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We performed systematic reviews addressing predefined clinical questions to develop recommendations with the
GRADE approach regarding management of patients with overt upper gastrointestinal bleeding. We suggest risk
assessment in the emergency department to identify very-low-risk patients (e.g., Glasgow-Blatchford score 5 0–1) who
may be discharged with outpatient follow-up. For patients hospitalized with upper gastrointestinal bleeding, we suggest
red blood cell transfusion at a threshold of 7 g/dL. Erythromycin infusion is suggested before endoscopy, and endoscopy
is suggested within 24 hours after presentation. Endoscopic therapy is recommended for ulcers with active spurting or
oozing and for nonbleeding visible vessels. Endoscopic therapy with bipolar electrocoagulation, heater probe, and
absolute ethanol injection is recommended, and low- to very-low-quality evidence also supports clips, argon plasma
coagulation, and soft monopolar electrocoagulation; hemostatic powder spray TC-325 is suggested for actively bleeding
ulcers and over-the-scope clips for recurrent ulcer bleeding after previous successful hemostasis. After endoscopic
hemostasis, high-dose proton pump inhibitor therapy is recommended continuously or intermittently for 3 days, followed
by twice-daily oral proton pump inhibitor for the first 2 weeks of therapy after endoscopy. Repeat endoscopy is suggested
for recurrent bleeding, and if endoscopic therapy fails, transcatheter embolization is suggested.
SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/B962.
Am J Gastroenterol 2021;116:899–917. https://doi.org/10.14309/ajg.0000000000001245

INTRODUCTION
Gastrointestinal (GI) bleeding is the most common GI diagnosis
necessitating hospitalization in the United States, accounting for
over half a million admissions annually (1,2). Upper GI bleeding
(UGIB) refers to bleeding originating from sites in the esophagus,
stomach, or duodenum. Nearly 80% of patients visiting emergency departments for UGIB are admitted to the hospital with
that principal diagnosis (2).
This document will consider patients with manifestations
of overt UGIB, which include hematemesis (vomiting of red
blood or coﬀee-grounds material), melena (black, tarry stool),
or hematochezia (passage of red or maroon material per rectum). We will consider the initial management of the overall
population of patients with UGIB up to and including the time
of endoscopic evaluation. We will restrict our recommendations regarding endoscopic therapies and postendoscopic
management to patients with ulcer bleeding, the most common cause of UGIB and the diagnosis for which most randomized controlled trials (RCTs) of therapy have been
performed.

METHODS
The panel members, with input from the American College of
Gastroenterology (ACG) Practice Parameters Committee, formulated clinically pertinent focused questions related to management of an acute UGIB episode and framed each question in the
PICO (population, intervention, comparator, and outcome) format. The PICO format includes the population the question and
guideline statement apply to (e.g., patients with UGIB), the intervention or action being assessed (e.g., proton pump inhibitor
[PPI]), the comparator the intervention is compared with (e.g.,
placebo), and the outcome(s) of interest (e.g., further bleeding). A
systematic English-language literature search of bibliographic databases (including Embase, Ovid MEDLINE, and ISI Web of Science) from database inception through October 2019 was
performed for each PICO. Any citation identiﬁed as potentially
relevant by a panel member after dual independent review of titles
and abstracts was retrieved in full form for review by the panel.
RCTs and meta-analyses of RCTs were sought. Observational
studies were only sought when RCTs directly addressing the PICO
were not available. We did not rely on abstracts published .5 years
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Table 1. List of guideline statements with strength of recommendation and quality of evidence
Risk stratification
1. We suggest that patients presenting to the emergency department with upper gastrointestinal bleeding (UGIB) who are classified as very low risk, defined as a
risk assessment score with #1% false negative rate for the outcome of hospital-based intervention or death (e.g., Glasgow-Blatchford score 5 0–1), be
discharged with outpatient follow-up rather than admitted to hospital (conditional recommendation, very-low-quality evidence).
Red blood cell transfusion
2. We suggest a restrictive policy of red blood cell transfusion with a threshold for transfusion at a hemoglobin of 7 g/dL for patients with UGIB (conditional
recommendation, low-quality evidence).
Pre-endoscopic medical therapy
Prokinetic therapy with erythromycin
3. We suggest an infusion of erythromycin before endoscopy in patients with UGIB (conditional recommendation, very-low-quality evidence).
Proton pump inhibitor (PPI) therapy
4. We could not reach a recommendation for or against pre-endoscopic PPI therapy for patients with UGIB.
Endoscopy for UGIB
Timing of endoscopy
5. We suggest that patients admitted to or under observation in hospital for UGIB undergo endoscopy within 24 hr of presentation (conditional recommendation,
very-low-quality evidence).
Need for endoscopic hemostatic therapy for ulcers with active bleeding or nonbleeding visible cessels
6. We recommend endoscopic therapy in patients with UGIB due to ulcers with active spurting, active oozing, and nonbleeding visible vessels (strong
recommendation, moderate-quality evidence).
Need for endoscopic hemostatic therapy for ulcers with adherent clot
7. We could not reach a recommendation for or against endoscopic therapy in patients with UGIB due to ulcers with adherent clot resistant to vigorous irrigation.
Choice of endoscopic hemostatic therapy for bleeding ulcers
8. We recommend endoscopic hemostatic therapy with bipolar electrocoagulation, heater probe, or injection of absolute ethanol for patients with UGIB due to
ulcers (strong recommendation, moderate-quality evidence).
9. We suggest endoscopic hemostatic therapy with clips, argon plasma coagulation, or soft monopolar electrocoagulation for patients with UGIB due to ulcers
(conditional recommendation, very-low- to low-quality evidence).
10. We recommend that epinephrine injection not be used alone for patients with UGIB due to ulcers but rather in combination with another hemostatic modality
(strong recommendation, very-low- to moderate-quality evidence).
11. We suggest endoscopic hemostatic therapy with hemostatic powder spray TC-325 for patients with actively bleeding ulcers (conditional recommendation, verylow-quality evidence).
12. We suggest over-the-scope clips as a hemostatic therapy for patients who develop recurrent bleeding due to ulcers after previous successful endoscopic
hemostasis (conditional recommendation, low-quality evidence).
Antisecretory therapy after endoscopic hemostatic therapy for bleeding ulcers
13. We recommend high-dose PPI therapy given continuously or intermittently for 3 d after successful endoscopic hemostatic therapy of a bleeding ulcer (strong
recommendation, moderate- to high-quality evidence).
14. We suggest that high-risk patients with UGIB due to ulcers who received endoscopic hemostatic therapy followed by short-term high-dose PPI therapy in
hospital continue on twice-daily PPI therapy until 2 wk after index endoscopy (conditional recommendation, low-quality evidence).
Recurrent ulcer bleeding after successful endoscopic hemostatic therapy
15. We suggest that patients with recurrent bleeding after endoscopic therapy for a bleeding ulcer undergo repeat endoscopy and endoscopic therapy rather than
undergo surgery or transcatheter arterial embolization (conditional recommendation, low-quality evidence for comparison with surgery, very-low-quality evidence
for comparison with transcatheter arterial embolization)
Failure of endoscopic hemostatic therapy for bleeding ulcers
16. We suggest patients with bleeding ulcers who have failed endoscopic therapy next be treated with transcatheter arterial embolization (conditional
recommendation, very-low-quality evidence).

before October 2019 or with only interim results presented without
subsequent publication in full form. Relevant studies from review
of reference lists of retrieved manuscripts or known to the authors
also were considered. The critical outcome was further bleeding,
which includes persistent and recurrent bleeding. Further bleeding
was recommended as the primary endpoint for RCTs of UGIB
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management by an International Consensus Panel because prevention of further bleeding is the primary clinical goal for patients
with UGIB (3). Mortality was deﬁned as an important outcome but
not critical for decision-making because death is uncommon in
patients with UGIB (;2% in the United States (2)), and sample
sizes for most RCTs are not based on assessment of mortality.
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Other potential outcomes (e.g., length of hospitalization and surgery) were predeﬁned for some individual PICOs. Meta-analyses
performed for this guideline (ﬁxed eﬀect if I2 , 50%; random
eﬀects if I2 $ 50%) as well as calculations of risk ratio (RR) and
absolute risk diﬀerence for individual studies were performed with
RevMan version 5.3 software (Cochrane Collaboration, Copenhagen, Denmark).
Each recommendation statement includes an assessment
of the strength of the recommendation and the quality of
evidence based on the GRADE methodology (4,5), followed by
a summary of evidence outlining the key data and considerations behind the recommendation. The quality of evidence is
rated using 4 categories. “High” quality indicates we are
conﬁdent the true eﬀect lies close to the estimate of the eﬀect.
“Moderate” indicates we are moderately conﬁdent in the eﬀect
estimate: The true eﬀect is likely to be close to the eﬀect estimate, but possibly is substantially diﬀerent. “Low” indicates
our conﬁdence in the eﬀect estimate is limited, and the true
eﬀect may be substantially diﬀerent. “Very low” indicates we
have very little conﬁdence in the eﬀect estimate, and the true
eﬀect is likely to be substantially diﬀerent. The grade of evidence provided with each statement is based on the critical
outcome, further bleeding, unless otherwise speciﬁed. The
strength of recommendation reﬂects the level of conﬁdence
that the desirable eﬀects of an action outweigh the undesirable
eﬀects and is based on the quality of evidence for eﬃcacy,
safety, values and preferences of patients, availability, and
resource use. “Strong” recommendations begin with the
words “we recommend” and are made when we are conﬁdent
the desirable eﬀects of an action clearly outweigh the undesirable eﬀects. Strong recommendations imply that most
informed patients would choose the recommended management and clinicians should provide the intervention to most
patients. “Conditional” recommendations begin with the
words “we suggest” and indicate the desirable and undesirable
eﬀects of an action are closely balanced or appreciable uncertainty exists about the balance. In this case, informed patients’ choices will vary based on their values and preferences,
with many not wanting the intervention; informed clinicians’
choices also may vary, and they must ensure their patients’
values and preferences are incorporated in decisions regarding management.
Each PICO, followed by the evidence table that summarizes the
evidence and the grading of the quality of evidence from relevant
studies for that PICO, is provided in the Supplementary Material
(see Supplementary Digital Content, http://links.lww.com/AJG/
B962). The list of guideline statements is provided in Table 1.

GUIDELINE STATEMENTS
Risk stratification
1. We suggest that patients presenting to the emergency
department with UGIB who are classified as very low risk,
defined as a risk assessment score with #1% false negative
rate for the outcome of hospital-based intervention or death
(e.g., Glasgow-Blatchford score 5 0–1), be discharged with
outpatient follow-up rather than admitted to hospital
(conditional recommendation, very-low-quality evidence).

Summary of evidence. The goal of identifying very-low-risk patients is to allow a subset of patients to be safely discharged from
© 2021 by The American College of Gastroenterology

Table 2. Glasgow-Blatchford score
Risk factors at admission

Factor score

Blood urea nitrogen (mg/dL)
18.2 to ,22.4

2

22.4 to ,28.0

3

28.0 to ,70.0

4

$70.0

6

Hemoglobin (g/dL)
12.0 to ,13.0 (men); 10.0 to ,12.0
(women)

1

10.0 to ,12.0 (men)

3

,10.0

6

Systolic blood pressure (mm Hg)
100–109

1

90–99

2

,90

3

Heart rate (beats per minute)
$100

1

Melena

1

Syncope

2

Hepatic diseasea
Cardiac failure

a

2
2

a

Hepatic disease and cardiac failure were not defined in the original report of the
Glasgow-Blatchford score. One more recent study defined hepatic disease as
known history, or clinical and laboratory evidence, of chronic or acute liver
disease and cardiac failure as known history, or clinical and echocardiographic
evidence, of cardiac failure (6).

the emergency department with outpatient follow-up, thereby
reducing costs with little or no chance that patients will be at risk
of poor outcomes that require or might have been prevented with
in-hospital management. Thus, the primary beneﬁt for this recommendation is economic because of fewer hospitalizations.
Composite outcomes are commonly used in studies of risk
assessment scores (6–10). We relied primarily on the composite
outcomes as deﬁned in the studies we reviewed, considering them
preferable to single outcomes of further bleeding or mortality for
identifying very-low-risk patients. The composite outcome in the
4 individual studies we assessed included hospital-based interventions for bleeding (transfusion and hemostatic therapies) and
death (6–8,10), while the systematic review of other studies additionally included rebleeding leading to readmission in their
composite outcome (9) (see Supplementary Table 1.2, Supplementary Digital Content, http://links.lww.com/AJG/B962).
Achieving a high sensitivity, which minimizes false negatives,
is key when making decisions regarding outpatient management.
False negatives occur when patients who will require intervention
or die are incorrectly classiﬁed by the risk assessment tool as not
requiring intervention or dying. This may result in discharging a
patient who will require intervention or die. The goal would be no
false negatives (100% sensitivity), but providers and patients can
determine the level of certainty required to feel comfortable with
discharge from the emergency department.
The American Journal of GASTROENTEROLOGY
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Patients with a Glasgow-Blatchford score (GBS, Table 2) of
0 have point estimates of 99%–100% sensitivity with lower
bounds of 95% conﬁdence interval (CI) of 98% (7–9), although speciﬁcities are poor with point estimates ranging
from 8% to 22% (see Supplementary Table 1.2, Supplementary
Digital Content, http://links.lww.com/AJG/B962). Patients
with a GBS 5 0–1 have sensitivity point estimates of 99%, with
lower bounds of 95% CI of 97%–98% (7,8); speciﬁcities are
higher with point estimates ranging from 27% to 40%. Two
large multicenter studies reported GBS 5 0–1 in 19%–24% of
patients presenting with UGIB (6,7). A recent machine
learning model from Shung et al. (8) can be set to provide
sensitivities of 99% (comparable with GBS 5 0–1) or 100%
(comparable with GBS 5 0) with speciﬁcities that are higher
than GBS.
Figure 1 illustrates the calculation of sensitivity and speciﬁcity for a hypothetical cohort of 250 patients presenting with
UGIB using the GBS threshold of 1 to identify very-low-risk
patients. A 99% sensitivity means that for every 100 of these
patients who will require hospital-based intervention or die,
there will be 1 false negative—i.e., 1 patient with GBS 5 0–1 is
falsely categorized as not requiring intervention or dying. As
mentioned, speciﬁcities are poor at high sensitivities. Figure 1
shows that among the 150 patients who will not require intervention or die, only 50 are correctly classiﬁed by a GBS 5
0–1 (33% speciﬁcity, 67% rate of false positives). Thus, most
patients who do not require intervention or die, and likely
would not beneﬁt from hospitalization, are not classiﬁed as
very low risk. Improvement in speciﬁcity while maintaining
high sensitivity is a key goal in development of new risk assessment models.
The panel considered if a sensitivity below 100% was acceptable and concluded that aiming for a sensitivity of 99% was
reasonable because the greater speciﬁcity with the slightly
lower sensitivity allows a greater number of patients to be
discharged. Two risk stratiﬁcation tools seem to provide

