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Endoscopic ultrasound (EUS) offers the ability to obtain tissue material via a fine needle under 
direct visualization for cytological or pathological examination. Prior studies have looked at EUS 
tissue acquisition; however, most reports have been centered around lesions of the pancreas. 
This paper aims to review the literature on EUS tissue acquisition in other organs (beyond the 
pancreas) such as the liver, biliary tree, lymph nodes, and upper and lower gastrointestinal tracts. 
Furthermore, techniques for obtaining tissue samples under EUS guidance continue to evolve. 
Specifically, some of the techniques that endoscopists employ are suction techniques (i.e., dry 
heparin, dry suction technique, wet suction technique), the slow pull technique, and the fanning 
technique. Apart from acquisition techniques, the type and size of the needle utilized play a major 
role in the quality of samples. This review describes the indications for tissue acquisition for each 
organ, and also describes and compares the various tissue acquisition techniques, as well as the 
different needles used according to their shape and size.
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Introduction

Endoscopic ultrasound (EUS) was first applied as a 
diagnostic method 40  years ago, with the aim of diagnosing 
various benign and malignant conditions of the digestive 
system [1]. Among the most important innovations of 
digestive endoscopy [2-4], EUS can detect lesions down to 
a few millimeters that cannot be detected by conventional 
imaging modalities. It offers the ability to obtain tissue material 
via a fine needle under direct visualization for cytological or 
pathological examination. As a result, EUS has become an 
integral part of diagnostic clinical practice. It aids in the staging 
of neoplasms of hollow organs (esophagus, stomach, rectum, 
etc.), in the study of submucosal tumors of the digestive 
system, in the study of pancreatic diseases, extrahepatic 
biliary diseases (solid/cystic tumors of the pancreas, chronic 
pancreatitis, biliary cancer, choledocholithiasis), evaluation of 
mediastinal lesions (lymphadenopathy, lung cancer staging), 
investigation of extraluminal diseases (metastatic liver lesions/
adrenal glands, ascites, abdominal lymphadenopathy), as well 
as the investigation of benign diseases of the anus, rectum 
and perianal region. There have been many studies of tissue 
acquisition, but most of them involve lesions of the pancreas. 
This article reviews the literature on EUS tissue acquisition in 
other organs (beyond the pancreas) such as the liver, biliary 
tree, lymph nodes, and stomach. Specifically, this review 
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describes the indications for tissue acquisition for each organ, 
and describes and compares the various tissue acquisition 
techniques, as well as the different needles used according to 
their shape and size.

Liver tissue acquisition

The development of imaging methods in recent years has 
limited the need to obtain a biopsy from the liver. However, 
there are cases when a liver biopsy (LB) is necessary to 
establish the diagnosis. In particular, investigation of the 
etiology of a complex liver disease that cannot reasonably 
be determined by imaging, virological, biochemical and 
serological testing requires a biopsy. This usually happens in 
the case of autoimmune hepatitis, sclerosing cholangitis of the 
small bile ducts, and primary biliary cholangitis with a negative 
serology test. LB is also necessary in cases of overlap between 2 
diseases, such as autoimmune hepatitis and drug-induced liver 
disease [5]. Other cases where a biopsy is deemed necessary 
for diagnosis are the investigation of systemic diseases, such 
as amyloidosis or sarcoidosis, and the investigation of single 
or multiple liver lesions suspected of malignancy [5]. A  LB 
also helps determine the severity and prognosis of some liver 
diseases. In chronic viral hepatitis and many other liver diseases, 
such as autoimmune hepatitis, alcoholic and nonalcoholic 
steatohepatitis, assessment of the degree of activity can only 
be achieved with LB. In addition, LB is often recommended in 
liver recipients with abnormal liver function tests, as there are 
many possible causes of post-transplant disorders [5].

