
1. Introduction

Upper gastrointestinal bleeding (UGIB) refers to gastrointestinal

bleeding caused by lesions of the esophagus, stomach, duodenum,

bile and pancreas above Treitz’s ligament. UGIB is a common diges-

tive tract disease, with clinical manifestations of hematemesis and/

or melena, and severe cases accompanied by dizziness and syncope.

The global incidence of UGIB is approximately 47/100,000.1 In the

United States, the incidence of UGIB is higher than the global level,

approximately 82–96/100,000, and approximately 300,000 hospital-

ized patients die every year, with a mortality rate of 5%.2–4 Peptic

ulcer, esophagogastric variceal hemorrhage, acute erosive hemor-

rhagic gastritis and gastric cancer are the most common causes of

UGIB. Endoscopy is the main method to determine the cause of

UGIB. In addition, endoscopic intervention is a fast and effective

method to control UGIB.

The complications of UGIB include acute coronary syndrome,

acute renal insufficiency, and acute cerebral infarction (ACI). In ad-

dition, for hepatic cirrhosis patients with esophageal variceal he-

morrhage, UGIB significantly increases the risk of hepatic ence-

phalopathy. Upper gastrointestinal bleeding combined with ACI not

only increases the mortality of patients but also prolongs the hospi-

talization time and increases the hospitalization expenditure of pa-

tients. The induction of ACI is related to a decrease in the supply of

blood and oxygen caused by a decreased circulating blood volume

and oxygen carrying capacity after UGIB.

The treatment of UGIB combined with ACI can be very complex.

There are contradictions between the treatment of UGIB and the

treatment of ACI. The treatment of UGIB requires hemostasis with

drugs such as hemocoagulase. Chen B et al. found that thrombin in-

creased nerve damage during cerebral ischemia, resulting in cogni-
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S U M M A R Y

Background: Acute cerebral infarction (ACI) is a complication of upper gastrointestinal bleeding (UGIB),

but the risk factors for ACI in UGIB patients have not been fully explored. The purpose of the current

study was to investigate the risk factors for ACI in UGIB patients.

Methods: Upper gastrointestinal bleeding patients admitted to Nanchang University Affiliated Ganzhou

Hospital from January 2019 to December 2021 were included. Patients were divided into an ACI group

and a non-ACI group according to whether they had a complication of ACI. Propensity score matching

was used to match the data between the two groups. The risk factors for ACI in UGIB patients were

analyzed by conditional multivariate logistic regression analysis, and receiver operator characteristic

(ROC) curves were used to test the performance of risk factors.

Results: There were 1379 UGIB patients included in this study: 50 patients in the ACI group and 1329

patients in the non-ACI group. Forty-eight pairs were matched after propensity score matching accord-

ing to sex, age, smoking, drinking, hypertension, coronary heart disease (CHD), diabetes, previous his-

tory of cerebral infarction, gout, peptic ulcer, chronic obstructive pulmonary disease (COPD), chronic

kidney disease (CKD), and hepatic cirrhosis. Univariate analysis showed that RBC transfusion was a risk

factor for ACI. Compared with middle rate pressure product (RPP) at admission, low RPP and high RPP

were risk factors for ACI in UGIB patients. Hemoglobin, mean platelet volume (MPV) and albumin were

protective factors for ACI. Conditional multivariate logistic regression showed that red blood cell (RBC)

transfusion (OR 3.136, 95% CI 1.711–5.750, p < 0.001) was an independent risk factor for ACI. Compared

with middle RPP at admission, low RPP and high RPP were independent risk factors for ACI in UGIB pa-

tients. The ROC curve analysis showed that the areas under the curve (AUCs) of the RPP at admission

and after RBC transfusion were 0.625 (0.513–0.737, p < 0.05) and 0.688 (0.580–0.795, p < 0.01), respec-

tively.

Conclusions: Compared with middle RPP at admission, low RPP and high RPP were independent risk

factors for ACI in UGIB patients, and RBC transfusion was also an independent risk factor for ACI in

UGIB patients.
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tive loss.5 ACI needs to be treated with aspirin and clopidogrel for

antiplatelet aggregation and low molecular weight heparin for anti-

coagulation. The use of these drugs will increase the risk of UGIB.

The rate pressure product (RPP) refers to the product of systolic

blood pressure and heart rate and is widely used to predict the oc-

currence of adverse events in patients with cardiovascular dis-

eases.6–8 In addition, Krishnamoorthy V et al. found that the RPP was

related to the mortality of patients with severe traumatic brain in-

jury.9 Jingwei Zhao et al. found that the RPP was a predictor of mor-

tality in patients with aneurysmal subarachnoid hemorrhage.10 The

RPP of patients with UGIB can change significantly. We speculate

that the RPP is related to the occurrence of ACI in patients with UGIB.

