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Aim: The aim of this study was to identify clinical endoscopic indicators related to peri-ulcerative mucosal inflammation and to
analyze whether the degree of peri-ulcerative mucosal inflammation appearance is an independent risk factor for gastric ulcer
rebleeding.

Methods: We conducted a retrospective study that included patients with gastric ulcer bleeding who were hospitalized at three
medical centers in China from January 1, 2016 to December 31, 2019. Ulcer rebleeding that occurred within 30 days of successful
initial hemostasis was analyzed to determine whether this event was related to the degree of peri-ulcerative mucosal inflammation
appearance or other mucosal inflammation-related factors.

Results: We enrolled 1111 patients and determined that GBS-Rebleeding-ROC (P<0.001), age (P=0.01), use of NSAIDs (P=0.001),
bile reflux (P<0.001), and Helicobacter pylori (P<0.001) are all risk factors for peri-ulcerative mucosal inflammation appearance.
Through multivariate analysis, we determined that severe peri-ulcerative mucosal inflammation appearance (P=0.002) was an
independent risk factor for ulcer rebleeding within 30 days. Finally, we developed a risk assessment model using factors associated
with mucosal inflammation that may be useful for early prediction of rebleeding.

Conclusion: The risk factors for peri-ulcerative mucosal inflammation appearance were identified. Severe peri-ulcerative mucosal
inflammation appearance is an independent risk factor for ulcer rebleeding.
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Introduction

Upper gastrointestinal bleeding is a common cause of hospitalization in internal medicine, resulting in significant medical
expenses each year. According to previous investigations, peptic ulcers, including gastric ulcers and duodenal ulcers,
remain the leading cause of upper gastrointestinal bleeding.' Due to the widespread use of proton pump inhibitors (PPIs),
the prognosis for patients with ulcers and associated upper gastrointestinal bleeding has improved significantly. With the
improvement of endoscopic hemostasis technology, the success rate of endoscopic hemostasis has increased as well;
however, 7.7-20% of patients still experience rebleeding after successful hemostasis with endoscopic therapy or drugs.
This may lead to a significant increase in mortality.” In addition, the aging population and complex comorbidities of
patients in some countries may aggravate the poor prognosis of upper gastrointestinal bleeding;* however, the specific

cause is not clear. Therefore, determining independent risk factors for ulcer rebleeding is helpful to more accurately
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predict the prognosis for patients in early stages of this condition. This can be very useful and will aid clinicians in
developing the appropriate treatment programs.

A large number of studies have identified some independent risk factors that affect the prognosis of patients with
peptic ulcer bleeding. These include large ulcers, the diameter of exposed vessels, anatomical location, treatment
methods, and some concomitant diseases.” ' Previous research has also established a variety of scoring systems in an
attempt to assess the prognosis of patients more accurately.''"'* However, the previous research results still cannot allow
clinicians to perfectly predict the prognosis of patients with ulcer bleeding.

An ulcer occurs from damage of the digestive tract mucosa and weakened mucosal barrier function which was caused
by various factors.'*'* Factors associated with an injury that lead to ulcer formation and interfere with ulcer healing are
likely to be causes of ulcer rebleeding. The degree of peri-ulcerative inflammation can reflect the damage and recovery
state of the ulcer surface and may be identified as a predictor of ulcer rebleeding. Until now, there is no relevant research
or reports on this subject. We conducted this multicenter retrospective study to determine the significance of mucosal
inflammation in the evaluation of ulcer rebleeding.

Materials and Methods
Study Population

We conducted a retrospective study involving continuous patients from the Department of Gastroenterology of Qingdao
Municipal Hospital, Friendship Hospital affiliated to Dalian Medical University, and Tongji Hospital of Tongji University
from January 1, 2016, to December 31, 2019. Gastroscopy was performed within 48 hours of admission and confirmed
that the cause of upper gastrointestinal bleeding is gastric ulcer. All patients were given a high-dose esomeprazole
regimen (80 mg IV +8 mg/hour continuous infusion for 72 hours), then changed to a standard dose (40 mg) PPI IV twice
a day for 3—5 days. This was followed by a standard oral dose until the ulcer was healed."