sensitivities of 99% (with lower bound of 95% CI of 97%–98%):
GBS 5 0–1 and the Shung machine learning model (see Supplementary Table 1.2, Supplementary Digital Content, http://
links.lww.com/AJG/B962). The panel mentioned only GBS in
the recommendation because GBS has been widely studied in a
variety of settings while the Shung model has only been evaluated in 1 setting at present. Importantly, the suggested
threshold of 1% false negatives (99% sensitivity) for the outcome of
hospital-based intervention or death serves as a guide for assessing
prognostic models developed in the future. Patient and provider
preferences regarding certainty of risk and desire for outpatient vs
inpatient management should play an important role in decisions
regarding thresholds. Decisions need to be individualized based on
patient age, comorbidities, reliability, social support, and accessibility
to medical care after discharge.
Although observational studies suggest GBS and a machine
learning model identify very-low-risk patients with high sensitivity, evidence is scant to document that discharging such patients from the emergency department with outpatient
management can indeed be performed with little or no risk as
compared to admitting such patients. Only 1 study meeting the
criteria for this PICO was identiﬁed: a before-after study (10) (see
Supplementary Table 1.1, Supplementary Digital Content, http://
links.lww.com/AJG/B962). Before implementing a rule that patients with GBS 5 0 would not be admitted unless necessary for
other reasons, 0 of 105 patients with GBS 5 0 required hospitalbased intervention (transfusion, endoscopic, or surgical therapy)
or died within 30 days. After implementing the rule, 0 of the 84
patients with GBS 5 0 who were not admitted required hospitalbased intervention or died on follow-up (10). In addition, a retrospective case series noted that, after initiating a protocol in
which patients with acute UGIB and GBS 5 0–1 would be discharged from the emergency department with outpatient care if
no other reason for admission, 0 of 103 patients with GBS 5 0–1
who were discharged required hospital-based intervention or
died within 30 days (11).

Figure 1. Two-by-two table to determine sensitivity and specificity for hypothetical population of 250 patients presenting with upper gastrointestinal bleeding
using Glasgow-Blatchford score cutoff of 1. The upper row includes patients with scores .1, and the lower row includes those with scores of 0–1 (defined as very
low risk). The left column shows the 100 patients who will require hospital-based intervention or die, with sensitivity calculated by the formula true positives
divided by total number requiring intervention or dying (99/100 5 99%). The right column shows the 150 patients who will not require hospital-based
intervention or die, with specificity calculated by the formula true negatives divided by total number not requiring intervention or dying (50/150 5 33%).
The American Journal of GASTROENTEROLOGY
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Conclusion. Use of a risk assessment tool to identify patients
with #1% risk of transfusion, hemostatic intervention, or
death who may be discharged with outpatient management
should reduce hospitalizations and costs. A GBS 5 0–1 should
meet this requirement and allows more patients to be discharged than GBS 5 0, which was the threshold suggested in
the 2012 ACG Guidelines (1).
Red blood cell transfusion
2. We suggest a restrictive policy of red blood cell (RBC) transfusion
with a threshold for transfusion at a hemoglobin of 7 g/dL for
patients with UGIB (conditional recommendation, low-quality
evidence).

Summary of evidence. For the general population of patients with
anemia, not restricted to UGIB, current US guidelines make a
strong recommendation for a restrictive RBC transfusion
threshold of 7 g/dL in hospitalized hemodynamically stable patients, including critical care patients, and a threshold of 8 g/dL in
those undergoing orthopedic or cardiac surgery and those with
existing cardiovascular disease (12). The guideline recommendation stated that a threshold of 7 g/dL was likely comparable with
8 g/dL, but randomized trial evidence was not available in all
patient categories; evidence was judged insuﬃcient to make a
recommendation in patients with acute coronary syndrome.
These recommendations were based on a systematic review indicating that restrictive transfusion policies reduced the number
of patients receiving RBC transfusion by 43% with no evidence of
an impact on clinically important outcomes (13).
Two RCTs met our criteria for assessment of restrictive vs
liberal transfusion policy in UGIB (14,15) (Table 3, see Supplementary Table 2.1, Supplementary Digital Content, http://
links.lww.com/AJG/B962). Villaneuva et al. (14) performed a
randomized comparison of 7-g/dL vs 9-g/dL thresholds in 899
patients with 45-day mortality as the primary outcome. Patients with massive exsanguinating bleeding and those with
symptomatic peripheral vasculopathy, stroke, or transient ischemic attack in the previous 90 days were excluded. Transfusion was less common in the restrictive arm (49% vs 86%,
P , 0.001). The restrictive arm had lower mortality (5% vs 9%,
P 5 0.02; adjusted hazard ratio [HR] 5 0.55, 95% CI 0.33–0.92),
less further bleeding (10% vs 16%, P 5 0.01; adjusted HR 5
0.68, 0.47–0.98), and fewer transfusion reactions (3% vs 9%,
P 5 0.001) and cardiac complications (11% vs 16%, P 5 0.04)
(Table 3).
Jairath et al. (15) performed a cluster randomized trial in
which participating sites rather than individual patients were
randomly assigned to a study arm. Three hospitals were allocated
to an 8-g/dL threshold and 3 hospitals to a 10-g/dL threshold,
with exsanguinating hemorrhage as the only exclusion criterion.
Recruitment was higher in the liberal policy arm with an unequal
distribution of participants into the restrictive and liberal study
arms (43% vs 57%); evidence of potential selection bias also was
noted. The diﬀerence in the proportion receiving transfusion
between the restrictive and liberal groups was less than would be
anticipated (33% vs 46%, P 5 0.23), likely due at least in part to
lower adherence to the transfusion policy in the liberal group.
Diﬀerences between restrictive and liberal policies were not signiﬁcant in 28-day mortality (5% vs 7%), further bleeding (5% vs
© 2021 by The American College of Gastroenterology

9%), transfusion reactions (1% vs 2%), or thromboembolic/
ischemic events (4% vs 7%) (Table 3).
Based on the above evidence, the panel suggested a restrictive
transfusion policy. A threshold for transfusion at hemoglobin of 7
g/dL (i.e., transfusion administered when hemoglobin falls below
7 g/dL) was chosen because the RCT demonstrating beneﬁt of
restrictive transfusion in UGIB used a threshold of 7 g/dL (14).
Furthermore, a meta-analysis of RCTs in patients with any
transfusion indication found no signiﬁcant diﬀerence in the eﬀect
on mortality with restrictive vs liberal transfusion between the
subgroup of RCTs using a restrictive threshold of 8–9 g/dL (RR 5
1.05, 0.78–1.40) and the subgroup using 7 g/dL (RR 5 0.94,
0.74–1.19) (13).
Given the exclusion of exsanguinating UGIB from these RCTs
and the knowledge that hemoglobin levels in hypotensive patients
will be lower after ﬂuid resuscitation even in the absence of further
bleeding, the panel agreed it is reasonable to transfuse hypotensive patients before hemoglobin levels reach 7 g/dL. Given a
paucity of randomized trial evidence in patients with UGIB and
pre-existing cardiovascular disease and the current guideline
recommendation to use 8 g/dL in patients with pre-existing
cardiovascular disease, the panel agreed this threshold was reasonable in patients with UGIB and pre-existing cardiovascular
disease. This population must be diﬀerentiated from those who
present with acute coronary syndrome. Evidence is very limited in the latter, although meta-analysis of 2 small studies in
patients with anemia and acute coronary syndrome (N 5 141)
or stable coronary artery disease undergoing cardiac catheterization (N 5 14) indicated a possible suggestion of increased mortality with restrictive transfusion using a threshold
of 8 g/dL or hematocrit 24% (RR 5 3.88, 0.83–18.13)
(13,16,17). Thus, a threshold higher than 8 g/dL may be considered in patients with UGIB and acute coronary syndrome,
based on very limited evidence.
Conclusion. A restrictive RBC transfusion policy in which patients are transfused when hemoglobin falls below 7 g/dL seems to
reduce further bleeding and death, a conclusion unchanged from
the 2012 ACG Guidelines (1). Hypotensive patients may be
transfused at higher hemoglobin levels given equilibration that
occurs with ﬂuid resuscitation and a threshold of 8 g/dL is reasonable in patients with pre-existing cardiovascular disease.
Pre-endoscopic medical therapy

Prokinetic therapy with erythromycin.
3. We suggest an infusion of erythromycin before endoscopy in
patients with UGIB (conditional recommendation, very-lowquality evidence).

Summary of evidence. The rationale for using a prokinetic agent

such as erythromycin is to propel blood and clot distally from the
upper GI tract and improve visualization at endoscopy, thereby
improving diagnostic yield. Increasing the diagnostic yield ideally
would improve clinically important outcomes such as further
bleeding by increasing the proportion of patients who receive
appropriate management (e.g., endoscopic therapy and medical therapy) based on endoscopic ﬁndings. The panel also predeﬁned other potentially meaningful beneﬁts: reduction in repeat
endoscopies (if the correct diagnosis is made more often on index
endoscopy) and reduction in hospital stay (more frequent diagnoses
on index endoscopy may allow earlier discharge in patients found to
The American Journal of GASTROENTEROLOGY
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have low-risk ﬁndings, and fewer repeat endoscopies may reduce
prolongations in hospital stay that occur due to waiting for repeat
procedures).
Our search identiﬁed a systematic review, of 8 RCTs (18) and 1
additional RCT published after the systematic review that included 29 patients assigned to erythromycin or gastric lavage (19)
(Table 4, see Supplementary Table 3.1, Supplementary Digital
Content, http://links.lww.com/AJG/B962). Only 1 of these 9
RCTs provided results for our critical outcome of further bleeding
(19): 1/14 (7.1%) with erythromycin vs 2/15 (13.3%) with gastric
lavage; diﬀerence 5 26%, 228% to 16%. Mortality results were
provided in 3 RCTs with our meta-analysis of these trials for
erythromycin vs placebo/no treatment revealing RR 5 0.81,
0.41–1.60 (20–22). The meta-analysis of 8 RCTs documented
reduction in need for repeat endoscopy (odds ratio [OR] 5 0.51,
0.34–0.77) and days of hospitalization (mean diﬀerence 5 21.75,
22.43 to 21.06) (18). Units of blood transfused tended to be
lower with erythromycin (mean diﬀerence 5 21.06, 22.24 to
0.13 with signiﬁcant heterogeneity [I2 5 89%]) (18).
Although evidence was lacking for beneﬁt of erythromycin in reducing further bleeding and mortality, erythromycin provided
meaningful reductions in repeat endoscopies and length of hospitalizations: e.g., the upper bound of the 95% CI suggested at least a 1-day
decrease in hospitalization. The economic beneﬁt of reduced procedures and hospital stay, as well as the presumed desire of patients to
avoid additional procedures and hospital days, relatively low cost, and
ease of administration, led the panel to a conditional recommendation
for use of pre-endoscopic erythromycin. The available evidence (enrollment criteria in RCTs) did not suggest beneﬁt was restricted to a
speciﬁc subgroup of patients with acute UGIB. Evidence assessing the
prokinetic agent metoclopramide is scant, coming only from older
abstracts, and does not provide support for its use (23–25).
An intravenous infusion of 250 mg is recommended because
this or similar dose was most commonly used in the RCTs. The
infusion was given over 5–30 minutes (most often 20–30 minutes)
and followed by endoscopy 20–90 minutes later (18,19). Intravenous erythromycin can prolong the QT interval, with eﬀect
related to rate of infusion and dose, and is very rarely associated
with ventricular tachyarrhythmias such as torsade de pointes.
However, review of case reports indicates this occurs with repeated
and/or higher doses (26,27). Nevertheless, some, but not all, studies
excluded patients with factors that potentially increase the risk of
torsade de pointes, which may include QT prolongation on baseline electrocardiogram, cardiac disease, electrolyte abnormalities,

hepatic dysfunction, concurrent antiarrhythmic therapy, and
drugs that prolong QT interval and are CYP3A4 substrates (e.g.,
terfenadine and astemizole) (19,20,22,26,28,29).
Conclusion. Infusion of 250 mg of erythromycin 20–90 minutes

before endoscopy may reduce the need for repeat endoscopy and
length of hospitalization, although is not documented to improve clinical outcomes such as further bleeding. The 2012 ACG
Guidelines indicated such an infusion “should be considered” (1).
PPI therapy.
4. We could not reach a recommendation for or against preendoscopic PPI therapy for patients with UGIB.

Summary of evidence. Systematic review revealed 3 placebocontrolled RCTs assessing pre-endoscopic PPI therapy (30–32)
(see Supplementary Table 4.1, Supplementary Digital Content,
http://links.lww.com/AJG/B962). However, in 2 of these trials
(30,31), all patients remained in their assigned treatment arm
(placebo or PPI) after endoscopy. Because standard practice
requires PPI therapy in patients with ulcers, these 2 trials are not
congruent with current clinical practice. This study design also is
methodologically problematic because if patients in the placebo
arm who require PPIs remain on placebo after endoscopy while
those in the PPI arms receive PPIs after endoscopy, bias in favor of
the PPI arms is introduced. These 2 trials therefore do not allow
for assessment of postendoscopic endpoints such as further
bleeding and mortality, leading the panel to rely solely on the trial
by Lau et al. for these outcomes. All 3 studies were used to assess
outcomes up to the time of endoscopy such as need for
endoscopic treatment.
Lau et al. (32) found no evidence of beneﬁt for PPI (intravenous omeprazole, 80-mg bolus followed by 8-mg/hr infusion) vs placebo in further bleeding (11/314 [3.5%] vs 8/317
[2.5%]; diﬀerence 5 1%, 22 to 4%) or mortality (8/314 [2.5%]
vs 7/317 [2.2%]; diﬀerence 5 0%, 22% to 3%) (Table 5).
Similarly, our meta-analysis of the 2 other excluded studies
(30,31) did not show beneﬁt in further bleeding or mortality
despite bias toward PPI therapy. Our meta-analysis of the 3
studies (30–32) revealed reduced endoscopic hemostatic
treatment at index endoscopy with PPI vs placebo (RR 5 0.73,
0.57–0.94), likely related to lower rates of high-risk stigmata of
recent hemorrhage at endoscopy.

