
Lee et al. BMC Gastroenterology          (2021) 21:450  
https://doi.org/10.1186/s12876-021-02037-4

RESEARCH ARTICLE

Validation and modification of existing 
mortality prediction models for lower 
gastrointestinal bleeding: a retrospective study
Hyun Seok Lee1, Hee Seok Moon1*  , In Sun Kwon2, Hyun Yong Jeong1, Byung Seok Lee1, Seok Hyun Kim1, 
Eaum‑Seok Lee1, Jae Kyu Sung1 and Sun Hyung Kang1 

Abstract 

Background:  Lower gastrointestinal bleeding (LGIB) often subsides without medical intervention; however, in some 
cases, the bleeding does not stop and the patient’s condition worsens. Therefore, predicting severe LGIB in advance 
can aid treatment. This study aimed to evaluate variables related to mortality from LGIB and propose a scoring system.

Methods:  In this retrospective study, we reviewed the medical records of patients who visited the emergency room 
with hematochezia between January 2016 and December 2020. Through regression analysis of comorbidities, medi‑
cations, vital signs, laboratory investigations, and duration of hospital stay, variables related to LGIB-related mortality 
were evaluated. A scoring system was developed and the appropriateness with an area under the receiver operating 
characteristics curve (AUROC) was evaluated and compared with other existing models.

Results:  A total of 932 patients were hospitalized for LGIB. Variables associated with LGIB-related mortality were the 
presence of cancer, heart rate > 100 beats/min, blood urea nitrogen level ≥ 30 mg/dL, an international normalized 
ratio > 1.50, and albumin level ≤ 3.0 g/dL. The AUROCs of the models CNUH-4 and CNUH-5 were 0.890 (p < 0.001; cut‑
off, 2.5; 95% confidence interval, 0.0851–0.929) and 0.901 (p < 0.001; cutoff, 3.5; 95% confidence interval, 0.869–0.933), 
respectively.

Conclusions:  The model developed for predicting the risk of LGIB-related mortality is simple and easy to apply clini‑
cally. The AUROC of the model was better than that of the existing models.

Keywords:  Lower gastrointestinal bleeding, hematochezia, Scoring system, Mortality prediction

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Gastrointestinal bleeding (GIB) is anatomically classi-
fied based on the ligament of Treitz. Upper gastrointes-
tinal bleeding (UGIB) is defined as bleeding above the 
ligament of Treitz, while lower gastrointestinal bleed-
ing (LGIB) is defined as bleeding below the ligament of 

Treitz. Recently, with the introduction of small intes-
tine endoscopy, small intestine bleeding is referred to as 
mid-gut bleeding, while colon and rectal bleeding below 
the ileocecal valve is called LGIB [1]. LGIB accounts for 
20–40% of all GIB [1–3]. Compared with past data, the 
incidence of UGIB has reduced, whereas that of LGIB has 
increased. In the United States, the incidence of UGIB 
was 87 per 100,000 individuals in 1996 but decreased to 
47 per 100,000 individuals in 2005. In contrast, the inci-
dence of LGIB was 20 per 100,000 individuals in 1996 but 
increased to 33 per 100,000 individuals in 2005 [4, 5].
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Various studies have evaluated the risk factors and 
mortality related to UGIB. Evaluation methods, such as 
AIMS65 [6] and Protetto Nazionale Emorragia Diges-
tiva [7], which can predict UGIB-related mortality, and 
the Glasgow Blatchford Score (GBS) [8], which predicts 
the need for intervention after hospitalization, have 
been developed and applied in clinical practice. How-
ever, studies on LGIB are fewer than those on UGIB. 
This is because the incidence of LGIB is less than that of 
UGIB, and 80–85% of LGIB cases improve spontaneously 
without requiring hospitalization [9]. However, various 
studies are currently being undertaken to evaluate the 
mortality, severity, and risk factors of LGIB.