Data were collected from inpatient records, endoscopic reports, and follow-up records. The data included the patient
mucosal inflammation status indicators (Degree of peri-ulcerative mucosal inflammation appearance and type of
gastritis), mucosal injury factors (NSAIDs, Helicobacter pylori, alcohol consumption, bile reflux), and other data such
as endoscopic treatment status, age, Glasgow-Blatchford Score (GBS), length of hospital stay, and whether patients
experienced rebleeding or death within one month after discharge. The collected data were used to analyze potential risk
factors for ulcer rebleeding. After GBS was collected, the ROC curve was used to determine the cutoff value and the two-
classification was performed.

Inclusion Criteria
Inclusion criteria for this study were as follows:

1. Age greater than or equal to 18
2. Signs or symptoms of upper gastrointestinal bleeding
3. Confirmed by endoscopy that gastric ulcer bleeding is the cause of upper gastrointestinal bleeding

Exclusion Criteria
Patients that met any of the following criteria were excluded from the study:

Patients with advanced malignant tumors at the time of admission
Patients with mental disorders who cannot cooperate with treatment
Patients with a history of gastric, duodenal, or bile duct surgery
Patients with a history of gastric cancer or esophageal varices.
Patients with a history of severe coagulopathy disease.

A e

Incomplete data or lost to follow-up (34 cases)
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Definitions

Upper gastrointestinal bleeding refers to signs or symptoms of upper gastrointestinal bleeding (hematemesis, melanor-
rhea, or hemoglobin drop of > 2 g/dL from baseline), and or hypovolemic shock. This standard is also used for
rebleeding.

Peri-ulcerative mucosal inflammation appearance refers to the degree of mucosal inflammation within 2 cm of the
ulcer edge.

Mild: The mucosa is smooth and soft—with slight hyperemia and edema and without erosion and thickened gastric
folds (Figure 1A).

Moderate: The mucosa is obviously hyperemic and edematous—with fibrinoid exudate, without erosion, and with or
without thickened gastric folds (Figure 1B).

Severe: The mucosa is severely hyperemic, edematous, and brittle—with fibrinoid exudate and thickened gastric folds
and with or without erosion (Figure 1C). The mucosa is obviously hyperemic, edematous, and brittle—with fibrinoid
exudate, erosion, and thickened gastric folds (Figure 1D).

Severity grading was confirmed by three associate chief physicians (Yixuan Bai, Yuhui Liu and Na Zhang). All three
physicians are skilled in endoscopic procedures and used the same diagnostic criteria.

Helicobacter pylori infection is confirmed due to (1) rapid urease test or (2) histology (biopsies from two sites in the
greater curvature of the pyloric antrum and upper-middle part of the gastric corpus) positivity.'®

Atrophic gastritis refers to typical endoscopic features, including pale appearance of gastric mucosa, increased
visibility of vasculature due to thinning of the gastric mucosa, and loss of gastric folds, and was confirmed by
histopathology.'’

Figure | The peri-ulcerative mucosal inflammation appearance refers to the degree of mucosal inflammation within 2 cm of the ulcer edge. (A) The mucosa is smooth and
soft—with slight hyperemia and edema and without erosion and thickened gastric folds. (B) The mucosa is obviously hyperemic and edematous—with fibrinoid exudate and
without thickened gastric folds and erosion. (C) The mucosa is severely hyperemic, edematous, and brittle—with fibrinoid exudate and thickened gastric folds and without
erosion. (D) The mucosa is obviously hyperemic, edematous, and brittle—with fibrinoid exudate, erosion, and thickened gastric folds.
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Bile reflux refers to the mucus lake bile staining or bile spot block when the endoscope is introduced into the gastric
T
cavity.

Statistical Analysis

All statistical analyses were performed using R 4.0.5 (University of Auckland, NZ). A synthetic minority over-sampling
technique (SMOTE) was used to solve the imbalance problem. The Shapiro—Wilk normality test was performed to
determine the sample normality. For data that met the normal distribution, -test or one-way analysis of variance was
selected for comparison of differences between groups. For data that did not meet the normal distribution, the Mann—
Whitney U-test or the Kruskal-Wallis H-test was selected for comparison of differences between groups. The counted
data were compared using Pearson’s chi-square, continuity correction chi-squared test, and Fisher’s exact test.