Table 3. Outcomes in randomized trials of restrictive vs liberal transfusion strategy
Jairath et al. (15)a

Villaneuva et al. (14)

Hemoglobin threshold (g/dL)
Further bleeding, n (%)
Relative effect size (95% CI)
Absolute effect size (95% CI)
Mortality, n (%)

Restrictive strategy (N 5 444)

Liberal strategy (N 5 445)

Restrictive strategy (N 5 257)

Liberal strategy (N 5 383)

7

9

8

10

45 (10.1)

71 (16.0)

13 (5.1)

Adjusted HR 5 0.68 (0.47–0.98)
Difference 5 26% (210% to 21%)
23 (5.2)

41 (9.2)

31 (8.1)

RR 5 0.62 (0.33–1.17)
Difference 5 23% (27% to 1%)
14 (5.4)

25 (6.5)

Relative effect size (95% CI)

Adjusted HR 5 0.55 (0.33–0.92)

RR 5 0.83 (0.44–1.57)

Absolute effect size (95% CI)

Difference 5 24% (27% to 21%)

Difference 5 21% (25% to 3%)

CI, confidence interval; HR, hazard ratio; RR, risk ratio.
a
Cluster randomized trial in which participating sites rather than individual patients were randomly assigned to a study arm.
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Thus, limited low-quality evidence suggests no beneﬁt of preendoscopic PPI therapy in further bleeding or mortality, although
the CIs for these outcomes are wide. In the absence of evidence for
clinical beneﬁt, the panel could not make a recommendation for preendoscopic PPI therapy. Nevertheless, the panel did not recommend
against pre-endoscopic PPI therapy, given the imprecision of the
evidence and other very indirect evidence. Randomized trial data
(see statement 13) indicate that postendoscopic high-dose PPI
therapy reduces further bleeding after endoscopic therapy in patients
with ulcers with high-risk stigmata (33) and in patients with ulcers
with adherent clots not treated with endoscopic therapy (34,35),
raising the possibility that pre-endoscopic PPI therapy might provide some beneﬁt in a minority of patients with UGIB. Furthermore,
in patients who will not undergo endoscopy and endoscopic
hemostatic therapy or in whom it will be delayed, the panel felt
pre-endoscopic PPI therapy might be given based on very indirect evidence from a meta-analysis of RCTs in patients who
did not consistently receive endoscopic hemostatic therapy
that showed reduced rebleeding (OR 5 0.38, 0.18–0.81), but
not mortality, with PPI vs placebo or histamine-2-receptor
antagonist (H2RA) (36).
Pre-endoscopic PPI therapy may modestly reduce need for
endoscopic treatment. Providers and patients who place a high
value on reducing the need for endoscopic therapy may choose to
use pre-endoscopic PPI therapy. Economic considerations also
will vary across diﬀerent healthcare locations: The additional cost
of PPI therapy for all patients with UGIB vs the reduction in cost
by avoiding endoscopic therapy in a small number of patients
may impact decisions. Economic analyses were identiﬁed but not
incorporated because models did not use the primary clinical
outcome data reported by Lau et al. in the eﬀectiveness analyses.
Conclusion. Available evidence indicates no beneﬁt of pre-

endoscopic PPI therapy for clinical outcomes, preventing a
recommendation for its use. Given a modest reduction in
endoscopic therapy and the unproven possibility that PPIs
might beneﬁt a select minority of patients and/or those in
whom endoscopic therapy is unavailable or delayed, we did
not recommend against its use. Other guidelines have produced
highly variable statements, ranging from recommendations for (37)
to against (38) pre-endoscopic PPI therapy. In previous guidelines, we
indicated that pre-endoscopic PPI therapy may be considered to
decrease the need for endoscopic therapy but did not improve clinical
outcomes (1,39). However, since then, consensus on the appropriate
manner of presenting guideline recommendations has evolved.

Guidelines should provide a recommended action (40). Therefore,
statements such as “may be considered,” which do not recommend
for or against an action such as giving PPI therapy, are no longer used.
Endoscopy for UGIB

Timing of endoscopy.
5. We suggest that patients admitted to or under observation in
hospital for UGIB undergo endoscopy within 24 hours of
presentation (conditional recommendation, very-low-quality
evidence).

Summary of evidence. Making an earlier diagnosis is not suﬃ-

cient to justify early endoscopy; evidence of beneﬁt in clinical,
economic, or patient-centered outcomes is required. Potential
beneﬁts of early endoscopy include more accurate prognosis to
guide management (e.g., timing of refeeding and discharge) and
earlier provision of endoscopic or medical therapy based on
endoscopic ﬁndings (41). Potential harms may include death or
complications if endoscopy is performed before appropriate
resuscitation and management of active comorbidities as well as
poorer outcomes with after-hours endoscopy.
The panel considered studies in overall populations of patients with
UGIB as well as in studies restricted to patients with clinical features
predicting low risk or high risk of further bleeding and death. This
statement was limited to patients who had been admitted to hospital or
placed in a hospital observation unit. Patients identiﬁed as very low risk
who are discharged from the emergency department with outpatient
follow-up (discussed in Statement 1) were not considered. Observational studies were included because of a lack of RCTs directly
addressing the PICOs. Because fundamental diﬀerences likely exist
in important characteristics that may inﬂuence outcomes between
patients who receive and who do not receive early endoscopy in
nonrandomized studies, we only included observational studies that
attempted adequate statistical adjustment in assessment of
outcomes.
Overall population with UGIB. No RCT assessed endoscopy
within 24 hours vs .24 hours, although an RCT compared endoscopy performed #12 hours vs .12 hours after presentation in
consecutive patients with UGIB (42) (see Supplementary Table 5.1,
Supplementary Digital Content, http://links.lww.com/AJG/
B962). The authors reported results only in those with endoscopically conﬁrmed ulcer bleeding and found no reduction in
further bleeding (6/162 [3.7%] vs 8/163 [4.9%]) or mortality

Table 4. Randomized trials of pre-endoscopic erythromycin infusion vs no erythromycin or placebo: results of systematic review and metaanalyses

Outcome
Further bleeding

No. of studies (no. of subjects)

Erythromycin vs no erythromycin/placebo
effect size (95% CI)

1 study (N 5 29) (19)

RR 5 0.54 (0.05–5.28)

3 studies (N 5 278) (20–22)

RR 5 0.81 (0.41–1.60)

Second-look endoscopy

8 studies (N 5 598) (18)

OR 5 0.51 (0.34–0.77)

Hospital days

5 studies (N 5 375) (18)

Mean difference 5 21.75 (22.43 to 21.06)

Units of red cells transfused

6 studies (N 5 544) (18)

Mean difference 5 21.06 (22.24 to 0.13)a

Mortality

CI, confidence interval; OR, odds ratio; RR, risk ratio.
a
Heterogeneity (I2 5 89%).
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(1/162 [0.6%] vs 1/163 [0.6%]). Very-low-quality evidence from
observational studies suggests that patients hospitalized with
UGIB who undergo endoscopy within 1 day of admission have a
shorter hospital stay (43–45) than those who do not. Two of these
observational studies (43,45) identiﬁed a lower risk of surgery and
another reported a reduction in mortality with endoscopy within
1 day of admission (46). It is uncertain whether endoscopy
reported as within 1 day of admission in database studies truly
occurred within 24 hours of admission; some potentially might
occur the next calendar day beyond 24 hours after admission
(44–46).
Low-risk clinical features. Two small RCTs in patients with low-risk
clinical features (hemodynamically stable with no severe
comorbidities) found that endoscopy within 2–6 hours of initial
evaluation identiﬁed low-risk endoscopic ﬁndings (e.g., clean-based
ulcer, nonbleeding Mallory-Weiss tear) that should allow discharge
with outpatient follow-up in at least 40% of patients (47,48) (see
Supplementary Table 6.1, Supplementary Digital Content, http://
links.lww.com/AJG/B962). A reduction in inpatient care was
identiﬁed in only one of these studies (48) because in the second
study attending physicians failed to follow the endoscopists’
recommendation for outpatient care in ;80% of those with lowrisk endoscopic ﬁndings (47). Diﬀerences in further bleeding or
mortality were not identiﬁed. Because neither RCT assessed
endoscopy within 24 hours vs .24 hours, we also reviewed a large
cohort study of 5,415 hemodynamically stable patients without
signiﬁcant comorbidities (American Society of Anesthesiologists
score 1–2) with endoscopically documented bleeding ulcers (49).
Endoscopy within 24 hours from admission showed a trend to lower
in-hospital mortality (adjusted OR 5 0.59, 0.33–1.05) but not 30-day
mortality (adjusted OR 5 1.02, 0.50–2.09).
High-risk clinical features. Previous guidelines have suggested
considering endoscopy within 12 hours in patients with high-risk
features such as hemodynamic instability (1,37,50) or cirrhosis
(51), although supporting evidence is extremely limited (see
Supplementary Table 7.1, Supplementary Digital Content, http://
links.lww.com/AJG/B962). Relevant studies identiﬁed included 2
observational studies using statistical adjustment—and results
were conﬂicting. A nationwide Danish cohort study of
consecutive patients with endoscopically conﬁrmed ulcer
bleeding found increased mortality in high-risk patients with
very early or late endoscopy (49). In-hospital mortality was lower
with endoscopy 6–24 hours after admission in hemodynamically
unstable patients and 12–36 hours after admission in
hemodynamically stable patients with signiﬁcant comorbidities
(American Society of Anesthesiologists score 3–5) as compared to
endoscopy outside these timeframes. This study raised the
possibility that very early endoscopy may cause harm if
hemodynamic resuscitation and management of other active
comorbidities is not undertaken before endoscopy. By contrast, a
single-center Korean cohort study reported 28-day mortality was
reduced with endoscopy within 6 hours vs 6–48 hours after
presentation (52).
A large RCT, identiﬁed as a 2015 abstract reporting interim results and subsequently fully published in 2020, compared urgent
endoscopy within 6 hours of gastroenterology consultation with a
control group assigned to endoscopy 6–24 hours after consultation
in 516 patients predicted to be at high risk based on GBS $12 (53).
Neither further bleeding (28/258 [10.9%] vs 20/258 [7.8%];
The American Journal of GASTROENTEROLOGY

Table 5. Double-blind placebo-controlled randomized trial of
omeprazole bolus followed by continuous infusion started before
endoscopy in patients presenting to emergency department with
hematemesis or melena (32)

Outcome
Hours of infusion before endoscopy, mean 6
SD
Further bleeding (30 d), n (%)
Death (30 d), n (%)
Hospital days, mean 6 SD
Units of blood transfused, mean 6 SD
Endoscopic therapy, n (%)

Omeprazole
(N 5 314)

Placebo
(N 5 317)

14.7 6 6.3

15.2 6 6.2

11 (3.5)

8 (2.5)

8 (2.5)

7 (2.2)

4.5 6 5.3

4.9 6 5.1

1.54 6 2.41

1.88 6 3.44

60 (19.1)a

90 (28.4)

P 5 0.007 vs placebo.

a

diﬀerence 5 3%, 22% to 8%) nor mortality (23/258 [8.9%] vs 17/258
[6.6%]; diﬀerence 5 2%, 22% to 7%) was reduced with earlier
endoscopy (Table 6). Similarly, no beneﬁt was seen in duration of
hospitalization or transfusion requirements, although endoscopic
hemostatic treatment was 11.6% more frequent in the urgent endoscopy group. Because of the lag from presentation to randomization, the study actually compared endoscopies at means of 10 and
25 hours after presentation, with 55% of the control group having
endoscopy .24 hours after presentation. These data raise the possibility that intervals even greater than 24 hours may be acceptable.
This trial excluded patients with hypotensive shock who failed
to stabilize after initial resuscitation, a group representing only
5% of their high-risk patients (53). Based on anecdotal experience, the panel believes such patients require urgent intervention
with endoscopy or interventional radiology.
Conclusion. The panel suggests that patients admitted or under

observation in hospital with overt UGIB, whether predicted to be at
low risk or high risk of further bleeding and death, undergo upper
endoscopy within 24 hours of presentation. This decision was
based on evidence of potential economic beneﬁt (reduced length of
stay) (43–45,48) as well as possible clinical beneﬁt in mortality and
need for surgery in observational studies (43,45,46,49). We chose to
use the time from presentation rather than from admission, given
the likely wide variation in times from presentation to admission
across diﬀerent institutions. Although observational studies supporting a 1-day threshold used admission rather than presentation
as the starting point, the panel was concerned that institutions with
lengthy delays between presentation and admission might have
unacceptably long periods to endoscopy if time from admission
was used. Given a large observational study raising the possibility of
harm with very early endoscopy in patients with hemodynamic
instability or signiﬁcant comorbidities (49) and a large randomized
trial indicating no beneﬁt of very early endoscopy in high-risk
patients (53), the panel agreed that resuscitation and attention to
other active comorbidities should be undertaken as necessary
before endoscopy and did not include the suggestion from the 2012
ACG Guidelines that endoscopy within 12 hours “may be
considered” in patients with high-risk clinical features (1). The
panel noted this practice seems diﬀerent from approaches for
hemorrhagic shock because of trauma, which may include rapid
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Copyright © 2021 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

ACG Clinical Guideline

hemostatic intervention with limited crystalloid administration
and low blood pressure targets. Whether such approaches are
beneﬁcial in a subset of patients with shock because of UGIB is
uncertain. Data in hemodynamically stable patients without severe
comorbidities (47,48) support endoscopy as soon as possible
within routine hours because it may allow early discharge in a
substantial proportion of patients who have low-risk endoscopic
ﬁndings, thereby reducing length of hospitalization and costs.
Suggested initial management from time of presentation through
endoscopy is shown in Figure 2.