General technique

For EUS-LB, moderate sedation with short-acting 
benzodiazepines and opioids or deep sedation with propofol 
is usually required. The choice depends on the availability 
of anesthesiologists at the hospital where the examination is 
performed. Patients are placed in a prone position. During 
EUS, the endoscopist identifies common landmarks. The left lobe 
of the liver is accessible through the gastroesophageal junction in 
the proximal stomach and the right lobe through the duodenal 
bulb. When the endoscopist locates the area of   interest with the 
linear array echo-endoscope, the stylet is removed, and a needle 
is inserted. The needle is attached to either wet suction (saline 
or heparin) or dry suction (air), according to the endoscopist’s 
preference. Color Doppler is often employed to ensure that 
there are no vascular structures in the path of the needle. To 
improve tissue acquisition, actuations or fanning using back-
and-forth motions can be performed under continued suction 
with each pass. Many passes can be made. After each pass, the 
needle is removed, and the tissue is stored in formalin solution 
for preservation. Typically, the tissue sample is analyzed on site 
for adequacy, so that more passes may be made if necessary. 
Following tissue acquisition, patients are observed for 1-2 h to 
assess for any post-procedure complications.

Tissue acquisition techniques

Various techniques for obtaining liver tissue under EUS 
guidance have been reported in the literature. Specifically, some 
of these methods used by endoscopists are suction techniques 
(dry heparin, dry suction technique, wet suction technique), the 
slow pull technique and the fanning technique. In the dry suction 
technique, a pre-vacuum syringe is used. High negative pressure 
helps maintain aspiration after the needle passes through the liver 
parenchyma. In the case of dry suction, it has been reported that 
the quality of the tissue sample is poorer, because the negative 
pressure tends to increase the amount of blood contamination, 
making the sample difficult for histological examination.

For the aforementioned reason, a dry aspiration technique 
with heparin has been tried. Specifically, in this technique, a 
small amount of heparin is aspirated and then injected through 
the needle until the needle is empty. The needle is then flushed 
with air until no fluid can be seen coming out of it. This routine 
has been shown to improve tissue yield for EUS-LB. For the wet 
suction technique, a 20-mL vacuum syringe containing 2 mL 
of saline is used (Fig. 1). Αs in the dry suction technique, it can 
also be applied with or without prewashing the needle with 
heparin. A comparative prospective study between dry suction, 
dry heparin suction and wet heparin suction has been reported; 
however, no comparative study between wet suction with or 
without heparin has been published. In the study by Μok et al, 
the primary outcome, tissue adequacy, was 98% for the wet 
heparin technique, 93% for the dry heparin technique and 80% 
for the dry suction technique. Additionally, the post fixation 
length of the longest piece, aggregate specimen length and mean 
number of complete portal tracks (complete portal tracts [CPT], 
defined as containing all 3 portal structures: portal vein, hepatic 
artery, and bile duct) were better in the wet heparin group. In 
addition, there were more medium and large fragments with 
wet suction compared to dry suction. However, no difference 
was found in the visible clots observed in all sample groups by 
the endoscopists [6]. Another prospective randomized trial 

Figure 1 For the wet suction technique, the needle is pre-flushed with 
saline, and a vacuum syringe is then attached to the needle handle. The 
saline is aspirated into the syringe (black arrow)
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comparing the dry versus the wet technique showed that wet 
suction resulted in significantly better cellularity and sample 
adequacy in cell blocks from solid lesions obtained by EUS-
guided fine-needle aspiration (FNA) [7].

As far as the slow pull technique is concerned, a 2020 meta-
analysis showed that fine-needle biopsy (FNB) with a slow 
pull technique had a similar overall sample compared to wet 
suction (Fig. 2). However, the slow pull technique had a better 
CPT [8]. Two more studies were recently published comparing 
wet suction with slow pull. Specifically, according to the 
multicenter study by Sharma et al, the wet suction technique 
compared to the slow pull technique applied to EUS-LB yielded 
larger histological samples (total fragment length, long fragment 
length, greater number of fragments, and number of portal 
tracts) [9]. In addition, the study by Crinò et al showed that, in 
the subgroup of extra pancreatic lesions, tissue core percentage 
and tissue integrity score were slightly higher using wet suction. 
However, diagnostic accuracy was similar in the 2 groups [10].

