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Abstract

Endoscopic ultrasound-guided fine-needle aspiration biopsy (EUS-FNA) is a
useful procedure that enables reliable pathological diagnoses of pancreatobiliary
diseases, subepithelial lesions, and swollen lymph nodes. In recent years, a
pathological diagnosis based on EUS-FNA has made it possible to provide
accurate treatment methods not only in these fields, but also in respiratory organs
and otorhinolaryngology. This review discusses the latest topics pertaining to
EUS-FNA as well as procedural tips.

Key words: Endoscopic ultrasound-guided fine-needle aspiration biopsy; Cytology;
Pathology; Pancreatobiliary diseases; Subepithelial lesions; Lymph nodes

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In the era of cyto-pathological diagnosis of various malignant diseases,
endoscopic ultrasound-guided fine-needle aspiration biopsy (EUS-FNA) represents the
most promising procedure for diagnosing various malignant diseases. However, to date,
no reports have compared the utility, faults, and techniques of this procedure. In this
review we highlight the recent topics and technical tips of EUS-FNA in the diagnostic
process of various diseases, especially those which require tissue-based diagnosis to
determine treatment.
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INTRODUCTION

In patients with difficult to reach lesions, where no histo-cytological tissue is
obtainable, diagnosis has conventionally been determined using imaging techniques.
Endoscopic ultrasonography (EUS) is a widely accepted modality for detecting
pancreatobiliary diseases and, for visualizing lesions more precisely than other
imaging modalities.

EUS has two different shaped scopes, radial and longitudinal. The radial EUS has a
viewing angle of 360 degrees, so the positional relationship with surrounding organs
can be easily understood. On the other hand, the longitudinal EUS has the advantage
that the relationship between the lesion and the blood vessel can be easily grasped
since the blood vessel is easily matched with the axis of the scope and endoscopic
ultrasound-guided fine-needle aspiration biopsy (EUS-FNA) can be carried out.
Following a basic investigation by Harada et all'l in 1991 using dogs, EUS-FNA was
first clinically applied to subepithelial lesions (SEL) of the stomach!”, followed by use
in cases with pancreatic cancer, resulting in qualified pathological diagnoses. With its
usefulness confirmed, EUS-FNA is currently used worldwide before determining a
treatment strategy for various diseases!”l.

We have also selected treatments based on a pathological diagnosis using EUS-
FNA for diseases in the gastrointestinal area, mainly pancreatobiliary disease, but also
cervical spine chordoma, adenocarcinoma of the lung, and metastasis of liver
neuroendocrine tumors to lymph nodes of the bifurcation of the common iliac artery
(Figure 1 A-C). Currently, there are many different puncture needles available on the
market that improve lesion accessibility and puncture performance, and devices have
been developed that even beginners can use (Table 1).

However, according to the (first and second) “Survey on actual condition of
pancreatic tumor diagnosis in Tottori Prefecture”!], the proportion of cases that have
been diagnosed with unresectable progressive pancreatic cancer and were undergoing
chemotherapy where pathological evidence was acquired by EUS-FNA was 65% in
the first survey (2009-2011, n = 272), but failed to improve in the second survey at 59%
(2012-2014, n = 339). The number of facilities in Japan where EUS-FNA is performed is
increasing, but remains at only about 1/6 when compared to facilities performing
endoscopic retrograde cholangiopancreatography (ERCP). Facilities should be more
proactive and include EUS-FNA to ensure treatments are more suitable for diseases.

FACTORS AFFECTING THE DIAGNOSTIC POWER OF EUS-
FNA AND THE ESTABLISHMENT OF STANDARD
PROCEDURES

Many prospective studies and meta-analyses that have evaluated the selection of a
procedure or device for EUS-FNA have assessed factors that affect diagnostic power
(Table 2). More specifically, it has been reported that regarding scopes, a cap-attached
forward-viewing echoendoscope is useful for EUS-FNA of small SELP. Regarding
needle diameter and the stylet, the presence or absence of a stylet has no impact on
the diagnostic power of EUS-FNA!}; where no stylet is present, a 22-G needle and 25-
G needle have equivalent diagnostic powerl”l. A meta-analysis showed that 25-G
needles have significantly better sensitivity for pancreatic tumors than 22-G needles!"!
and 19-G needles have a significantly better correct diagnostic rate for pancreatic
tumors than 22-G needles!”. In terms of the shape of the needle tip, one meta-analysis
has reportedly shown that the number of punctures is reduced using puncture
needles with a side hole!"! and that EUS-guided through-the-needle forceps biopsy is
useful™l. With regard to the method of aspiration, there are some scattered reports on
pancreatic tumors, where wet suction!” and a high negative pressure provided
improved cellularity compared to the typical methods!’.. It has also been reported that
there is no difference between the stylet slow-pull and standard suction in diagnostic
powerl. Reports on puncture methods have stated that fanning lowers the number of
punctures!”, and that the door-knock technique yields improved cellularity in
transgastric punctures when compared to the typical methods!""l. Regarding post-
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Table 1 List of endoscopic ultrasound-guided fine-needle aspiration biopsy needles

