
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2023 June 16; 11(17): 3932-4209

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I June 16, 2023 Volume 11 Issue 17

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 11 Number 17 June 16, 2023

REVIEW

Liver replacement therapy with extracorporeal blood purification techniques current knowledge and 
future directions

3932

Papamichalis P, Oikonomou KG, Valsamaki A, Xanthoudaki M, Katsiafylloudis P, Papapostolou E, Skoura AL, 
Papamichalis M, Karvouniaris M, Koutras A, Vaitsi E, Sarchosi S, Papadogoulas A, Papadopoulos D

MINIREVIEWS

Prediction models for recurrence in patients with small bowel bleeding3949

Kim JH, Nam SJ

Investigation of possible relationship between atopic dermatitis and salivary biomarkers, stress, and sleep 
disorders

3958

Estefan J, Ferreira DC, Cavalcante FS, dos Santos KRN, Ribeiro M

Value of clinical applications of differential pressure and relative pressure imaging in the left ventricle3967

Zheng AS, Yu HX

Low-dose immunotherapy as a potentiator to increase the response with neo-adjuvant chemotherapy in 
oral cancers

3976

Rathinasamy N, Muthu S, Krishnan A

Kidney disease in patients with chronic liver disease: Does sex matter?3980

Cooper KM, Colletta A, Moulton K, Ralto KM, Devuni D

ORIGINAL ARTICLE

Case Control Study

Elabela is a reliable biomarker for predicting early onset preeclampsia: A comparative study3993

Amer Ali E, Nori W, Salman AF, Al-Rawi TSS, Hameed BH, Al-Ani RM

Retrospective Cohort Study

Acute-on-chronic liver failure is independently associated with higher mortality for cirrhotic patients with 
acute esophageal variceal hemorrhage: Retrospective cohort study

4003

Terres AZ, Balbinot RS, Muscope ALF, Longen ML, Schena B, Cini BT, Rost Jr GL, Balensiefer JIL, Eberhardt LZ, Balbinot 
RA, Balbinot SS, Soldera J

Retrospective Study

Elastic fiber degradation in the development of pediatric granuloma annulare: Report of 39 cases4019

Zhang DY, Zhang L, Yang QY, Xie YC, Jiang HC, Li JZ, Shu H



WJCC https://www.wjgnet.com II June 16, 2023 Volume 11 Issue 17

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 17 June 16, 2023

Anti-bacterial mechanism of baicalin-tobramycin combination on carbapenem-resistant Pseudomonas 
aeruginosa

4026

Jin LM, Shen H, Che XY, Jin Y, Yuan CM, Zhang NH

SYSTEMATIC REVIEWS

Acknowledging the use of botanicals to treat diabetic foot ulcer during the 21st century: A systematic 

review

4035

Narzary I, Swarnakar A, Kalita M, Middha SK, Usha T, Babu D, Mochahary B, Brahma S, Basumatary J, Goyal AK

CASE REPORT

Pregabalin induced balance disorder, asthenia, edema, and constipation in an elderly adult: A case report4060

Ma LP, Wen C, Zhao TX, Jiang XM, Gu J

Emergency internal iliac artery temporary occlusion after massive hemorrhage during surgery of cesarean 
scar pregnancy: A case report

4065

Xie JP, Chen LL, Lv W, Li W, Fang H, Zhu G

Hemophagocytic lymphohistiocytosis after autologous stem cell transplantation in angioimmunoblastic T-
cell lymphoma: A case report

4072

Zhang ZR, Dou AX, Liu Y, Zhu HB, Jia HP, Kong QH, Sun LK, Qin AQ

Successful reconstruction of an ankle defect with free tissue transfer in a hemophilia A patient with 
repetitive hemoarthrosis: A case report

4079

Lee DY, Lim S, Eo S, Yoon JS

Primary pelvic Echinococcus granulosus infection: A case report4084

Abulaiti Y, Kadi A, Tayier B, Tuergan T, Shalayiadang P, Abulizi A, Ahan A

Epstein-Barr virus-induced infection-associated hemophagocytic lymphohistiocytosis with acute liver 
injury: A case report

4090

Sun FY, Ouyang BQ, Li XX, Zhang T, Feng WT, Han YG

Cardiac arrest secondary to pulmonary embolism treated with extracorporeal cardiopulmonary 
resuscitation: Six case reports

4098

Qiu MS, Deng YJ, Yang X, Shao HQ

Flared inflammatory episode transforms advanced myelodysplastic syndrome into aplastic pancytopenia: 
A case report and literature review

4105

Ju B, Xiu NN, Xu J, Yang XD, Sun XY, Zhao XC

Frontal penetrating arrow injury: A case report4117

Rodríguez-Ramos A, Zapata-Castilleja CA, Treviño-González JL, Palacios-Saucedo GC, Sánchez-Cortés RG, Hinojosa-
Amaya LG, Nieto-Sanjuanero A, de la O-Cavazos M