Needle pass and actuation

Needle pass is defined as the number of times a needle enters 
the liver parenchyma by puncturing the liver capsule, while 
actuation refers to the number of back-and-forth movements 
made in a defined needle pass [11]. Two needle passes are more 
likely to provide adequate tissue samples, according to the 
American Association for the Study of Liver Diseases (AASLD) 
guidelines. There are few studies comparing the number of 
passes and actuations. However, a recent paper reported that 
EUS-LB using the 1-pass:3-actuations method produced 
longer liver cores with more CPTs than a 1:1 technique with an 
equivalent safety profile [12].

Needle type and size

Apart from the acquisition technique, the type and size of 
the needle utilized seem to play a decisive role in the quality of 

the sample. Regarding the needle type, FNB needles commonly 
used for EUS-LB are the QuickCore needle, ProCore needle, 
SharkCore needle and Acquire needle (Fig.  3). QuickCore 
needles are used less frequently, because of difficulty in 
obtaining a specimen due to both a higher failure rate and a 
lower yield of adequate specimens [13]. Better performance 
could be found with the SharkCore and Acquire needles 
compared to the ProCore needle [14-16]. Τhe studies of 
Hashimoto et al [15] and Shah et al [14] reported that the 
Acquire needle could yield longer specimens, more CPTs, and 
more intact cores compared with the SharkCore needle.

A recent meta-analysis was published in January 2022 
and aimed primarily to evaluate the value of EUS-LB for 
parenchymal and focal liver lesions, and secondarily to evaluate 
factors associated with the performance of EUS-LB. such as the 
size and type of needle, as well as the presence of adverse effects 
from the procedure. Thirty-three studies were included in this 
meta-analysis, including 21 on parenchymal liver diseases, 11 
on focal liver lesions and 1 on both diseases. The total number 
of patients was 2098. The pooled rate of the diagnostic yield 
of Acquired Franseen-tip needles was significantly higher than 
that of Sharkcore Fork-tip needles (99% vs. 88%, P=0.047) [13].

The most commonly used needle size in clinical practice is a 
19 G. The 22-G needle is an alternative, although 22-G needles 
seem to give samples that are more fragmented, resulting in 
poorer sample quality (Fig. 4). The study by Mok et al disclosed 
that the yield of adequate samples following 22-G needles was 
68% while 19-G needles yielded a higher sample adequacy of up 
to 86% [14]. Τhe superiority of the 19-G needle over the 22-G was 
also highlighted in studies by Patel et al [17] and Shah et al [18].

FNA vs. FNB

A meta-analysis by Kahn et al [19] reported no significant 
difference in the diagnostic yield between FNA and FNB 

Figure 2 In the slow-pull technique the stylet is slowly withdrawn, 
while the needle tip is moved inside the target lesion

Figure 3 EUS-guided fine-needle tip design: (A) EUS-guided fine-
needle aspiration, (B) the 2 versions of “side-fenestrated” needles 
(ProCoreTM) (C) the “fork-tip” needle (SharkCoreTM) (D) the “crown-
tip” needle (AcquireTM) 
EUS, endoscopic ultrasound
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when FNA is accompanied by rapid onsite evaluation (ROSE). 
However, in the absence of ROSE, FNB is associated with better 
diagnostic accuracy. Moreover, FNB requires fewer passes 
to establish the diagnosis. Similar results in terms of sample 
adequacy, diagnostic accuracy or core sample acquisition 
were shown in the meta-analysis of Bang et al [20], comparing 
ProCore needles and standard FNA needles. However, the 
ProCore needle tends to require fewer passes in order to obtain 
a diagnosis. A  recently published study by Gheorghiu et al 
reported that EUS-FNB specimens have better histological 
adequacy with focal liver lesions (greater cellularity and longer 
tissue aggregates) than EUS-FNA specimens. The diagnostic 
accuracy of EUS-FNB was 100%, while that of EUS-FNA 
was 86.7% (P=0.039). This study compared 22-G EUS-FNB 
needles and 22-G EUS-FNA needles without macroscopic 
field evaluation [21]. Similarly, a comparison between FNA 
and FNB needles for LB was also conducted using 19-G-size 
needles. EUS-LB using a novel 19-G FNB needle yielded longer 
mean sample lengths, longer total sample length, less post-
processing specimen fragmentation, and more CPTs compared 
to the usual 19-G FNA needle [22].

