the balloon is recognized even using the max-
imum pressure for each balloon, additional inflation should not be performed. In
contrast, once the waist disappeared, the balloon remained inflated for 30-60 s [10].
The stones are then removed from the bile duct with a basket or a retrieval balloon
(Fig. 17.1f). When stone impaction is thought to occur, a mechanical lithotriptor
should be used.

17.5 Outcomes

The initial success rate, which was defined as the rate of successful stone removal
during the first ERCP session, of EPLBD with EST in the systematic review [10]
was comparable to that of EST alone (84.0% vs. 80.8%, p = 0.131) in a meta-anal-
ysis by Weinberg et al. [11]. The overall success rates of EPLBD with EST in the
systematic review [10] were comparable to that of EST alone (96.5% vs. 95.3%,
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p =0.141) in a meta-analysis [11]. There is speculation that EPLBD with EST can
reduce the need for ML in patients with large bile duct stones >15 mm [12]. Itoi
et al. [7] report that EPLBD with EST appears to decrease procedure time and fluo-
roscopy time compared to EST alone.

17.6 Special Cases

17.6.1 The Presence of a Periampullary Diverticulum

The prevalence of periampullary diverticula (PAD) increases with age. PAD tend to
distort the anatomy of the duodenum and the sphincter, making a controlled EST
more difficult and possibly increasing the risk of adverse events. Also, when EPLBD
is performed in patients with PAD, the potential risk of perforation is of particular
concern due to lack of sphincter muscle components around the ampulla. In retro-
spective comparison studies in patients with and without PAD, there were no sig-
nificant differences in overall success rates of bile duct stone removal and rates of
adverse events [13, 14].

17.6.2 In Patients with Surgically Altered Anatomy

It is well known that EST is usually difficult and may require special techniques or
devices in patients with surgically altered anatomy. Despite the development of
specific sphincterotomes, EST in patients with surgically altered anatomy is more
difficult than in patients with unaltered anatomy because the papilla now has to be
approached from an inverted anatomic structure. In such a situation, balloon dilation
may be particularly suitable instead of EST (Fig. 17.2).

17.6.3 In Patients with Previous EST

In recurrent bile duct stones, extended incision of a previous EST site is sometimes
required to remove large and difficult stones. However, it can increase the risk of
adverse events such as bleeding and perforation. In such cases, EPLBD can be
safely and effectively used to widen the ampullary orifice without performing a
repeat EST.
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Fig. 17.2 EPLBD in patient with Billroth II gastrectomy. (a) Cholangiogram showed a bile duct
stone (arrow). (b) X-ray showed large balloon expanded. (¢) After EPLBD, a mechanical lithotrip-
tor was used for stone extraction. (d) Large bile duct stone removed without crush

17.7 Adverse Events

Major adverse events typically related to both EST and EPLBD are pancreatitis,
bleeding, and perforation. In the systematic review [10], the rate of overall adverse
events was significantly lower for EPLBD with EST than that for EST alone in
patients with large or difficult stones (8.3% vs. 12.7%, p < 0.001). The rate of pan-
creatitis in patients who underwent EPLBD with EST was significantly lower than
that in patients who underwent EST alone (2.4% vs. 4.3%, p < 0.006). The rates of
bleeding and perforation were not significantly different between the EPLBD with
EST and EST alone (3.6% vs. 4.8%, 0.6% vs. 0.5%, respectively). The possible
mechanism of the reduced pancreatitis rate for EPLBD with EST is that the radial
force exerted by the dilating balloon shifts along the cutting direction made during
EST toward the bile duct and away from the pancreatic orifice, resulting in less
periampullary injury around the pancreatic duct. The other hypothesis about the
mechanism of pancreatitis after EPLBD was suggested: the manipulation frequency
of the Dormia basket and retrieval balloon catheter in EPLBD with EST can be
reduced due to a sufficiently widened ampullary orifice, resulting in less periampul-
lary trauma or edema and a lower risk of pancreatitis.
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Masatsugu Nagahama