Chest wall osteochondroma resection with biologic acellular bovine dermal mesh reconstruction in 
pediatric hereditary multiple exostoses: A case report and review of literature

4123

Alshehri A



WJCC https://www.wjgnet.com III June 16, 2023 Volume 11 Issue 17

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 17 June 16, 2023

Massive pulmonary embolism in Klippel-Trenaunay syndrome after leg raising: A case report4133

Lo CY, Chen KB, Chen LK, Chiou CS

Improved super-elastic Ti–Ni alloy wire intrusion arch for skeletal class II malocclusion combined with 
deep overbite: A case report

4142

Yang CY, Lin CC, Wang IJ, Chen YH, Yu JH

Glucocorticoid pulse therapy in an elderly patient with post-COVID-19 organizing pneumonia: A case 
report

4152

Park S, Jang Y, Koo SM, Nam BD, Yoon HY

Endoscopic and surgical treatment of jejunal gallstone ileus caused by cholecystoduodenal fistula: A case 
report

4159

Fan WJ, Liu M, Feng XX

Application of advanced platelet-rich fibrin for through-and-through bony defect during endodontic 
surgery: Three case reports and review of the literature

4168

Algahtani FN, Almohareb R, Aljamie M, Alkhunaini N, ALHarthi SS, Barakat R

Facial Merkel cell carcinoma in a patient with diabetes and hepatitis B: A case report4179

Ren MY, Shi YJ, Lu W, Fan SS, Tao XH, Ding Y

Pregnancy and lactation-associated osteoporosis with pyogenic spondylitis: A case report4187

Zhai K, Wang L, Wu AF, Qian Y, Huang WM

Hourglass-like constriction of the anterior interosseous nerve in the left forearm: A case report4194

He R, Yu JL, Jin HL, Ng L, Wang JC, Li X, Gai TT, Zhou Y, Li DP

Crohn’s disease in human immunodeficiency virus-infected patient: A case report4202

Vinikaite A, Kurlinkus B, Jasinskaite D, Strainiene S, Buineviciute A, Sadauskaite G, Kiudelis V, Kazenaite E



WJCC https://www.wjgnet.com IX June 16, 2023 Volume 11 Issue 17

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 11 Number 17 June 16, 2023

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Chun-Lin Ou, Doctor, PhD, Associate Professor, 
Associate Research Scientist, Department of Pathology, Xiangya Hospital, Central South University, Xiangya 
Hospital, Central South University, Changsha 410008, Hunan Province, China. ouchunlin@csu.edu.cn

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Journal Citation Reports/Science Edition, Current Contents®/Clinical Medicine, PubMed, PubMed Central, 
Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology 
Journal Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 
impact factor (IF) for WJCC as 1.534; IF without journal self cites: 1.491; 5-year IF: 1.599; Journal Citation Indicator: 
0.28; Ranking: 135 among 172 journals in medicine, general and internal; and Quartile category: Q4. The WJCC's 
CiteScore for 2021 is 1.2 and Scopus CiteScore rank 2021: General Medicine is 443/826. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

June 16, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 3949 June 16, 2023 Volume 11 Issue 17

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 June 16; 11(17): 3949-3957

DOI: 10.12998/wjcc.v11.i17.3949 ISSN 2307-8960 (online)

MINIREVIEWS

Prediction models for recurrence in patients with small bowel 
bleeding

Ji Hyun Kim, Seung-Joo Nam

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): D 
Grade E (Poor): 0

P-Reviewer: Kawano S, Japan; 
Tominaga N, Japan

Received: December 27, 2022 
Peer-review started: December 27, 
2022 
First decision: March 20, 2023 
Revised: April 10, 2023 
Accepted: May 15, 2023 
Article in press: May 15, 2023 
Published online: June 16, 2023

Ji Hyun Kim, Seung-Joo Nam, Division of Gastroenterology and Hepatology, Department of 
Internal Medicine, Kangwon National University School of Medicine, Chuncheon 24341, South 
Korea

Corresponding author: Seung-Joo Nam, MD, PhD, Assistant Professor, Division of 
Gastroenterology and Hepatology, Department of Internal Medicine, Kangwon National 
University Hospital, Baengnyeong-ro 156, Chuncheon, Gangwon-Do, 24289, South Korea. 
pinetrees@daum.net