Need for endoscopic hemostatic therapy for ulcers with active
bleeding or nonbleeding visible vessels.
6. We recommend endoscopic therapy in patients with UGIB due to
ulcers with active spurting, active oozing, and nonbleeding visible
vessels (strong recommendation, moderate-quality evidence).

Summary of evidence. A 2009 meta-analysis of 19 RCTs reported
marked beneﬁt of endoscopic therapy vs no endoscopic therapy for
the outcome of further bleeding in patients with active bleeding (RR
5 0.29, 0.20–0.43; number needed to treat [NNT] 5 2, 2–2) and
nonbleeding visible vessels (RR 5 0.49, 0.40–0.59; NNT 5 5, 4–6)
(33) (see Supplementary Table 8.1, Supplementary Digital Content,
http://links.lww.com/AJG/B962). Beneﬁt in mortality was not
documented. No subsequent relevant RCTs were identiﬁed.

Table 6. Randomized trial of endoscopy <6 hours vs 6–24 hours
after gastroenterology consultation in patients with hematemesis
or melena and Glasgow-Blatchford score ‡12 (53)
Endoscopy <6 hr
(N 5 258)

Endoscopy 6–24 hr
(N 5 258)

Hours from presentation to
endoscopy, mean 6 SD

9.9 6 6.1

24.7 6 9.0

Further bleeding (30 d), n (%)

28 (10.9)

20 (7.8)

Death (30 d), n (%)

23 (8.9)

17 (6.6)

Outcome

Hospital days, median (range)

5 (4–9)

5 (3–8)

Units of blood transfused,
mean 6 SD

2.4 6 2.3

2.4 6 2.1

Endoscopic therapy, n (%)

155 (60.1)a

125 (48.4)

P 5 0.01 vs endoscopy 6–24 hours.

a

Most RCTs and the meta-analysis cited combine spurting and
oozing bleeding into a single “active-bleeding” category. Spurting
active bleeding is much less common than oozing; e.g., a large
prospective trial reported 68 (17%) of 397 patients with actively
bleeding ulcers had spurting (54). In addition, further bleeding
seems to be more frequent in patients with spurting vs oozing active
bleeding (55,56). Nevertheless, further bleeding in patients with
oozing managed without endoscopic therapy is still high enough to

Figure 2. Initial management of patients presenting with overt upper gastrointestinal bleeding. aFuture risk assessment tools may be used if score
discriminates risk of transfusion, hemostatic intervention or death with 99–100% sensitivity (0%–1% false negatives). RBC, red blood cell.
© 2021 by The American College of Gastroenterology

The American Journal of GASTROENTEROLOGY

Copyright © 2021 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

907

908

Laine et al.

support a recommendation for endoscopic therapy. A summary of 8
prospective trials that included patients with oozing managed
without endoscopic therapy revealed a pooled rate of further
bleeding of 39% (range 10%–100%) (1). Of note, the deﬁnition of
oozing may vary widely among endoscopists. Some trials require
continuous bleeding for 5 minutes of observation to be labeled as
active oozing (57), which should reduce categorization of minor and
transient bleeding (e.g., after scope trauma) as active oozing.
Conclusion. As indicated in the 2012 ACG Guidelines (1), endoscopic therapy provides important clinical beneﬁt in patients
with UGIB due to ulcers with high-risk ﬁndings of active bleeding
and nonbleeding visible vessels.

Need for endoscopic hemostatic therapy for ulcers with
adherent clot.
7. We could not reach a recommendation for or against endoscopic
therapy in patients with UGIB due to ulcers with adherent clot
resistant to vigorous irrigation.

Summary of evidence. The most recent meta-analysis of RCTs
assessing this question did not ﬁnd beneﬁt of endoscopic therapy
vs no endoscopic therapy in patients with clots for outcomes of
further bleeding (RR 5 0.31, 0.06–1.77) or mortality (RR 5 0.90,
0.23–3.58) (33), and no subsequent relevant RCTs were identiﬁed
(see Supplementary Table 9.1, Supplementary Digital Content,
http://links.lww.com/AJG/B962). Nevertheless, heterogeneity
was present for the outcome of further bleeding, requiring
closer assessment of the individual trials.
Two small US RCTs (N 5 56, 32) reported high rates of
rebleeding in the control group and signiﬁcant reductions with
endoscopic therapy (58,59). Neither study used vigorous irrigation of clots (e.g., irrigation using water pump before declaring the clots adherent) or postendoscopic high-dose PPI
therapy, and both studies were terminated early, with 47% and
59% of the predetermined sample sizes enrolled. By contrast,
an RCT from Hong Kong using vigorous irrigation and highdose bolus/continuous infusion PPI therapy after endoscopy
reported that 0 of 24 patients receiving PPI without endoscopic
therapy had recurrent bleeding (35) The potential beneﬁt of
PPI therapy alone also is supported by a double-blind RCT of
omeprazole 40 mg twice-daily vs placebo without endoscopic
therapy in either arm: Recurrent bleeding occurred in 0 of 64
patients with PPI vs 13 (21%) of 61 given placebo (34). The
panel was unable to identify baseline patient characteristics
that reliably allowed identiﬁcation of a subset of patients likely
to beneﬁt from endoscopic therapy.
Issues such as local endoscopic expertise and experience, individual patient characteristics, preference for endoscopic intervention vs conservative management, and cost of endoscopic
therapy may play a role in provider decisions. Accessibility for application of endoscopic therapy based on ulcer location and availability of interventional radiological or surgical back-up if
uncontrollable bleeding is provoked are other factors to be considered. When performing endoscopic therapy for clots, some endoscopists use mechanical manipulation to remove or reduce the clot
(e.g., cold snare guillotine, tip of hemostatic probe). We know of no
trials comparing manipulation vs no manipulation nor comparing
diﬀerent methods of manipulation to inform decisions about its use.
The American Journal of GASTROENTEROLOGY

Conclusion. Given the small size of the individual studies, the
marked inconsistency in results, and the inability to identify the
causes of heterogeneity among trials, the panel felt they could
neither recommend for nor against endoscopic therapy in patients
with adherent clots. The panel believed either course of management could be considered acceptable based on available evidence.
The 2012 ACG Guidelines suggested endoscopic therapy “may be
considered” (1), but as noted above, such statements are no longer
considered acceptable because guidelines should provide a recommended action (40).

Choice of endoscopic hemostatic therapy for bleeding ulcers.
8. We recommend endoscopic hemostatic therapy with bipolar
electrocoagulation, heater probe, or injection of absolute
ethanol for patients with UGIB due to ulcers (strong
recommendation, moderate-quality evidence).
9. We suggest endoscopic hemostatic therapy with clips, argon
plasma coagulation, or soft monopolar electrocoagulation for
patients with UGIB due to ulcers (conditional recommendation,
very-low- to low-quality evidence).
10. We recommend that epinephrine injection not be used alone
for patients with UGIB due to ulcers but rather in combination
with another hemostatic modality (strong recommendation,
very-low- to moderate-quality evidence).
11. We suggest endoscopic hemostatic therapy with hemostatic
powder spray TC-325 for patients with actively bleeding
ulcers (conditional recommendation, very-low-quality
evidence).
12. We suggest over-the-scope clips as a hemostatic therapy for
patients who develop recurrent bleeding due to ulcers after
previous successful endoscopic hemostasis (conditional
recommendation, low-quality evidence).

Summary of evidence. We assessed RCTs of endoscopic hemo-

static therapy vs no endoscopic therapy or vs other forms of
endoscopic therapy (see Supplementary Table 10.1, Supplementary Digital Content, http://links.lww.com/AJG/B962). We excluded studies with second-look endoscopy in which routine
repeat endoscopy with endoscopic retreatment was performed
(typically ;1 day after index endoscopy) because this impacts our
predeﬁned outcomes (further bleeding and mortality) and is not a
recommended or standard practice in the United States. In
addition, although certain baseline characteristics have been
associated with increased risk of rebleeding after endoscopic
therapy, we did not formally assess use of other prophylactic
therapies after successful endoscopic therapy. Nevertheless,
prophylactic transcatheter arterial embolization (TAE) after
endoscopic treatment, even in patients with high-risk features,
cannot be recommended based on an RCT in 241 patients with
ulcers at high risk of further bleeding (60).
Bipolar electrocoagulation/heater probe. A meta-analysis of
15 RCTs showed that the thermal contact devices bipolar
electrocoagulation and heater probe reduce further bleeding (RR
5 0.44, 0.36–0.54; NNT 5 4, 3–5) and mortality (RR 5 0.58,
0.34–0.98; NNT 5 33, 21–1,000) compared with no endoscopic
therapy (33) (Table 7). The modalities likely are similar in eﬃcacy:
Meta-analysis of 3 RCTs showed RR for further bleeding with
heater probe vs bipolar electrocoagulation of 1.01 (95% CI
0.57–1.80) (33). Previous recommendations for thermal contact
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devices include use of the large 3.2-mm probe with ﬁrm/maximal
pressure at settings of ;15 W with 8- to 10-second applications for
bipolar electrocoagulation and 30 J for heater probe (1).
Sclerosant injection. A meta-analysis of 3 RCTs revealed that
injection with absolute ethanol reduced further bleeding (RR 5 0.56,
0.38–0.83; NNT 5 5, 4–13) and mortality (RR 5 0.18, 0.05–0.68;
NNT 5 9, 8–24) compared with no endoscopic therapy (33)
(Table 7). Typically, aliquots of 0.1–0.2 mL per injection are used,
with maximum volume restricted to 1–2 mL to minimize serious
tissue injury (61–63). Another sclerosant agent, polidocanol, also has
been studied, generally in combination with epinephrine. A metaanalysis of 6 RCTs comparing epinephrine plus polidocanol
injection therapy vs no endoscopic treatment revealed a trend to
less further bleeding (RR 5 0.60, 0.36–1.00 with heterogeneity
[I2 5 58%]) and no signiﬁcant diﬀerence in mortality (RR 5 0.80,
0.40–1.61) (33) (Table 7). The panel therefore recommended
injection with absolute ethanol but did not recommend polidocanol.
The 2 endoscopic treatments with strong recommendations,
thermal contact therapy with bipolar electrocoagulation or heater
probe and injection of absolute ethanol, were compared in 5 RCTs
and a meta-analysis of these trials revealed a trend to less further
bleeding with thermal contact therapy (RR 5 0.69, 0.47–1.01),
based on low-quality evidence, and no signiﬁcant diﬀerence in
mortality (RR 5 1.60, 0.57–4.52) (33) (Table 7). The panel did
not recommend thermal contact therapy over ethanol injection, given the moderate-quality evidence of ethanol’s
beneﬁt in both further bleeding and mortality as compared to
no endoscopic therapy.
Clips. Evidence for clips is less robust, with a lack of randomized
comparisons with no endoscopic treatment. Clips were compared
with epinephrine monotherapy in 2 RCTs (64,65). Our metaanalysis of these trials provided low-quality evidence of decreased
further bleeding (RR 5 0.20, 0.07–0.56) without beneﬁt in
mortality (RR 5 2.11, 0.60–7.44) with clips (Table 7). Clips have
been compared with thermal contact therapies in 4 RCTs, and
signiﬁcant diﬀerences were not identiﬁed in further bleeding (RR
5 1.31, 0.36–4.75) or mortality (RR 5 1.16, 0.38–3.52) (33)
(Table 7). Thus, 2 RCTs of clips vs a substandard therapy
(epinephrine monotherapy) provide indirect low-quality
evidence that clips are more eﬀective than no treatment for
further bleeding. However, although the RCTs comparing clips
and thermal contact devices show no signiﬁcant diﬀerence, the
evidence was very low quality and CI of the estimates of treatment
eﬀect were broad and cannot be taken to indicate equivalence.
Therefore, the panel agreed on a conditional recommendation for
clips. Previous recommendations for application of clips include
placement of clips over the bleeding site and on either side of the
bleeding site in an attempt to seal the underlying artery (1).
Argon plasma coagulation. Evidence for argon plasma coagulation (APC) is also less robust than for bipolar electrocoagulation, heater probe, and absolute ethanol. APC was
compared with water injection in an RCT (66) with less further
bleeding (4/58 [6.9%] vs 12/58 [20.7%]; diﬀerence 5 214%, 226% to
21%) and comparable mortality (2/58 vs 2/58). Three RCTs
comparing APC 6 epinephrine injection with other modalities were
identiﬁed (67–69). Our meta-analysis of these trials showed no
signiﬁcant diﬀerence in further bleeding (RR 5 0.82, 0.21–3.19 with
heterogeneity [I2 5 73%]) or mortality (RR 5 0.85, 0.30–2.44)
© 2021 by The American College of Gastroenterology

