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This document is intended to educate readers on the
rates and predictors of adverse events in adult patients
who undergo endoscopic ultrasound (EUS). Our goal is
to assist endoscopists in providing accurate, evidencebased, and up-to-date information on the rates of adverse
events to patients, caretakers, and trainees. The information provided should not be construed as encouraging or
discouraging any particular treatment or technique.
Clinical decision-making in any speciﬁc case involves a
personalized and thorough analysis of the patient’s condition, available courses of action, local expertise, and
the patient’s values and preferences. Therefore, certain
clinical considerations could lead an endoscopist to
take a course of action that varies from the guidance
in this document. This document is an update of a previous guideline prepared by the Standards of Practice Committee of the American Society for Gastrointestinal
Endoscopy in 2013.1
EUS has become a frequently used diagnostic and therapeutic modality used by endoscopists in the United States
and throughout the world. Yearly use of EUS in the United
States has consistently increased, supplanting the volume
of ERCPs performed.2 Indications for EUS are broad and
include the diagnosis and staging of GI and non-GI malignancies, assessment of pancreatobiliary targets, and sampling and drainage of cystic structures. In addition,
several EUS-guided procedures have become widely
accepted in recent years, including management of pancreatic ﬂuid collections (PFCs), EUS-guided biliary and gallbladder drainage (EUS-BD and EUS-GD, respectively),
celiac plexus blockade and neurolysis (CPB/CPN), variceal
management, and EUS-guided gastroenterostomy (EUSGE) or enteroenterostomy.
Given the associated skill proﬁle including technical
proﬁciency, image recognition, and cognitive skills, additional training beyond a GI fellowship is generally required
to perform EUS safely. To optimize the overall quality of
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EUS procedures, evidence-based indicators speciﬁc to
the performance of EUS have been established.3 The
adverse event (AE) proﬁle speciﬁcally associated with the
performance of EUS must similarly be considered
separately from those associated with other luminal
endoscopic procedures. This document summarizes
available evidence on AEs associated with EUS and EUSguided procedures in adult patients.

METHODS
A comprehensive electronic database search was
executed in conjunction with an expert healthcare librarian
(M.V.) and was composed of 5 parts, each designed to capture speciﬁc AEs associated with (1) routine EUS with or
without FNA or ﬁne-needle biopsy sampling (FNB), (2)
EUS with PFC management, (3) EUS-BD and EUS-GD, (4)
EUS with CPB or CPN, and (5) other EUS-guided techniques
including variceal management and EUS-GE. AEs related to
sedation and/or anesthesia, which are not speciﬁc to EUS,
were not reviewed in this document. An English-language
search, whose full details are provided in Appendix 1
(available online at www.giejournal.org), was performed in
PubMed, MEDLINE (Ovid), MEDLINE (EBSCO), the
Excerpta Medica Database, Web of Science, the Cochrane
Central Registry of Controlled Trials, and the Cumulative
Index of Nursing and Allied Health Literature for citations
published between January 1, 2000 to December 7, 2020
(deemed a suitable search period to reﬂect contemporary
experiences with EUS). All citations initially identiﬁed were
imported into DistillerSR (Evidence Partners, Ottawa,
Ontario, Canada), and all duplicates were removed. In
parallel, bibliographies of selected citations were searched,
ad hoc supplementary PubMed database searches were
performed, and experts were consulted for any potential
studies not identiﬁed by the electronic strategy.
Given that this document was not designed to answer any
speciﬁc comparative questions but rather to update the state
www.giejournal.org
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of knowledge on EUS-associated AEs, speciﬁc screening
eligibility criteria were not required to be met for a study
to be considered for inclusion. This decision was made given
the variable amounts and quality of evidence available
describing each separate EUS-guided technique. However,
studies were generally considered for inclusion based on
design in the descending order of the following: metaanalyses, randomized controlled trials (RCTs), prospective
observational studies, retrospective observational studies,
and case series or reports, with study size, study quality,
and study recency factoring into the decision.
In the ﬁrst round of screening, we screened titles and
abstracts and assigned studies to a designation of “possibly
include” or “exclude” considering the above criteria. Any
abstract labeled with the decision to possibly include the
citation resulted in the study being included in the second
round. After the title and abstract screen, we made the decision on whether to cite studies included in the second
round in the ﬁnal review document based on the above
criteria. Data on AEs were then extracted from the fulltext studies selected for inclusion and presented according
to each EUS-guided procedure type.

RESULTS
Of 3619 initial citations identiﬁed from the electronic
search, 1284 were for routine EUS, 556 for EUS with
drainage and/or stenting of PFCs, 623 for EUS-BD and
EUS-GD, 475 for EUS with CPB or CPN, and 681 for EUSguided variceal management, EUS-GE, and other miscellaneous and novel EUS-guided procedures. A review of the
evidence for each major AE type is provided below, with
an overview of estimated AE rates provided in Table 1.
Predictors of overall and/or speciﬁc AEs were also
considered and reported wherever possible.