Abstract
Obscure gastrointestinal bleeding (OGIB) has traditionally been defined as 
gastrointestinal bleeding whose source remains unidentified after bidirectional 
endoscopy. OGIB can present as overt bleeding or occult bleeding, and small 
bowel lesions are the most common causes. The small bowel can be evaluated 
using capsule endoscopy, device-assisted enteroscopy, computed tomography 
enterography, or magnetic resonance enterography. Once the cause of small-
bowel bleeding is identified and targeted therapeutic intervention is completed, 
the patient can be managed with routine visits. However, diagnostic tests may 
produce negative results, and some patients with small bowel bleeding, regar-
dless of diagnostic findings, may experience rebleeding. Predicting those at risk of 
rebleeding can help clinicians form individualized surveillance plans. Several 
studies have identified different factors associated with rebleeding, and a limited 
number of studies have attempted to create prediction models for recurrence. This 
article describes prediction models developed so far for identifying patients with 
OGIB who are at greater risk of rebleeding. These models may aid clinicians in 
forming tailored patient management and surveillance.

Key Words: Obscure gastrointestinal bleeding; Prediction model; Rebleeding; Small bowel 
bleeding; Video capsule endoscopy
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Core Tip: Some patients with small bowel bleeding, regardless of the diagnostic findings, may experience 
rebleeding. Predicting those at risk of rebleeding can help clinicians form individualized surveillance 
plans. This article describes prediction models developed so far for identifying patients with obscure 
gastrointestinal bleeding who are at greater risk of rebleeding. There are prediction models that can help 
identify patients with a greater risk of rebleeding.

Citation: Kim JH, Nam SJ. Prediction models for recurrence in patients with small bowel bleeding. World J Clin 
Cases 2023; 11(17): 3949-3957
URL: https://www.wjgnet.com/2307-8960/full/v11/i17/3949.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i17.3949

INTRODUCTION
Gastrointestinal (GI) bleeding is a common symptom in the emergency department and is associated 
with significant morbidity and mortality[1,2]. GI bleeding not identified upon initial esophago-
gastroduodenoscopy (EGD), and colonoscopy has traditionally been known as obscure GI bleeding 
(OGIB), and many of these are caused by bleeding from small intestinal lesions[3,4]. OGIB can be 
divided into two groups as suggested by the American College of Gastroenterology guideline: Overt 
bleeding presenting with clinically evident bleeding as melena or hematochezia; and occult bleeding 
presenting as positive fecal occult blood test or anemia[3]. The small bowel can be evaluated using 
capsule endoscopy (CE), device-assisted enteroscopy (DAE), computed tomography enterography, or 
magnetic resonance enterography. CE is the preferred modality in suspected cases of small bowel 
bleeding because it is not invasive and allows direct visualization of the entire small bowel mucosa. The 
diagnostic yield is as high as 77%, which is superior to that of angiography; however, the diagnostic 
yield can vary depending on several factors[5]. Factors known to be associated with increased 
diagnostic yield include inpatient status, early CE (within 1 wk upon presentation of symptoms), large 
amount of overt bleeding requiring transfusion, hemoglobin < 10 g/dL, male sex, older age, and use of 
anti-coagulants[6-10]. Once the source of bleeding is identified and directed interventions are 
performed, approximately 50%-66% of patients have been reported to have no rebleeding during 
follow-up[11]. If bleeding lesions are not observed with initial CE, patients may be considered for re-
evaluation with a second CE to increase the diagnostic yield if a decrease in hemoglobin of more than 4 
g/dL is observed. However, studies and meta-analysis have reported that rebleeding rate in patients 
with negative CE is low compared to those on patients with positive CE[12-17]; moreover, experts 
suggest watchful waiting in such patients[18]. However, some discrepancies in rebleeding rates have 
been observed in different studies. Rebleeding in patients with positive CE results varies between 5.9% 
and 61.1%, and rebleeding in patients with negative CE results varies between 0% and 64.6%, 
suggesting that the results of CE alone may not be sufficient to predict outcomes in patients with OGIB
[19-23]. In an attempt to identify patients who have a higher risk of rebleeding, different prediction 
models have been developed. This study reviews available prediction models, including Predicting 
Rebleeding in Small Bowel Bleeding (PRSBB) score, prediction model using 5 factors, Outcomes 
Registry for Better Informed Treatment (ORBIT) score, Ohmiya index, and Renal disease, Heart failure, 
Endoscopic findings, Major bleeding, Incomplete CE, Tobacco consumption, and Treatment by 
endoscopy (RHEMITT) score. A summary of the models is presented in Table 1.

RISK FACTORS FOR REBLEEDING
To date, there are conflicting results regarding rebleeding rates and associated factors from different 
studies; patients included in each study are heterogeneous and follow-up durations vary. Analysis on 
risk factors associated with rebleeding are also different among different studies. Some factors 
considered to be associated with rebleeding include overt bleeding, anticoagulation therapy, positive CE 
findings at initial assessment, age, gender, low serum hemoglobin, and accompanying conditions, such 
as liver cirrhosis and chronic kidney disease[17].