In spite of the growing body of evidence supporting the 
use of EUS-LB, a single-center randomized controlled trial 
and other studies, including a large multicenter retrospective 
propensity-matched series and 2 meta-analyses, showed a 
more favorable efficacy profile for percutaneous biopsy as 
compared to EUS-LB [23-26].

Bile duct

General indications

Biliary strictures can be caused by a variety of etiologies, 
with malignant strictures being the most common (e.g., bile 
duct carcinoma, pancreatic cancer, lymphoma and metastasis). 
Approximately 20-30% of biliary strictures are of benign 
etiology, such as IgG4 disease, primary sclerosing cholangitis, 

infection, post-traumatic or postoperative etiologies, and 
vasculitis. In most cases, the diagnosis of these strictures 
requires transabdominal imaging, endoscopic retrograde 
cholangiopancreatography (ERCP) with transpapillary tissue 
sampling, cholangioscopy-guided biopsy or EUS-guided tissue 
acquisition.

EUS-guided tissue acquisition vs. cholangioscopy-guided 
biopsies

According to European Society of Gastrointestinal 
Endoscopy (ESGE) guidelines, oral cholangioscopy (POC) 
and/or EUS-guided tissue acquisition are recommended in 
unspecified biliary strictures [27]. Furthermore, in accord with 
Asia-Pacific consensus recommendations on endoscopic tissue 
acquisition for biliary strictures, cholangioscopy-guided biopsy 
and EUS-guided tissue acquisition can be considered after 
prior negative conventional tissue sampling. Τhe sensitivity 
and specificity of POC-guided biopsy are 60% (38-88%) and 
98% (83-100%), and of EUS-guided tissue biopsy are 80% (46-
100%) and 97% (92-100%), in diagnosing malignant biliary 
strictures [28]. Similarly, the latest ESGE recommendations 
cited evidence from studies showing that EUS-guided 
sampling in indeterminate strictures has a high sensitivity 
(75-94%) and diagnostic accuracy (79-94%), which are higher 
than the sensitivity (49-60%) and diagnostic accuracy (60-
61%) of ERCP-guided brush cytology [29]. In the case of 
cholangioscopy-guided biopsies for indeterminate strictures, 
the sensitivity ranges from 72-94% and the specificity ranges 
from 87-99% [30-32]. The decision to select a specific method 
for tissue acquisition in undefined biliary strictures is difficult. 
It is intertwined with the judgment of the endoscopist, and 
depends mainly on the location of the lesion, the patient’s 
clinical picture and the endoscopist’s experience of each 
technique. POC is preferred for proximal strictures, and EUS-
guided sampling for distal strictures [23]. In a large, single-
center retrospective trial, the diagnostic sensitivity of EUS-FNA 
in malignant biliary strictures appeared higher (81%) in distal 
lesions versus proximal lesions (59%) [33]. A  recent meta-
analysis reported that, after excluding extrinsic compression 
by a pancreatic mass, EUS-FNA had 83% diagnostic sensitivity 
and 100% specificity for distal biliary strictures, and 76% 
diagnostic sensitivity and 100% specificity for proximal biliary 
strictures [30].

Seeding

There are data that lead to concern about possible seeding 
of the needle tract during EUS-guided sampling of potentially 
resectable proximal or hilar biliary malignancies [34]. Seeding 
of cancer cells along the needle path has been documented 
in several cases during percutaneous needle biopsy 
sampling. However, needle-track seeding appears to be a rare 
adverse event after EUS-FNA. This could be explained by the 
small size of EUS-FNA needles and the shorter needle track 

Figure 4 A long white specimen collected during endoscopic 
ultrasound-guided fine-needle biopsy of the liver
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compared with the percutaneous approach [27]. Chafic et al 
reported a retrospective, single-center study of 150  patients 
with cholangiocarcinoma (61 underwent EUS-FNA) and found 
that preoperative EUS-guided sampling did not affect overall 
or progression-free patient survival [35]. Needle-track seeding 
is less concerning in distal biliary malignancy, in which the 
needle track of transduodenal EUS-FNA is fully resected during 
pancreaticoduodenectomy [36]. Apparently, the potential risk 
of tumor seeding has not been adequately studied. Therefore, 
EUS-FNA should currently be considered as a contraindication 
for patients with primary biliary malignancies who may be 
considered for liver transplantation [24,33,37].