(Table 7). Given indirect very-low-quality evidence that APC is more
eﬀective than no treatment because it has less further bleeding than a
substandard therapy (water injection) and additional very-lowquality evidence that APC is not diﬀerent from other modalities, the
panel agreed to a conditional recommendation for APC. APC in
supporting RCTs was performed using gas ﬂow settings of 1–2 L/min
and power settings of 40–70 W for duodenal and gastric ulcers with
distance between probe and mucosa of 2–10 mm (66–69). Frequent
suction to remove smoke and reduce distension is recommended.
Soft monopolar electrocoagulation. A 1992 systematic review
identiﬁed 3 RCTs comparing monopolar electrocoagulation vs no
endoscopic treatment with results indicating reduction in further
bleeding (70). However, guidelines generally have not included
monopolar electrocoagulation because of the perceived potential
for higher risk of adverse events with greater tissue injury (1).
More recently, a modiﬁcation in monopolar electrocoagulation,
soft coagulation mode, was developed for hemostasis in endoscopic submucosal dissection and subsequently applied for
treatment of bleeding ulcers. By using a continuous wave with
maximal voltage reduced to 200 V, coagulation without carbonization or cutting is provided (71) with the goal of improved
safety. Monopolar hemostatic forceps are used for soft coagulation: The closed tip can be applied to the bleeding site or the
forceps can be used to grasp the bleeding site (71–75). Soft
monopolar electrocoagulation in RCTs was performed using soft
coagulation mode at settings of 50–80 W with 1- to 2-second
applications (72–75).
We therefore considered soft monopolar electrocoagulation
and identiﬁed 4 RCTs comparing this with other modalities
(clips and heater probe) (72–75). Because 3 studies used routine
second-look endoscopy, only 1 study could be relied on to assess
further bleeding and mortality (75). This comparison of soft
coagulation vs clips, with initial epinephrine injection in all
actively bleeding ulcers, revealed reduced further bleeding with
soft coagulation (3/56 [5.4%] vs 19/56 [33.9%], diﬀerence 5
233%, 254% to 213%). Deaths in this study (zero in both
groups), and the other 3 RCTs, were uncommon and similar in
the treatment groups. Because most RCTs could not be relied on
for outcomes of further bleeding and mortality, we also assessed
persistent bleeding after hemostatic therapy at index endoscopy, an outcome not confounded by second-look endoscopy.
Persistent bleeding trended lower with soft coagulation on
meta-analysis of the 4 RCTs (RR 5 0.35, 0.12–1.03), although
heterogeneity was present (I2 5 61%) and quality of evidence
was very low. No important adverse events, such as perforation,
were reported among 237 patients receiving soft coagulation in
the 4 RCTs. Given the previous indirect evidence suggesting
eﬃcacy of standard monopolar electrocoagulation and more
recent limited evidence suggesting the eﬃcacy of soft monopolar electrocoagulation may be at least as good as other hemostatic
modalities, the panel supported a conditional recommendation for
soft monopolar electrocoagulation.
Epinephrine injection. Epinephrine monotherapy is less eﬀective
for further bleeding than standard monotherapies such as bipolar electrocoagulation and clips: RR 5 2.20, 1.04–4.64 with
signiﬁcant heterogeneity (I2 5 56%) in our meta-analysis of 4
RCTs (64,65,76,77). Epinephrine plus a second modality is more
eﬀective than epinephrine monotherapy for further bleeding:
The American Journal of GASTROENTEROLOGY
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Table 7. Meta-analyses of randomized trials comparing endoscopic thermal, injection, or clip therapy with no endoscopic therapy or
another endoscopic therapy
Risk ratio (95% confidence interval)
Endoscopic therapy

Comparator therapy

No. of studies

Further bleeding

Mortality

Thermal contact with bipolar
electrocoagulation or heater probe

No endoscopic therapy

15 (33)

0.44 (0.36–0.54)

0.58 (0.34–0.98)

Absolute ethanol injection

No endoscopic therapy

3 (33)

0.56 (0.38–0.83)

0.18 (0.05–0.68)

Epinephrine 1 polidocanol injection

No endoscopic therapy

6 (33)

0.60 (0.36–1.00)a

0.80 (0.40–1.61)

Absolute ethanol injection

5 (33)

0.69 (0.47–1.01)

1.60 (0.57–4.52)

Clips

Epinephrine injection

2 (64,65)

0.20 (0.07–0.56)

2.11 (0.60–7.44)

Clips

Thermal contact with bipolar
electrocoagulation or heater probe

4 (33)

1.31 (0.36–4.75)

1.16 (0.38–3.52)

Epinephrine injection 1 second modality

Epinephrine injection

7 (33)

0.34 (0.23–0.50)

0.52 (0.23–1.16)

Argon plasma coagulation 6 epinephrine

Epinephrine injection 1 second modality

a

0.85 (0.30–2.33)

Endoscopic therapy vs no endoscopic therapy

One endoscopic therapy vs another endoscopic therapy
Thermal contact with bipolar
electrocoagulation or heater probe

3 (67–69)

0.82 (0.21–3.19)

2

Heterogeneity (I . 50%).

a

RR 5 0.34, 0.23–0.50 in meta-analysis of 7 RCTs (33) (Table 7).
Thus, the panel recommends against the use of epinephrine
alone. Epinephrine should always be used in combination with
another hemostatic modality. Epinephrine is most commonly used
in a 1:10,000 dilution, typically injected in 0.5- to 2.0-mL aliquots.
Epinephrine injection combined with other modalities. The panel
also considered the question of whether modalities such as
thermal contact devices or clips should always be used in combination with epinephrine injection. Endoscopists commonly use
epinephrine in patients with active bleeding to reduce bleeding
and improve visibility before application of the other modality or
in patients with nonbleeding high-risk stigmata to prevent
rebleeding during application of the other modality. Metaanalysis of 2 small RCTs comparing epinephrine before bipolar
electrocoagulation vs bipolar electrocoagulation alone revealed
lower further bleeding with combined therapy (RR 5 0.35,
0.18–0.71) without a signiﬁcant diﬀerence in mortality (RR 5
0.49, 0.09–2.60) (33). Because rates of further bleeding (25%,
34%) were unusually high in the bipolar monotherapy arms and
moderate-quality evidence indicates bipolar electrocoagulation
or heater probe monotherapy reduces further bleeding and
mortality, the panel did not believe this limited evidence allowed a
suggestion that thermal contact devices should always be preceded
by epinephrine injection. Meta-analysis of 2 small RCTs comparing
clips plus epinephrine vs clips alone revealed no signiﬁcant diﬀerence
in further bleeding (RR 5 1.10, 0.42–2.88) or mortality (RR 5 0.63,
0.10–3.87) (64,78). However, in both studies, epinephrine was
injected after clip placement. Some endoscopists use epinephrine
after clip application rather than before to avoid local swelling with
large volume injection that may make clip application more diﬃcult
or to treat residual bleeding after clip placement.
Hemostatic powder spray TC-325. We evaluated hemostatic
powder spray, restricting our search to products commercially
available in the United States at the time this document was
The American Journal of GASTROENTEROLOGY

developed. TC-325 only adheres to actively bleeding lesions, so its
use in nonbleeding lesions is likely ineﬀective (79). A delivery
catheter with its tip 1–2 cm from the bleeding site is used to apply
TC-325 in 1- to 2-second bursts until the bleeding site is covered
and bleeding stops.
Two published RCTs were identiﬁed but not relied on
because both included routine second-look endoscopies
(80,81). We were aware of a large RCT from Lau et al.
(82) at the time of our literature search (clinicaltrials.gov
NCT02534571), and results of the full trial were subsequently
published in 2020. This noninferiority RCT compared TC325 with standard therapy (clipping or contact thermocoagulation 6 previous epinephrine injection) in 224 patients
with actively bleeding nonvariceal lesions, including 130 with
ulcers. Their primary outcome, further bleeding at 30 days,
occurred in 8/65 (12.3%) with TC-325 and 10/65 (15.4%) with
standard therapy in patients with ulcers: diﬀerence 5 23%,
215% to 9%.
Recent guidelines have suggested use of TC-325 as a temporizing measure that should be followed by use of a second
deﬁnitive hemostatic modality (50,83). This is based on the
fact that TC-325 powder sloughs oﬀ the mucosa and is eliminated from the GI tract within 24 hours after application
(50,79,83) and further bleeding is common in observational
studies of TC-325: e.g., 31% (95% CI 26%–37%) in a metaanalysis of 18 observational studies and 2 RCTs (84). By contrast, the results from Lau et al. suggest TC-325 may be eﬀective
as a single agent.
Given similar rates of further bleeding for TC-325 vs
standard therapies and 95% CIs suggesting no more than a 9%
higher rate of further bleeding with TC-325, the panel made a
conditional recommendation for hemostatic powder spray
TC-325 for actively bleeding ulcers. The panel believes that
further research is necessary to conﬁrm that TC-325 could be
used as monotherapy, especially in patients with actively
spurting bleeding which constituted only a small proportion
VOLUME 116 | MAY 2021 www.amjgastro.com
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of patients in the study of Lau et al. Given that TC-325 was not
superior to other standard endoscopic hemostatic therapies,
cost becomes a major factor in deciding when to use TC-325.
The panel suggested that in countries such as the United
States, where the cost is extremely high (US list price $2,500 in
November 2020), TC-325 should not be the initial modality
used if other therapies can be readily applied. Factors such as
ulcer location and size, endoscopist experience, and availability of therapies will impact choice of initial modality. An
economic analysis suggested that standard endoscopic therapy followed by TC-325 if standard therapy failed was the
dominant strategy (more eﬀective and less costly) compared
with standard therapy alone, TC-325 alone, or TC-325 followed by standard therapy if TC-325 failed (85). However,
costs of TC-325 used in the model were far less than current
US prices and rebleeding rates used were much higher than
those from Lau et al., raising questions about the applicability
of the results at present. Changes in cost of TC-325 may impact decisions regarding its use as initial therapy, and future
economic analyses can assist in determining cost thresholds
for such decisions.
Over-the-scope clips. Application of over-the-scope clips is
performed similarly to endoscopic ligation: A cap device with a
single clip is placed on the distal tip of the endoscope, the bleeding
lesion is approached enface, the cap is placed over the lesion
encircling it, the lesion is suctioned into the cap, and the clip is
released. In patients who have recurrent bleeding after previous
successful endoscopic hemostasis, an RCT revealed that over-thescope clips were superior to standard therapy in further bleeding
(5/33 [15.2%] vs 19/33 [57.6%], diﬀerence 5 242%, 263% to 2
22%) without a signiﬁcant diﬀerent in mortality (86). Standard
through-the-scope clips were the therapy used in 94% of the
control group, potentially limiting generalizability of this study
regarding comparisons of over-the-scope clips to other forms of
hemostatic therapy.
We were aware of an RCT of over-the-scope-clips for initial
treatment of UGIB (clinicaltrials.gov NCT03216395) at the time
of our literature search and results were published in 2020. The
trial compared epinephrine plus over-the-scope clips vs epinephrine plus bipolar electrocoagulation or clips in patients with
severe UGIB because of Dieulafoy lesions (N 5 5) or ulcers (N 5
48) with active bleeding, visible vessels, clots, or Doppler-positive
ﬂat spots (87). Further bleeding for ulcers occurred in 1/23 (4%)
vs 7/25 (28%) (diﬀerence 5 224%, 243% to 24%) with no
deaths. This RCT raises the possibility of over-the-scope clips as
initial treatment. However, the limitations of the study leading to
the rating of very low quality of evidence prevented us from
modifying our recommendation regarding over-the-scope clips
(see Supplementary Table 10.1, Supplementary Digital Content,
http://links.lww.com/AJG/B962).
Conclusion. Evidence of clinical beneﬁt with endoscopic therapy
is most robust for thermal contact devices (bipolar electrocoagulation and heater probe) and absolute ethanol injection.
Low- to very-low-quality evidence also suggests beneﬁt for clips,
APC, and soft monopolar electrocoagulation. Epinephrine
monotherapy is less eﬀective than other standard
monotherapies and also less eﬀective than epinephrine plus a
second modality. Hemostatic powder spray TC-325 seems
eﬀective for actively bleeding ulcers, although current high cost
© 2021 by The American College of Gastroenterology

may limit its use as the initial endoscopic therapy for this
indication in the United States. Over-the-scope clips seem useful
for patients with recurrent ulcer bleeding after previous successful
endoscopic hemostasis. As compared to the 2012 ACG
Guidelines (1), the current guideline statements are expanded
to include APC, soft monopolar electrocoagulation, hemostatic
powder spray TC-325, and over-the-scope clips.
Antisecretory therapy after endoscopic hemostatic therapy for
bleeding ulcers
13. We recommend high-dose PPI therapy given continuously or
intermittently for 3 days after successful endoscopic
hemostatic therapy of a bleeding ulcer (strong
recommendation, moderate- to high-quality evidence).

Summary of evidence. The hypothesis leading to use of high-dose
PPI therapy in patients with bleeding ulcers, based on in vitro
data, is that reduction of intragastric acid promotes clot formation and stability (88–90). Whether the target intragastric pH
should be near 7 (88,89), or whether inhibition of pepsin-induced
clot lysis at a pH .4–5 (89,90) is suﬃcient, is unknown.
We identiﬁed 7 RCTs with 8 randomized comparisons of
high-dose PPI therapy (deﬁned as $80 mg daily for at least
3 days) vs placebo (6 RCTs) (54,91–95) or no treatment (2 comparisons in 1 RCT) (96) after successful endoscopic hemostatic
therapy (see Supplementary Table 11.1, Supplementary Digital
Content, http://links.lww.com/AJG/B962). Four comparisons
included continuous intravenous PPI therapy with 80-mg bolus
followed by 8-mg/hr infusion for 72 hours (54,91,95,96) and 4
included intermittent PPI therapy: 40 mg twice-daily orally
(92,94), 20 mg q6h orally (93), and 80-mg bolus followed by 40
mg q12h intravenously (96). Seven comparisons were from Asia
and 1 from Iran (93). This high-quality evidence showed PPI
therapy markedly reduced further bleeding (RR 5 0.43,
0.33–0.56), mortality (RR 5 0.41, 0.22–0.79), and surgery (RR 5
0.42, 0.25–0.71) compared with placebo/no treatment. Subgroup
analyses revealed no evidence of a diﬀerence in treatment eﬀect
between continuous and intermittent PPI therapy (tests for
subgroup diﬀerence P $ 0.90). Sensitivity analysis restricted to
the 4 studies not allowing for epinephrine monotherapy as endoscopic hemostatic therapy (91,92,94,95) also revealed beneﬁt in
further bleeding: RR 5 0.35, 0.22–0.55.
We identiﬁed 9 RCTs comparing high-dose PPI therapy to
H2RA therapy after successful endoscopic hemostatic therapy
(see Supplementary Table 11.2, Supplementary Digital Content,
http://links.lww.com/AJG/B962). Four RCTs used intravenous
PPI 80-mg bolus followed by 8-mg/hr infusion (97–100), 1 used
intravenous PPI 40-mg bolus followed 6.7-mg/hr infusion (101),
and 4 used intermittent intravenous PPI therapy (40 mg q6h
(102) or q12h (103); 80-mg bolus followed by 40 mg q8h (104) or
twice-daily (105)). Six RCTs included United States (98) or European sites (99,100,102–104). This moderate-quality evidence
showed a reduction in further bleeding with PPI vs H2RA therapy
(RR 5 0.56, 0.41–0.77), but neither mortality nor surgery was
signiﬁcantly lower with PPI. Again, no evidence of a diﬀerence in
treatment eﬀect was noted between continuous and intermittent
PPI therapy (subgroup diﬀerences P . 0.90).
We identiﬁed 12 RCTs comparing 80-mg bolus followed by
8-mg/hr continuous infusion for 3 days to a less intensive PPI
regimen after successful endoscopic hemostasis (96,106–116) (see
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Supplementary Table 11.3, Supplementary Digital Content, http://
links.lww.com/AJG/B962). Comparisons were to 40 mg/d in 4 RCTs
(106,108,109,112), 40 mg twice-daily in 3 RCTs (113–115), 80 mg
twice-daily in 1 RCT (107), 80-mg bolus and 40–80 mg q6–12h in 3
RCTs (96,110,111), and 40-mg bolus followed by 4-mg/hr infusion
in 1 RCT (116). The meta-analytic estimate for further bleeding with
bolus-continuous infusion vs less intensive regimens (RR 5 1.12,
0.86–1.47; risk diﬀerence 5 1%, 22% to 4%) trended to more rather
than less further bleeding with bolus-continuous infusion PPI, although the lower bounds of the 95% CI were consistent with as much
as a 14% relative risk reduction or 2% absolute risk reduction with the
bolus-continuous infusion regimen. Subgroup analyses showed no
signiﬁcant diﬀerences related to dose, frequency, or route of PPIs.
The panel made a strong recommendation for high-dose PPI
therapy given continuously or intermittently for 3 days after
successful endoscopic hemostatic treatment, based on highquality evidence documenting a large relative risk reduction in
further bleeding and mortality as compared to placebo/no
treatment and moderate-quality evidence documenting a beneﬁt in further bleeding as compared to H2RAs. The magnitude of
beneﬁt in these RCTs was virtually identical with high-dose bolus
followed by continuous infusion PPI (80-mg bolus, 8-mg/hr infusion) and intermittent PPI with average total daily doses of
80–160 mg (some with an initial 80 mg bolus).
The panel then considered dosing and route of high-dose PPI
regimens. High-quality evidence supports an 80-mg bolus followed by 8-mg/hr infusion in patients receiving a high-dose
continuous intravenous PPI regimen. By contrast, available data
do not allow certainty regarding the optimal dosing of intermittent high-dose PPI therapy. Based on RCTs, intermittent
doses of 40 mg 2 to 4 times daily, given either orally or intravenously, are suggested, with the higher total doses potentially
desirable in western populations because PPIs are reported to
have lesser pharmacodynamic and clinical eﬀect in western than
in Asian populations (117). An initial oral or intravenous bolus of
80 mg may be appropriate to potentially achieve a greater eﬀect on
intragastric pH on the ﬁrst day of treatment (118). Intermittent
doses can be given orally, assuming the patient is awake, alert, and
without nausea, vomiting, or dysphagia. Oral administration
seems to produce a pharmacodynamic eﬀect similar to that of
equivalent doses of intravenous PPI, although the initial rise in