ROUTINE EUS
Perforation
Luminal perforation associated with routine EUS is a rare
occurrence. Because of a relatively rigid echoendoscope tip
and that intubation is frequently performed with an oblique
view, the incidence of upper EUS-associated cervical esophageal perforation has been reported at higher rates than that
associated with EGD,4 although direct comparative studies
are unavailable. Gastric, duodenal, and rectal perforations
have also been reported at higher rates than with EGD or
colonoscopy, possibly because of the larger size of
echoendoscopes combined with the requirement for
frequent transluminal scanning and positioning of the
echoendoscope within often narrowed or deformed
lumens, although there is no direct evidence to support this
theory. The duodenum is at particular risk for perforation
(especially with an oblique-viewing echoendoscope) given a
relatively thin bowel wall, sharp angulation that exists bewww.giejournal.org

tween the ﬁrst and second duodenal portions, and the potential presence of luminal deformities associated with benign or
malignant pancreatobiliary structures being examined.
A 2011 meta-analysis reported a pooled perforation rate of
.02% for EUS with FNA among over 10,900 patients.5 A 2021
population-based retrospective study including over 4300 patients undergoing EUS reported a .05% overall perforation
rate.6 In a 2020 retrospective study of over 13,000 patients,
gastric and duodenal perforations occurred at a rate of
.06% and were more common with linear (vs radial)
echoendoscopes.7 In the same study, esophageal
perforation occurred in .02% of all EUS procedures, both
events occurring with radial echoendoscopes.7 Conversely,
a 2009 prospective study including over 4800 EUS
procedures reported an esophageal perforation rate of
.06%, all occurring with linear endoscopes.8 In a national
survey, endosonographers self-reported esophageal perforation rates of .03% in a large sample of over 43,000 procedures.
EUS-associated perforation is widely variable in terms of its
severity, although most patients recover fully after either
endoscopic or surgical management.7,9 Overall, there is no
clear association between echoendoscope type and
perforation risk.
The following factors have been independently associated with higher perforation rates during EUS7,9-11: trainee
involvement, operator inexperience, advanced patient age,
history of difﬁcult esophageal intubation, presence of
esophageal malignancy, or cervical spine osteophytes. Endoscopists should be aware of these risk factors when performing EUS and should counsel their patients accordingly
on the risk of perforation.

Hemorrhage
Hemorrhage is also associated with diagnostic and therapeutic EUS and is most commonly observed when either
FNA or FNB is performed. Bleeding can occur in the GI
lumen, intraperitoneally, retroperitoneally, or into the
structure being targeted such as a cyst or visceral organ,
and can present immediately (intra- or periprocedurally)
or in a delayed fashion. Estimates of the true rate of
bleeding associated with EUS-FNA/FNB are difﬁcult to characterize because of inconsistent outcome deﬁnitions and a
relative paucity of high-quality prospective studies. Clinically signiﬁcant bleeding according to the American Society
for Gastrointestinal Endoscopy (ASGE) lexicon (deﬁned as
a hemoglobin drop >2 g/dL and/or evidence of hematemesis, melena, or hematochezia)12 is rare after routine EUSFNA/FNB. Most commonly, bleeding after FNA/FNB is
self-limited and does not require endoscopic or other
intervention.
A 2011 meta-analysis reported a pooled bleeding rate of
.13% in over 10,900 patients undergoing EUS with FNA,5
whereas a 2017 meta-analysis of over 5100 patients undergoing EUS with FNA speciﬁcally of pancreatic cystic lesions
reported a pooled bleeding rate of .69%.13 Both analyses
considered all types of bleeding, including mild selfVolume 95, No. 1 : 2022 GASTROINTESTINAL ENDOSCOPY 17
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TABLE 1. Summary of estimated common adverse event ranges for EUS-guided procedures
EUS-guided
procedure type
Routine EUS (with or
without FNA/fineneedle biopsy
sampling)

Perforation
(%)

Hemorrhage
(%)

5-9

.02-.08

.13.69*,

5,7,10,13,14

Infection (%)

Other/specific (%)

Risk factors for adverse events

.41.7%y,13,31,111

Pancreatitis:
.44-.92z,5,13

Perforation7,9-11: trainee
involvement, operator
inexperience, older patient,
history of difficult esophageal
intubation, presence of
esophageal malignancy, cervical
spine osteophytes
Hemorrhage15-21: antiplatelets,
anticoagulants, low-molecularweight heparins, lower GI FNA/
fine-needle biopsy sampling,
fiducial placement
Infection29,32: sampling of
pancreatic cyst or mediastinum
Pancreatitis33: fiducial placement
Perforation45: subsequent
necrosectomy
Perforation, hemorrhage43,55:
lumen-apposing metal stent
insertion
Infection57: larger pancreatic fluid
collection size

