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Abstract

Background Guidelines recommend that all patients with upper gastrointestinal bleeding (UGIB) undergo endoscopy within
24 h. It is unclear whether a subgroup may benefit from an urgent intervention. We aimed to evaluate the influence of endo-
scopic hemostasis and urgent endoscopy on mortality in UGIB patients with high-risk stigmata (HRS).
Methods Consecutive patients with suspected UGIB were enrolled in three Japanese hospitals with a policy to perform en-
doscopy within 24 h. The primary outcome was 30-day mortality. Endoscopic hemostasis and endoscopy timing (urgent,
�6 h; early, >6 h) were evaluated in a regression model adjusting for age, systolic pressure, heart rate, hemoglobin, creati-
nine, and variceal bleeding in multivariate analysis. A propensity score of 1:1 matched sensitivity analysis was also
performed.
Results HRS were present in 886 of 1966 patients, and 35 of 886 (3.95%) patients perished. Median urgent-endoscopy time
(n¼769) was 3.0 h (interquartile range [IQR], 2.0–4.0 h) and early endoscopy (n¼117) was 12.0 h (IQR, 8.5–19.0 h). Successful
endoscopic hemostasis and urgent endoscopy were significantly associated with reduced mortality in multivariable analy-
sis (odds ratio [OR], 0.22; 95% confidence interval [CI], 0.09–0.52; P¼0.0006, and OR, 0.37; 95% CI, 0.16–0.87; P¼0.023,
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respectively). In a propensity-score-matched analysis of 115 pairs, adjusted comparisons showed significantly lower mortal-
ity of urgent vs early endoscopy (2.61% vs 7.83%, P<0.001).
Conclusions A subgroup of UGIB patients, namely those harboring HRS, may benefit from endoscopic hemostasis and ur-
gent endoscopy rather than early endoscopy in reducing mortality. Implementing triage scores that predict the presence of
such lesions is important.

Key words: UGIB; urgent endoscopy; non-variceal bleeding; variceal bleeding; HARBINGER; GBS; upper gastrointestinal
bleeding

Introduction

Gastrointestinal bleeding is a major cause of hospital admissions,
incurring significant economic burden to healthcare systems, ac-
counting for >500,000 hospital admissions, 2.2 million days of
hospitalization, and $5 billion in direct costs according to a 2018
report in the USA [1]. When upper gastrointestinal bleeding
(UGIB) is suspected, endoscopy is undertaken to treat high-risk
stigmata (HRS) [2–9]. The ability to predict HRS before endoscopy
is a meaningful and important parameter in clinical decision-
making because patients without HRS could be managed as
outpatients and patients harboring HRS need an expedited
endoscopy [10–12]. Thus we developed and validated the Horibe
gAstRointestinal BleedING prEdiction scoRe (HARBINGER), which
consists of only three variables to predict HRS and manage
suspected UGIB [7, 13].

Although endoscopic hemostasis of HRS significantly re-
duced recurrent bleeding and the need for urgent intervention
and surgery, it is unclear whether performing endoscopic he-
mostasis leads to reduced mortality [14]. Furthermore, although
guidelines recommend that all patients with UGIB undergo en-
doscopy within 24 h, the optimal timing of endoscopy for
patients with HRS remains unclear [15].

In this study of patients suspected of having UGIB, we aimed
to evaluate the influence of endoscopic hemostasis on overall
mortality and identify the optimal timing of endoscopy in
patients with HRS.

Patients and methods
Study design and patients

All consecutive adult patients with a suspected UGIB were en-
rolled at three acute care hospitals in Japan (Tama Medical
Center between 2008 and 2015, and Keio University Hospital
and Saitama National Hospital between 2012 and 2015).
Although all clinically suspected cases of UGIB were included
(i.e. presence of hematemesis, coffee-ground emesis, nasogas-
tric lavage with blood or coffee-ground material, melena, tarry
stools or black stools as determined by a rectal examination or
medical history), we excluded patients with post-procedural
UGIB (e.g. post endoscopic submucosal dissection). The institu-
tional review board of each hospital approved the study
(20130069). Informed consent or an opt-out clause was obtained
from each patient.