CE findings
Findings from CE can be classified into three types according to the Saurin classification; P0 lesions such 
as submucosal veins, diverticula without bleeding, or nodules without mucosa breaks have no bleeding 
potential; P1 lesions such as red spots and erosions have uncertain bleeding potential; and P2 lesions 
such as large ulcers, tumors, varices, and vascular lesions have high potential for bleeding[24]. 
Lorenceau-Savale et al[25] reported that a year follow-up of patients with P0 or P1 lesions showed no 

https://www.wjgnet.com/2307-8960/full/v11/i17/3949.htm
https://dx.doi.org/10.12998/wjcc.v11.i17.3949
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Table 1 Prediction models for rebleeding in small bowel bleeding

Ref. Prediction 
model Variables Rebleeding rate

Niikura et al[38], 2016 Prediction 
model using 5 
factors

Female sex, liver cirrhosis, use of warfarin, overt bleeding, 
hemoglobin below 10 g/dL, positive CE findings

0% with 0 variable; 8.7% with 1 variable; 
14.7% with 2 variables; 30.4% with 3 
variables; 40.0% with 4 variables

Originally created by O’Brien 
et al[39], 2015; tested by Cú
rdia Gonçalves et al[40], 2018

ORBIT score Age ≥ 75 yr, hemoglobin (< 12 g/dL for women, < 13 g/dL 
for men), prior GI bleeding or intracranial hemorrhage, 
reduced kidney function (GFR < 60 mg/dL/1.73 m2), use of 
antiplatelets

45% in low/intermediate risk group; 
80% in high risk group; AUROC is 0.67 
when cutoff value of 4

Uchida et al[37], 2018 PRSBB score Age, sex, type of bleeding (occult or overt), transfusion 
requirement, cardiovascular disease, liver cirrhosis, CE 
findings, type of treatment

3.63% in low risk group; 12.8% in 
intermediate risk group; 23.4% in high 
risk group

Ohmiya et al[41], 2019 Ohmiya index Angina pectoris, arrhythmia, congestive heart failure, 
chronic kidney disease, peripheral vascular disease, 
hemodialysis, valvular heart disease, hereditary vascular 
disease, portal hypertensive disease

33% in small bowel vascular disease 
predicted by score ≥ 2

de Sousa Magalhães et al[45], 
2020

RHEMITT score Renal disease (GFR mL/min), heart failure, endoscopic 
findings, major bleeding, incomplete CE, tobacco 
consumption, treatment by endoscopy

0.00% in low risk group; 25.4% in 
intermediate risk group; 63.8% in high 
risk group

AUROC: Area under the receiver operating characteristics curve; CE: Capsule endoscopy; GI: Gastrointestinal; GFR: Glomerular filtration rate; ORBIT: 
Outcomes Registry for Better Informed Treatment; PRSBB: Predicting Rebleeding in Small Bowel Bleeding; RHEMITT: Renal disease, Heart failure, 
Endoscopic findings, Major bleeding, Incomplete CE, Tobacco consumption, Treatment by endoscopy.

rebleeding, while a study by Koh et al[26] reported rebleeding in 23% of patients with P0 and P1 lesions 
within 6 mo after the initial presentation, and a prospective study by Laine et al[27] showed similar 
results, reporting rebleeding in 33% of patients with negative initial CE results. Yung et al[17] included 
26 studies from eastern and western populations for meta-analysis on clinical outcome from small 
bowel bleeding with negative initial CE and reported that pooled rate of rebleeding after negative CE 
was 0.19 which is significantly lower than positive CE of 0.29 (P < 0.001). In another meta-analysis, 
Tziatzios et al[19] used 46 studies from different countries to analyze rebleeding rates. Similar to 
previous studies, they also reported that rebleeding rates were lower in negative CE than in positive CE 
(22% vs 28%). However, when data from eastern and western population were separately analyzed, 
similar findings were observed only in studies on eastern population and not in western population 
studies[19].