Release year'  Endoscopic ultrasound-guided fine-needle aspiration biopsy needles

2000 Echo Tip Ultra (Cook)

2001 NA-11]-KB (OLYMPUS)

2003 EZ Shot (OLYMPUS)

2004 Quick-Core (Cook)

2011 Expect (Boston)

2011 EZ Shot (OLYMPUS)

2012 Echo Tip Procore (Cook)

2012 SONGO tip Pro Control (Medi-Globe)
2012 Expect 19 G Flex Needle (Boston)
2013 EUS Sonopsy CY (HAKKO)

2016 EZ Shot 3 Plus (OLYMPUS)

2016 Echo Tip Procore 20 G (Cook)
2016 Acquire (Boston)

Year of release in Japan.

puncture treatment, it has also been reported in a meta-analysis that rapid on-site
evaluation (ROSE) was useful!’l. In addition, EUS-FNA combined with ROSE and
fine-needle biopsy have equivalent diagnostic power!"", in which macroscopic on-site
quality evaluation (MOSE) is useful™. Cellvizio™! and TSCI*" are also reportedly
useful devices to assist with post-puncture treatment.

More widespread use of EUS-FNA in pathological diagnoses will require
establishing simpler techniques that are easy, even for doctors with little experience
with such cases, based on the factors that affect the diagnostic power of EUS-FNA.

INDICATIONS/CONTRA-INDICATIONS FOR EUS-FNA

EUS-FNA is fundamentally indicated for all diseases where collecting cells from the
lesion makes it possible to determine a treatment strategy. Specific examples include
histological evidence of cancer when chemotherapy or chemoradiotherapy is being
selected, differential diagnosis of benignancy/malignancy (selecting surgery/non-
surgery, selecting a surgical procedure, determining whether or not follow-up
observation is possible for disease where differentiating between benignancy/
malignancy is challenging), and accurate diagnosis of the degree of progression of
malignant tumors (lymph node metastasis, low volume of ascites). Initially, pancreatic
lesions, lymph nodes, and SEL were considered to be covered, but recently biliary
tract disease, lung tumors, head and neck tumors, and gastrointestinal lesions where
biopsy using a conventional endoscope does not yield a diagnosis have also been
included. Lesions 10 mm in size or less have previously been regarded as posing a
challenge for sample collection, but improvements in puncture needle visibility,
puncture performance, and sample collection ability have recently brought about
diagnostic power with a sensitivity of 89.3% and a correct diagnosis rate of 91.7% for
pancreatic tumors, where the lesion is smaller than 10 mm®.

Procedural adverse events with EUS-FNA include abdominal pain, bleeding,
dissemination, pancreatitis, and infectious diseasel”l. Piriform sinus injuries caused by
scope insertion in the pre-stage of EUS-FNA occur at a frequency of 0.06% (4/4894)",
as does digestive tract perforation, at 0.02% (2/10941)**1. Preventing piriform sinus
injury requires careful, gentle insertion with observation inside the mouth.
Gastrointestinal tract perforation is often found to occur mainly during insertion into
the descending part of the duodenum, and insertion should be performed while the
gastrointestinal lumen is being checked to prevent complications.

EUS-FNA is contraindicated if bleeding diathesis is observed, EUS fails to clearly
render the lesion, or there is a strong risk of EUS-FNA causing a procedural accident.
With regard to dissemination due to EUS-FNA, there is believed to be a risk of
dissemination even with solid tumors, such as invasive ductal carcinoma of the
pancreas; this, though possible, does not affect the survival ratel””!. With solid
pancreatic tumors, invasive ductal carcinoma of the pancreas has a frequency of less
than 80%™, and thus the benefit of acquiring pathological evidence before deciding
on a treatment strategy outweighs the risk of dissemination. Countries across the
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Figure 1 Imaging findings and pathological diagnosis using endoscopic ultrasound-guided fine-needle
aspiration biopsy in diseases outside the biliary/pancreatic area. A: Otorhinology: cervical spine chordoma; B:
Respiratory: adenocarcinoma of the lung; C: Metastasis of liver neuroendocrine tumors to the lymph nodes of the
bifurcation of the common iliac artery.