Compared with UGIB, no specific method has been 
established for evaluating the severity of LGIB. Hence, 
AIMS65, which is used for UGIB evaluation, is also used 
for LGIB evaluation. Recently, the age, blood tests, and 
comorbidities (ABC) score has been successfully devel-
oped for predicting LGIB-related mortality [10]. Thus, in 
this study, we aimed to evaluate variables related to mor-
tality from LGIB and propose a scoring system. Addition-
ally, this scoring system will be compared to AIMS65 and 
ABC.

Methods
Study design and population
In this retrospective study, all patient information was 
obtained through electronic medical records. Patients 
with hematochezia aged > 19 years who visited the emer-
gency room (ER) of Chungnam National University Hos-
pital from January 1, 2016 to December 31, 2020 were 
included. Among these, patients discharged from the 
hospital on the same day after treatment in the ER were 
excluded and only patients who received inpatient treat-
ment were included. Causes of LGIB were classified based 
on investigational results such as duodenoscopy, colo-
noscopy, angiography, and abdominal hemorrhagic com-
puted tomography (CT) among hospitalized patients.

Selection of predictive variables
Using previous studies as a reference, variables that are 
expected to be associated with LGIB-related mortality 
were searched using electronic medical records. Basic 
patient-related information included age, sex, comor-
bidities (cancer, heart failure [HF], renal failure [RF], 
liver cirrhosis [LC], chronic obstructive pulmonary dis-
ease [COPD]), and medication history (anticoagulant, 
antiplatelet, and non-steroidal anti-inflammatory drugs 
[NSAIDs]). Data on vital signs and blood test (hemo-
globin level, hematocrit percentage, platelet count, albu-
min level, blood urea nitrogen [BUN] level, creatinine 
level, and international normalized ratio [INR]) at the ER, 
hospitalization duration, intensive care unit treatment 

duration, and death were also collected. The American 
Society of Anesthesiologists (ASA) scores are required to 
calculate the ABC score.

Primary outcome and definitions
LGIB was defined as colon and rectal bleeding below the 
ileocecal valve confirmed through duodenoscopy, colo-
noscopy, angiography, and hemorrhagic CT. The primary 
outcome was to investigate variables related to all-cause 
mortality of patients hospitalized with LGIB. The second-
ary outcome was to evaluate the area under the receiver 
operating characteristics curve (AUROC) values of the 
primary outcomes. The newly introduced AUROC in this 
study will be called CNUH, which stands for Chungnam 
National University Hospital. The CNUH was compared 
with those of existing models (ABC and AIMS65).

Statistical analyses
For continuous variables, the mean value was used when 
the variable values were relatively evenly distributed, and 
the median value was used otherwise. Categorical vari-
ables are represented as numbers (percentages). Univari-
ate logistic regression analysis was used to investigate 
variables associated with all-cause mortality, and the 
Hosmer–Lemeshow test was conducted to determine the 
suitability of the results. Multivariable logistic regression 
analysis was used to determine the actual role of each 
factor by correcting the influences of the variables with 
meaningful results. While selecting statistically mean-
ingful variables in the univariable logistic regression 
analysis, to reduce the error of selecting confounding and 
suppressor variables, the p-value was set at < 0.1. For the 
secondary outcome, four to five variables most related to 
all-cause mortality in the primary outcome were selected, 
and then each AUROC value was compared. SPSS ver-
sion 22 (IBM Corp., Armonk, NY, USA) was used for the 
statistical analyses.

Results
Patient characteristics
From January 2016 to December 2020, 3181 patients with 
hematochezia aged ≥ 19 years older were admitted to the 
ER. Of them, 2086 were discharged on the same day after 
treatment and 1095 were hospitalized for LGIB. Finally, 
932 patients were diagnosed with LGIB (Fig. 1).