0544,47,51,53,112

1-1247,51-53,55

0-2444-47,56

Stent migration:
0-2044,46,47,53,60
Stent occlusion:
0-17.744,46,47,62

0-3.168-70

0-8.368-70,72

Not reported

Stent migration:
2.765
Stent occlusion:
0-14.368-70

Not well studied

EUS-guided
gallbladder drainage

1.271

1.3-8.373-75

Not reported

Stent migration:
0-2.773-75
Stent occlusion:
0-10.473-75

Not well studied

Celiac plexus blockade
and celiac plexus
neurolysis

Similar to
routine EUS

Similar to
routine EUS

Similar to
routine EUS

Diarrhea: 0-2880-83
Hypotension: 2-579
Inebriation (celiac
plexus neurolysis):
0-1480,83
Abdominal pain: 2-479

Not well studied

Variceal management

Not reported

7.095

1.6-2.594,97,100

Abdominal pain:
3.2-12.596-99
Embolism: 5.695

Not well studied

EUS-guided
gastroenterostomy

7-10103-106

3.8105

Not reported

Stent occlusion:
4.2104

Not well studied

Pancreatic fluid
collection
management

EUS-guided biliary
drainage

*Bleeding of variable clinical significance.
yWhen sampling of pancreatic cystic lesion was performed.
zWhen sampling of pancreatic duct, cyst, or mass was performed.

limited bleeding, in the calculation of these overall rates.
These rates have been largely supported by more contemporary studies as well. For instance, a 2020 retrospective
study reported a signiﬁcant bleeding risk of 0.18% after
routine EUS-FNA/FNB in over 1600 patients.10 A separate
2020 retrospective study reported a bleeding rate of .13%
associated with routine FNA in over 3000 procedures,
with all events classiﬁed as mild and therefore of
uncertain clinical signiﬁcance.7 A 2014 retrospective study
of over 3000 patients undergoing EUS-FNA of pancreatic
masses reported a clinically signiﬁcant bleeding rate of
.23%.14
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Neither the number of passes nor the needle gauge
appear to be associated with the incidence of bleeding after FNA.13 Higher rates of bleeding have been reported
in patients on antiplatelet and/or anticoagulant
medications15-17 or prophylactic doses of low-molecularweight heparins,18 procedures performed in the lower GI
tract compared with the upper GI tract,19 and placement
of ﬁducials to guide radiation therapy in cases of
pancreatic cancer.20,21 Furthermore, sampling of the liver
has been associated with bleeding and/or subcapsular
hematoma in .6% to .9% of patients.22,23 According to
current ASGE guidance, EUS with FNA/FNB is considered
www.giejournal.org
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high risk for bleeding and should be performed in patients
on anticoagulation or antithrombotic agents only after
careful consideration of both the indication for the
procedure and the medical indication for the underlying
anticoagulation medication(s).24 The decision to interrupt
any antiplatelet and/or anticoagulant agents should
carefully incorporate the subsequent risk of thrombotic
events and may beneﬁt from a multidisciplinary review.

Infection
Incidental bacteremia has been reported as an AE after
routine EUS, occurring in 0% to 5.8% of patients in 3 separate prospective studies.25-27 None of the patients in any
of these studies ultimately developed sepsis or had their
clinical course altered as a result of the incidental bacteremia,25-27 and therefore the clinical signiﬁcance of EUSassociated bacteremia has been questioned. Although the
microbiologic environment of the lower GI tract is distinct
and might theoretically predispose to a higher risk of
bacteremia, rates of bacteremia do not appear to be higher
than those encountered after EUS of the upper GI tract.28
EUS-guided sampling of mediastinal cysts has been associated with infection, including mediastinitis, although reliable estimates are unavailable.29 Endoscopists and
patients should be aware of the high morbidity and
potential mortality associated with mediastinitis before
FNA is contemplated.29 If FNA is performed for this
indication, we suggest antibiotic prophylaxis when
targeting mediastinal cystic lesions.30
Sampling of pancreatic and mediastinal cystic lesions
puts patients at a somewhat higher risk of symptomatic
infection compared with sampling of solid lesions. A 2017
meta-analysis of 40 studies assessed 5124 patients undergoing EUS-FNA of pancreatic cystic lesions and reported a
pooled infection rate of .4%.13 More recent data from a
2020 RCT of 226 patients undergoing EUS-FNA of pancreatic
cystic lesions demonstrated low and statistically similar rates
of infection (.4% and .9%) in those receiving antibiotics
versus those receiving placebo, respectively.31 A
subsequent 2021 meta-analysis including 6 studies (the
above RCT plus 5 observational studies) and 1683 patients
reported similar results, with infection rates of .4% and
.9% in patients with FNA of pancreatic cysts receiving and
not receiving antibiotics, respectively (odds ratio, .54; 95%
conﬁdence interval [CI], .16-1.82).32 Updated searches
applying the electronic strategy used by this meta-analysis
through June 13, 2021 resulted in no new citations assessing
this question. Therefore, we conclude that sufﬁcient data
are lacking at this time to change our existing recommendation for prophylactic antibiotics in these patients.30