Outcome and clinical details

The primary outcome was the all-cause mortality within
30 days after a suspected UGIB. We divided patients into two
groups: those found to have HRS on endoscopy and those with-
out HRS. One of the following conditions was defined as HRS: (i)
when the source of bleeding was peptic ulcer disease, spurting,
gushing, oozing bleeding, or non-bleeding visible vessel (Ia, Ib,

or IIa in the Forrest classification) was seen [4]; (ii) when the
source of bleeding was variceal hemorrhage, active bleeding, or
evidence of recent bleeding (e.g. red or white plug) was found;
(iii) when other sources of bleeding, not related to peptic ulcer
disease or variceal hemorrhage, were identified, we considered
HRS to be spurting or gushing bleeding while oozing lesions,
which resolved spontaneously, were not deemed as such. The
evaluation was done after removing an adherent clot if one was
encountered.

The determination of HRS was adjudicated by showing the
endoscopic images of all encountered lesions to experienced
endoscopists who were blind to the clinical information of
patients. The cause of death, when it occurred, was captured in
the medical record.

To achieve endoscopic hemostasis, one of or a combina-
tion of the following techniques was implemented: argon
plasma coagulation, electrocautery, clips, band ligation, epi-
nephrine injections, or sclerosants injection. An urgent en-
doscopy was defined as one performed within 6 h after the
presentation of suspected UGIB, while early endoscopy was
done >6 hours of presentation [16, 17]. We also calculated the
HARBINGER and Glasgow Blatchford Score (GBS) at the time
of presentation [7, 13, 18].

Statistical analysis

Categorical variables are expressed in number and percent-
age, and were compared using the chi-square test or Fisher’s
exact test. Quantitative numerical variables are presented by
mean and standard deviation (SD) or median and interquar-
tile range (IQR), and were compared using Student’s t-test or
the Mann–Whitney U test. The best cut-off value of endos-
copy timing for mortality was calculated by a receiver-operat-
ing characteristic (ROC) curve with the greatest sensitivity
�(1� specificity). The odds ratio (OR) and 95% confidence in-
terval (CI) of endoscopic hemostasis and endoscopic timing
were calculated using univariable and multivariable logistic-
regression analysis.

Three multivariable logistic-regression models with differ-
ent confounding factors were used to demonstrate robustness
because the number to be adjusted for as a confounding factor
was limited due to the small number of mortality events
(n¼ 50). The continuous variables in confounding factors were
classified into binary categorical variables according to the
existing cut-off in the literature or ROC. It means that we used
the cut-off of AIMS65 for age (�65 years), the cut-offs of GBS for
systolic blood pressure (SBP) (<90 mmHg) and heart rate (HR)
(�100 beats/min), and the cut-off of the randomized–controlled
trial (RCT) in the New England Journal of Medicine for hemoglobin
level (<7.0 g/dL), but the cut-offs for creatinine (�1.0 mg/dL)
were not available in the past literature, so we calculated the
optimal cut-off from our current data [18–20]. The confounding
factors in model 1 were chosen as those that were significantly
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Table 1. Differences in characteristics and treatments between patients who survived and those who perished