The influencing factors of P<0.05 in the univariate analysis were also included in the multivariate stepwise logistic
regression analysis. The “rms” package was used to construct a rebleeding risk nomogram prediction model. Statistical
robustness of the prediction model was evaluated with 1000-fold bootstrapping. The area under the ROC curve (AUC)
was used to evaluate the discrimination of the prediction model. The calibration curve and Brier score were used to
evaluate the model calibration degree. The sensitivity and specificity of the Yorden index were used to evaluate the
application value of the predictive model.

Univariate and multiple stepwise logistic regression were used to analyze the influencing factors of peri-ulcerative
mucosal inflammation appearance. Univariate and multivariate analysis were used to evaluate the risk factors that may be
related to rebleeding. Stepwise linear regression analysis was used to analyze the influencing factors of hospital stay.

P<0.05 was considered statistically significant.

Results

Characteristics of the Study Population

Data on a total of 1111 hospitalized patients were collected from January 1, 2016 to December 31, 2019. Endoscopy was
used in all patients to confirm that upper gastrointestinal bleeding was caused by gastric ulcer. Among all cases, there
were 425 cases at Tongji Hospital, 236 cases at Dalian Friendship Hospital, and 450 cases at Qingdao Municipal
Hospital. The basic clinical characteristics of these cases are shown in Table 1. There were 768 males and 343 females,
with an average age of 64.3+17.1 years. Among these, there were 190 patients taking NSAIDs, 106 cases (55.79%) of
heart discases, 41 cases (21.58%) with a history of stroke, 32 cases (16.84%) of inflammatory diseases, 6 cases (3.16%)
of rheumatism, and 5 cases of pain or other diseases (2.63%). Of the total, 273 patients successfully stopped bleeding
through endoscopic treatment and 255 (93.41%) of these patients did not bleed again within 30 days. Among the 195
patients who reported regular alcohol consumption, 180 (92.31%) were male and 29 (14.87%) had an age of greater than
60. The incidence of rebleeding within 30 days of patients with gastric ulcer bleeding was 4.68% (52). The overall
mortality rate was 0.63% (7/1111), of which 71.43% (5/7) patients had rebleeding within 30 days. In hospitalized patients

with GBS < 1, there were zero incidences of either rebleeding or death within 30 days.

Parameters Associated with Mucosal Inflammation

We recorded the degree of peri-ulcerative mucosal inflammation appearance and possible influencing factors. Through
univariate analysis (Table S1), we found that age (P=0.01), use of NSAIDs (P=0.001), bile reflux (P<0.001), H. pylori
(P<0.001), type of gastritis (P<0.001) and GBS-Rebleeding-ROC (P<0.001) were significantly related to the degree of
peri-ulcerative mucosal inflammation appearance. The multivariate binary logistic regression analysis by stepwise
method was used to detect the influencing factors of moderate inflammation and severe inflammation. Mild inflammation

was used as the reference (Table 2).
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Table | Baseline Clinical Characteristics of Study Patients (N=1111)
Age, Years (Mean % SD) 64.3+17.1 (Range 18-86)
<60 years, n (%) 529 (47.61)
>60 years, n (%) 582 (52.39)
Gender, n (%)
Male 768 (69.13)
Female 343 (30.87)
NSAIDs, Yes. (%) 190 (17.10)
Alcohol consumption, Yes. (%) 195 (17.55)
Bile Reflux, Yes. (%) 340 (30.60)
Helicobacter pylori, Yes. (%) 572 (51.49)
Gastritis Type
Chronic Atrophic Gastritis 794 (71.47)
Chronic Superficial Gastritis 317 (28.53)
Endoscopic therapy, Yes. (%) 273 (24.57)
Peri-ulcerative mucosal inflammation
appearance
Mild 449 (40.41)
Moderate 520 (46.80)
Severe 142 (12.78)
Length of Stay, Days (mean x SD) 9.64+2.84 (range 4-30)
Rebleeding, Yes. (%) 52 (4.68)
Death, Yes. (%) 7 (0.63)
Table 2 Moderate and Severe Peri-Ulcerative Mucosal Inflammation Appearance Was Analyzed with Mild
as Reference
Moderate OR (95% CI) Severe OR (95% CI)
Variable p P
(Intercept) <0.001 <0.001
NSAIDs
No
Yes 0.075 1.404 (0.967, 2.039) 0.008 2.333 (1.247, 4.363)
Bile Reflux
No
Yes <0.001 1.816 (1.341, 2.459) <0.001 6.795 (4.101, 11.259)
Helicobacter pylori
No
Yes 0.054 1.297 (0.996, 1.691) <0.001 8.166 (4.646, 14.352)
Gastritis Type
Chronic Superficial Gastritis
Chronic Atrophic Gastritis <0.001 2.020 (1.520, 2.684) <0.001 5.066 (2.622, 9.787)
GBS-Rebleeding-ROC
<9.5
29.5 0.072 1.282 (0.978, 1.681) 0.005 1.969 (1.227, 3.162)
Journal of Inflammation Research 2022:15 htps: 4955
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Independent Risk Factors for 30-Day Ulcer Rebleeding Associated with Mucosal