Among patients who underwent inpatient treatment, 
57.3% were men, and 42.7% were women. The median 
age was 68  years. Underlying comorbidities included 
cancer 18.8%, HF 12.0%, RF 12.4%), COPD 2.9%, and 
LC 10.8%. ASA scores were as follows: 1 point 58.9%; 
2 points 13.8%; and 3 points 27.2%. In the ER, 1045 
patients were alert and 50 had altered mental status. 
During hospitalization, the concomitant medications 
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were antiplatelet agents 18.8%; anticoagulants 11.1%; 
and NSAIDs 27.9%. The median length of hospital stay 
was 6  days. Moreover, 51 patients received intensive 
care treatment and the median duration of intensive 
care unit treatment was 3 days (Table 1).

Vital signs, laboratory results, and mortality
Among patients who underwent inpatient treatment for 
LGIB, 40 (3.7%) died; among these, 23 (2.1%) died from 
LGIB and 17 (1.6%) died from causes other than LGIB 
(Table 1). The median heart rate was 100 beats/min, the 
median systolic blood pressure was 100 mmHg, and the 
median diastolic blood pressure was 53 mmHg (Table 2). 
The mean hemoglobin level and hematocrit percent-
age were 9.24 g/dL and 27.22%, respectively. The median 
platelet count, BUN level, creatinine level, albumin level, 
and INR were 161,000/µL, 22.3 mg/dL, 0.95 mg/dL, 3.0 g/
dL, and 1.12, respectively (Table 2).

Endoscopic results
Of 1095 patients admitted for LGIB, 850 underwent 
endoscopy. Among these, 144 patients underwent endo-
scopic hemostasis, 24 underwent transarterial emboli-
zation and one underwent both procedures (Table  3). 
In endoscopy, the most common cause of LGIB was 
ischemic colitis 16.3%, followed by diverticular bleed-
ing 16.0%, ulcer bleeding 6.8%, cancer bleeding 6.2%, 
and post-polypectomy bleeding 5.6%. The cause was 
not found in 6 patinets complaining hematoche-
zia and 93 patients showed no sign of bleeding on 
endoscopy(Table 4).

3,181

January 1, 2016 ~ December 31, 2020
ER with hematochezia

Discharged at ER

Non LGIB

2,086

Small bowel bleeding : 36
UGIB : 28
Unknown origin : 6
No bleeding : 93

Admission

LGIB

932

1,095

Fig. 1  Study flow chart

Table 1  Baseline characteristics of the patients

ASA, American Society of Anesthesiologists

Parameters Results

Sex (%) Male: 627 (57.3) Female: 468 (42.7)

Age, median (range) 68 (19–94)

Comorbidity (%) Cancer 206 (18.8)

Heart failure 131 (12.0)

Renal failure 136 (12.4)

Chronic pulmonary obstructive disease 32 (2.9)

Liver cirrhosis 118 (10.8)

ASA score 1 645 (58.9)

2 152 (13.8)

3 298 (27.2)

Mental status Alert 1045 (95.4)

Altered 50 (4.5)

Medication (%) Antiplatelet 206 (18.8)

Anticoagulant 122 (11.1)

Non-steroidal anti-inflammatory drugs 306 (27.9)

Hospitalization Day, median (range) 6.00 (1–203)

Intensive care unit

n (%) 51 (4.65)

Day, median (range) 3.00 (1–26)

Mortality (%) All-cause mortality 40 (3.7)

Bleeding-related mortality 23 (2.1)

Non-bleeding-related mortality 17 (1.6)
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Correlation with all‑cause mortality
In the univariate analysis, the following factors were 
associated with all-cause mortality: age ≥ 75  years, 

presence of cancer, heart rate > 100 beats/min, sys-
tolic blood pressure < 100  mmHg, diastolic blood 
pressure < 60  mmHg, hemoglobin ≤ 10.0  mg/dL, hema-
tocrit ≤ 30.0%, platelet ≤ 100,000/µL, BUN ≥ 30  mg/
dL, creatinine lev > 1.5  mg/dL, albumin ≤ 3.0  g/dL, and 
INR > 1.50 (Table  5). The P-value of the Hosmer–Leme-
show test conducted to determine suitability was 0.996.

In the multivariable logistic regression analysis, sig-
nificant (p < 0.05) results were obtained with the follow-
ing variables: heart rate > 100 beats/min, BUN ≥ 30 mg/
dL and INR > 1.50 (Table 5).