Abstract Cholelithiasis is one of the most common gastrointestinal disorders.
Cholelithiasis is divided into gallbladder stone, common bile duct stone, and intra-
hepatic stone by site of development. Each type develops either secondarily to other
conditions or independently. When asymptomatic common bile duct stones are
detected, they are highly likely to become symptomatic. Thus, aggressive treatment
is basically recommended regardless of the presence or absence of symptoms.
Endoscopic treatment of common bile duct stones is established as the first treat-
ment of choice for common bile duct stones at many facilities worldwide. Endoscopic
sphincterotomy (EST) is usually performed in Western countries. However, in
Japan, endoscopic papillary balloon dilation (EPBD) as well as EST is performed at
many institutions. When the stone diameter exceeds the diameter of the EST- or
EPBD-treated papilla, they need to be fragmented and removed through the papilla.
Lithotripsy procedures include endoscopic mechanical lithotripsy (EML) and per-
oral cholangioscopy-guided electrohydraulic shockwave lithotripsy. In recent years,
endoscopic papillary large balloon dilation (EPLBD) has come into clinical use.

Keywords Common bile duct stone * EST « EPBD

18.1 Biliary Calculi

Cholelithiasis is one of the most common gastrointestinal disorders. The prevalence
of gallstones is high in Indian ethnic groups worldwide. In contrast, it is 5% or
lower in sub-Saharan Africans and 14% in African Americans. Because the preva-
lence greatly varies among ethnic groups, lifestyles are speculated to contribute to
the development of gallstones. The prevalence of gallstones in Asian countries is
lower than that of 20% in Europe and the United States, whereas it is approximately
5% in Japan [1].
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18.2 Sites and Types of Gallstones

Cholelithiasis is divided into gallbladder stone, common bile duct stone, and intra-
hepatic stone by site of development. Each type develops either secondarily to other
conditions or independently. According to stone compositions, gallstones are mainly
categorized as cholesterol or pigmented type. Either type of gallstones can occur in
the intrahepatic bile duct and gallbladder. When cholesterol gallstones are present in
the common bile duct, they are considered to be stones developing secondarily to
stones falling from the intrahepatic bile duct or gallbladder.

18.3 Endoscopic Treatment of Common Bile Duct Stones

When asymptomatic common bile duct stones are detected, they are highly likely to
become symptomatic. Thus, aggressive treatment is basically recommended regard-
less of the presence or absence of symptoms [2, 3]. It has been reported that com-
mon bile duct stones concurrently developed in 5-10% of patients undergoing
laparoscopic surgery for symptomatic gallbladder stones and were furthermore
complicated by gallstone pancreatitis in 18-33% [1].

Endoscopic treatment of common bile duct stones can be relatively safely
performed in a short time, is associated with a high success rate, and is estab-
lished as the first treatment of choice for common bile duct stones at many facil-
ities worldwide. In a meta-analysis comparing a combination of endoscopic
treatment of common bile duct stones and cholecystectomy (two-staged opera-
tion) with surgical treatment (one-staged operation) (12 randomized controlled
trials [RCTs] involving a total of 1357 patients with common bile duct stones
complicated by gallbladder stones), there were no differences in stone extraction
rate, mortality, or complication rate between the treatment methods. A subanaly-
sis of laparoscopic surgery (5 RCTs) also revealed no differences in therapeutic
outcomes [4].

When common bile duct stones are endoscopically treated through the papilla, it
is necessary to dilate the bile duct orifice at the duodenal papilla, in order to extract
the stones from the bile duct to the duodenum. Specifically, the papilla is incised or
dilated with a duodenoscope (rear viewing scope), and stones are extracted with a
basket or balloon catheter. In Europe and the United States, endoscopic sphincter-
otomy (EST) is the commonly performed procedure for the papilla. As more than
30 years have passed since EST was first reported by Sohma [5], Kawai [6], and
Classen [7] in the early 1970s, this procedure has been established as the first-
choice treatment of common bile duct stones (Fig. 18.1).