Inflammation

In order to detect the relationship between mucosal inflammation and ulcer rebleeding, the parameters related to
gastric mucosal inflammation and 30-day rebleeding were assessed by univariate analysis. The results are shown
in Table 3. Except for the type of gastritis (P=0.515) and gender (P=0.086), all other indicators were found to be
statistically significantly related to ulcer rebleeding. The factors with statistically significant differences in the
univariate analysis were subjected to binary logistic regression analysis. These results are shown in Table 4.
Independent risk factors for rebleeding included severe peri-ulcerative mucosal inflammation appearance
(P=0.002), being female (P=0.033), age greater than 60 (P=0.001), use of NSAIDs (P=0.004), alcohol consump-
tion (P<0.001), H. pylori (P<0.001) and GBS-Rebleeding-ROC (P<0.001). A nomogram prediction model was
established (Figure 2) and the critical value of the nomogram was 241.381. The area under the AUROC curve was
0.767, the sensitivity was 64.7%, the specificity was 77.7%. The accuracy is good, and the calibration plot fits
well, as shown in Figure 3. Multiple linear regressions of hospital stay showed that age>60, use of NSAIDs,
H. pylori, and severe peri-ulcerative mucosal inflammation appearance were significant influencing factors with
a longer length of stay (Table S2).

Table 3 Single Factor Analysis of Ulcer Rebleeding After SMOTE

Variable Total (n=702) Yes (n=390) p SMD
Gender 0.086 0.130 (-0.019, 0.279)
Male 476 (67.81) 275 (70.51)
Female 226 (32.19) 115 (29.49)
Age <0.001 0.288 (0.139, 0.438)
<60 314 (44.73) 199 (51.03)
>60 388 (55.27) 191 (48.97)
Peri-ulcerative mucosal <0.001 0.490 (0.339, 0.641)
inflammation appearance
Mild 256 (36.47) 158 (40.51)
Moderate 300 (42.74) 185 (47.44)
Severe 146 (20.80) 47 (12.05)
NSAIDs <0.001 0.329 (0.179, 0.479)
No 540 (76.92) 324 (83.08)
Yes 162 (23.08) 66 (16.92)
Alcohol consumption <0.001 0.311 (0.161, 0.460)
No 525 (74.79) 315 (80.77)
Yes 177 (25.21) 75 (19.23)
Bile Reflux 0.004 0.219 (0.069, 0.368)
No 459 (65.38) 273 (70.00)
Yes 243 (34.62) 117 (30.00)
Helicobacter pylori <0.001 0.558 (0.407, 0.710)
No 270 (38.46) 195 (50.00)
Yes 432 (61.54) 195 (50.00)
Gastritis Type 0.515 0.049 (—0.099, 0.198)
Chronic Superficial Gastritis 225 (32.05) 121 (31.03)
Chronic Atrophic Gastritis 477 (67.95) 269 (68.97)
GBS-Rebleeding-ROC <0.001 0.596 (0.444, 0.748)
<8.03 267 (38.03) 196 (50.26)
28.03 435 (61.97) 194 (49.74)
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Table 4 Multivariate Binary Logistic Regression Analysis of Ulcer
Rebleeding