Upper gastrointestinal (GI) tract

Upper GI subepithelial tumors (SETs)

GI SETs are sometimes detected casually during routine 
endoscopic examination. SETs are mostly observed in the 
stomach, followed in incidence by the esophagus, duodenum 
and colon. Anatomic position seems to be clinically crucial. 
Leiomyomas, for example, are commonly detected in the lower 
esophagus, while GI stromal tumors (GISTs) are typically 
found in the stomach (Fig. 5) [38]. Even though most SETs are 
small, grow slowly, and are clinically irrelevant, a subset of these 
tumors, usually GISTs, are potentially malicious [39,40]. Thus, 
a proper biopsy specimen with EUS is crucial to establishing 
an accurate diagnosis. For that purpose, EUS-guided cytology 
or biopsy methods—namely FNA, Tru-Cut biopsy and 
FNB—provide favorable diagnostic results. Cytology with 
immunocytochemical staining may also increase the diagnostic 
yield for GI SETs, whereas the role of ROSE when using FNB, 
as in the case of pancreatic masses [40], is uncertain.

EUS-FNA

Tissue acquisition by EUS-FNA represents an option for the 
study of SETs with an accuracy of 60-80% [41]. A prospective 
study applying a 22-G power-shot needle (NA-11J-KB; 

Olympus Medical Systems, Tokyo, Japan) showed a puncture 
success rate of 100%, an adequate specimen acquisition rate of 
82%, and a diagnostic rate of 82% [42]. Interestingly, a forward-
viewing linear EUS endoscope was shown to provide good 
image quality and shorter examination times in the study of 
SETs, in comparison to oblique-viewing linear EUS endoscopes 
(histologic assessment rate 93.4%, sensitivity 92.8%, specificity 
100%) [43,44].

In contrast, a study from Europe using 19-G EUS-FNA 
needles for gastric SETs revealed a feasibility of 46% and a 
diagnostic accuracy of 52% [45]. In another study, Mekky et al 
showed that an average of 2.5 EUS-FNA passes were needed to 
obtain an adequate sample in 83% of cases, with a diagnostic 
accuracy of 43.3% [46]. Sepe et al conducted an EUS-FNA 
study for diagnosing GISTs, which revealed a sensitivity of 
78.4% [47]. SETs diagnosis using 19-G EUS-FNA needles was 
proved to obtain better results than 22-G or 25-G needles. 
Similar results for tissue sampling and diagnostic rates for SETs 
have been achieved using 22-G and 25-G EUS-FNA needles 
(sampling rate 100% vs. 100%, sensitivity 55% vs. 64%, positive 
predictive value 100% vs. 100%, negative predictive value 0% 
vs. 0%) [48]. Additionally, 25-G needles were proven to be 
superior to 22-G needles for the diagnosis of small mobile 
lesions. In a study using 19-G EUS-FNA nitinol needles, 
adequate cytologic assessment was achieved in 100% of cases 
with 100% technical success. A  histologic accuracy of 95% 
using 19-G EUS-FNA nitinol needles was comparable to the 
90% achieved with EUS-FNB using 19-G Pro-Core needles 
(Cook Endoscopy, Wilson-Salem, NC, USA) [49]. Diagnostic 
accuracy in GI SETs seems to increases proportionally with 
needle passes of EUS-FNA, reaching a plateau after 2.5-4 
passes [46,50]. Regarding the safety of EUS-FNA for gastric 
SETs, a multicenter study revealed an extremely low risk of 
bleeding (0.46%) and perforation (0%) [51].