.92% across 40 studies.13 A 2011 meta-analysis reported a
pancreatitis rate of .44% among over 8200 patients having
undergone FNA/FNB of any pancreatic structure.5 Of note,
91.7% of cases were classiﬁed as either mild or moderate.5
Two recent studies reported the rate of post-FNA pancreatitis to be .32% and .44%.6,7
There is some evidence to suggest that the risk of
pancreatitis (of up to 3.1%33) may be higher in patients
undergoing EUS for ﬁducial placement for pancreatic
cancer, but these estimates are limited by study size and
methodology. No other risk factors have been identiﬁed
otherwise. Unlike ERCP, the use of nonsteroidal antiinﬂammatory drugs to prevent post-FNA/FNB pancreatitis
has not been studied, primarily because of low event rates
that have thus far precluded adequately powered prospective studies. It is hypothesized but not proven that
traversing the main pancreatic duct during FNA/FNB increases the risk of pancreatitis.

Needle tract seeding
Given that EUS-FNA/FNB often involves sampling of malignant or premalignant lesions, there is a theoretical
concern that these cells can be seeded through the needle
tract into the peritoneal or other cavities. This AE has thus
far only been reported in the form of case reports, making
an overall estimate of incidence difﬁcult to determine. A
2020 narrative review referenced 29 independent case reports on needle tract seeding after EUS-FNA/FNB.34
Needle tract seeding has been reported with various
target lesions including pancreatic cancer and mediastinal
lymphadenopathy, with needles of all sizes, and with as
few as 1 pass.34 Time to recognition of needle tract
seeding is widely variable, ranging from several days to
several months.34
The location of the sampled lesion can theoretically
alter the risk of seeding. For instance, transduodenal sampling of pancreatic head lesions can be inconsequential if
the needle tract is subsequently removed during pancreaticoduodenectomy. In comparison, transperitoneal sampling of pancreatic body or tail lesions (or hilar or
intrahepatic cholangiocarcinoma) could theoretically increase the risk. In cases of cholangiocarcinoma in particular, needle tract seeding can result in a patient
becoming ineligible for liver transplantation, and therefore
EUS-guided sampling of suspected cholangiocarcinoma
should be avoided in patients who are potential transplant
candidates.

PFC MANAGEMENT
Overview

Pancreatitis
Pancreatitis is also a possible AE after FNA/FNB of
pancreatic ducts, cysts, or masses. A 2017 meta-analysis assessing over 5100 patients having undergone FNA/FNB of
pancreatic cystic lesions reported a pancreatitis rate of
www.giejournal.org

EUS-guided transmural drainage of PFCs through either
the stomach or duodenum has been shown to be a safe
and effective technique, with success rates of over 90%
and less morbidity compared with percutaneous/radiologic
or surgical decompression.35-40 Several types of stents can
Volume 95, No. 1 : 2022 GASTROINTESTINAL ENDOSCOPY 19
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be used to drain PFCs, including plastic stents (PSs), fully
covered self-expandable metal stents (SEMSs), and
lumen-apposing metal stents (LAMSs). For walled-off necrosis (WON) speciﬁcally, LAMSs make endoscopic
debridement of necrotic material possible directly through
the stent, which has been associated with fewer endoscopic sessions necessary to achieve PFC resolution
compared with PSs.41,42 The overall AE rates associated
with EUS-guided PFC drainage were reported at 19.1%
and 22.4% for LAMS- and PS-assisted drainage, respectively,
in a 2021 meta-analysis of 1691 patients.43

Perforation
By deﬁnition, EUS-guided transmural stenting creates a
controlled perforation; however, the risk of uncontrolled
iatrogenic perforation is considerably higher with therapeutic EUS-guided procedures (including PFC drainage)
than with routine diagnostic EUS. For EUS-guided drainage
of PFCs including pseudocysts and WONs, the overall
perforation rate was reported at 1.8% in a recent metaanalysis that included 900 patients.43 However, in a 2020
large cohort study of LAMSs for PFC drainage in 328
patients across 15 international centers that was not
included in the above meta-analysis, no perforations
were reported,44 suggesting the possible effect of
growing experience and comfort levels with this
technique over time. Delayed perforation (occurring and/
or diagnosed after completion of the index procedure) is
also a possible AE after PFC drainage and is often related
to stent dislodgement, with the overall risk increasing
with subsequent endoscopic necrosectomy.45 Although
perforation rates by stent type have varied between
available studies,46-50 the use of LAMSs was associated
with higher odds of perforation in the drainage of WON
compared with PSs in a 2021 meta-analysis, although the
CI was quite wide (odds ratio, 7.10; 95% CI, 1.22-41.30).43