CNUH model for the prediction of mortality
To determine the predictability of all-cause mortality 
from the variables, the AUROC was evaluated. Three 
variables with meaningful results in multivariable anal-
ysis were selected. In addition, presence of cancer and 
albumin ≤ 3.0 g/dL, which were not statistically mean-
ingful but were thought to have a relative effect on all-
cause mortality, were selected.

Two models were compared. The first one was called 
a CNUH-4 model that incorporated the following vari-
ables: cancer, heart rate > 100 beats/min, BUN ≥ 30 mg/
dL, and INR > 1.50. The AUROC was drawn by assign-
ing points from 0 to 4. The second model (CNUH-5) 
was created by adding an albumin ≤ 3.0  g/dL to the 
CNUH-4 model. The AUROC was drawn by assigning 
points from 0 to 5.

The score distribution in the CNUH-4 model was 
as follows: 0 points, 310 (33.5%) patients; 1 point, 
318 (34.3%) patients; 2 points, 183 (19.8%) patients; 
3 points, 91 (9.8%) patients; and 4 points, 24 (2.6%) 
patients. The AUROC was 0.890 (p < 0.001; cutoff, 2.5; 
95% CI, 0.0851–0.929) (Fig.  2). The score distribution 
in the CNUH-4 model was as follows: 0 points, 223 
(24.1%) patients; 1 point, 254 (27.4%) patients; 2 points, 
190 (20.5%) patients; 3 points, 148 (16.0%) patients; 
4 points, 88 (9.5%) patients; and 5 points, 23 (2.5%) 
patients. The AUROC was 0.901 (p < 0.001; cutoff, 3.5; 
95% CI, 0.869–0.933), higher than that of CNUH-4 
(Fig. 2).

The results of CNUH-4 and CNUH-5 were compared 
with those of ABC and AIMS65 using data from the 
Chungnam National University Hospital in 2020. The 
AUROC of ABC was 0.881 (p < 0.001; 95% CI, 0.817–
0.945), the AUROC of AIMS65 was 0.861 (p < 0.001; 
95% CI, 0.771–0.951), the AUROC of CNHU-4 was 
0.893 (p < 0.001; 95% CI, 0.826–0.960), and the AUROC 
of CNUH-5 was 0.896 (p < 0.001; 95% CI, 0.836–0.956). 
When compared with data in 2020, the AUROC of 
CNUH-5 was the highest (Fig. 3).

Table 2  Vital signs and laboratory test results at the emergency 
room

Parameters Results

Vital signs (median)

 Heart rate (beat/min) 100

 Systolic blood pressure (mmHg) 100

 Diastolic blood pressure (mmHg) 53

Laboratory test results

 Hemoglobin, mean(g/dL) 9.24

 Hematocrit, mean (%) 27.22

 Platelet, median (µL) 161,000

 Blood urea nitrogen, median (mg/dL) 22.3

 Creatinine, median (mg/dL) 0.95

 Albumin, median (g/dL) 3.0

 International normalized ratio, median 1.12

Table 3  The proportion of patients who underwent endoscopy 
and intervention

Intervention Results

Endoscopic exam, n (%) 850 (77.6)

Intervention, n (%)

 Endoscopic bleeding control 144 (13.2)

 Embolization 24 (2.2)

 Both of the above 1 (0.1)

Table 4  Endoscopic results

Endoscopic findings n (%)

Ischemic colitis 178 (16.3)

Diverticular bleeding 175 (16.0)

Ulcer bleeding 75 (6.8)

Cancer bleeding 68 (6.2)

Post polypectomy bleeding 61 (5.6)

Ulcerative colitis 34 (3.1)

Colitis 30 (2.7)

Polyp 27 (2.5)

Adenoma 13 (1.2)

Varix bleeding 8 (0.7)

Angiodysplasia 6 (0.5)

Pseudomembranous colitis 4 (0.4)

Arteriovenous malformation 3 (0.3)

Crohn’s disease 3 (0.3)