EUS-FNB

EUS-FNB was initially introduced using reverse bevel 
cheese slicer technology [52]. An Asian EUS-guided GI SET 
tissue acquisition study revealed that EUS-FNB required 
statistically significantly fewer needle passes than EUS-
FNA to yield optimal macroscopic (92% vs. 30% with FNA), 
histological (75% vs. 20% with FNA) samples, and with 
a higher diagnostic rate (75% vs. 20% with FNA) [53]. In 
2016, a controversial meta-analysis showed that EUS-FNB 
had moderate diagnostic capability (59.9%) for GI SET [54]. 
However, a consecutive meta-analysis demonstrated a lower 
sampling ability of FNA (80.6%) in comparison to FNB (94.9%) 
that increased when ROSE was used [55]. In the studies of the 
recent meta-analysis the needles used were predominantly 22 
G and the evaluated FNB needle designs included reverse-
bevel ProCore (Cook Medical), Acquire (Boston Scientific), 
and SharkCore (Medtronic). The heterogeneity of the selected 
studies, differences in the needles that were used, and the 
accumulation of evidence are probably responsible for the 
discrepancy of data between these 2 meta-analyses. Two large 

Figure 5 Endoscopic ultrasound-guided fine-needle biopsy of a 
submucosal gastric lesion originating from the fourth layer, confirmed 
to be a gastrointestinal stromal tumor
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retrospective multicenter studies demonstrated the superiority 
of EUS-FNB [56]. Needle size (22 G vs. 19 G ProCore) seems 
not to be related to FNB sensitivity. However, FNB sensitivity 
using the Acquire 22 G seems to be higher when visible 
white tissue cores of >4 mm in length were identified during 
specimen assessment [57].

EUS-FNB represents a valuable alternative to other 
sampling methods of SETs, such as bite-on-bite biopsy, as 
shown in a recent Italian multicenter propensity-matched 
series, where EUS-FNB outperformed bite-on-bite biopsy in 
terms of both diagnostic yield and safety profile [58]. Therefore, 
this technique represents one of the most important sampling 
methods through EUS [59] currently available.

Mediastinal and abdominal lymph nodes (LNs)

The diagnostic approach to mediastinal and abdominal 
masses and LNs was drastically changed with the introduction of 
EUS-FNA and FNB, because it permitted effective and safe tissue 
acquisition [60,61]. European recommendations for EUS-based 
tissue acquisition suggest histological assessment of mediastinal 
and abdominal LNs if the pathological diagnosis could influence 
the patient’s therapeutic management (Fig. 6) [62].

EUS-guided tissue acquisition

The “fanning technique”, one of the finest sampling 
techniques, allows the sampling of an extensive part of the 
lymph node with considerably fewer needle passes [63]. In 
the “suction technique”, the application of negative pressure, 
using a simple 5 mL or 10 mL syringe, during the process of 
suction is able to further facilitate tissue acquisition guided 
by EUS. In the “slow-pull technique”, controlled pulling of the 
stylet permits the application of a smooth negative pressure, 
facilitating the acquisition of cytological specimens [64].

On the other hand, the possibility of ROSE, if it is 
available, may reduce the number of needle passes needed 
for the diagnosis. The higher diagnostic sensitivity of EUS-
FNA was obtained using ≥7 needle passes. EUS-FNA tissue 
acquisition is safe, with a very low rate of perforations 
(0.03-0.15%), related more with the echoendoscope and not 
the needle itself [65]. Malignant LNs are poorly fibrotic with 
high cellularity; therefore, the needle type, number of passes, 
type and technique of suction are very important factors that 
must be considered prior to performing the procedure.

In a Japanese study, Okasha et al revealed a sensitivity of 
92% and a specificity of 100% for EUS-FNA in diagnosing 
malignant LNs [66]. In a recent meta-analysis that included 
26 studies and a total of 2833 LNs, EUS-FNA showed 87% 
sensitivity and 100% specificity. In this study, a subanalysis 
demonstrated that sensitivity for abdominal (87%) LNs was 
mildly superior in comparison with mediastinal LNs (85%), 
and highlighted the positive impact of ROSE (91% with vs. 85% 
without ROSE) [67]. Similar results were confirmed in a more 
recent meta-analysis that studied the results of EUS-FNA for 
diagnosing abdominal LNs and showed a high sensitivity (94%) 
and specificity (98%) [68]. A similar meta-analysis regarding 
mediastinal LNs revealed a pooled sensitivity ranging from 
88-91.7%, while specificity was 96.4% [69]. On the other hand, 
a large clinical trial that included a small number of LNs and 
compared 20-G FNB needles to 25-G FNA needles revealed a 
trend towards superior accuracy in the FNB needle group [70].