No. of individuals Alive (n¼ 1,916) Dead (n¼ 50) P-value

Characteristic
Age, mean (SD), years 1,916/50 68.4 (15.6) 73.0 (12.0) 0.041a

Male, n (%) 1,916/50 1,271 (66.3) 36 (72.0) 0.45b

Any hepatic disease, n (%) 1,916/50 271 (14.1) 12 (24.0) 0.06b

Congestive heart failure, n (%) 1,916/50 122 (6.37) 5 (10.0) 0.25b

SBP, mean (SD), mmHg 1,907/50 113 (26.6) 92 (30.6) <0.0001a

HR, mean (SD), beats/min 1,905/50 92.6 (20.5) 99.9 (22.3) 0.013a

Hemoglobin, mean (SD), g/dL 1,904/50 9.2 (2.9) 8.3 (2.7) 0.039a

BUN, mean (SD), mg/dL 1,904/50 37.8 (25.4) 44.8 (24.8) 0.061a

Creatinine, median (IQR), mg/dL 1,903/50 0.87 (0.68–1.3) 1.2 (0.80–1.9) 0.003c

Endoscopic timing, median (IQR), h 1,916/50 4.0 (2.0–6.0) 3.5 (2.0–7.3) 0.77c

Variceal bleeding, n (%) 1,916/50 174 (9.1) 13 (26.0) <0.0001b

HRS, n (%) 1,916/50 851 (44.4) 35 (70.0) 0.0003b

Treatment
Use of PPI, n (%) 1,916/50 1,652 (86.2) 48 (96.0) 0.056b

Blood transfusion, n (%) 1,916/50 1,036 (54.1) 43 (86.0) <0.0001c

Endoscopic hemostasis, n (%) 1,916/50 857 (44.7) 27 (54) 0.20c

Interventional radiology, n (%) 1,916/50 19 (0.99) 3 (6.00) 0.017d

Surgery, n (%) 1,916/50 13 (0.68) 1 (2.00) 0.30d

BUN, blood urea nitrogen; HR, heart rate; HRS, high-risk stigmata; IQR, interquartile range; PPI, proton-pump inhibitors; SBP, systolic blood pressure; SD, standard

division.
aStudent’s t-test.
bChi-square test.
cMann–Whitney U test.
dFisher’s exact test.

Table 2. Differences in characteristics, treatments, and outcomes of patients who underwent urgent vs early endoscopy

No. of individuals Urgent endoscopy (n¼ 1,490) Early endoscopy (n¼ 476) P-value

Characteristic
Age, mean (SD), years 1490/476 68.1 (15.6) 69.8 (15.5) 0.039a

Male, n (%) 1490/476 1,015 (68.1) 292 (61.3) 0.0064b

Any hepatic disease, n (%) 1490/476 225 (15.1) 58 (12.2) 0.11b

Congestive heart failure, n (%) 1490/476 86 (5.8) 41 (8.6) 0.028b

SBP, mean (SD), mmHg 1488/469 111 (27.0) 117 (25.9) <0.001a

HR, mean (SD), beats/min 1485/470 94.1 (20.9) 88.7 (19.0) <0.001a

Hemoglobin, mean (SD), g/dL 1488/466 9.1 (2.7) 9.4 (3.0) 0.017a

BUN, mean (SD), mg/dL 1487/466 39.5 (25.5) 33.3 (25.4) <0.0001a

Creatinine, median (IQR), mg/dL 1487/466 0.88 (0.69–1.3) 0.86 (0.65–1.1) 0.016c

Variceal bleeding, n (%) 1490/476 166 (11.1) 21 (4.4) <0.0001b

HRS, n (%) 1490/476 769 (51.6) 117 (24.6) <0.0001b

Treatment, n (%)
Use of PPI 1490/476 1,327 (89.1) 373 (78.4) <0.0001b

Blood transfusion 1490/476 859 (57.7) 220 (46.2) <0.0001b

Endoscopic hemostasis 1490/476 762 (51.1) 122 (25.6) <0.0001b

Interventional radiology 1490/476 16 (1.07) 6 (1.26) 0.74b

Surgery 1490/476 11 (0.74) 3 (0.63) 1.00d

Outcome, n (%)
All-cause mortality 1490/476 37 (2.48) 13 (2.73) 0.76b

Death due to UGIB 1490/476 12 (0.81) 7 (1.47) 0.20b

Death unrelated to UGIB 1490/476 25 (1.68) 6 (1.26) 0.52b

BUN, blood urea nitrogen; HR, heart rate; HRS, high-risk stigmata; IQR, interquartile range; PPI, proton-pump inhibitors; SBP, systolic blood pressure; SD, standard divi-

sion; UGIB, upper gastrointestinal bleeding.
aStudent’s t-test.
bChi-square test.
CMann–Whitney U test.
dFisher’s exact test.
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different in both mortality and urgent-endoscopy comparisons
(Tables 1 and 2): age, SBP, HR, index presentation hemoglobin
level, creatinine, and variceal bleeding. The confounding factors
in model 2 were chosen based on the literature and each study
site: age, gender, congestive heart failure, any hepatic disease,
variceal bleeding, and institution (Tama, Keio, and Saitama).