Subepithelial tumor 3 (0.3)

International normalized ratio prolongation 1 (0.1)
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Table 5  Logistic regression analyses results for risk factors of mortality from lower gastrointestinal bleeding

OR, odds ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-inflammatory drugs; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; BUN, blood urea nitrogen; INR, international normalized ratio. Hosmer–Lemeshow test p-value 0.996(χ21.224; df 8)

Univariable logistic regression analysis Multivariable logistic regression analysis

OR p-value 95% CI OR p-value 95% CI

Aged ≥ 75 years 2.110 0.021 1.120–3.977 1.203 0.641 0.553–2.619

Male sex 0.845 0.602 0.449–1.591

Cancer 2.713 0.003 1.403–5.246 2.081 0.071 0.939–4.609

COPD 0.915 0.931 0.121–6.897

Renal failure 1.559 0.298 0.675–3.601

Heart failure 1.373 0.485 0.564–3.339

Liver cirrhosis 2.172 0.057 0.976–4.836

Antiplatelet 0.758 0.537 0.314–1.830

Anticoagulant 1.144 0.783 0.439–2.979

NSAIDs 0.992 0.983 0.489–2.013

Heart rate (> 100 beats/min) 39.198 0.000 5.333–288.086 13.134 0.014 1.677–102.880

SBP (< 100 mmHg) 9.384 0.000 3.279–26.854 2.477 0.188 0.642–9.560

DBP (< 60 mmHg) 6.783 0.009 1.612–28.538 0.942 0.950 0.149–5.958

Hemoglobin (≤ 10.0 mg/dL) 2.712 0.013 1.238–5.945 1.023 0.982 0.146–7.176

Hematocrit (≤ 30.0%) 3.905 0.007 1.356–7.063 0.296 0.264 0.035–2.501

Platelet (≤ 100,000/uL) 3.809 0.000 2.013–7.206 1.103 0.811 0.494–2.463

BUN (≥ 30 mg/dL) 11.314 0.000 4.950–25.860 3.760 0.016 1.279–11.051

Creatinine (> 1.5 mg/dL) 4.429 0.000 2.336–8.395 1.070 0.881 0.442–2.590

Albumin (≤ 3.0 g/dL) 37.509 0.000 5.134–274.040 7.360 0.072 0.839–64.574

INR (> 1.50) 10.321 0.000 5.310–20.061 3.258 0.005 1.424–7.454

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.8

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.8

Fig. 2  Comparison of the area under the receiver operating characteristics curve (AUROC) between CNUH-4 and CNUH-5. The AUROC of CNUH-4 
(left) was 0.890 (p < 0.001; cutoff, 2.5; 95% CI, 0.0851–0.929). The AUROC of CNUH-5 (right) was 0.901 (p = 0.000; cutoff, 3.5; 95% CI, 0.869–0.933). 
x = 1 − sensitivity, y = sensitivity
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Discussion
Several studies have introduced indicators to predict the 
severity and mortality of UGIB [6–8]. Similar to UGIB, 
a scoring system that can predict the prognosis of LGIB 
using various predictors at the time of ER visit will be 
useful. Although the prognosis of LGIB is better than that 
of UGIB, it is very important to develop a scoring system 
to assess the mortality risk in advance. Therefore, we re-
evaluated the risk factors using the existing scoring sys-
tem, including only patients with LGIB and undergoing 

inpatient treatment, and developed a new scoring system 
for clinical use.