Therefore, this study retrospectively analyzed the data of pa-

tients with UGIB complicated with ACI and those without ACI ad-

mitted to Nanchang University Affiliated Ganzhou Hospital and ex-

plored the relationship between the RPP and ACI in UGIB patients.

2. Patients and methods

2.1. Patients

Patients with UGIB who were treated in the Emergency Depart-

ment and Gastroenterology Department of Nanchang University Af-

filiated Ganzhou Hospital from January 2019 to December 2021

were retrospectively analyzed. The inclusion criteria were as follows:

(1) patients with hematemesis and/or melena or positive stool oc-

cult blood test; and (2) patients who were diagnosed with UGIB by

endoscopy. The exclusion criteria were as follows: (1) ACI within 1

month before UGIB; (2) acute cerebral infarction without brain CT or

MRI; and (3) incomplete data.

2.2. Methods

Patients were divided into an ACI group and a non-ACI group

according to whether they were complicated with ACI. Propensity

score matching was used to match the patients in the two groups

and balance the confounding factors between the two groups.

Multivariate conditional logistic regression was used to explore

the relationship between the RPP and ACI in UGIB patients (Figure

1).

2.3. Data collection

All patient data were collected from the electronic medical re-

cord system of Nanchang University Affiliated Ganzhou Hospital.

Blood samples of patients were collected and tested within 24 hours

after admission for white blood cell (WBC) count, hemoglobin, red

blood cell distribution width (RBC-DW), platelet count, mean pla-

telet volume (MPV), urea nitrogen, creatinine, activated partial th-

romboplastin time (APTT), prothrombin time (PT), fibrinogen, D-

dimer, total bilirubin, and albumin. The RPP at admission and 24

hours after admission of all patients were recorded.

2.4. Propensity score matching

ACI was chosen as the dependent variable, and patient sex, age,

smoking, drinking, and medical history (including hypertension, co-

ronary heart disease, diabetes, previous history of cerebral infarc-

tion, gout, chronic kidney disease, peptic ulcer, chronic obstructive

pulmonary disease, and cirrhosis) were chosen as independent vari-

ables. The propensity score (PS) of each patient was calculated by a

logistic regression model; the matching method prioritized complete

matching and randomly arranged the case order when extracting

matching items. Furthermore, the random seed was 123456, the ACI

group and non-ACI group were matched 1:1, and the matching toler-

ance was 0.02. Finally, 48 pairs were successfully matched.

2.5. Patient treatment

All patients were monitored for vital signs after admission, in-

cluding systolic blood pressure and heart rate at admission and 24

hours after admission. The main treatment measures for patients

after admission included the use of proton pump inhibitors (PPIs),

fluid supplementation and nutritional support. Patients with UGIB

were treated with hemagglutinin, octreotide or somatostatin and

mechanical ventilation according to the condition of the patient. Pa-

tients with hemoglobin lower than 70 g/L and hemodynamic insta-

bility were treated with red blood cell (RBC) transfusion.

2.6. Definitions

ACI was defined as rapidly occurring neurological impairment

confirmed by brain CT or MRI.11 Smokers were defined as those who

smoked continuously for more than 6 months.12 Drinkers were de-

fined as those who drank alcohol continuously for more than 6

months.13

2.7. Ethics approval

The study was approved by the ethics committee of Nanchang

University Affiliated Ganzhou Hospital. As this study was retrospec-

tive, informed consent from patients was exempt.

2.8. Statistical analysis

SPSS 26.0 was used for the statistical analysis. Continuous vari-

ables are presented as the mean � standard deviation and were as-

sessed using Student’s t test or the rank sum test, as appropriate.

Categorical variables are presented as frequencies and were as-
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Figure 1. Flowchart of the patients included in this study. ACI: acute cere-

bral infarction; CT: computer tomography; MRI: magnetic resonance imag-

ing; UGIB: upper gastrointestinal bleeding.



sessed using the chi-square test. Factors with a p value < 0.1 were in-

cluded in the conditional multivariate logistic regression analysis. An

ROC curve was used to test the sensitivity and specificity of the fac-

tors. p < 0.05 was considered statistically significant.

3. Results

3.1. Baseline characteristics

There were 1379 UGIB patients in the study; among them, 1077

were male, 302 were female, 1000 were younger than 65 years of

age, and 379 were older than 65 years of age (Table 1).