Hemorrhage
With EUS-guided PFC drainage, the bleeding risk is
considerably higher than with routine EUS, with reported
rates ranging between 1% to 12%.47,51-53 A 2021 metaanalysis reported a pooled bleeding rate of 5.3%.43 The
higher intraprocedural bleeding rate can be readily
explained given the insertion of a transmural stent across
the GI lumen into the PFC.
Delayed bleeding is more commonly encountered with
LAMS insertion compared with PS insertion.54 In fact,
higher than expected rates of bleeding with LAMSs
resulted in a protocol amendment in a seminal
randomized trial, with a ﬁnal bleeding rate of 9.7% in the
LAMS group compared with 3.4% in the PS group.46,54
Bleeding can occur because of direct trauma, injury to
nearby blood vessels, or pseudoaneurysm formation.46 A
recent meta-analysis of over 1700 patients demonstrated
higher pooled rates of bleeding with LAMSs (10.7%)
compared with SEMSs (4.3%), with a risk ratio of 6.70
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(95% CI, 1.77-36.27), and a nonsigniﬁcant trend toward
higher bleeding rates with LAMS compared with PS
(5.0%), with a risk ratio of 2.67 (95% CI, .71-9.28).55
To mitigate the risk of bleeding, several recommendations have been proposed, including the appropriate periprocedural management of anticoagulation as per current
ASGE guidance.24 Prompt cross-sectional imaging to track
PFC resolution after LAMSs has also been proposed, as
has the removal of LAMSs within 3 to 5 weeks if possible
to avoid impingement on adjacent intra-abdominal vascular
structures after relatively rapid PFC decompression54;
however, prospective data are required to reliably
determine the optimal timing of stent removal.

Infection
Infection after PFC drainage is most often associated
with stent occlusion, which is more common with WON
than with pseudocysts. Secondary infection of PFCs has a
widely variable incidence of between 0% and 24%,44-47,56
with larger PFC size an established risk factor.57 A 2019
meta-analysis demonstrated pooled poststent infection
rates of 5.4% for metal stents (SEMSs or LAMSs) and
13.2% for PSs, although the risk ratio did not suggest a signiﬁcant difference between the groups (P Z .13).58 When
LAMSs are used for PFC drainage, the placement of PSs
through the LAMS lumen has been reported to decrease
the risk of global AEs related to LAMSs, which includes
potentially decreasing infections.59

Stent migration
Spontaneous stent migration is also possible after EUSguided PFC drainage. Subsequent interventions such as
endoscopic necrosectomy through an existing stent increase this risk. In a 2020 study of 333 procedures at 15
centers, stent migration was reported at 6.6%, with a
mean time to diagnosis of 45 days.44 Overall, early and
late migration rates have jointly been reported to occur
in between 0% and 20% of PFC drainage cases.46,47,53,60

Stent occlusion
Stent occlusion from either GI contents or debris from a
necrotic collection is also possible after PFC drainage and is
a risk factor for the development of secondary infection of
the PFC cavity (see above). The incidence of stent occlusion is widely variable but more common with drainage
of WON compared with drainage of simple pseudocysts.
A recent large retrospective study of 328 patients reported
a LAMS occlusion rate of 17.7%, with over 90% of these
requiring unplanned repeat endoscopic intervention for
resolution.44 A recent RCT of 387 patients undergoing
WON drainage reported a higher rate of occlusion with
SEMSs (10.2%) compared with LAMSs (5.9%).61 Other
studies have reported stent occlusion rates ranging
between 0% and 10.2%,46,47,62 with higher rates of
occlusion and secondary infection reported with PSs over
LAMSs.47 More details on stent occlusion are discussed in
www.giejournal.org

AEs associated with EUS and EUS-guided procedures

the ASGE guideline on the role of endoscopy in the
diagnosis and treatment of inﬂammatory PFCs.63