Prior to this study, other studies have evaluated the 
mortality and severity of LGIB. In these studies, heart 
rate > 100 beats/min, systolic blood pressure < 115 mmHg, 
aspirin use, ≥ 2 comorbidities [11], hematocrit ≤ 35.0%, 
systolic blood pressure < 100  mmHg or heart rate > 100/
min [12], transfusion, re-bleeding, 20% reduction of 
hematocrit [13], prothrombin time > 1.2-times the con-
trol, erratic mental status, unstable comorbidities [14], 

ROC
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Fig. 3  Comparison of various models using patient data in 2020. The area under the receiver operating characteristics curve (AUROC) of ABC 
(left upper) was 0.881 (p < 0.001; 95% CI, 0.817–0.945), the AUROC of AIMS65 (right upper) was 0.861 (p < 0.001; 95% CI, 0.771–0.951), the AUROC 
of CNHU-4 (left lower) was 0.893 (p < 0.001; 95% CI, 0.826–0.960), and the AUC of CNUH-5 (right lower) was 0.896 (p < 0.001; 95% CI, 0.836–0.956). 
x = 1 − sensitivity, y = sensitivity
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age ≥ 75  years, creatinine level > 150  µmol/L, and albu-
min level ≤ 30  g/L [9] were found to be associated with 
LGIB-induced severe morbidity and mortality.

Similar to previous studies, our univariable logistic 
regression analysis showed that specific vital signs, age, 
and laboratory test results were associated with LGIB-
induced mortality. However, in the multivariable logistic 
regression analysis, variables associated with all-cause 
mortality were the presence of cancer, heart rate > 100 
beats/min, BUN ≥ 30  mg/dL, albumin level ≤ 3.0  g/
dL, and INR > 1.50. When comparing the two models, 
CNUH-5 had a higher AUROC value than CNUH-4 
(0.901 vs. 0.890).

Two previous validation and derivation studies on 
LGIB severity have reported that the AUROC was 0.754 
for the validation study and 0.761 for the derivation study 
[11, 15]. In a study comparing the relationship between 
eight variables and 30-day mortality, the AUROC was 
0.72 [16]. In a study that performed external validation 
with the existing NOBLADS score, the in-hospital mor-
tality rate was > 5 points (AUROC, 0.83) [17]. Compared 
with these studies, the AUROC of the CNUH model was 
found to be higher.

Few studies have evaluated the prognosis of LGIB. 
AIMS65, GBS, and Oakland scores have been found to 
be useful in assessing LGIB, and AIMS65 is known to be 
highly correlated with LGIB-related mortality [14, 18]. In 
this study, we compared AIMS65, which has the highest 
mortality prediction ability, with the recently developed 
ABC. Albumin level, INR, mental status, systolic blood 
pressure, and age are required to calculate the AIMS65 
score, while age, BUN, albumin level, creatinine level, 
mental status, LC, and malignancy are required to calcu-
late the ABC score. However, the CNUH model does not 
include mental status, ASA score, and age; thus, a direct 
comparison was impossible. Therefore, we used the 
CNUH model as the comparator and validated the ABC 
and AIMS65 models.

The AUROCs of ABC, AIMS65, CNUH-4, and 
CNUH-5 with patient data in 2020 were 0.881, 0.861, 
0.893, and 0.896, respectively. A slight difference was 
observed between the AUROCs of CNUH-4 and 
CNUH-5 when all enrolled patients were included. It is 
meaningful that the model presented in this study had 
a relatively higher AUROC than the two existing ones, 
although the patient’s information or score calculation 
method was simpler with the CNUH model.

This study has some limitations. In this retrospec-
tive study, all information was obtained from electronic 
medical records. This method does not provide adequate 
information on the change of conditions from the time 
of admission to death or discharge. LGIB often improves 
spontaneously and has a low mortality rate [19–22]. 

Because of the low all-cause mortality rate, the OR values 
of some variables, such as heart rate, BUN, albumin, and 
INR, might be overestimated. In addition, there might 
be a selection bias in targeting only patients hospitalized 
for LGIB. However, the scoring system was exclusively 
developed for patients who visited the hospital with 
hematochezia and in whom LGIB was clearly identified. 
Finally, this study was based on a single tertiary-care 
institution; our results need to be validated in other set-
tings in a larger cohort.

Conclusions
We developed a model for predicting the risk of LGIB-
related mortality, and five variables related to all-cause 
mortality were identified. Our model is simpler than the 
existing model. thus, it can be quickly applied when eval-
uating patients in the ER. Further studies are required to 
validate our results in a larger cohort.
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