3.2. Propensity score matching

There were 50 patients in the ACI group and 1329 patients in

the non-ACI group before matching. There were significant differ-

ences in age, hypertension, coronary heart disease (CHD), diabetes,

previous history of cerebral infarction, chronic obstructive pulmo-

nary disease (COPD) and hepatic cirrhosis between the two groups

before matching (p < 0.05). Patient sex, age, smoking, drinking, hy-

pertension, CHD, diabetes, previous history of cerebral infarction,

gout, chronic kidney disease (CKD), peptic ulcer, COPD and hepatic

cirrhosis were used as independent variables for propensity score

matching, and 48 pairs of patients were successfully matched. After

matching, there was no significant difference in matching factors be-

tween the two groups (Table 2).

3.3. Comparison of laboratory results, treatment and the

RPP after matching

After matching, hemoglobin, MPV and albumin in the ACI group

were significantly lower than those in the non-ACI group. The per-

centages of low and high RPP at admission in the ACI group were

much higher than those in the non-ACI group, and the percentage of

middle RPP at admission in the ACI group was much lower than that

in the non-ACI group. The percentage of RBC transfusion was much

higher in the ACI group than in the non-ACI group. There were no sig-

nificant differences in WBC, RBC-DW, platelet count, urea nitrogen,

creatinine, APTT, PT, fibrinogen, D-dimer, total bilirubin, RPP 24

hours after admission, hemagglutinin, octreotide, or somatostatin

between the two groups (Table 3).

3.4. Univariate analysis assessing risk factors for ACI in

UGIB patients

The univariate analysis showed that RBC transfusion was a risk

factor for ACI in UGIB patients. Compared with middle RPP at admis-

sion, low RPP and high RPP were risk factors for ACI in UGIB patients.

Hemoglobin, MPV and albumin were protective factors for ACI in

UGIB patients (Table 4).

3.5. Conditional multivariate logistic regression analysis

assessing independent risk factors for ACI in UGIB

patients

Factors with a p value < 0.1 were included in the conditional

multivariate logistic regression analysis. The results showed that RBC

transfusion was an independent risk factor for ACI in UGIB patients.

Compared with middle RPP at admission, low RPP and high RPP were

independent risk factors for ACI in UGIB patients (Table 5).

3.6. ROC curve analysis

An ROC curve was drawn to assess the discriminative power of

the RPP at admission and RBC transfusion, and the results showed

that the areas under the curve (AUCs) of the RPP at admission and

RBC transfusion were 0.625 and 0.688, respectively (Figure 2).
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Table 2

Baseline patient characteristics before and after matching.

Before matching After matching
Baseline characteristics

ACI group (n = 50) Non-ACI group (n = 1329)
p value

ACI group (n = 48) Non-ACI group (n = 48)
p value

Gender (male) 36 (72.0%) 1041 (78.3%)0 0.288 34 (70.8%) 33 (68.8%) 0.824

Age (> 65 years) 30 (60.0%) 349 (26.3%) 0.000 28 (58.3%) 31 (64.6%) 0.529

Smoking 11 (22.0%) 360 (27.1%) 0.426 11 (22.9%) 11 (22.9%) 1.000

Drinking 11 (22.0%) 288 (21.7%) 0.956 10 (20.8%) 09 (18.8%) 0.798

Hypertension 34 (68.0%) 269 (20.2%) 0.000 32 (66.7%) 33 (68.8%) 0.827

CHD 09 (18.0%) 64 (4.8%) 0.000 09 (18.8%) 08 (16.7%) 0.789

Diabetes 17 (34.0%) 105 (7.9%)0 0.000 16 (33.3%) 11 (22.9%) 0.256

Previous history of ACI 13 (26.0%) 71 (5.3%) 0.000 12 (25.0%) 13 (27.1%) 0.816

Gout 3 (6.0%) 55 (4.1%) 0.520 3 (6.3%) 3 (6.3%) 1.000

Peptic ulcer 07 (14.0%) 213 (16.0%) 0.701 06 (12.5%) 4 (8.3%) 0.504

COPD 4 (8.0%) 15 (1.1%) 0.000 2 (4.2%) 3 (6.3%) 0.646

CKD 3 (6.0%) 27 (2.0%) 0.059 3 (6.3%) 4 (8.3%) 0.695

Hepatic cirrhosis 2 (4.0%) 258 (19.4%) 0.006 2 (4.2%) 2 (4.2%) 1.000

ACI: acute cerebral infarction; CHD: coronary heart disease; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease.

Table 1

Baseline patient characteristics.