Another retrospective study including 209  patients 
undergoing EUS-guided tissue acquisition of LNs with FNB 
and FNA reported slightly higher sensitivity (75% vs. 67%), 
accuracy (83% vs. 79%), and specificity (100% vs 94%) [71], 
respectively. Furthermore, these studies reaffirm the safety 
of EUS-based LNs tissue acquisition with a very low rate of 
adverse events (1.6%) [67]. Overall, there is a large amount 
of data that demonstrates the high specificity, sensitivity and 
safety of EUS-FNA and EUS-FNB tissue acquisition techniques 
for the characterization of mediastinal and abdominal LNs.

A recent meta-analysis of 9 studies (1276  patients) found 
no difference in terms of diagnostic accuracy between EUS-
FNB and EUS-FNA (P=0.270) [72]. However, the accuracy 
of EUS-FNB was significantly higher when it was performed 
with newer end-cutting needles (P=0.009) and in abdominal 
LNs (P<0.001) [72]. Moreover, the number of needle passes 
was significantly lower in the EUS-FNB than in the EUS-FNA 
group (P=0.010) [72].

Lower GI tract

Only a few studies related to EUS-guided tissue acquisition 
by FNA or FNB have been published, because of the difficulties 
related to placement of the echoendoscope above the rectum. 
Most of the published studies have been confined to rectal or 
peri-rectal lesions [73]. In a case series of 9  patients, EUS-
guided tissue acquisition using a ProCore needle demonstrated 
an overall diagnostic accuracy of 67%. In another study that 
included patients with lower GI SETs and non-SET, EUS-

Figure 6 Endoscopic ultrasound-guided fine-needle biopsy of an 
abdominal lymph node located close to the hepatic hilum. Histology 
results revealed metastatic neuroendocrine tumor
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FNA/B samples had a diagnostic accuracy of 50% for SETs 
and 75% for non-SETs. The size of the lesions was the only 
factor related to diagnostic yield. Hara et al in their study 
revealed that the diagnostic accuracy of EUS-FNA was 90% 
in 10  patients with rectal and sigmoid lesions (rectal cancer, 
endometriosis, GIST) [74]. Finally, Sasaki et al found that the 
accuracy of EUS-FNA for the diagnosis of submucosal and 
extrinsic masses of the colon and rectum was 95.5% [75].

Other organs

In addition to the uses of EUS FNA discussed previously, 
there are reports in the literature of its use in other organs, such 
as the spleen and adrenal gland, as well as peritoneal, renal 
and mediastinal masses. Focal lesions in the spleen are not as 
frequent as those in other solid organs and are found incidentally 
in various radiologic examinations [76]. Because of their 
difficult definition, the diagnosis of such masses based only on 
their clinical and radiologic features is usually challenging [77]. 
Therefore, the use of EUS in tissue acquisition for the diagnosis 
of splenic lesions has increased during recent years. In a recent 
systematic review and meta-analysis, the authors reported an 
EUS-guided tissue acquisition diagnostic specificity of 77% 
and sensitivity of 85%, with no major complications [78]. In 
another meta-analysis, Lisotti et al demonstrated a diagnostic 
accuracy of 93% and overall accuracy of 88% for tissue 
acquisition using EUS-FNA in all the articles reviewed. The 
majority of the studies (80.6%) used 220G needles, while 19-G 
(11.3%) and 25-G (8.1%) were also used in a minority of the 
cases, with an overall mean of 2.62 passes of the needle (1.95-
3.28) [79]. Other authors confirmed that EUS-FNA technique 
is more secure in comparison with core needle biopsy [75]. It is 
difficult to sample tissue from the mediastinum, because of its 
anatomical proximity to key structures, making safe access to 
the area a challenge. The standard test to evaluate mediastinal 
foci, such as lymph nodes, is mediastinoscopy. The technique 
has sensitivity and specificity of 87% and 100%, respectively 
[80]. Cost, intraoperative risk and postoperative risk are the 
main disadvantages of this method. The alternative diagnostic 
approach is EUS. Patients undergoing EUS-FNA for several 
mediastinal and lung lesions were included in Lee’s study. The 
accuracy, sensitivity, specificity, positive predictive value and 
negative predictive value of EUS-FNA were 75%, 100%, 100%, 
67%,and 83%, respectively [81]. The results of an analysis by 
Srinivasan et al were equivalent. The sensitivity, specificity and 
accuracy for EUS-FNA of mediastinal LNs in patients with 
known or suspected lung cancer were 82.35%, 100% and 90%, 
respectively [82]. The negative predictive value was 80% and the 
positive predictive value was 100%. Similarly, a study by Shaqib 
et al showed a sensitivity, specificity, positive predictive value, 
negative predictive value and diagnostic accuracy of 97.5%, 
100%, 100%, 70% and 97.6%, respectively, in the diagnosis of 
mediastinal lesions [80]. Complications reported in the above 
studies were minimal.