Variable OR (95% CI)

(Intercept) 0.000
Gender
Male

Female 0.033 1.485 (1.032, 2.136)
Age
<60
>60

Peri-ulcerative mucosal

0.001 1.835 (1.292, 2.606)
inflammation appearance
Mild

Moderate 0.129

0.002

0.743 (0.507, 1.090)
Severe 2.123 (1.321, 3.410)
NSAIDs

No

Yes

Alcohol consumption
No

Yes

Helicobacter pylori

No

Yes
GBS-Rebleeding-ROC
<8.03

28.03

0.004 1817 (1212, 2.723)

<0.001 2.484 (1.660, 3.716)
<0.001

2.663 (1.860, 3.815)

<0.001 2.542 (1.768, 3.654)
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Figure 2 A nomogram predicting the probability of ulcer rebleeding within 30 days. The scores of each variable are added to obtain the total score, and then a vertical line is

subtracted from the row of total-points to estimate the probability of rebleeding.
Abbreviations: NSAIDs, Non-Steroidal Anti-inflammatory Drugs; GBS, Glasgow-Blatchford Score; H. pylori, Helicobacter pylori.
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Figure 3 Validation of nomogram for predicting rebleeding. (A) A receiver operating characteristics (ROC) curve of the multivariate logistic regression model. The AUC
value was 0.767 (95% Cl: 0.732 to 0.801), indicating a good discriminative ability. (B) Calibration plot. The solid line represents the performance of the nomogram, where
a closer fit to the diagonal dotted line represents better prediction.

Discussion

In this study, we used univariate and multivariate analysis to determine the degree of peri-ulcerative inflammation within
2 c¢cm around the ulcer and if this is significantly related to the poor prognosis of gastric ulcer bleeding. Our study also
confirmed the risk factors associated with peri-ulcerative inflammation. Although the different types of gastritis and bile
reflux can affect the degree of peri-ulcerative mucosal inflammation appearance in these patients, our results do not
support these two indicators as predictors of the prognosis of ulcer bleeding.

The past decade has been marked by widespread use of PPIs and the improvement of endoscopic hemostasis
technology. Because of this, the mortality rate of patients with upper gastrointestinal bleeding has dropped significantly
to 0.5% in China® and 1.9% in the United States.' This is compared to the previously reported 4.5-5.4%.'%° The
mortality rate in our study was found to be 0.63%, which is consistent with recently reported data. Compared to the
significantly reduced mortality rate, the rate of ulcer rebleeding does not seem to improve significantly. We found that the
incidence of ulcer rebleeding was 4.68%, which was similar to the 7.72% previously reported by Bai et al.* At this point,
additional data were needed to determine the adverse prognostic factors of ulcer bleeding and to stratify patients more
accurately, which may reduce the incidence of rebleeding and death.

In this study, the ratio of male to female patients was 2.24 and the incidence of ulcer bleeding in males was higher
than that in females. Males reported a significantly higher incidence of peptic ulcer bleeding (PUB).>' After gender
analysis, our results showed that the risk of ulcer rebleeding for males was statistically different from that of females
(P=0.033). Similarly, the results of van Leerdam et al** also showed that females have a higher risk of rebleeding and
death from PUB. It is possible that females have some gender-specific unknown risk factors for ulcer rebleeding.