intragastric pH with oral PPI may lag ;15–60 minutes behind
that of intravenous PPI (111,119,120). Choice of continuous infusion vs intermittent PPI therapy may be inﬂuenced by factors
such as ease of administration and cost.
Conclusion. High-dose PPI therapy, deﬁned as $80 mg daily for
$3 days, given continuously or intermittently after endoscopic
hemostatic therapy reduces further bleeding and mortality. Continuous therapy should be 80-mg bolus followed by 8-mg/hr infusion. By contrast, the optimal dosing with intermittent oral or
intravenous therapy is uncertain, although we suggest 80-mg bolus
followed by 40 mg 2–4 times daily. The current recommendation
expands the recommendation from the 2012 ACG Guidelines (1)
beyond continuous infusion PPI to include intermittent oral or intravenous high-dose PPI. Suggested endoscopic and medical therapy
based on endoscopic features of ulcers is shown in Figure 3.

14. We suggest that high-risk patients with UGIB due to ulcers
who received endoscopic hemostatic therapy followed by
short-term high-dose PPI therapy in hospital continue on
twice-daily PPI therapy until 2 weeks after index endoscopy
(conditional recommendation, low-quality evidence).

Summary of evidence. The panel next considered PPI dosing for
high-risk patients who have received recommended endoscopic
hemostatic therapy followed by short-term high-dose PPI therapy. A single RCT was identiﬁed that included patients who
presented with a Rockall score $6, underwent successful endoscopic hemostatic therapy for ulcers with active bleeding, nonbleeding visible vessel, or adherent clot, and received 3 days of
bolus followed by continuous infusion PPI (121) (see Supplementary Table 12.1, Supplementary Digital Content, http://links.
lww.com/AJG/B962). Patients were randomly assigned to 40-mg
oral esomeprazole twice-daily vs once-daily for 11 days and then
all patients received 2 more weeks of esomeprazole 40 mg oncedaily. Further bleeding was lower at both 14 days and the primary
analysis at 28 days (10/93 [10.8%] vs 27/94 [28.7%]; diﬀerence 5
218%, 229% to 27%). Twice-daily oral PPI for ;2 weeks was
considered by the panel likely to be safe, well-tolerated, readily
available, and relatively inexpensive. These factors, combined
with the low-quality evidence of eﬃcacy in reducing further

Figure 3. Endoscopic and medical therapy for ulcer bleeding based on endoscopic features of ulcer. aFor continuous regimen, 80-mg bolus followed by 8-mg/
min infusion for 3 days is recommended. For intermittent regimens, doses of 40 mg 2 to 4 times daily for 3 days are suggested, given orally if feasible, and an
initial bolus of 80 mg may be appropriate. bStandard PPI therapy (e.g., oral PPI once-daily) has been recommended by previous guidelines (1,37) but is not
assessed in the current document. PPI, proton pump inhibitor.
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bleeding, led the panel to a conditional recommendation for
twice-daily PPI until 2 weeks after index endoscopy in this population. After 2 weeks, the regimen used in the single relevant
RCT (121) switched patients to a 2-week course of once-daily PPI.
Available evidence does not allow us to determine whether longer
courses of twice-daily PPI or overall PPI therapy would provide
additional beneﬁt in this population.
Conclusion. Twice-daily PPI therapy from days 4–14 after index
endoscopy reduces further bleeding as compared to once-daily
PPI in high-risk patients who received endoscopic therapy followed by 3 days of high-dose PPI therapy. This is a new recommendation based on evidence that became available after
publication of the 2012 ACG Guidelines.
Recurrent ulcer bleeding after successful endoscopic
hemostatic therapy
15. We suggest that patients with recurrent bleeding after
endoscopic therapy for a bleeding ulcer undergo repeat
endoscopy and endoscopic therapy rather than undergo surgery
or transcatheter arterial embolization (conditional
recommendation, low-quality evidence for comparison with
surgery, very-low-quality evidence for comparison with
transcatheter arterial embolization).

Summary of evidence. One RCT has assessed repeat endoscopy
vs urgent surgery in patients with rebleeding after endoscopic
therapy (122) (Table 8; see Supplementary Table 13.1, Supplementary Digital Content, http://links.lww.com/AJG/B962). Lau
et al. found more frequent further bleeding with endoscopy vs
surgery (11/48 [22.9%] vs 3/44 [6.8%]; diﬀerence 5 16%,
2%–30%) but no signiﬁcant diﬀerence in mortality (5/48 [10.4%]
vs 8/44 [18.2%]; diﬀerence 5 28%, 223% to 7%). Surgery was
subsequently required in 13/48 (27.1%) assigned to endoscopy
while a second surgery was needed in 4/44 (9.1%) assigned to
surgery (diﬀerence 5 18%, 3%–33%). Complications were less
common with endoscopy (7/48 [14.6%] vs 16/44 [36.4%]; difference 5 222%, 239% to 24%) and occurred after salvage
surgery in all but 1 patient in the endoscopy group. Length of
hospital stay was similar in the 2 groups.
Given that a second application of endoscopic therapy was
successful in prevention of further bleeding in approximately threequarters of patients with recurrent ulcer bleeding after endoscopic
therapy and was associated with far fewer complications than

surgical therapy, the panel suggested repeat endoscopy rather than
surgical therapy in this population. No RCTs compare repeat endoscopy with interventional radiology with TAE. However, given
the relatively high success rate of repeat endoscopic therapy for
recurrent bleeding after initial endoscopic therapy reported by Lau
et al. (122) and in the RCT of over-the-scope clips cited above (86),
as well as the safety, ease, and availability of endoscopy, the panel
suggested repeat endoscopy rather than TAE in these patients, although evidence was considered very low quality.
Care should be taken when performing repeat endoscopic
therapy. Two of 48 patients treated with repeat heater probe
therapy in the RCT (122) developed perforation and a metaanalysis of adverse events in RCTs of endoscopic therapy
revealed that approximately half of perforations reported with
heater probe occurred in patients receiving 2 consecutive
treatments (33). Although the evidence is uncontrolled and
very low quality, these reports raise the possibility that thermal
contact therapies such as heater probe, when given on consecutive endoscopies during the same hospitalization, may have an
increased risk of perforation. Thus, alternate forms of hemostatic
therapy may be considered if thermal contact was used at the initial
endoscopy. In addition, occasional patients might be considered for
treatment with TAE or surgery rather than repeat endoscopy based
on clinical or endoscopic features. For example, in the randomized
trial by Lau et al. (122), failure of repeat endoscopic hemostatic
therapy was associated with hypotension at the time of rebleeding
and ulcer size .2 cm.
Conclusion. In patient with recurrent bleeding after endoscopic
therapy for a bleeding ulcer, repeat endoscopy and endoscopic
therapy successfully prevents further bleeding in approximately
three-quarters of patients, with fewer complications than surgical
therapy. This recommendation is unchanged from the 2012 ACG
Guidelines (1).
Failure of endoscopic hemostatic therapy for bleeding ulcers
16. We suggest patients with bleeding ulcers who have failed
endoscopic therapy next be treated with transcatheter arterial
embolization (conditional recommendation, very-low-quality
evidence).

Summary of evidence. Failure of endoscopic therapy may have
varying deﬁnitions; e.g., persistent bleeding after initial or subsequent endoscopic therapy and recurrent bleeding after repeat

Table 8. Randomized trial of endoscopic retreatment vs surgery in patients with recurrent bleeding after successful endoscopic therapy
(122)

Outcome
Further bleeding, n (%)
Death, n (%)
Surgery for rebleeding or complication after
initial assigned treatment, n (%)
Complications, n (%)a
Hospital days, median (range)

Surgery (N 5 44)

Absolute difference (95% confidence
interval)

11 (22.9)

3 (6.8)

16% (2% to 30%)

Endoscopy (N 5 48)

5 (10.4)

8 (18.2)

28% (222% to 7%)

13 (27.1)

4 (9.1)

18% (3% to 33%)

7 (14.6)

16 (36.4)

222% (239% to 24%)

10 (2–111)

11 (4–42)

Not reported

a

Complications included respiratory failure, myocardial infarction, cardiac arrhythmia, stroke, pneumonia, wound dehiscence or infection, acute renal failure, abdominal
sepsis, recurrent bleeding, and tension pneumothorax. All complications but 1 in endoscopy group occurred after salvage surgery.
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endoscopic therapy. A systematic review and meta-analysis of 13
observational studies in nonvariceal UGIB (all with high risk-ofbias) (123) and a subsequent population-based cohort study of all
patients with peptic ulcer bleeding who failed endoscopic therapy
in Stockholm from 2000 to 2014 (124) met criteria for assessment
of TAE vs surgery (see Supplementary Table 14.1, Supplementary
Digital Content, http://links.lww.com/AJG/B962). Results from
the meta-analysis and additional cohort study were similar
without a diﬀerence in mortality documented for TAE vs surgery:
meta-analysis OR 5 0.77, 0.50–1.18 (123); cohort study adjusted
30-day mortality HR 5 0.70, 0.37–1.35 (124). Further bleeding
was more common with TAE vs surgery (meta-analysis OR 5
2.44, 1.77–3.36; cohort study adjusted HR 5 2.48, 1.33–4.62),
while major complications were less common with TAE (metaanalysis OR 5 0.45, 0.30–0.67; cohort study: 9/109 [8.3%] vs 66/
205 [32.2%], diﬀerence 5 224%, 232% to 216%). Hospital stay
was shorter with TAE in the cohort study: median 8 vs 16 days;
adjusted acceleration factor 5 0.59, 0.45–0.77.
Although surgery likely was more eﬀective in reducing further
bleeding, the fact that TAE was associated with markedly fewer
complications and was not associated with increased mortality led
the panel to suggest TAE was a reasonable initial choice in management of patients with bleeding ulcers who have failed endoscopic therapy. Nevertheless, the choice of TAE vs surgery may
vary based on factors such as patient comorbidities and current
medical status as well as local expertise and availability of procedures (e.g., expertise of local interventional radiologists in TAE for
UGIB and experience of local surgeons in ulcer surgery). Furthermore, patients and providers may value the competing outcomes of further bleeding vs complications and length of
hospitalization diﬀerently with those most concerned with further
bleeding choosing surgery while those most interested in avoiding
complications and lengthy hospitalization choosing TAE.
Conclusion. In patients who fail endoscopic therapy, TAE shows
marked reductions in complications and hospital stay with no
diﬀerence in mortality as compared to surgery, but does have a
higher rate of further bleeding. New evidence led to a change from
the 2012 ACG Guidelines, which stated that either surgery or
TAE is generally used (1).