Sampling of adrenal masses can be performed 
percutaneously, guided by computed tomography (CT), or 

transluminally using EUS. With EUS, the left adrenal gland can 
be accessed transgastrically without affecting vital organs. As 
a result, side-effects are minimal. The percutaneous approach, 
on the other hand, has a 12% probability of causing adverse 
effects [80]. Furthermore, the percutaneous method has 
drawbacks, including radiation exposure and the requirement to 
administer contrast. Obtaining material from the right adrenal 
gland is more difficult, as it is done through the duodenum 
and several vascular structures are interposed [83]. According 
to Patel’s meta-analysis, EUS-FNA of the adrenal gland has a 
pooled sensitivity of 95% and a pooled specificity of 99% in 
the diagnosis of malignant lesions and is superior to other 
sampling methods. Furthermore, when compared to other 
methods, EUS is more efficient, with a pooled technical success 
rate for obtaining a diagnostic specimen from an adrenal lesion 
of approximately 94% [84]. In terms of the size of the sampling 
needle, the 25-G needles appear to be more flexible and are 
preferred for performing transduodenal FNA [85].

The rapid advances in cancer therapy along with more 
personalized therapies, even in advanced patients, require a 
correct histological definition of tumoral peritoneal spread. 
Diagnostic laparoscopy is considered the gold standard in the 
diagnosis of peritoneal lesions; nevertheless, it is an invasive 
surgical procedure. A simple and low-cost bedside procedure, 
such as abdominal paracentesis, may also be helpful in the 
diagnosis of malignancy-related ascites. Unfortunately, the 
sensitivity of ascitic fluid cytology for detecting malignancy 
is lower than 60% and paracentesis does not provide 
core tissue [86]. While CT-guided percutaneous biopsy of 
peritoneal lesions has also been reported, with a sensitivity 
of 89.5%, this procedure necessitates radiation exposure 
and is problematic for deeply located target lesions in the 
abdomen [87]. More recently, EUS-FNA of peritoneal lesions 
has been shown to yield valuable results [88]; however, it may 
not provide core tissues for immunohistochemical (IHC) 
staining, hence the need for EUS-FNB. A  recent prospective 
series showed 63.6% sensitivity, 100% specificity and 66.7% 
accuracy of EUS-FNB of peritoneal lesions; adequate tissue for 
IHC stain was found in 25/30 passes (80%). Therefore, EUS-
FNB represents a valuable tool in patients with peritoneal 
disease [89].

Concluding remarks

Over the years, the indications for the use of EUS beyond the 
pancreas have expanded. EUS can provide diagnostic assistance 
in organs and structures near the GI tract [90,91] (Table  1) 
and it can also be useful in interventional procedures [92-95]. 
Using high-resolution imaging of adjacent organs, even small 
lesions can be sampled in a safe and controlled manner, thus 
eliminating the need for more invasive methods such as 
surgery. Further research and investigation of tissue acquisition 
techniques will continue to improve the diagnostic reach, 
accuracy and safety of EUS-based methods. The future for 
EUS-guided tissue acquisition shines bright.
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