EUS-BD AND EUS-GD
EUS-guided direct transmural biliary access (EUS-BD
technique) has historically been used as a rescue technique in the setting of failed ERCP64 but has more
recently become increasingly common as a primary
decompressive modality in the setting of malignant distal
obstruction.65 EUS-BD is possible via choledochoduodenostomy or hepatogastrostomy.66,67 A recent metaanalysis reported a clinical success rate of 91.2% with
EUS-BD when used as a primary modality in the decompression of malignant distal biliary obstruction.65
The data on AEs of this technique as a primary modality
are somewhat limited because the technique is quite new.
Perforation is rare and is reported to occur in 0% to 3.1% of
patients in RCTs for primary decompression of malignant
distal biliary obstruction.68-70 The perforation rate with
EUS-GD has been reported at 1.2% in 1 cohort study.71
No clinically signiﬁcant bleeding resulting in unplanned
healthcare use was reported in 3 separate RCTs of EUSBD versus ERCP for primary decompression of malignant
distal biliary obstruction.68-70 In a recent large retrospective
study of 195 patients in which the bleeding rate after EUSBD was reported at 3.6%, patients receiving antiplatelet
and/or anticoagulant therapy were no more likely to experience bleeding than patients not receiving these medications.72 The bleeding risk appears to be somewhat
higher with EUS-GD, reported to range between 1.3%
and 8.3%.73-75 A recent meta-analysis of patients undergoing EUS-BD as a primary treatment modality for malignant
distal biliary obstruction reported the pooled stent migration rate to be 2.7%, which was comparable with the migration rate associated with ERCP for the same indication.65
Bile peritonitis secondary to leakage has also been
described with the EUS-BD technique, with an estimated
pooled rate of 2.2% in a 2019 meta-analysis of patients undergoing decompression for malignant distal biliary
obstruction.65 Occlusion from GI contents is also
possible after EUS-BD, with reported rates ranging between 0% and 14.3% in RCTs comparing this technique
with ERCP in the primary decompression of malignant
distal biliary obstruction.68-70 Rates of stent occlusion are
similar for EUS-GD, ranging between 0% and 10.4%.73-75

CPB OR CPN
For patients with chronic abdominal pain, analgesia can
be achieved using CPB or CPN. Various image-guided modalities have been used to deliver targeted CPB and CPN,
including EUS. The most common indication for CPB and
CPN is chronic abdominal pain originating from pancreatic
cancer or chronic pancreatitis.76,77 CPB involves the
www.giejournal.org

injection of a long-lasting local anesthetic and steroid into
the celiac ganglia or the adjacent celiac plexus, whereas
CPN involves the injection of alcohol or any agent that results in ablation of the nerve ﬁbers. In addition to the AEs
related to the use of a needle, as seen in routine EUSFNA/FNB, there are AEs speciﬁc to celiac plexus therapy.
Self-limited diarrhea from increased parasympathetic
tone is a possible AE after CPB or CPN.78 A 2014 review
of over 1100 patients from 20 studies reported transient
diarrhea in 2% of patients after EUS-CPB and 10% of patients after EUS-CPN.79 The incidence of transient
diarrhea is widely variable, ranging from 0% to 28% even
in RCTs assessing CPN.80-83 Hypotension from sympathetic
blockade is also possible after EUS-CPB/CPN, although variability in outcome deﬁnitions contribute to variations in its
incidence. In a 2014 review, hypotension occurred in 2% of
patients after EUS-CPB and 5% of patients after EUS-CPN.79
Subjective inebriation, an inconsistently deﬁned entity
associated with transient loss of cognition and/or inhibition,
is also possible after EUS-CPN, but its true incidence is also
difﬁcult to ascertain given inconsistencies in outcome deﬁnitions and measurement. Nevertheless, some degree of
inebriation after EUS-CPN has been reported in 0% to
14% of patients in RCTs.80,83 Self-limited exacerbation of a
patient’s baseline abdominal pain or severe pain is another
possible AE after either CPB or CPB, occurring at rates of 2%
after EUS-CPB and 4% after EUS-CPN.79 This may be related
to activation of the pain pathway in the celiac ganglion.
Patients should be advised on the risks of the above AEs.
Adequate intravenous hydration before and after EUS-CPB/
CPN could mitigate the relatively rare risk of transient hypotension and/or orthostasis and should be considered in all
patients, despite the lack of prospective evidence to inform
this practice.
There are also numerous reported severe AEs associated with EUS-guided CPN and CPB that, although documented only in case reports, have the potential to result
in devastating patient morbidity. Retroperitoneal abscess
formation and empyema have both been reported after
CPB and CPN.84-86 Ischemia and necrosis of vascular structures and/or intraperitoneal organs have also been reported, sometimes resulting in death.87,88 Although it
was hoped that paraplegia would be avoided with the
anterior EUS approach compared with the posterior
radiologic approach, paraplegia has also been reported
after EUS-CPN and has been attributed to infarction of
the anterior spinal cord because of compromised blood
ﬂow in the artery of Adamkiewicz.89,90 Case reports have
also described transient paralysis because of reversible
arterial spasm after the performance of CPN.91,92

EUS-GUIDED VARICEAL MANAGEMENT
EUS-guided angiotherapy of gastric varices has gained
considerable traction over the past 2 decades. Compared
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with non–EUS-guided endoscopic management, EUSguided therapy affords the advantage of being able to
directly visualize the injection of coils and/or cyanoacrylate
into selected varices. A 2020 meta-analysis of 11 studies reported a pooled overall AE rate of 14% with EUS-guided
variceal therapy, with a signiﬁcant difference demonstrated
between AE rates for cyanoacrylate injection alone (21%)
and cyanoacrylate injection with coiling (10%).93 Of note,
some input data informing these pooled AE rates were
derived from studies in which overall AE rates were
reported per patient over multiple EUS sessions, making
these rates more challenging to interpret.94 A separate
2020 meta-analysis included 23 studies and reported a
pooled distant embolism rate of 5.6% (including pulmonary embolism) and a pooled periprocedural and early
recurrent bleeding rate (within 120 hours) of 7.0%.95
Other common AEs associated with this technique
include self-limited abdominal pain in 3.2% to 12.5% of
procedures,96-99 self-limited fever in 3.3% to 4.7% of procedures,97,99 and bacteremia of uncertain clinical
signiﬁcance in 1.6% to 2.5% of procedures.94,97,100