Meanwhile, endoscopic papillary balloon dilation (EPBD) is also performed at
many facilities in Japan (Fig. 18.2). EPBD was first reported by Staritz et al. in 1982
[8], reappreciated by Mac Mathuna et al. in the mid-1990s [9], and recommended
for its promotion mainly by Komatsu et al. in Japan [10].
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Fig. 18.1 <Endoscopic sphincterotomy: EST> Endoscopic view. (a) A EST knife was inserted to
the papilla of Vater along the guidewire. (b) Sphincterotomy was performed to the papilla of Vater.
(c) A stone was extracted with a retrieval balloon catheter. (d) An endoscopic nasobiliary drainage
tube was inserted into the bile duct

According to several controlled trials on treatment outcomes and complications
of EST and EPBD [11-13], the incidences of bleeding and pancreatitis are higher
for EST and EPBD, respectively, although treatment outcomes are similar between
the two methods. Since some patients died of pancreatitis after EPBD in a multi-
center study conducted in the United States [14], EPBD has not been frequently
performed particularly in Europe and the United States.

When the stone diameter exceeds the diameter of the EST- or EPBD-treated
papilla, they need to be fragmented and removed through the papilla. Lithotripsy
procedures include endoscopic mechanical lithotripsy (EML) and peroral chol-
angioscopy-guided electrohydraulic shockwave lithotripsy. In recent years,
endoscopic papillary large balloon dilation (EPLBD) has come into clinical use.
Because the diameter of the papilla treated by EPLBD is larger than that of the
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Fig. 18.2 <Endoscopic papillary balloon dilation: EPBD> Endoscopic view. (a) A guidewire was
placed in the bile duct through the papilla of Vater. (b) A balloon catheter was inserted to the
papilla of Vater. (¢) The papilla of Vater was dilated with a balloon catheter. (d) A stone was
extracted with a basket catheter

papilla treated by EST or EPBD, extraction of even large stones has become pos-
sible without lithotripsy. The details of these procedures are reported
elsewhere.
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Keiji Hanada

Abstract Mechanical lithotripsy (ML) is one of the endoscopic techniques for
large, buildup, or multiple common bile duct (CBD) stones. ML is successful in
more than 80% of cases where conventional balloon or basket extraction cannot be
performed. Stone impactions and large stones (more than 20 mm) are considered to
be the most common reasons for failure of ML. Pancreatitis and bleeding have been
reported as adverse events after ML. Difficult cases of CBD stones could be treated
successfully with ML, and a plastic stent should be applied when CBD stones cannot
be cleared completely. As for large stones with surgically altered anatomy, the short-
type double-balloon endoscope could allow the use of conventional cannulas for
wire-guided cannulation and conventional therapeutic devices of ML. Technical
complications such as basket impaction and basket-wire fracture can be mostly man-
aged using an emergency over the basket or an alternative modality. As for the need
for ML, endoscopic sphincterotomy (EST) plus endoscopic papillary large balloon
dilatation (EPLBD) was associated with a reduced need for ML compared to EST
alone and was also associated with a reduction in the overall rate of adverse events.

Keywords Mechanical lithotripsy ¢ Bile duct stone * EST « EPLBD

19.1 Management of Common Bile Duct Stones

19.1.1 Indications of Mechanical Lithotripsy

The endoscopic methods for the removal of common bile duct (CBD) stones have
been well established. They involve extraction using various devices after endo-
scopic papillary balloon dilatation (EPBD) [1] or endoscopic sphincterotomy (EST)
[2, 3]. Recently, the success rate for the removal of CBD stones has reached at least
90% after conventional EST [4, 5].
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However, in cases of giant or incarcerated stones, a normal extraction is not
always successful. It should be necessary to perform a stone fragmentation to
remove the stone. Stone fragmentation can be performed mechanically using a frag-
mentation basket, extracorporeal shock wave lithotripsy (ESWL), electrohydraulic
lithotripsy (EHL), or laser lithotripsy. Among these methods, a mechanical litho-
tripsy (ML) has been widely accepted, and it is easy to perform [6]. The strategy of
managem