The confounding factors in model 3 were other treatments in-
cluding chosen proton-pump-inhibitors use, blood transfusion,
and variceal bleeding.

Since pursuing endoscopy �6 or >6 h was not randomly
assigned, propensity-score matching was applied to minimize
possible confounding and selection biases between the urgent
(�6 h) and early (>6 h) endoscopy groups in patients with HRS
[21]. Propensity scores, which have the advantage that there is
no limit to the number of confounding factors that need to be
accounted for, were calculated with multivariable logistic re-
gression using all the characteristics that could be obtained be-
fore performing the endoscopy. The propensity-score model
included age, gender, any hepatic disease, congestive heart fail-
ure, SBP, HR, index presentation hemoglobin level, blood urea
nitrogen, and creatinine. We formed matched pairs between ur-
gent- and early-endoscopy groups using a one-to-one nearest
neighbor approach with a caliper width of 0.2 without replace-
ment. McNemar test was performed to evaluate the efficacy of
urgent endoscopy [22].

Figure 1. Flow diagram of patients recruited into the study

Table 3. The etiologies of upper gastrointestinal bleeding

Diagnosis n (%)

Peptic ulcer 993 (50.5)
Varix 187 (9.5)
Neoplasia 103 (5.2)
Mallory–Weiss syndrome 99 (5.0)
Erosion 212 (10.8)
Normal 171 (8.7)
Other 201 (10.2)
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As sensitivity analyses, time cut-offs (�6 vs 6–12 vs >12 h)
[16, 23, 24], subgroup analysis (variceal-bleeding group and non-
variceal-bleeding group with HRS) and threshold analyses
(HARBINGER �2, GBS �12 and SBP <90 mmHg [hemodynamic
instability] groups) for UGIB-specific mortality were evaluated
[7, 13, 25]. A two-sided p-value <0.05 was considered statisti-
cally significant. All analyses were done using JMP(r) statistical
software version 14.1.0 (SAS Institute, Inc., Cary, NC, USA).

Results

The study flow is shown in Figure 1. Of 2,063 consecutive
patients with suspected UGIB in three institutions, 97 patients
were excluded and reasons for exclusion are provided in
Figure 1. The remaining 1,966 patients were included in the
analysis; the mean age in the cohort was 68.6 years (SD,
15.5 years) and 1,307 (66.5%) were males. The etiologies of UGIB
are shown in Table 3. The median duration from the first clini-
cal examination to the initiation of endoscopy was 3.8 h (IQR,
2.0–6.0 h). Fifty patients perished (2.5%) within 30 days from
presentation, of which 19 deaths (1.0%) were related to UGIB.

Table 1 shows the differences in characteristics between
patients who survived and those who perished. Table 2 shows
differences in characteristics, treatments, and outcomes of
patients who underwent urgent vs early endoscopy.

HRS group

Among 1,966 patients, 886 had HRS, of whom 35 (3.95%) patients
perished (19 events were related to bleeding and 16 to other
causes). In this group of patients with HRS, the relationship be-
tween endoscopic timing and mortality was assessed, and the
best cut-off value to achieve the lowest mortality was 5.5 h. The
median time of urgent endoscopy (�6 h) group was 3.0 h (IQR,
2.0–4.0 h) in 769 patients and that of the early endoscopy (>6 h)
group was 12.0 h (IQR, 8.5–19.0 h) in 117 patients. Endoscopic he-
mostasis and urgent endoscopy were significantly associated
with lower mortality in univariable analysis (Table 4). After
adjusting for confounding factors in three models of multivari-
able analysis, both endoscopic hemostasis and urgent endos-
copy were significantly associated with lower overall mortality
(Table 4).