world vary significantly regarding whether EUS-FNA is indicated for pancreatic
cystic lesions such as intraductal papillary mucinous neoplasms (IPMN) or mucinous
cystic neoplasms®l. One report on the usefulness of EUS-FNA for pancreatic cyst
lesions included an analysis of cells obtained in a facility with ample experience with
EUS-FNA, and diagnosis by cytology yielded diagnostic value for cases with
relatively small BD-IPMN where there were no “worrisome features”. Another study
where diagnosis of high-grade epithelial atypia or high-grade dysplasia of cells in the
mucinous cystic fluid had a sensitivity of 72% and a positive predictive value of 80%,
30% more cancers were detected in small branch duct-IPMN cases than “worrisome
features”l*’]. Reported complications for pancreatic cysts include intracystic
hemorrhage!®! and dissemination. With regard to dissemination in particular, one
report®! recommends not performing EUS-FNA on cysts because of a “high-risk
stigmata” or “worrisome features”, for fear that the puncture could cause cystic fluid
to leak out, resulting in peritoneal dissemination, or could allow cancer to invade the
gastric wall at the puncture route. However, another report”! has indicated that
preoperative EUS-FNA performed on patients with IPMN was not linked to any
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Table 2 Factors affecting diagnostic power of endoscopic ultrasound-guided fine-needle aspiration biopsy and evidence

Factors influencing diagnostic ability

Result

Scope
Stylet

Needle diameter

The shape of the needle tip

Suction

Puncture

Post puncture-treatment

A forward-viewing echoendoscope is usefull”!

The presence or absence of a stylet has no impact on the diagnostic power of
EUS-FNA!

A 22-G needle and 25-G needle have equivalent diagnostic power!’l. A 25-G
needle has significantly better sensitivity for pancreatic tumors than a 22-G
needlel’! A 19-G needle has a significantly better correct diagnostic rate for
pancreatic tumors than a 22-G needlel’!

The number of punctures is reduced using puncture needles with a side
holel”! EUS-guided through-the-needle forceps biopsy is usefull'!

Wet suction'”l and a high negative pressure provided improved cellularity
compared to the typical methods!'”). There is no difference between the
stylet slow-pull and standard suction in diagnostic power!"*!

Fanning lowers the number of punctures!"”l The door-knock technique
improved cellularity in transgastric punctures when compared to the typical
methods!"*!

FNA combined with ROSE and fine-needle biopsy have equivalent
diagnostic power!'”! Macroscopic on-site quality evaluation is useful!'* The
ROSE was useful"”) Cellvizio™ and TSCI*!! are useful devices to assist with
post-puncture treatment

EUS-FNA: Endoscopic ultrasound-guided fine-needle aspiration biopsy; ROSE: Rapid on-site evaluation.

increase in dissemination. Thus, cytological analysis by EUS-FNA of pancreatic cyst
lesions should only be performed at facilities with plenty of experience, and
increasing the use of this method will require accumulating data pertaining to
diagnostic power and safety.

TECHNICAL TIPS FOR PERFORMING EUS-FNA IN
DIFFICULT CASES

EUS-FNA is absolutely contraindicated if there is a high risk of a procedural accident.
Specifically, in the presence of significant respiratory fluctuations, where the puncture
needle could cause organ damage, or blood vessels clearly present on the puncture
linel”. Here, we describe cases of difficult EUS-FNA that we have experienced, where
an innovative technique enabled us to ensure the puncture route and perform EUS-
FNA to reach a pathological diagnosis.

Technique 1
The “abdominal compression” method, where respiratory fluctuations are limited by
manual compression of the abdomen.

Light manual compression of the upper abdomen in cases with significant
respiratory fluctuations restricts the breadth of the respiratory fluctuations, which
makes puncturing easier. However, excessive compression of the abdomen creates an
oppressive suffocating sensation that temporarily elevates the patient’s breathing,
which may cause the position of the needle to fluctuate, requiring careful attention.

Technique 2
The “pull-out” method to prevent punctures in the main pancreatic duct.