FUTURE DIRECTIONS
Much of the evidence supporting these guideline statements is
low or very low quality, suggesting many opportunities exist for
further investigation to enhance the management of patients
with UGIB. Topics to explore in the future may include the
following. (i) Improvements in the performance of risk assessment instruments and implementation in electronic
health records to allow timely decision support. Further
studies should seek to increase speciﬁcity in identifying verylow-risk patients, improve performance in identifying high-risk
patients (e.g., those likely to require blood transfusion, hemostatic intervention, or intensive care), and document that
implementation can improve outcomes. (ii) Enhancement of
initial, pre-endoscopic management. Uncertainty remains
regarding initial resuscitation: Should the target be normal
blood pressure levels or are more limited ﬂuid administration
and lower blood pressure targets appropriate, at least in a subset
of patients with more severe bleeding? Similarly, are there criteria (e.g., hemodynamic status and response to initial resuscitation) that identify a subgroup of patients who beneﬁt
from very-early endoscopy? Although pre-endoscopic PPIs are
The American Journal of GASTROENTEROLOGY

widely used with marked variability in guideline recommendations, a study properly designed to identify any potential
small clinical beneﬁt not previously shown will be large and
complex. (iii) Reﬁnements in hemostatic therapy. Areas for
investigation include determining whether ulcers treated with
hemostatic powder spray require endoscopic treatment with a
second modality—at least in selected cases (e.g., spurting),
better deﬁning situations for use of diﬀerent modalities (e.g.,
over-the-scope clips), appropriately assessing new hemostatic
interventions, role of Doppler probe in guiding endoscopic
therapy, and developing economic models to help guide the
choice of therapy among multiple eﬀective techniques.
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Schünemann H, Brożek J, Guyatt G, et al. Handbook for Grading the
Quality of Evidence and the Strength of Recommendations Using the
GRADE Approach. 2013. (https://gdt.gradepro.org/app/handbook/
handbook.html#h.9rdbelsnu4iy).
Laursen SB, Dalton HR, Murray IA, et al. Performance of new thresholds
of the Glasgow Blatchford score in managing patients with upper
gastrointestinal bleeding. Clin Gastroenterol Hepatol 2015;13:
115–21.e2.
Stanley AJ, Laine L, Dalton HR, et al. Comparison of risk scoring systems
for patients presenting with upper gastrointestinal bleeding:
International multicentre prospective study. BMJ 2017;356:i6432.
Shung DL, Au B, Taylor RA, et al. Validation of a machine learning
model that outperforms clinical risk scoring systems for upper
gastrointestinal bleeding. Gastroenterology 2020;158:160–7.
Ramaekers R, Mukarram M, Smith CA, et al. The predictive value of
preendoscopic risk scores to predict adverse outcomes in emergency
VOLUME 116 | MAY 2021 www.amjgastro.com

Copyright © 2021 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

ACG Clinical Guideline

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.
24.
25.

26.

27.

28.

29.

30.

31.

32.

department patients with upper gastrointestinal bleeding: A systematic
review. Acad Emerg Med 2016;23:1218–27.
Stanley AJ, Ashley D, Dalton HR, et al. Outpatient management of
patients with low-risk upper-gastrointestinal haemorrhage: Multicentre
validation and prospective evaluation. Lancet 2009;373:42–7.
Banister T, Spiking J, Ayaru L. Discharge of patients with an acute upper
gastrointestinal bleed from the emergency department using an
extended Glasgow-Blatchford Score. BMJ Open Gastroenterol 2018;5:
e000225.
Carson JL, Guyatt G, Heddle NM, et al. Clinical practice guidelines from
the AABB: Red blood cell transfusion thresholds and storage. JAMA
2016;316:2025–35.
Carson JL, Stanworth SJ, Roubinian N, et al. Transfusion thresholds and
other strategies for guiding allogeneic red blood cell transfusion.
Cochrane Database Syst Rev 2016;10:CD002042.
Villanueva C, Colomo A, Bosch A, et al. Transfusion strategies for acute
upper gastrointestinal bleeding. N Engl J Med 2013;368:11–21.
Jairath V, Kahan BC, Gray A, et al. Restrictive versus liberal blood
transfusion for acute upper gastrointestinal bleeding (TRIGGER): A
pragmatic, open-label, cluster randomised feasibility trial. Lancet 2015;
386:137–44.
Carson JL, Brooks MM, Abbott JD, et al. Liberal versus restrictive
transfusion thresholds for patients with symptomatic coronary artery
disease. Am Heart J 2013;165:964–71 e1.
Cooper HA, Rao SV, Greenberg MD, et al. Conservative versus liberal
red cell transfusion in acute myocardial infarction (the CRIT
Randomized Pilot Study). Am J Cardiol 2011;108:1108–11.
Rahman R, Nguyen DL, Sohail U, et al. Pre-endoscopic erythromycin
administration in upper gastrointestinal bleeding: An updated metaanalysis and systematic review. Ann Gastroenterol 2016;29:312–7.
Na HK, Jung HY, Seo DW, et al. Erythromycin infusion prior to
endoscopy for acute nonvariceal upper gastrointestinal bleeding: A pilot
randomized controlled trial. Korean J Intern Med 2017;32:1002–9.
Altraif I, Handoo FA, Aljumah A, et al. Eﬀect of erythromycin before
endoscopy in patients presenting with variceal bleeding: A prospective,
randomized, double-blind, placebo-controlled trial. Gastrointest
Endosc 2011;73:245–50.
Javad Ehsani Ardakani M, Zare E, Basiri M, et al. Erythromycin
decreases the time and improves the quality of EGD in patients with
acute upper GI bleeding. Gastroenterol Hepatol Bed Bench 2013;6:
195–201.
Pateron D, Vicaut E, Debuc E, et al. Erythromycin infusion or gastric
lavage for upper gastrointestinal bleeding: A multicenter randomized
controlled trial. Ann Emerg Med 2011;57:582–9.
Barkun AN, Bardou M, Martel M, et al. Prokinetics in acute upper GI
bleeding: A meta-analysis. Gastrointest Endosc 2010;72:1138–45.
Barkun AN, Bardou M, Martel M, et al. Response. Gastrointest Endosc
2011;74:234–5.
Daram SR, Garretson R. Erythromycin is preferable to metoclopramide
as a prokinetic in acute upper GI bleeding. Gastrointest Endosc 2011;74:
234.
Hancox JC, Hasnain M, Vieweg WV, et al. Erythromycin, QTc interval
prolongation, and torsade de pointes: Case reports, major risk factors
and illness severity. Ther Adv Infect Dis 2014;2:47–59.
Tschida SJ, Guay DR, Straka RJ, et al. QTc-interval prolongation
associated with slow intravenous erythromycin lactobionate infusions in
critically ill patients: A prospective evaluation and review of the
literature. Pharmacotherapy 1996;16:663–74.
Package Insert, Erythromycin Lactobionate: 11/05/2019. Drugs@FDA.
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/
050609s041lbl.pdf). Accessed September 26, 2020.
Carbonell N, Pauwels A, Serfaty L, et al. Erythromycin infusion prior to
endoscopy for acute upper gastrointestinal bleeding: A randomized,
controlled, double-blind trial. Am J Gastroenterol 2006;101:1211–5.
Daneshmend TK, Hawkey CJ, Langman MJ, et al. Omeprazole versus
placebo for acute upper gastrointestinal bleeding: Randomised double
blind controlled trial. BMJ 1992;304:143–7.
Hawkey GM, Cole AT, McIntyre AS, et al. Drug treatments in upper
gastrointestinal bleeding: Value of endoscopic ﬁndings as surrogate end
points. Gut 2001;49:372–9.
Lau JY, Leung WK, Wu JC, et al. Omeprazole before endoscopy in
patients with gastrointestinal bleeding. N Engl J Med 2007;356:1631–40.

© 2021 by The American College of Gastroenterology

33. Laine L, McQuaid KR. Endoscopic therapy for bleeding ulcers: An
evidence-based approach based on meta-analyses of randomized
controlled trials. Clin Gastroenterol Hepatol 2009;7:33–47.
34. Khuroo MS, Yattoo GN, Javid G, et al. A comparison of omeprazole and
placebo for bleeding peptic ulcer. N Engl J Med 1997;336:1054–8.
35. Sung JJ, Chan FK, Lau JY, et al. The eﬀect of endoscopic therapy in
patients receiving omeprazole for bleeding ulcers with nonbleeding
visible vessels or adherent clots: A randomized comparison. Ann Intern
Med 2003;139:237–43.
36. Leontiadis GI, Sharma VK, Howden CW. Proton pump inhibitor
therapy for peptic ulcer bleeding: Cochrane collaboration meta-analysis
of randomized controlled trials. Mayo Clin Proc 2007;82:286–96.
37. Gralnek IM, Dumonceau JM, Kuipers EJ, et al. Diagnosis and
management of nonvariceal upper gastrointestinal hemorrhage:
European Society of Gastrointestinal Endoscopy (ESGE) Guideline.
Endoscopy 2015;47:a1–46.
38. National Institute for Health and Care Excellence. Acute Upper
Gastrointestinal Bleeding in Over 16s: Management. CG141. 2012.
39. Barkun AN, Bardou M, Kuipers EJ, et al. International consensus
recommendations on the management of patients with nonvariceal
upper gastrointestinal bleeding. Ann Intern Med 2010;152:101–13.
40. Institute of Medicine (IOM). Clinical Practice Guidelines We Can Trust.
The National Academies Press: Washington, DC, 2011.
41. Laine L. Upper gastrointestinal bleeding due to a peptic ulcer. N Engl J
Med 2016;375:1198.
42. Lin HJ, Wang K, Perng CL, et al. Early or delayed endoscopy for patients
with peptic ulcer bleeding. A prospective randomized study. J Clin
Gastroenterol 1996;22:267–71.
43. Cooper GS, Chak A, Connors AF Jr, et al. The eﬀectiveness of early
endoscopy for upper gastrointestinal hemorrhage: A community-based
analysis. Med Care 1998;36:462–74.
44. Cooper GS, Chak A, Way LE, et al. Early endoscopy in upper
gastrointestinal hemorrhage: Associations with recurrent bleeding,
surgery, and length of hospital stay. Gastrointest Endosc 1999;49:
145–52.
45. Cooper GS, Kou TD, Wong RC. Use and impact of early endoscopy in
elderly patients with peptic ulcer hemorrhage: A population-based
analysis. Gastrointest Endosc 2009;70:229–35.
46. Wysocki JD, Srivastav S, Winstead NS. A nationwide analysis of risk
factors for mortality and time to endoscopy in upper gastrointestinal
haemorrhage. Aliment Pharmacol Ther 2012;36:30–6.
47. Bjorkman DJ, Zaman A, Fennerty MB, et al. Urgent vs. elective
endoscopy for acute non-variceal upper-GI bleeding: An eﬀectiveness
study. Gastrointest Endosc 2004;60:1–8.
48. Lee JG, Turnipseed S, Romano PS, et al. Endoscopy-based triage
signiﬁcantly reduces hospitalization rates and costs of treating upper GI
bleeding: A randomized controlled trial. Gastrointest Endosc 1999;50:
755–61.
49. Laursen SB, Leontiadis GI, Stanley AJ, et al. Relationship between timing
of endoscopy and mortality in patients with peptic ulcer bleeding: A
nationwide cohort study. Gastrointest Endosc 2017;85:936–44 e3.
50. Sung JJ, Chiu PW, Chan FKL, et al. Asia-Paciﬁc working group
consensus on non-variceal upper gastrointestinal bleeding: An update
2018. Gut 2018;67:1757–68.
51. Garcia-Tsao G, Abraldes JG, Berzigotti A, et al. Portal hypertensive
bleeding in cirrhosis: Risk stratiﬁcation, diagnosis, and management:
2016 practice guidance by the American Association for the study of
liver diseases. Hepatology 2017;65:310–35.
52. Cho SH, Lee YS, Kim YJ, et al. Outcomes and role of urgent endoscopy in
high-risk patients with acute nonvariceal gastrointestinal bleeding. Clin
Gastroenterol Hepatol 2018;16:370–7.
53. Lau JYW, Yu Y, Tang RSY, et al. Timing of endoscopy for acute upper
gastrointestinal bleeding. N Engl J Med 2020;382:1299–308.
54. Sung JJ, Barkun A, Kuipers EJ, et al. Intravenous esomeprazole for
prevention of recurrent peptic ulcer bleeding: A randomized trial. Ann
Intern Med 2009;150:455–64.
55. Chang-Chien CS, Wu CS, Chen PC, et al. Diﬀerent implications of
stigmata of recent hemorrhage in gastric and duodenal ulcers. Dig Dis
Sci 1988;33:400–4.
56. Chung SC, Leung JW, Steele RJ, et al. Endoscopic injection of adrenaline
for actively bleeding ulcers: A randomised trial. Br Med J (Clin Res Ed)
1988;296:1631–3.
The American Journal of GASTROENTEROLOGY

Copyright © 2021 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

915

916

Laine et al.