Occult and overt bleeding
Studies that compared overt and occult bleeding have also reported varying results. A study by Liu et al
[28] reported that among 142 patients with OGIB, rebleeding was observed in 72 (50.7%) patients within 
6 mo, and among them the initial presentation was overt bleeding in 70.4% compared to 29.6% of occult 
bleeding. Another study by Wetwittayakhlang et al[29] reported that during a follow-up duration of 26 
mo, 35 patients (26.3%) had rebleeding where 60% had initial presentation as overt bleeding. 
Furthermore, a study by Kim et al[30] reported that 16 patients (26.7%) with negative CE had rebleeding 
within 36 mo, and among them, 81.3% had overt bleeding as the initial presenting symptom. In a study 
by Baba et al[31] 168 patients with small bowel bleeding were included, and patients were grouped into 
overt ongoing bleeding, overt previous bleeding, and occult bleeding groups. Multivariate analysis on 
rebleeding showed that overt previous bleeding (odds ratio = 3.68, P = 0.01), vascular lesions and 
chronic kidney disease, were risk factors associated with rebleeding. Other studies reported different 
results. A multicenter study by Kim et al[32] reported that no significant difference was observed 
between overt and occult bleeding in patients with rebleeding, and similar findings were also reported 
by Magalhães-Costa et al[33]. Some studies reported that overt bleeding was not a significant risk factor 
in rebleeding[28,30,33], while different studies have reported that overt bleeding is a significant risk 
factor for rebleeding[29,31,34]. Meta-analysis on initial mode of OGIB presentation showed that 
difference in the rebleeding rate after negative CE was not statistically significant[17], and the overall 
odds ratio did not differ between the two modes of presentation[19].

Therapeutic intervention
Once bleeding lesions are identified, DAE can be used for endoscopic hemostasis, such as argon plasma 
coagulation, or hemostatic clipping. Other specific treatments include surgery, angiographic hemostasis, 
discontinuation of anticoagulants and antiplatelets, and treatment targeted for specific lesions such as 
Crohn’s disease. When bleeding lesion is not identified (negative CE), watchful waiting, blood 
transfusion, or iron supplementation are considered as nonspecific treatment. Some studies concluded 
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that receiving targeted therapeutic intervention did not have significant effects on rebleeding[32,35], 
while other studies reported that targeted specific therapeutic intervention lowered rebleeding rate[31,
34,36]. A meta-analysis by Yung et al[17] reported that specific treatment did not have significant effect 
on the risk of rebleeding, while Tziatzios et al[19] reported that in studies that enrolled patients with 
positive CE who received specific treatment, significantly lower risk of rebleeding were observed than 
that in cases without intervention. This suggests that if a bleeding lesion is identified from CE and 
specific treatment is done, it could lower the risk of rebleeding.

NOMOGRAM-BASED PREDICTION MODEL, THE ‘PRSBB’ SCORE
In a retrospective study by Uchida et al[37], 401 patients with small-bowel bleeding were included. 
Repeat EGD and colonoscopy were performed to identify possible missed lesions, and CE was 
performed using a PillCam SB. According to the CE findings, lesions were identified as normal (venous 
ectasia, mucosal erythema, small polyps without bleeding, isolated clots), non-vascular (active ulcer, 
diverticula, and small-bowel tumors), and vascular (angioectasia, Dieulafoy’s lesion, varices, arteri-
ovenous malformations, and active bleeding). For patients in good general condition who agreed to 
undergo further testing, double-balloon endoscopy was performed regardless of CE results to identify 
any missed small bowel lesions. The outcome was the occurrence of rebleeding, defined as hema-
tochezia and melena in patients with overt bleeding, and anemia (a reduction in hemoglobin levels > 2 
g/dL) in patients with occult bleeding. The least absolute shrinkage and selection operator (LASSO) plot 
was drawn using different factors including age, sex, comorbidities (diabetes, cardiovascular disease, 
chronic kidney disease, and liver cirrhosis), medication [anticoagulants and nonsteroidal non-steroidal 
anti-inflammatory drugs (NSAIDs)], type of small bowel bleeding (overt or occult), transfusion 
requirement, hemoglobin level, CE and enteroscopy findings, and type of treatment. According to the 
LASSO regression plot, eight factors were associated with rebleeding, which were age, sex, type of small 
bowel bleeding, transfusion requirement, history of cardiovascular disease, history of liver cirrhosis, CE 
findings, and type of treatment received. The weights and points for these factors were combined in the 
nomogram, and based on this nomogram, patients were grouped into different risk groups. The low-
risk group represents < 10% rebleeding in 5 years, the intermediate group represents 10%-20% 
rebleeding, and the high-risk group represents > 20% rebleeding. When this nomogram was applied, 
cumulative rebleeding rate in the low, intermediate, and high risk groups were 3.63%, 12.8%, and 23.4%, 
respectively. This prediction model for rebleeding in small bowel bleeding (PRSBB), stratifies patients 
with small bowel bleeding into different risk groups so that clinicians can plan individualized follow-up 
strategies. However, there is a lack of data on the external validation of this model.