A peptic ulcer develops from mucosal barrier destruction that is caused by the imbalance of mucosal repair and
damage. Although the bleeding state of the ulcer has been graded, it is not possible to determine which side of the ulcer
mucosa is damaged or healing. The use of PPIs eliminates gastric acid, the most important factor of mucosal damage.
However, inflammation in this area did not resolve immediately, which may cause ulcers to heal slowly or lead to
rebleeding. Erosion lesions are a manifestation of mucosal inflammation and it is reported to be present in 45% of the
ulcerative peptic disease.”* The further development of erosive lesions can lead to ulcers and directly cause upper
gastrointestinal bleeding.> In addition to erosive lesions, other manifestations of mucosal inflammation include
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hyperemia and edema. Due to telangiectasia and congestion, nutrient and metabolic wastes are not transported efficiently,
resulting in slower tissue healing. Massive inflammatory cell infiltration leads to cell damage or tissue edema through
direct cytotoxicity or release of cytokines. Furthermore, telangiectasia and edema can make tissue brittle, thus increasing
the risk of bleeding. Through endoscopic manifestations, we integrated all the characteristics of mucosal inflammation
and graded the degree of mucosal inflammation appearance around the ulcer into three categories: mild, moderate, and
severe. We considered the mucous membrane within a 2-cm ring around the ulcer to have the same injury factors as the
ulcer surface and have the same tendency to remain damaged or to heal. Multivariate analysis showed that severe peri-
ulcerative mucosal inflammation appearance was a significant risk factor for gastric ulcer rebleeding (P=0.002).

We analyzed the factors affecting mucosal inflammation and established an inflammation scoring system. The
inflammation score appeared to be a valuable method to predict ulcer rebleeding. Most of the parameters of this score
can be quickly obtained through endoscopy and medical history record, which is helpful for clinicians to assess the
prognosis of patients in the early phases of disease. The clinical predictive effectiveness of this score still needs to be
further verified with additional studies.

The GBS is the most widely used pre-hospital score to assess the prognosis of patients with PUB.?* 2% GBS includes
the patients’ hemodynamic characteristics, along with complications of the liver and heart. As with age, GBS was
included in the study because it is considered to affect the patient’s ability to recover from mucosal inflammation. The
predictive effect of GBS on ulcer rebleeding is controversial. A recent, international, multi-center study has shown that
GBS helps predict rebleeding.”” However, Wang et al*® and et al*' compared multiple score systems and found that GBS
did not have good performance in predicting rebleeding and 30-day mortality. After multivariate analysis, our results
show that a high GBS is a significant factor related to ulcer rebleeding, which may be helpful for the prediction of ulcer
rebleeding. The latest European guidelines recommend that patients with GBS < 1 be managed through outpatient
endoscopy.®? Similarly, our results showed that in patients with a GBS < 1, the incidence of both rebleeding and death
were 0.

The length of hospital stay is an important indicator used to evaluate the recovery of patients. Previous studies suggest
that GBS and AIMS65 help predict the length of hospital stay.>* Our results found no statistical difference between the
length of hospital stay and the GBS (P=0.073). Similarly, the international, multi-center study conducted by Stanley et al*’
compared multiple scoring systems and concluded that none of them helped predict the length of hospital stay. Our results
suggest that age > 60, use of NSAIDs, H. pylori infection, and severe peri-ulcerative mucosal inflammation appearance are
all associated with longer hospital stay. This is important to consider in clinical practice.

There are also certain limitations of this research. First, we did not perform a statistical analysis of mucosal
inflammation and death of ulcer patients, since the number of deaths in patients with ulcer bleeding is insufficient.
Second, we only analyzed the risk factors of gastric ulcer bleeding, and the analysis results cannot be applied to cases of
duodenal ulcer or other causes of upper gastrointestinal bleeding. Third, this study only focuses on the perspective of
mucosal inflammation and did not include all factors known to influence ulcer rebleeding.

Conclusion

In summary, our study is the first to prove that the degree of peri-ulcerative mucosal inflammation appearance is an
independent risk factor for rebleeding within 30 days of gastric ulcer bleeding. The degree of peri-ulcerative mucosal
inflammation appearance can be quickly evaluated and recorded during endoscopy. According to these results, endosco-
pists may assess the patients’ conditions more quickly and intuitively during endoscopic treatment, and choose
aggressive treatment or conservative treatment appropriately. In addition, among the factors that affect ulcer mucosal
inflammation, gender, age, use of NSAIDs, H. pylori infection, and GBS are independent risk factors for rebleeding.
Considering these risk factors can help clinicians to predict a patient’s prognosis more accurately.

Research Ethics and Consent
This retrospective study was reviewed and approved by the Qingdao Municipal Hospital Medical Ethics Committee
(No. 2021-106), Ethics Committee of Shanghai Tongji Hospital (K-2021-014), and Medical Ethics Committee of Dalian
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