Table 4. Factors influencing overall mortality in suspected UGIB patients with HRS and those without HRS

Factor Univariable analysis Multivariable analysis

Model 1 Model 2 Model 3

OR (95% CI) P-value Adjusted OR
(95% CI)

P-value Adjusted OR
(95% CI)

P-value Adjusted OR
(95% CI)

P-value

HRS group
Endoscopic hemostasis 0.21 (0.10–0.49) 0.0007 0.22 (0.09–0.52) 0.0006 0.20 (0.08–0.46) 0.0002 0.18 (0.08–0.43) <0.0001
Endoscopy within 6 h 0.42 (0.20–0.97) 0.043 0.37 (0.16–0.87) 0.023 0.37 (0.15–0.88) 0.024 0.40 (0.18–0.93) 0.034
Non-HRS group
Endoscopic hemostasis 1.13 (0.15–8.78) 0.90 1.09 (0.14–8.66) 0.90 0.84 (0.10–6.75) 0.87 0.98 (0.13–7.66) 0.98
Endoscopy within 6 h 1.38 (0.47–4.99) 0.58 1.05 (0.32–3.41) 0.93 1.39 (0.40–4.79) 0.61 1.16 (0.36–3.74) 0.80

CI, confidence interval; HRS, high-risk stigmata; OR, odds ratio; UGIB, upper gastrointestinal bleeding.

Model 1 includes variables: age (�65 years), systolic blood pressure (<90 mmHg), heart rate (�100 beats/min), index presentation hemoglobin level (<7.0 g/dl), creatinine

(�1.0 mg/dL), and variceal bleeding.

Model 2 includes variables: age (�65 years), gender (male), congestive heart failure, any hepatic disease, variceal bleeding, and study site (Tama, Keio, and Saitama).

Model 3 includes variables: proton-pump-inhibitors use, blood transfusion, and variceal bleeding.

Table 5. Comparison of characteristics and outcome of the urgent- and early-endoscopy groups after propensity matching in patients with
high-risk stigmata

Characteristics Urgent endoscopy (n¼ 115) Early endoscopy (n¼ 115) P-value

Age, mean (SD), years 71.4 (12.1) 70.2 (12.3) 0.47a

Male, n (%) 75 (65.2) 72 (62.6) 0.68b

Any hepatic disease, n (%) 30 (26.1) 21 (18.3) 0.15b

Congestive heart failure, proton-pump n (%) 4 (3.5) 6 (5.2) 0.74c

SBP, mean (SD), mmHg 106 (28.2) 104 (25.8) 0.49a

HR, mean (SD), beats/min 95.4 (20.2) 94.6 (18.0) 0.74a

Hemoglobin, mean (SD), g/L 8.9 (2.7) 8.9 (2.5) 0.97a

BUN, mean (SD), mg/dL 40.4 (21.7) 41.2 (30.3) 0.81a

Creatinine, median (IQR), mg/dL 0.82 (0.63–1.22) 0.79 (0.61–1.10) 0.48d

All-cause mortality, n (%) 3 (2.61) 9 (7.83) <0.001e

BUN, blood urea nitrogen; HR, heart rate; IQR, interquartile range; SBP, systolic blood pressure; SD, standard deviation.
aStudent’s t-test.
bChi-square test.
cFisher’s exact test.
dMann–Whitney U test.
eMcNemar test.
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After propensity-score matching, 115 matched pairs were
generated from 769 patients in the urgent-endoscopy group and
117 patients in the early-endoscopy group in a 1:1 manner.
There were no significant differences in characteristics between
the two matched groups (Table 5). The mortality in the urgent-
endoscopy group was significantly lower than that in the early-
endoscopy group (2.61% vs 7.83%, P< 0.001).

We also compared three groups (�6, 6–12, and >12 h).
Endoscopy �6 h was significantly associated with lower mortal-
ity than endoscopy >12 h in univariable analysis (OR, 0.29; 95%
CI, 0.12–0.81; P¼ 0.021), while endoscopy 6–12 h was not (OR,
0.68; 95% CI, 0.23–2.90; P¼ 0.55). In multivariable logistic analysis
(model 1), endoscopy �6 h was significantly associated with
lower mortality (OR, 0.27; 95% CI, 0.11–0.80; P¼ 0.020) compared
with endoscopy >12 h, while there was no significant difference
in mortality between two groups (6–12 and >12 h groups) (OR,
0.47; 95% CI, 0.09–2.09; P¼ 0.33) (Figure 2).