PREDICTION MODEL USING 5 FACTORS
Niikura et al[38] developed and reported a prediction model for rebleeding in OGIB cases. They 
gathered data on 320 patients from different centers in Japan who were identified as having OGIB on 
negative EGD and colonoscopy. Patients with upper GI bleeding (bleeding from lesions above ligament 
of Treitz) and lower GI bleeding (bleeding from lesions in colon and rectum) identified by repeated 
examinations were excluded from the study. At 3 and 6 mo after the initial diagnosis, patients were 
evaluated for rebleeding. The factors included in the analysis for rebleeding were age, sex, comorbidities 
(hypertension, dyslipidemia, diabetes, ischemic heart disease, cerebrovascular disease, heart failure, 
chronic kidney disease, liver cirrhosis, and chronic obstructive pulmonary disease), medications (low-
dose aspirin, thienopyridines, anticoagulants, and NSAIDs), hemoglobin level, timing of CE, CE 
findings, and hemostatic interventions. Among them, female sex, history of liver cirrhosis, use of 
warfarin, overt bleeding, hemoglobin drop (less than 10 g/dL), and positive CE findings were 
associated with risk of rebleeding. Each risk factor was calculated to have equal weights in the 
prediction model; therefore, one point was assigned to each factor. Applying this prediction model 
showed that bleeding risk increased with increasing total score: 0 points, 0% rebleeding; 1 point, 8.7% 
rebleeding; 2 points, 14.7% bleeding; 3 points, 30.4% rebleeding; and 4 points, 40.0% rebleeding. The 
model showed a 73% prediction rate for rebleeding when applied to the collated retrospective data. 
Based on the results, the authors suggested that patients with 0 points did not need follow-up, patients 
with any of the five risk factors needed follow-up at 3-6 mo intervals for 1 year, and patients with more 
than four risk factors needed follow-up at 3-6 mo intervals for more than 1 year as they are at greater 
risk of rebleeding. Although this prediction model lacks external validation, it is simple, identifies 
patients with an increased risk of rebleeding, and suggests how to schedule follow-up visits.
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ORBIT SCORE FOR THE PREDICTION OF REBLEEDING IN PATIENTS WITH SMALL 
BOWEL BLEEDING
In 2015, O’Brien et al[39] developed the ORBIT score, which assesses bleeding risk in patients with atrial 
fibrillation. Similar to HAS-BLED and HEMORR2HAGES scores, which were developed to identify 
patients at risk of bleeding who are administered long-term anticoagulants, ORBIT showed good 
prediction of major bleeding in patients with atrial fibrillation. It is a simple scoring system that uses 
five variables, with specific points assigned to each factor. One point is assigned for age ≥ 75 years, 2 
points for hemoglobin (< 12 g/dL for women, < 13 g/dL for men) or hematocrit (< 36% for women, < 
40% for men), 2 points for a history of prior GI bleeding or intracranial hemorrhage, 1 point for reduced 
kidney function (glomerular filtration rate < 60 mg/dL/1.73 m2), and 1 point for use of antiplatelets. A 
total of 0-2 points was considered as the low-risk group, 3 points as the intermediate-risk group, and > 4 
points as the high-risk group. Cúrdia Gonçalves et al[40] used the ORBIT score to predict rebleeding in 
patients with small bowel bleeding. For evaluation, risk scores were grouped into low/intermediate risk 
(< 4 points) and high risk (≥ 4 points) groups. Using the data of 570 patients with suspected small bowel 
bleeding, 67 patients who were administered chronic anticoagulants were included in the final analysis, 
41 patients were identified as the low/intermediate-risk group, and 26 patients were in the high-risk 
group. Analysis of the CE results showed that 16 patients in the low/intermediate-risk group (39.0%) 
had positive CE findings (P2 lesions representing high bleeding potential) and six patients in the high-
risk group (23.1%) had positive CE findings that were not significantly different. During a mean follow-
up duration of 35 mo, 15 patients (45.5%) in the low/intermediate-risk group had rebleeding, and 20 
patients (80%) had rebleeding defined as symptomatic anemia, decrease in hemoglobin by more than 2 
g/dL, need for transfusion, and overt GI bleeding. Rebleeding was significantly higher in the high-risk 
group than that in the low-risk group (P = 0.003). Using a cutoff value of 4, the area under the receiver 
operating characteristics curve (AUROC) was 0.67 (95% confidence interval: 0.53-0.79), sensitivity 57.1%; 
specificity, 78.3%; positive predictive value, 80.0%; and negative predictive value, 54.4%. This suggests a 
possible application of the ORBIT score for risk stratification in patients with atrial fibrillation. Ohmiya 
et al[41] applied the ORBIT score in 51 patients with small bowel bleeding and reported that 23% of 44 
patients in the high-risk group showed rebleeding, while no rebleeding was observed in the low-risk 
group; however, only seven patients were included in the low-risk group, so the difference was not 
distinct between the two groups.