Baseline characteristics N = 1379 Percentage (%)

Gender (male) 10770 78.1%

Age (> 65 years) 379 27.5%

Smoking 371 26.9%

Drinking 299 21.7%

Hypertension 303 22.0%

CHD 073 05.3%

Diabetes 122 08.8%

Previous history of ACI 084 06.1%

Gout 058 04.2%

Peptic ulcer 220 16.0%

COPD 019 01.4%

CKD 030 02.2%

Hepatic cirrhosis 260 18.9%

RBC transfusion 405 29.4%

Hemagglutinin 484 35.1%

Octreotide 646 46.8%

Somatostatin 332 24.1%

ACI: acute cerebral infarction; CHD: coronary heart disease; CKD: chronic

kidney disease; COPD: chronic obstructive pulmonary disease; RBC: red

blood cell.



4. Discussion

UGIB is a life-threatening digestive tract disease. The mortality

rate of UGIB is approximately 3–14%.14 UGIB can be divided into

variceal bleeding and nonvariceal bleeding, and the former is often

more serious than the latter.15 ACI is a serious complication of UGIB.

The most common causes of ACI are atherosclerosis, smoking, hy-

pertension, diabetes, and hyperlipidemia.16,17 Therefore, are the

risk factors for ACI secondary to UGIB the same or different? At

present, the scoring systems of UGIB include the Rockall score, the

Glasgow-Blatchford score and the AIMS score. These scoring sys-

tems have significant value in predicting the mortality and rebleed-

ing rate of patients, but they are not applicable to assessing the risk

of ACI in UGIB patients.18–22 Presently, few scholars have studied the
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Figure 2. ROC curve analysis of the RPP at admission and RBC transfusion.

RBC: red blood cell; ROC: receiver operating characteristics; RPP: rate pres-

sure product.

Table 3

Comparison of laboratory results, treatment and the RPP after matching.

Laboratory results, treatment and RPP ACI group (n = 48) Non-ACI group (n = 48) p value

WBC (10
9
/L) 09.75 � 4.87 09.17 � 5.49 0.584

Hemoglobin (g/L) 070.67 � 22.82 088.98 � 33.49 0.012

RBC-DW (%) 15.56 � 3.35 14.84 � 3.32 0.295

Platelet (10
9
/L) 204.27 � 96.25 225.04 � 83.71 0.262

MPV (fL) 09.50 � 1.12 10.11 � 1.50 0.027

Urea nitrogen (mmol/L) 11.15 � 6.49 11.10 � 7.86 0.969

Creatinine (umol/L) 0144.78 � 140.67 115.53 � 94.73 0.235

APTT (s) 27.74 � 6.61 026.75 � 10.14 0.486

PT (s) 12.59 � 1.66 12.03 � 1.47 0.088

Fibrinogen (mg/L) 02.64 � 1.55 02.72 � 1.12 0.227

D-dimer (mg/L) 03.04 � 5.14 002.97 � 10.14 0.963

Total bilirubin (umol/L) 12.53 � 9.51 11.67 � 7.21 0.620

Albumin (g/L) 30.19 � 5.60 34.50 � 6.45 0.001

RBC transfusion 32 (66.7%) 14 (29.2%) 0.000

Hemagglutinin 09 (18.8%) 07 (14.6%) 0.584

Octreotide 21 (43.8%) 23 (47.9%) 0.682

Somatostatin 08 (16.7%) 13 (27.1%) 0.217

RPP at admission 0.018

Low (< 8000) 09 (18.8%) 3 (6.3%)

Middle (8000–15000) 30 (62.5%) 42 (87.5%)

High (> 15000) 09 (18.8%) 3 (6.3%)

RPP 24 hours after admission 0.055

Low (< 8000) 08 (16.7%) 12 (25%)

Middle (8000–15000) 35 (72.9%) 36 (75%)

High (> 15000) 05 (10.4%) 0

APTT: activated partial thromboplastin time; MPV: mean platelet volume; PT: prothrombin time; RBC: red blood cell; RBC-DW: red blood cell distribution

width; RPP: rate pressure product; WBC: white blood cell.

Table 4

Univariate analysis assessing the risk factors for ACI in UGIB patients.

Variates p value Coefficient OR 95% CI

Hemoglobin 0.004 -0.671 0.511 0.324–0.805

MPV 0.034 -0.513 0.599 0.372–0.963

PT 0.092 -0.366 1.442 0.941–2.210

Albumin 0.002 -0.787 0.455 0.278–0.747

RBC transfusion 0.000 -1.580 4.857 02.046–11.531

RPP at admission

Middle (8000–15000) 0.025 - -

Low (< 8000) 0.043 -1.435 4.200 01.048–16.830

High (> 15000) 0.043 -1.435 4.200 01.048–16.830

MPV: mean platelet volume; PT: prothrombin time; RBC: red blood cell;

RPP: rate pressure product.