EUS-GE AND ENTEROENTEROSTOMY
EUS has rapidly become a viable alternative to percutaneous, surgical, or other endoscopic approaches for palliation through decompressive therapy for patients with
gastric outlet or small-bowel obstruction, regardless of
the etiology. EUS-GE and enteroenterostomy both use
placement of a LAMS from the stomach or small bowel
to the bowel distal to the obstruction. A 2021 metaanalysis of 5 studies assessing 659 patients reported a
pooled overall AE rate of 10.7% with EUS-GE, with a major
AE rate of 3.7%.101 A 2020 meta-analysis of 12 studies assessing 285 patients reported a similar pooled overall AE
rate of 12%.102 The most common associated AE is stent
maldeployment into the peritoneum resulting in
perforation, occurring in up to 6.8% to 10% of
procedures.103-106 This outcome varies in terms of severity,
often managed endoscopically and other times requiring
surgical intervention and rarely leading to mortality.103,105
Other common AEs associated with EUS-GE include stent
occlusion because of ingrowth, reported in 4.2% of procedures,104 and bleeding, reported in 3.8% of procedures.105

NOVEL EUS-GUIDED PROCEDURES
The ongoing development of novel EUS-guided procedures continues to evolve at a rapid pace. Given this, there
are several EUS-guided techniques for which widespread
experience and reliable estimates of AE rates are both lacking to date, including, but are not limited to, EUS-guided
transgastric ERCP107 and EUS-directed transenteric
ERCP,108 EUS-guided radiofrequency ablation of pancreatic
lesions,109 and EUS-guided portal pressure gradient mea22 GASTROINTESTINAL ENDOSCOPY Volume 95, No. 1 : 2022

surement.110 As the experience level with these novel
techniques (and others) continues to grow and higherquality data are acquired, more reliable estimates of AE
incidence will become available.

FUTURE DIRECTIONS
This document highlights several important areas within
the ﬁeld of EUS for which further high-quality research is
needed to bolster the strength of recommendations for
future EUS-related guidelines. Below is a brief outline of
these speciﬁc areas.
 Predictors of AEs. Limited evidence is available regarding
patient- and procedure-level predictors of AEs for routine
EUS and more advanced EUS-guided techniques
(Table 1). Dedicated efforts to reliably elucidate these
independent predictors (ideally through prospective
population-level cohort studies and clinical trials) are
needed, especially for newer techniques.
 Antibiotic prophylaxis for pancreatic cyst drainage.
The question of whether antibiotic prophylaxis is
required for those undergoing pancreatic cyst drainage
is highly relevant. Current ASGE guidance recommends
routinely administering antibiotic prophylaxis in this
population,30 with newer evidence suggesting a
limited beneﬁt to this practice. However, given that
most contemporary studies assessing this question are
observational and retrospective, further evidence from
RCTs is needed before reversing current guidance,
especially given the established side effect proﬁle of
antibiotics and concerns around antibiotic resistance.
 Effectiveness, AEs, and cost-effectiveness of interventions
by stent type. High-quality evidence regarding the use of
LAMSs in multiple EUS-guided procedures is emerging.
Given that LAMSs represent a relatively new class of device (compared with PSs and SEMSs), it is imperative that
high-quality prospective comparative data (both on efﬁcacy from RCTs and on effectiveness from real-world
observational studies) are sought and subsequently
used to inform cost-effectiveness models, especially
related to PFC drainage. Collectively, these data are
essential to guide evidence-based practice.
 Data on AEs for novel EUS-guided procedures. More
data, ideally in the form of RCTs and prospective observational studies, are needed to formally elucidate the AE
rates and predictors of AEs for the novel EUS-guided
procedures described above, including EUS-guided
transgastric ERCP and EUS-directed transenteric ERCP,
EUS-guided radiofrequency ablation of pancreatic lesions, and EUS-guided portal pressure gradient
measurement.
 Implications for training. Data are scarce on both the
learning curves and trainee-related AE proﬁles associated with most EUS-guided procedures described in
this document. Data describing required procedural volumes and optimal training methods for these
www.giejournal.org
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techniques as well as AEs associated with training are urgently needed.