It is difficult to ensure the normal transgastric puncture route in cases where
invasive ductal carcinoma of the pancreas produces expansion/meandering of the
main pancreatic duct (Figure 2 A). However, scanning after the scope has been pulled
out from the duodenum makes it possible to ensure a safe puncture route to the lesion
while still avoiding the main pancreatic duct (Figure 2 B). Scope manipulation to
ensure the puncture route may be useful in some cases, but even minute fluctuations
in the position of the scope may create an offset in ultrasound images, and thus, a
scope operation requires meticulous attention.

Technique 3
The “blood vessel push-aside” method to ensure the puncture route while also
displacing blood vessels around the lesion.

In a case with distal cholangiocarcinoma, a puncture by EUS-FNA appeared to be
difficult due to the presence of several blood vessels around the lesion (Figure 3 A).
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Figure 2 Case of main pancreatic duct dilatation, where rendering using the “pull-out” method ensured the puncture route. A: With normal transgastric
scanning, main pancreatic duct dilatation/meandering made it difficult to ensure the puncture route; B: Scanning after pull-out from the duodenum made it possible to

ensure a safe puncture route.

Lifting the raising base and applying an up-angle while also pushing the puncture
needle up against the far side of the blood vessels (left side as seen in the EUS image),
made it possible to push the blood vessels aside to follow the puncture route (Figure 3
B-D). Tissue could be collected by the door-knocking method, with attention being
paid to the portal vein located deep in the lesion.

Technique 4
“Skewering + respiratory fluctuations” making the puncture with a puncture needle
and respiratory fluctuations.

In this case with a mass measuring 7 mm in the tail of the pancreas (Figure 4 A and
B), a skewering method (Figure 4 C and D) was applied, but it was difficult to ensure
the stroke width because of the adjacent location of the kidneys. There were also
significant respiratory fluctuations. With the needle tip retained at the same position
after puncture of the mass, respiratory fluctuations were prevented via fanning,
enabling extensive tissue collection (Figure 4 E and F). In this case, sample tissue was
also collected for immunohistological staining even though the needle was not
stroked, yielding a diagnosis of neuroendocrine tumor of the pancreas (Figure 4 G
and H).

WHEN PATHOLOGICAL EVIDENCE CAN NOT BE OBTAINED
WITH EUS-FNA

Previous reports state that EUS-FNA has a sensitivity of approximately 85%-89% for
pancreatic diseasel”!, 25%-100% for biliary duct disease!””}, and a diagnostic power of
85.7% to 86.0% for SELI". Techniques that are reportedly useful for supplementing
this diagnostic power include pancreatic juice cytology for pancreatic diseasel™*!,
transpapillary bile duct biopsy, and bile cytology for biliary tract disease!”**!l, and
EUS-FNA with a forward-viewing linear echoendoscope for SELI*’), as well as
endoscopic submucosal dissection and endoscopic snare resection!**.,

TOWARDS MORE WIDESPREAD USE OF EUS-FNA

Although the number of facilities practicing EUS-FNA has been on the rise in recent
years, some facilities may still perceive hurdles in implementing EUS-FNA, perhaps
due to the impression that the procedure is difficult. EUS-FNA provides treatment
choices based on pathological diagnosis not only in the gastrointestinal area but also
in many more areas. This is a technique where diagnostic power improves by simple
solutions for the puncture method or the specimen treatment method after
puncturing, and a greater number of facilities should be more proactive in performing
EUS-FNA in the future.
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Figure 3 Distal cholangiocarcinoma where the “blood vessel push-aside” method made it possible to ensure the puncture route. A: It was difficult to ensure
the puncture route due to blood vessels around the lesion; B: Pushing the puncture needle up against the back side of the blood vessels to push them aside made it
possible to ensure the puncture route; C: Puncture was made on the far side of the blood vessels (left side of the endoscopic ultrasound image); D: Lifting of the
raising base and an upward angle ensured the puncture route.

>
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Figure 4 Pancreatic tail neuroendocrine tumor where the “skewering + respiratory fluctuations” method made it possible to ensure the puncture route. A
and B: Difficult to ensure the stroke width because the kidney is adjacent to the small mass; C: Tumor is penetrated so that it is “skewered”; D: Tissue was collected
by stroking, which is useful for small masses; E: With the needle kept in position, respiratory fluctuations were used to collect the tissue; F: Needle kept in place
throughout the puncture, Respiratory fluctuations yielded similar results to fanning; G and H: Sample tissue was also collected for hematoxylin-eosin staining and
immunohistological staining, yielding a diagnosis of neuroendocrine tumor of the pancreas.
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