Table 5

Conditional multivariate logistic regression analysis assessing independent risk factors for ACI in UGIB patients.

Variates p value Coefficient Wald S.E. OR 95% CI

RBC transfusion 0.000 1.143 13.665 0.309 3.136 1.711–5.750

RPP at admission

Middle (8000–15000) 0.004 - -

Low (< 8000) 0.032 0.823 04.578 0.385 2.278 1.072–4.841

High (> 15000) 0.001 1.248 10.544 0.384 3.484 1.640–7.401

RBC: red blood cell; RPP: rate pressure product.



risk factors for ACI in UGIB patients. In our study, we found that RBC

transfusion was a risk factor for ACI in UGIB patients. Compared with

middle RPP at admission, low RPP and high RPP were risk factors for

ACI in UGIB patients.

The RPP is a noninvasive indicator of myocardial oxygen con-

sumption, which can not only predict cardiac function8 but also pre-

dict the morbidity and mortality of the population.23 Wenling Zheng

et al. found that RPP trajectories were identifiable from childhood

and were associated with left ventricular hypertrophy in midlife.24

Verma AK et al. found that the RPP was related to the mortality of

acute heart failure patients.8 Krishnamoorthy V et al. found that low

RPP and high RPP increased the mortality of patients with traumatic

brain injury.9 In a study by Jingwei Zhao et al., RPP < 10000 was de-

fined as low RPP, 10000–15000 as middle RPP, and > 15000 as high

RPP.10 Jingwei Zhao et al. found that the RPP was a factor predicting

the death of patients with aneurysmal craniocerebral hemorrhage,

and the RPP was U-shaped correlated with the death of patients; low

RPP and high RPP increased the mortality of patients.10 However,

there is no standard for the upper and lower limits of the RPP.25 In

our study, we defined RPP < 8000 as low RPP, 8000–15000 as middle

RPP, and > 15000 as high RPP. We found that compared with middle

RPP at admission, low RPP and high RPP were risk factors for ACI in

UGIB patients.

Low RPP in UGIB patients increases the risk of ACI, which is re-

lated to the decrease in systolic blood pressure caused by a large

amount of blood loss in patients, leading to insufficient blood supply

to the brain. A high RPP would also increase the risk of ACI. In trau-

matic brain injury patients, the possible mechanism of high RPP in-

creasing mortality is that brain injury induces a “catecholamine ex-

cess” state, which is characterized by increased blood pressure and

heart rate, resulting in an increased RPP and cardiac insufficiency

and finally leading to insufficient blood supply to the brain.9 After

blood volume loss caused by UGIB, catecholamine is produced in

large quantities,26 and a catecholamine excess state may occur.

Cruickshank JM et al. studied the relationship between smoking and

cerebral arterial blood supply and believed that smoking may lead to

increased blood pressure and heart rate, increased cerebral arterial

blood flow and decreased cerebral arterial blood supply by inducing

catecholamine release.27 Therefore, we believe that UGIB might lead

to a decrease in the cerebral arterial blood supply and increase the

incidence of ACI by inducing a catecholamine excess state.

Several studies have found that transfusion is a risk factor for

stroke.28–30 Our study also found that RBC transfusion was a risk

factor for ACI in UGIB patients. The need for transfusion of red blood

cells indicates that a patient has severe anemia, which will aggravate

ischemic brain injury. During cardiopulmonary bypass surgery, the

decrease in hemoglobin increases the risk of stroke.31 In our study,

the hemoglobin level in the ACI group was significantly lower than

that in the non-ACI group (70.67 � 22.82 vs. 88.98 � 33.49), which

also showed that RBC transfusion could indirectly reflect anemia. In

addition, RBC transfusion may increase the aggregation of coagulant

in blood vessels, which is one of the reasons why RBC transfusion

increases the risk of ACI.32,33

4.1. Limitations

There were some limitations to the present study. First, this was

a single-center retrospective study, and there were only 48 patients

in the ACI group after matching, which affects the reliability of the

results. Second, the RPP at admission was the systolic blood pressure

and heart rate measured at the time of admission, but the time from

the onset of UGIB symptoms to admission was different for each pa-

tient, which also impacts the results. Third, in this study, we did not

monitor the blood flow velocity or blood flow volume of the cerebral

artery, nor did we detect the blood catecholamine level. Therefore,

we do not know the exact mechanism of ACI caused by UGIB.

In conclusion, compared with middle RPP at admission, low RPP

and high RPP were independent risk factors for ACI in UGIB patients,

and RBC transfusion was also an independent risk factor for ACI in

UGIB patients.
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