CONCLUSION
Routine EUS with or without FNA/FNB is well established as a safe and effective procedure. Although several
AEs are associated with routine EUS, their overall incidence
is low. Interventional EUS-guided techniques are becoming
increasingly established as alternatives to surgical, radiologic, and other endoscopic approaches and are associated
with higher AE rates compared with routine EUS. Endoscopists performing EUS-guided procedures should be
aware of associated AE rates and their risk factors to optimize the informed consent process and improve intraprocedural techniques.
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APPENDIX 1.
STRATEGY
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

FULL

ELECTRONIC

SEARCH

EUS.ab,ti.
“endoscopic ultrasound”.ab,ti.
“endosonograph*”.ab,ti.
exp Endosonography/
“endoscop*”.ab,ti.
exp Endoscopy/ or exp Endoscopy, Gastrointestinal/ or
exp Endoscopy, Digestive System/
“ultrasonograph*”.ab,ti.
exp Ultrasonography/
exp Sigmoidoscopy/
“sigmoidoscop*”.ab,ti.
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10

Search 1 (EUS and FNA/FNB)
12. exp Endoscopic Ultrasound-Guided Fine Needle
Aspiration/
13. exp Biopsy, Needle/
14. “needle biopsy”.ab,ti.
15. FNA.ab,ti.
16. FNB.ab,ti.
17. “ﬁne-needle aspiration”.ab,ti.
18. “ﬁne-needle biopsy”.ab,ti.
19. exp Biopsy, Fine-Needle/
20. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19

Search 2 (EUS and celiac plexus)
21.
22.
23.
24.
25.
26.
27.

“celiac plexus”.ab,ti.
exp Celiac Plexus/
exp Nerve Block/
“nerve block”.ab,ti.
neurolysis.ab,ti.
“celiac neurolysis”.ab,ti.
21 or 22 or 23 or 24 or 25 or 26

Search 3: (EUS and PFC)
28.
29.
30.
31.
32.
33.
34.
35.
36.

“pancreatic ﬂuid collection* “.ab,ti.
PFC.ab,ti.
“pancreatic pseudocyst”.ab,ti.
exp Pancreatic Pseudocyst/
exp Necrosis/
necrosis.ab,ti.
WON.ab,ti.
“walled-off necrosis”.ab,ti.
28 or 29 or 30 or 31 or 32 or 33 or 34 or 35

Search 4: (EUS and BD)
37.
38.
39.
40.
41.
42.

biliary.ab,ti.
“biliary tract obstruction”.ab,ti.
“biliary drainage”.ab,ti.
“percutaneous transhepatic biliary drainage”.ab,ti.
obstruction.ab,ti.
drainage.ab,ti.

www.giejournal.org

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

exp Drainage/
exp Decompression/
decompression.ab,ti.
37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45
gallbladder.ab,ti.
exp Gallbladder/
“gallbladder drainage”.ab,ti.
exp Gallbladder Emptying/
exp Cholecystostomy/
cholecystostomy.ab,ti.
“radiofrequency ablation”.ab,ti.
RFA.ab,ti.
exp Radiofrequency Ablation/
exp Gastric Outlet Obstruction/
“gastric outlet obstruction”.ab,ti.
GOO.ab,ti.
gastroenterostomy.ab,ti.
exp Gastroenterostomy/
47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56
or 57 or 58 or 59 or 60

Search 5: (EUS and other)
“adverse event* “.ab,ti.
“adverse effect* “.ab,ti.
pancreatitis.ab,ti.
exp Pancreatitis/
exp Hemorrhage/
hemorrhage.ab,ti.
haemorrhage.ab,ti.
bleeding.ab,ti.
“infection*”.ab,ti.
exp Infections/
perforation.ab,ti.
cardiopulmonary.ab,ti.
sepsis.ab,ti.
exp Sepsis/
“complication*”.ab,ti.
sedation.ab,ti.
“risk factor* “.ab,ti.
exp Risk Factors/
exp Inﬂammation/
inﬂammation.ab,ti.
rupture.ab,ti.
exp Rupture/
exp Cysts/
“cyst*”.ab,ti.
“gastrointestinal hemorrhage”.ab,ti.
exp Gastrointestinal Hemorrhage/
“gastrointestinal haemorrhage”.ab,ti.
hypotension.ab,ti.
exp Hypotension/
62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71
or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or
81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90
92. 11 and 20 and 91

62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
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93.
94.
95.
96.
97.
98.
99.

11 and 27 and 91
11 and 36 and 91
11 and 46 and 91
11 and 61 and 91
limit 92 to (english language and yrZ“2000 -Current”)
limit 93 to (english language and yrZ“2000 -Current”)
limit 94 to (english language and yrZ“2000 -Current”)
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100.
101.
102.
103.
104.
105.
106.

limit 95 to (english language and yrZ“2000 -Current”)
limit 96 to (english language and yrZ“2000 -Current”)
limit 97 to (guideline or “review”)
limit 98 to (guideline or “review”)
limit 99 to (guideline or “review”)
limit 100 to (guideline or “review”)
limit 101 to (guideline or “review”)
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