OHMIYA INDEX, PREDICTION MODEL USING COMORBIDITY INDEX
Among other risk factors for bleeding, comorbidities have been considered important factors that are 
associated with rebleeding. A study by Otani et al[34] reported that a Charlson comorbidity index (CCI) 
score ≥ 5 was associated with an increased risk of bleeding in OGIB. Harada et al[42] also reported that a 
CCI score ≥ 4 was associated with a risk of rebleeding in small-bowel vascular lesions. Specific 
comorbidities, such as chronic kidney disease and liver cirrhosis, have been associated with an 
increased risk of bleeding and have been adapted in some prediction models[37,38,40,43]. Using CCI, 
Ohmiya et al[41] created a new comorbidity index to identify patients with small bowel bleeding at 
greater risk of small bowel vascular diseases, such as angioectasia, Dieulafoy’s lesion, arteriovenous 
malformation, and varix. Using data on the number and type of comorbidities from 404 patients with 
small bowel bleeding, they assigned a weighted index to significant comorbidities. A score of 1 was 
assigned to the presence of angina pectoris, arrhythmia, diabetes mellitus, congestive heart failure, and 
chronic kidney disease; a score of 2 was assigned to hemodialysis or peritoneal dialysis, peripheral 
vascular disease, and valvular heart disease; and a score of 3 was assigned to hereditary vascular 
diseases and portal hypertensive disease[44]. The combined score is the Ohmiya index. When applied to 
patients with small bowel bleeding, an index score of ≥ 2 identified small bowel vascular disease with 
68% accuracy. In addition, patients with small bowel vascular disease were more prone to rebleeding 
than those with non-vascular disease (33% vs 15%, P = 0.04). Although more specifically designed to 
identify bleeding from vascular diseases of the small bowel, this score suggests the possible use of a 
comorbidity index to identify patients at higher risk of rebleeding.

RHEMITT SCORE
To create and validate a prediction model specifically aimed at identifying small bowel rebleeding after 
evaluation with CE, de Sousa Magalhães et al[45] developed the RHEMITT score in 2019. Using data 
gathered from 357 patients who underwent CE for the evaluation of small bowel bleeding, they 
analyzed demographic characteristics, medications, comorbidities, laboratory data, and CE findings in 
association with rebleeding, and then created a prediction score using seven variables. Renal disease (R), 
heart failure (H), endoscopic findings (E), major bleeding (M), incomplete CE (I), tobacco consumption 
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(T), and treatment using endoscopy (T) were assigned different scores, and the combined score created 
the RHEMITT score ranging from 0 to 18 points. Renal disease, defined as a glomerular filtration rate < 
60 mL/min for more than 3 mo, was assigned a score of 3. Heart failure was defined as the presence of 
typical symptoms of reduced cardiac output and/or elevated cardiac pressure during rest or stress, 
which was assigned a score of 1. Endoscopic findings use the Saurin classification[24], where P1 lesions 
are assigned 2 points and P2 lesions are assigned 3 points. Major bleeding was defined as bleeding that 
causes a reduction in hemoglobin of ≥ 2 g/dL or requiring transfusion of 2 units of blood, and was 
given a score of 5. Incomplete CE was defined as failure to reach the colon during the recording time 
and was assigned a score of 2. Tobacco consumption was defined as active or former smokers and was 
assigned a score of 2. Finally, treatment by endoscopy was defined as hemostasis using coagulation with 
argon plasma coagulation or hemoclips and polypectomy with subsequent deep enteroscopy, which 
was assigned a score of 2. Based on the total score, 3 groups with different rebleeding risks were 
identified: 0-3 points indicated low risk (rebleeding rate, 0%), 4-10 points indicated intermediate risk 
(rebleeding rate, 25.4%), and 11-18 points indicated high risk (rebleeding rate, 63.8%). The AUROC was 
0.843 (95% confidence interval: 0.801-0.885), showing good accuracy. Using this score, Silva et al[46] 
retrospectively analyzed the external validation in 166 patients with OGIB. Among them, five out of 86 
(5.8%) patients in the low-risk group experienced rebleeding, 12 out of 64 (18.8%) patients in the 
intermediate-risk group had rebleeding, and six out of 10 (60.0%) patients in the high-risk group had 
rebleeding. Rebleeding rates were significantly different between each group, and the AUROC was 
0.756, suggesting that the RHEMITT score accurately identified patients at a high risk of rebleeding. To 
evaluate the predictive accuracy, creators of the RHEMITT score tested accuracy with prospectively 
validation[47]. In the study, 162 patients with small bowel bleeding were included; 94 patients were 
grouped as low risk, 44 patients as intermediate risk, and 24 patients as high bleeding risk. A total of 30 
patients experienced rebleeding; of these, 23 were in the high-risk group (95.8%), and no rebleeding was 
observed in the low-risk group. Five patients in the high-risk group experienced more than one 
rebleeding event, and high-risk patients were prone to bleeding within the first 6 mo. The study also 
suggested a surveillance protocol using the RHEMITT score; high-risk patients should be under strict 
surveillance using trimestral appointments with gastroenterology specialists and easy access to 
specialized hospital care as they are at risk of more than one bleeding event within 6 mo[47]. As 
previous studies were conducted in Europe, Boortalary et al[48] conducted external validation at a 
United States tertiary center. They retrospectively collected CE data from 361 patients and analyzed 
rebleeding using the RHEMITT score. Rebleeding was observed in 12/113 (10.6%) patients in the low 
risk group, 78/172 (45.3%) patients in the intermediate risk group, and 55/76 (72.4%) patients in the 
high risk group. The AUROC for rebleeding was 0.790 and the average time for rebleeding in the high-
risk group was 7 mo. Unlike the other prediction models, the RHEMITT score showed promising results 
in external validation.