Non-HRS group

In the non-HRS group of 1,080 patients, mortality in 15 patients
(1.39%) was not related to bleeding, but was due to other causes
(e.g. end-stage malignancy, infection, organ failure). Neither en-
doscopic hemostasis nor urgent endoscopy was significantly as-
sociated with reduced mortality in both univariable and three
models of multivariable logistic analysis (Table 4). Among three
groups (endoscopy �6, 6–12, and >12 h), endoscopy �6 h, and 6–
12 h were not significantly associated with mortality in univari-
able analysis (OR, 1.99; 95% CI, 0.53–12.9; P¼ 0.34, and OR, 2.62;
95% CI, 0.31–22.1; P¼ 0.35, respectively). In the multivariable lo-
gistic analysis, endoscopy �6 and 6–12 h compared with >12 h
were not significantly associated with mortality (OR, 1.35; 95%

CI, 0.34–9.0; P¼ 0.70, and OR, 2.16; 95% CI, 0.25–18.7; P¼ 0.46, re-
spectively) (Figure 2).

Sensitivity analyses

Influence of urgent endoscopy in variceal-bleeding and non-variceal-
bleeding-with-HRS groups
Of 886 patients with HRS, 143 patients had variceal bleeding and
743 had non-variceal bleeding (Table 6). In the variceal-bleed-
ing-with-HRS group, urgent endoscopy was not significantly as-
sociated with overall mortality (OR, 0.50; 95% CI, 0.11–3.52;
P¼ 0.44), while in the non-variceal-bleeding-with-HRS group,
urgent endoscopy was significantly associated with lower over-
all mortality (OR, 0.35; 95% CI, 0.14–0.88; P¼ 0.025).

Influence of urgent endoscopy stratified by HARBINGER �2, GBS
�12, and SBP <90 mmHg (hemodynamic instability) groups
Of 1,108 patients with HARBINGER �2, HRS was found in 735
(66.3%). After adjusting for confounders (model 1) in multivari-
able logistic analysis (Table 7), although urgent endoscopy was
not significantly associated with overall mortality (OR, 0.56;
95% CI, 0.24–1.30; P¼ 0.18), it was significantly associated with
decreased UGIB-specific mortality in multivariable logistic-re-
gression analysis (OR, 0.30; 95% CI, 0.09–0.94; P¼ 0.04) (Table 8).

Of 730 patients with GBS �12, HRS was found in 427 (58.5%).
After adjusting for confounders (model 1) in multivariable logis-
tic analysis, urgent endoscopy was not significantly associated
with mortality and UGIB-specific mortality.

Of 389 patients with SBP <90 mmHg (hemodynamic insta-
bility), HRS was found in 279 (71.7%). After adjusting for con-
founders (model 1) in multivariable logistic analysis, urgent
endoscopy was not significantly associated with mortality
and UGIB-specific mortality.

Discussion

In this large multicenter cohort of Japanese patients with sus-
pected UGIB, we found that performing endoscopic hemostasis
and urgent endoscopy (�6 h from presentation) were factors
associated with lower overall mortality compared with early
endoscopy (>6 h), but only in those patients later found to har-
bor HRS. In contrast, those patients without HRS did not bene-
fit from this urgent intervention. In addition, the mortality rate
was significantly lower with urgent endoscopy either in multi-
variate logistic-regression analysis or in the propensity-score-
matched analysis. Although the P-value of the propensity-
matching score is 0.047, the results are likely robust and un-
likely attributed to chance because all analyses showed a sig-
nificant difference in the influence of urgent endoscopy
significantly reducing mortality. In a subgroup analysis, urgent
endoscopy was significantly associated with lower mortality
rates in patients with non-variceal bleeding. Although urgent
endoscopy has been recommended for patients with variceal
bleeding with HRS, this result may support that the patients
with non-variceal bleeding may also benefit from urgent en-
doscopy when HRS are suspected to be present [5].