57. Laine L. Multipolar electrocoagulation in the treatment of active upper
gastrointestinal tract hemorrhage. A prospective controlled trial. N Engl
J Med 1987;316:1613–7.
58. Bleau BL, Gostout CJ, Sherman KE, et al. Recurrent bleeding from peptic
ulcer associated with adherent clot: A randomized study comparing
endoscopic treatment with medical therapy. Gastrointest Endosc 2002;
56:1–6.
59. Jensen DM, Kovacs TO, Jutabha R, et al. Randomized trial of medical or
endoscopic therapy to prevent recurrent ulcer hemorrhage in patients
with adherent clots. Gastroenterology 2002;123:407–13.
60. Lau JYW, Pittayanon R, Wong KT, et al. Prophylactic angiographic
embolisation after endoscopic control of bleeding to high-risk peptic
ulcers: A randomised controlled trial. Gut 2019;68:796–803.
61. Koyama T, Fujimoto K, Iwakiri R, et al. Prevention of recurrent bleeding
from gastric ulcer with a nonbleeding visible vessel by endoscopic
injection of absolute ethanol: A prospective, controlled trial.
Gastrointest Endosc 1995;42:128–31.
62. Laine L. Multipolar electrocoagulation versus injection therapy in the
treatment of bleeding peptic ulcers. A prospective, randomized trial.
Gastroenterology 1990;99:1303–6.
63. Rutgeerts P, Gevers AM, Hiele M, et al. Endoscopic injection therapy to
prevent rebleeding from peptic ulcers with a protruding vessel: A
controlled comparative trial. Gut 1993;34:348–50.
64. Chung IK, Ham JS, Kim HS, et al. Comparison of the hemostatic eﬃcacy
of the endoscopic hemoclip method with hypertonic saline-epinephrine
injection and a combination of the two for the management of bleeding
peptic ulcers. Gastrointest Endosc 1999;49:13–8.
65. Ljubicic N, Budimir I, Biscanin A, et al. Endoclips vs large or smallvolume epinephrine in peptic ulcer recurrent bleeding. World J
Gastroenterol 2012;18:2219–24.
66. Wang HM, Tsai WL, Yu HC, et al. Improvement of short-term outcomes
for high-risk bleeding peptic ulcers with addition of argon plasma
coagulation following endoscopic injection therapy: A randomized
controlled trial. Medicine (Baltimore) 2015;94:e1343.
67. Karaman A, Baskol M, Gursoy S, et al. Epinephrine plus argon plasma or
heater probe coagulation in ulcer bleeding. World J Gastroenterol 2011;
17:4109–12.
68. Skok P, Krizman I, Skok M. Argon plasma coagulation versus injection
sclerotherapy in peptic ulcer hemorrhage—A prospective, controlled
study. Hepatogastroenterology 2004;51:165–70.
69. Taghavi SA, Soleimani SM, Hosseini-Asl SM, et al. Adrenaline injection
plus argon plasma coagulation versus adrenaline injection plus
hemoclips for treating high-risk bleeding peptic ulcers: A prospective,
randomized trial. Can J Gastroenterol 2009;23:699–704.
70. Cook DJ, Guyatt GH, Salena BJ, et al. Endoscopic therapy for acute
nonvariceal upper gastrointestinal hemorrhage: A meta-analysis.
Gastroenterology 1992;102:139–48.
71. Fujishiro M, Abe N, Endo M, et al. Retrospective multicenter study
concerning electrocautery forceps with soft coagulation for
nonmalignant gastroduodenal ulcer bleeding in Japan. Dig Endosc 2010;
22(Suppl 1):S15–8.
72. Arima S, Sakata Y, Ogata S, et al. Evaluation of hemostasis with soft
coagulation using endoscopic hemostatic forceps in comparison with
metallic hemoclips for bleeding gastric ulcers: A prospective,
randomized trial. J Gastroenterol 2010;45:501–5.
73. Kim JW, Jang JY, Lee CK, et al. Comparison of hemostatic forceps with
soft coagulation versus argon plasma coagulation for bleeding peptic
ulcer—A randomized trial. Endoscopy 2015;47:680–7.
74. Nunoue T, Takenaka R, Hori K, et al. A randomized trial of monopolar
soft-mode coagulation versus heater probe thermocoagulation for peptic
ulcer bleeding. J Clin Gastroenterol 2015;49:472–6.
75. Toka B, Eminler AT, Karacaer C, et al. Comparison of monopolar
hemostatic forceps with soft coagulation versus hemoclip for peptic
ulcer bleeding: A randomized trial (with video). Gastrointest Endosc
2019;89:792–802.
76. Lin HJ, Tseng GY, Perng CL, et al. Comparison of adrenaline injection
and bipolar electrocoagulation for the arrest of peptic ulcer bleeding. Gut
1999;44:715–9.
77. Song SY, Chung JB, Moon YM, et al. Comparison of the hemostatic eﬀect
of endoscopic injection with ﬁbrin glue and hypertonic salineepinephrine for peptic ulcer bleeding: A prospective randomized trial.
Endoscopy 1997;29:827–33.
78. Grgov S, Radovanovic-Dinic B, Tasic T. Could application of
epinephrine improve hemostatic eﬃcacy of hemoclips for bleeding
The American Journal of GASTROENTEROLOGY

79.
80.
81.

82.

83.
84.
85.
86.
87.

88.
89.

90.
91.
92.
93.

94.
95.

96.
97.
98.
99.
100.

101.

peptic ulcers? A prospective randomized study. Vojnosanit Pregl 2013;
70:824–9.
Chen YI, Barkun AN. Hemostatic powders in gastrointestinal bleeding:
A systematic review. Gastrointest Endosc Clin N Am 2015;25:535–52.
Baracat FI, de Moura DTH, Brunaldi VO, et al. Randomized controlled
trial of hemostatic powder versus endoscopic clipping for non-variceal
upper gastrointestinal bleeding. Surg Endosc 2020;34:317–24.
Kwek BEA, Ang TL, Ong PLJ, et al. TC-325 versus the conventional
combined technique for endoscopic treatment of peptic ulcers with
high-risk bleeding stigmata: A randomized pilot study. J Dig Dis 2017;
18:323–9.
Lau Y, Pittayanon R, Kwek A, et al. A non-inferiority randomized
controlled trial to compare hemostatic powder TC325 and standard
therapy in bleeding from non-variceal upper gastrointestinal causes.
Gastrointest Endosc 2020;9:AB14.
Barkun AN, Almadi M, Kuipers EJ, et al. Management of nonvariceal
upper gastrointestinal bleeding: Guideline recommendations from the
international consensus group. Ann Intern Med 2019;171:805–22.
Aziz M, Weissman S, Mehta TI, et al. Eﬃcacy of Hemospray in nonvariceal upper gastrointestinal bleeding: A systematic review with metaanalysis. Ann Gastroenterol 2020;33:145–54.
Barkun AN, Adam V, Lu Y, et al. Using Hemospray improves the costeﬀectiveness ratio in the management of upper gastrointestinal
nonvariceal bleeding. J Clin Gastroenterol 2018;52:36–44.
Schmidt A, Golder S, Goetz M, et al. Over-the-scope clips are more
eﬀective than standard endoscopic therapy for patients with recurrent
bleeding of peptic ulcers. Gastroenterology 2018;155:674–86 e6.
Jensen DM, Tog K, Ka G, et al. Randomized controlled trial of over-thescope clip as initial treatment of severe non-variceal upper
gastrointestinal bleeding. Clin Gastroenterol Hepatol. 2020. [Epub
ahead of print August 20, 2020.] doi: 10.1016/j.cgh.2020.08.037.
Chaimoﬀ C, Creter D, Djaldetti M. The eﬀect of pH on platelet and
coagulation factor activities. Am J Surg 1978;136:257–9.
Green FW Jr, Kaplan MM, Curtis LE, et al. Eﬀect of acid and pepsin on
blood coagulation and platelet aggregation. A possible contributor
prolonged gastroduodenal mucosal hemorrhage. Gastroenterology
1978;74:38–43.
Patchett SE, Enright H, Afdhal N, et al. Clot lysis by gastric juice: An in
vitro study. Gut 1989;30:1704–7.
Lau JY, Sung JJ, Lee KK, et al. Eﬀect of intravenous omeprazole on
recurrent bleeding after endoscopic treatment of bleeding peptic ulcers.
N Engl J Med 2000;343:310–6.
Javid G, Masoodi I, Zargar SA, et al. Omeprazole as adjuvant therapy to
endoscopic combination injection sclerotherapy for treating bleeding
peptic ulcer. Am J Med 2001;111:280–4.
Kaviani MJ, Hashemi MR, Kazemifar AR, et al. Eﬀect of oral omeprazole
in reducing re-bleeding in bleeding peptic ulcers: A prospective, doubleblind, randomized, clinical trial. Aliment Pharmacol Ther 2003;17:
211–6.
Wei KL, Tung SY, Sheen CH, et al. Eﬀect of oral esomeprazole on
recurrent bleeding after endoscopic treatment of bleeding peptic ulcers.
J Gastroenterol Hepatol 2007;22:43–6.
Zargar SA, Javid G, Khan BA, et al. Pantoprazole infusion as adjuvant
therapy to endoscopic treatment in patients with peptic ulcer bleeding:
Prospective randomized controlled trial. J Gastroenterol Hepatol 2006;
21:716–21.
Hung WK, Li VK, Chung CK, et al. Randomized trial comparing
pantoprazole infusion, bolus and no treatment on gastric pH and
recurrent bleeding in peptic ulcers. ANZ J Surg 2007;77:677–81.
Bai Y, Chen DF, Wang RQ, et al. Intravenous esomeprazole for
prevention of peptic ulcer rebleeding: A randomized trial in Chinese
patients. Adv Ther 2015;32:1160–76.
Jensen DM, Pace SC, Soﬀer E, et al. Continuous infusion of pantoprazole
versus ranitidine for prevention of ulcer rebleeding: A U.S. multicenter
randomized, double-blind study. Am J Gastroenterol 2006;101:1991–9.
Kellici I, Kraja B, Mone I, et al. Role of intravenous omeprazole on nonvariceal upper gastrointestinal bleeding after endoscopic treatment: A
comparative study. Medicinski Arhiv 2010;64:324–7.
van Rensburg C, Barkun AN, Racz I, et al. Clinical trial: Intravenous
pantoprazole vs. ranitidine for the prevention of peptic ulcer rebleeding:
A multicentre, multinational, randomized trial. Aliment Pharmacol
Ther 2009;29:497–507.
Lin HJ, Lo WC, Lee FY, et al. A prospective randomized comparative
trial showing that omeprazole prevents rebleeding in patients with
VOLUME 116 | MAY 2021 www.amjgastro.com

Copyright © 2021 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

ACG Clinical Guideline

102.
103.
104.
105.
106.

107.

108.

109.

110.
111.
112.

bleeding peptic ulcer after successful endoscopic therapy. Arch Intern
Med 1998;158:54–8.
Gashi Z, Joksimovic N, Dragusha G, et al. The eﬃcacy of PPI after
endoscopic hemostasis in patients with bleeding peptic ulcer and role of
Helicobacter pylori. Medicinski Arhiv 2012;66:236–9.
Demetrashvili ZM, Lashkhi IM, Ekaladze EN, et al. Comparison of
intravenous pantoprazole with intravenous ranitidine in peptic ulcer
bleeding. Georgian Med News 2013:7–11.
Villanueva C, Balanzo J, Torras X, et al. Omeprazole versus ranitidine as
adjunct therapy to endoscopic injection in actively bleeding ulcers: A
prospective and randomized study. Endoscopy 1995;27:308–12.
Sheu BS, Chi CH, Huang CC, et al. Impact of intravenous omeprazole on
Helicobacter pylori eradication by triple therapy in patients with peptic
ulcer bleeding. Aliment Pharmacol Ther 2002;16:137–43.
Andriulli A, Loperﬁdo S, Focareta R, et al. High- versus low-dose proton
pump inhibitors after endoscopic hemostasis in patients with peptic
ulcer bleeding: A multicentre, randomized study. Am J Gastroenterol
2008;103:3011–8.
Bajaj JS, Dua KS, Hanson K, et al. Prospective, randomized trial
comparing eﬀect of oral versus intravenous pantoprazole on rebleeding
after nonvariceal upper gastrointestinal bleeding: A pilot study. Dig Dis
Sci 2007;52:2190–4.
Chan WH, Khin LW, Chung YF, et al. Randomized controlled trial of
standard versus high-dose intravenous omeprazole after endoscopic
therapy in high-risk patients with acute peptic ulcer bleeding. Br J Surg
2011;98:640–4.
Chen CC, Lee JY, Fang YJ, et al. Randomised clinical trial: High-dose vs.
standard-dose proton pump inhibitors for the prevention of recurrent
haemorrhage after combined endoscopic haemostasis of bleeding peptic
ulcers. Aliment Pharmacol Ther 2012;35:894–903.
Hsu YC, Perng CL, Yang TH, et al. A randomized controlled trial
comparing two diﬀerent dosages of infusional pantoprazole in peptic
ulcer bleeding. Br J Clin Pharmacol 2010;69:245–51.
Javid G, Zargar SA, Riyaz-U-Saif, et al. Comparison of p.o. or i.v. proton
pump inhibitors on 72-h intragastric pH in bleeding peptic ulcer.
J Gastroenterol Hepatol 2009;24:1236–43.
Kim HK, Kim JS, Kim TH, et al. Eﬀect of high-dose oral rabeprazole on
recurrent bleeding after endoscopic treatment of bleeding peptic ulcers.
Gastroenterol Res Pract 2012;2012:317125.

© 2021 by The American College of Gastroenterology

113. Sung JJ, Suen BY, Wu JC, et al. Eﬀects of intravenous and oral
esomeprazole in the prevention of recurrent bleeding from peptic ulcers
after endoscopic therapy. Am J Gastroenterol 2014;109:1005–10.
114. Yamada S, Wongwanakul P. Randomized controlled trial of high dose
bolus versus continuous intravenous infusion pantoprazole as an
adjunct therapy to therapeutic endoscopy in massive bleeding peptic
ulcer. J Med Assoc Thai 2012;95:349–57.
115. Yuksel I, Ataseven H, Koklu S, et al. Intermittent versus continuous
pantoprazole infusion in peptic ulcer bleeding: A prospective
randomized study. Digestion 2008;78:39–43.
116. Masjedizadeh AR, Hajiani E, Alavinejad P, et al. High dose versus low
dose intravenous pantoprazole in bleeding peptic ulcer: A randomized
clinical trial. Middle East J Dig Dis 2014;6:137–43.
117. Leontiadis GI, Sharma VK, Howden CW. Systematic review and metaanalysis: Enhanced eﬃcacy of proton-pump inhibitor therapy for peptic
ulcer bleeding in Asia—A post hoc analysis from the Cochrane
Collaboration. Aliment Pharmacol Ther 2005;21:1055–61.
118. Andersen J, Strom M, Naesdal J, et al. Intravenous omeprazole: Eﬀect of
a loading dose on 24-h intragastric pH. Aliment Pharmacol Ther 1990;4:
65–72.
119. Freston JW, Pilmer BL, Chiu YL, et al. Evaluation of the
pharmacokinetics and pharmacodynamics of intravenous lansoprazole.
Aliment Pharmacol Ther 2004;19:1111–22.
120. Laine L, Shah A, Bemanian S. Intragastric pH with oral vs intravenous
bolus plus infusion proton-pump inhibitor therapy in patients with
bleeding ulcers. Gastroenterology 2008;134:1836–41.
121. Cheng HC, Wu CT, Chang WL, et al. Double oral esomeprazole after a 3day intravenous esomeprazole infusion reduces recurrent peptic ulcer
bleeding in high-risk patients: A randomised controlled study. Gut 2014;
63:1864–72.
122. Lau JY, Sung JJ, Lam YH, et al. Endoscopic retreatment compared with
surgery in patients with recurrent bleeding after initial endoscopic
control of bleeding ulcers. N Engl J Med 1999;340:751–6.
123. Tarasconi A, Baiocchi GL, Pattonieri V, et al. Transcatheter arterial
embolization versus surgery for refractory non-variceal upper
gastrointestinal bleeding: A meta-analysis. World J Emerg Surg 2019;
14:3.
124. Sverden E, Mattsson F, Lindstrom D, et al. Transcatheter arterial
embolization compared with surgery for uncontrolled peptic ulcer
bleeding: A population-based cohort study. Ann Surg 2019;269:304–9.

The American Journal of GASTROENTEROLOGY

Copyright © 2021 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

917