CONCLUSION
Patients with small bowel bleeding pose a challenge to clinicians, as rebleeding is observed even in 
patients with negative endoscopic findings on CE or DAE. Regular surveillance with follow-up visits 
are essential as rebleeding courses with increased morbidity; however, regular surveillance or referral to 
specialists for small bowel bleeding patients is not beneficial and problematic when there is limited 
health care resources. Therefore, there is a need for individualized surveillance strategies from simple 
watch-and-wait to regular short-interval follow-up, but no specific guidelines have been suggested. 
Scores assessing bleeding risks have been proposed and used in clinical practice, including HAS-BLED, 
HEMORR2HAGES, ORBIT, and ATRIA, which are widely used scores to identify patients at greater risk 
of bleeding, but they are scores created for specific population that predicts overall GI bleeding. Thus, 
the application of these scores to small bowel bleeding is limited. In addition, small bowel bleeding is 
more challenging to manage compared with upper GI bleeding or lower GI bleeding because it is not 
identified during initial examinations with EGD and colonoscopy.

Clinicians must consider various factors when stratifying patients with OGIB who are at risk of 
rebleeding. Identifying the source of bleeding is essential as it provides a treatment guide on which 
specific treatment intervention is needed. However, the diagnostic yield of CE can vary and isolated 
small bowel lesions can be missed if it is not captured during the limited amount of time the capsule 
passes, presence of bubbles or debris can reduce visibility and targeted observation is impossible as 
movement of capsule depends solely on peristaltic movement of the intestine. Once the lesion is 
identified, targeted treatment can be applied; moreover, studies have shown that appropriate 
intervention can reduce the risk of rebleeding[31,34,36,49]. Long term (more than 2 years) observational 
studies have shown that rebleeding can occur even in cases of negative CE; these findings suggests that 
negative CE does not imply the absence of a bleeding lesion. However, negative predict value of normal 
CE is high and studies have shown that rebleeding in patients with negative CE is lower compared to 
positive CE. Medications including steroids, NSAIDs, and anticoagulants are well known risk factors in 
overall GI bleeding and studies have shown that anticoagulants are also associated with risk of 
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rebleeding in OGIB[26,33,34].
Many studies from eastern and western countries have analyzed different factors associated with 

rebleeding; however, limited meta-analysis data and discrepancies between studies are challenges faced 
in creating generalized risk prediction model. As such, the authors of different prediction models 
described in this article used the pool of data from their centers, grouped patients into rebleeding and 
non-rebleeding, analyzed risk factors from that patient population, and created a prediction model that 
best identify high risk patients. With the exception of ORBIT score that was created to assess generalized 
bleeding risk, other scores were targeted specifically for patients with OGIB; moreover, the Ohmiya 
index only uses comorbidities as variables in prediction model. Other prediction models include CE 
findings or specific treatment interventions as part of variables which means that patients must undergo 
CE and DAE, which are required by some prediction models to identify patients at high risk of 
rebleeding. However, CE and DAE are not available in resource limited centers and primary physicians; 
hence, the ORBIT score or Ohmiya index may be used as an alternative measure. When available, the 
RHEMITT score, PRSBB score, and prediction model using 5 variables may be more appropriate for 
patients with OGIB; however, the lack of external validation for the PRSBB score and prediction model 
using 5 variables limits their generalized. This is why the RHEMITT score looks promising as high 
AUROC has also been validated in two other validation studies.

We described available prognostic prediction models for rebleeding in patients with small bowel 
bleeding that may aid clinicians in identifying at-risk patients and in forming surveillance strategies 
targeted for individual patients. Although some prognostic models require further prospective studies 
and external validation, future studies on larger and heterogeneous cohorts will provide effective 
scoring systems that will provide important guidance to clinicians in managing patients with small 
bowel bleeding.
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