HRS are defined by well-established endoscopic findings in-
dicating the need for endoscopic hemostasis by international
consensus statements [2–9]. To the best of our knowledge, al-
though improved outcomes, other than death, were reported in
patients with HRS, this is the first study to show an association
between endoscopic hemostasis and decreased all-cause mor-
tality [14]. When contrasted with previous studies, our findings
may be different due to the relatively short interval in

Figure 2. Comparison of overall mortality in three subgroups stratified by high-

risk stigmata (HRS) and non-HRS
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conducting endoscopy in the urgent group (median 3.5 h) as
well as the adjudication of HRS by endoscopy experts blinded to
the clinical condition of the patient.

To date, there are no RCTs designed to randomly allocate en-
doscopy timing in UGIB patients based on their likelihood of
harboring HRS [26]. Nonetheless, in certain high-risk groups

(e.g. GBS >7, patients with frankly bloody nasogastric output),
one observational study and one RCT showed that earlier en-
doscopy (�6 vs 6–48 h and �12 vs >12 h, respectively) was signif-
icantly associated with better outcomes [16, 23]. On the other
hand, a large cohort study suggested that urgent endoscopy
�6 h in hemodynamically unstable patients may worsen

Table 6. Comparison of mortality in urgent- and early-endoscopy groups in patients with HRS divided into variceal and non-variceal bleeding

Characteristic Urgent endoscopy Early endoscopy OR (95% CI) P-value

Variceal-bleeding patients with
HRS (n¼ 143)

7.8% (10/129) 14.3% (2/14) 0.50 (0.11–3.52) 0.44

Non-variceal-bleeding patients
with HRS (n¼ 743)

2.5% (16/640) 6.8% (7/103) 0.35 (0.14–0.88) 0.025

CI, confidence interval; HRS, high-risk stigmata; OR, odds ratio.

Table 7. Components of HARBINGER [7, 13] and GBS [18] scoring systems

HARBINGER GBS

Range, 0–3 Point Range, 0–23 Point

Absence of daily PPI use in the
preceding week

1 Urea, mmol/L

Shock index �1 (HR/SBP �1) 1 �6.5 to <8.0 2
BUN/Cr �30 (Urea/Cr �140) 1 �8.0 to <10.0 3

�10.0 to <25.0 4
�25.0 6

Hemoglobin, g/L, for men
�120 to <130 1
�100 to <120 3

<100 6
Hemoglobin, g/L, for women

�100 to <120 1
<100 6

SBP, mmHg
100–109 1

90–99 2
<90 3

Other makers
HR �100 beats/min 1

Melena 1
Syncope 2

Hepatic disease 2
Cardiac failure 2

HARBINGER, Horibe gAstRointestinal BleedING prEdiction scoRe; GBS, Glasgow Blatchford Score; BUN, blood urea nitrogen; Cr, creatinine; HR, heart rate; PPI, proton-

pump inhibitor; SBP, systolic blood pressure.

Table 8. The adjusted odds ratio of urgent endoscopy for mortality and UGIB-specific mortality in subgroup patientsa

Factor HARBINGER �2, n¼ 1,108 (HRS: 66.3%) GBS �12, n¼ 730 (HRS: 58.5%) SBP <90 mmHg, n¼ 389 (HRS: 71.7%)

Adjusted OR
(95% CI)

p-value Adjusted OR
(95% CI)a

p-value Adjusted OR
(95% CI)a

p-value

Mortality
Endoscopy within 6 h 0.56 (0.24–1.30) 0.18 0.80 (0.29–2.22) 0.67 0.69 (0.24–2.00) 0.50
UGIB-specific mortality
Endoscopy within 6 h 0.30 (0.09–0.94) 0.04 0.43 (0.08–2.32) 0.33 0.31 (0.08–1.15) 0.08

CI, confidence interval; GBS, Glasgow Blatchford Score; HARBINGER, Horibe gAstRointestinal BleedING prEdiction scoRe; HRS, high-risk stigmata; OR, odds ratio; SBP,

systolic blood pressure; UGIB, upper gastrointestinal bleeding.
aMultivariable logistic analysis includes variables: age (�65 years), SBP (<90 mmHg), heart rate (�100 beats/min), index presentation hemoglobin level (<7.0 g/dl), creati-

nine (�1.0 mg/dL), and variceal bleeding.
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mortality [27] and a recent RCT showed no benefit from urgent
endoscopy �6 h in a high-risk population (GBS �12) of patients
with UGIB [17]. These discrepancies between studies may be
due to the variability in the targeted high-risk groups. For exam-
ple, the GBS was designed to predict composite outcomes (e.g.
need for intervention/transfusion, mortality) and was not
intended to predict the presence of HRS. Indeed, of the enrolled
516 patients with GBS �12, 280 (54.3%) required endoscopic
treatment [17]. It is reasonable to deduce that urgent endoscopy
could not improve the prognosis in about half of patients with
GBS �12 who did not require endoscopic hemostasis. In this
context, in our current study, urgent endoscopy �6 h was not
associated with a statistically significant improvement in all-
cause mortality or UGIB mortality. We surmise that more cases
may be needed to detect a significant difference in mortality for
urgent endoscopy when choosing GBS �12 as a high-risk group
of interest.

The HARBINGER, which has been recently validated, is the
first simple score incepted to predict the presence of HRS [7, 13].
The HARBINGER (AUC¼ 0.78) had significantly high accuracy of
predicting HRS compared with the GBS (AUC¼ 0.68) [13]. In our
current study, patients with HARBINGER �2 included 66.3%
(735/1108) patients with HRS and those had benefited from ur-
gent endoscopy �6 h in reducing UGIB-specific mortality com-
pared with early endoscopy (>6 h), albeit not from an all-cause-
mortality standpoint. This finding may support that patients
with HARBINGER �2 should receive urgent endoscopy [7, 13].
However, HRS were found in 58.5% (427/730) of patients with
GBS �12 and they had not benefited from urgent endoscopy in
reducing UGIB-specific mortality and all-cause mortality.
Moreover, the HARBINGER �2 (56.4%, 1108/1966) accounted for a
higher proportion among patients with suspected UGIB com-
pared with GBS �12 (37.1%, 730/1966). Thus, the HARBINGER
may be a better stratification tool for RCTs than GBS when
patients are allocated to undergo urgent endoscopy.

Our study has several shortcomings, inherent in the lack of
randomization and the restriction of our demographics to
Japanese patients. To ascertain whether mortality is truly re-
duced as a result of urgent intervention in patients with HRS, a
powered RCT is needed in which patients are randomized
according to the HARBINGER. However, ethical considerations
may not permit the randomization of such high-risk groups.

In addition, it is almost certain that there are other
confounders not controlled for our analyses. For example, we
were unable to calculate for the American Society of
Anesthesiologists score for each patient as underlying condi-
tions and the size/number of ulcers was not described in our
database. We attempted to compensate for such shortcomings
by adjusting and controlling for not only the confounding fac-
tors identified from the analysis of this study data, but also
those identified in the literature, including congestive heart fail-
ure and any hepatic disease as important underlying diseases
in UGIB and by other offered treatments (e.g. use of proton-
pump inhibitors, blood transfusions). Further, we were able to
describe the etiology of UGIB (Table 4) accurately. All sensitivity
analyses were consistent in showing the benefit of urgent en-
doscopy and endoscopic hemostasis after adjusting for con-
founding factors including variceal bleeding. In the variceal-
bleeding group, urgent endoscopy showed a trend toward lower
mortality but did not differ significantly, which likely relates to
the small sample size.

In conclusion, both endoscopic hemostasis and urgent en-
doscopy within 6 h from the presentation were significantly as-
sociated with lower all-cause mortality in patients who

harbored HRS compared with early endoscopy (conducted >6 h)
in a large multicenter Japanese cohort. In patients with
HARBINGER �2, urgent endoscopy was significantly associated
with reduced mortality from UGIB. Future studies should inves-
tigate whether UGIB patients’ triage, according to the
HARBINGER, will accrue a mortality benefit when urgent endo-
scopic hemostasis is pursued.
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