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Volume of red blood cell transfusion is a risk factor for acute ischemic stroke after non-variceal upper gastrointestinal bleeding
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Objective: To determine if the volume of red blood cell (RBC) transfusion is a risk factor for acute ischemic stroke (AIS) in patients with non-variceal upper gastrointestinal bleeding (NVUGIB).

Methods: NVUGIB patients who received RBC transfusion between January 2019 and December 2021 were included. Patients were divided into two groups, AIS group and non-AIS group. Propensity score matching was used to match the confounding factors between the two groups. Multivariate logistic regression was used to analyze independent risk factor for AIS in NVUGIB patients. The ROC curve was used to assess the sensitivity and specificity of the factors.

Results: The study included 272 NVUGIB patients who received RBC transfusions, with 44 patients in the AIS group and 228 patients in the non-AIS group. After propensity score matching, 38 pairs of patients were successfully matched. Multivariate logistic regression showed that the volume of RBC transfusion was an independent risk factor for AIS in NVUGIB patients. The area under the curve for RBC transfusion volume was 0.811, the sensitivity and specificity were 0.553 and 0.921, respectively.

Conclusion: The volume of RBC transfusion is a risk factor for AIS in NVUGIB patients. However, these results need to be validated by multicenter, prospective studies with larger sample sizes.
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1 Introduction

Red blood cell (RBC) transfusion is commonly used in clinical practice to treat anemia. However, RBC transfusions are not always associated with positive outcomes. A study found that perioperative transfusion of red blood cell during heart valve surgery was associated with ischemic stroke (1). Similarly, for those patients who underwent lung transplantation, transfusion of red blood cell before surgery was associated with increased morbidity and mortality (2). Additionally, perioperative transfusion of packed red blood cell was associated with an increased mortality risk in those patients who underwent surgery for cancer (3). A study by Kim et al. (4) found that late red blood cell transfusion was a predictor for poor outcome in patients with AIS. Our previous study found that RBC transfusion was a risk factor for acute cerebral infarction (AIS) in non-variceal upper gastrointestinal bleeding (NVUGIB) patients (5). However, the reason why RBC transfusion increases the risk of AIS in NVUGIB patients remains unclear. It was found that the number of transfused RBC units was an independent predictor of stroke after transcatheter aortic valve replacement. A study in Queensland supported that RBC transfusion was associated with adverce outcome in a dose-dependent manner (6). So, is volume of RBC transfusion an explanation of increased risk of AIS in NVUGIB patients? Therefore, we retrospectively analyzed the data from NVUGIB patients admitted to Nanchang University Affiliated Ganzhou Hospital to investigate this issue.



2 Patients and methods


2.1 Study design and patients

NVUGIB patients who received RBC transfusion between January 2019 and December 2021 were included. NVUGIB was defined as non-variceal gastrointestinal bleeding occurring above Treitz’s ligament (7). The primary symptoms of NVUGIB included hematemesis, coffee-ground vomiting, and melena.

The inclusion criteria were as follows: (1) patients with hematemesis and/or melena or a positive stool occult blood test; (2) patients diagnosed with NVUGIB by endoscopy; (3) patients who received RBC transfusions. The clinical diagnosis and endoscopic diagnosis were made according to the diagnostic criteria of NVUGIB (8, 9). The exclusion criteria were as follows: (1) patients who had AIS within 1 month before NVUGIB; (2) AIS patients who were not confirmed by brain CT or MRI; and (3) patients with incomplete data.



2.2 Patient classification and treatment

Patients were divided into two groups, AIS group and non-AIS group. Patients in the AIS group were complicated with AIS, and patients in the non-AIS group were not. The definition of AIS was rapidly occurring neurological impairment caused by brain ischemia, confirmed by brain CT or MRI. The diagnosis of AIS was confirmed by two senior physicians. All patients were treated according to NVUGIB treatment guidelines (8). Patients underwent endoscopic examinations, received red blood cell transfusions, fluid supplementation and intravenous proton pump inhibitors (PPIs). Additional treatments included hemagglutinin, octreotide, somatostatin, and mechanical ventilation as needed.

Data of the patients were collected from the hospital’s electronic medical record system, including: (1) age and sex; (2) smoking and drinking; (3) medical history: hypertension, coronary heart disease (CHD), diabetes, previous cerebral infarction, gout, peptic ulcer, chronic obstructive pulmonary disease (COPD) and chronic kidney disease (CKD); (4) treatment: mechanical ventilation; (5) RBC data: volume of RBC transfusion, duration of RBC storage.

Blood samples were taken within 24 h after admission for routine blood tests, liver function tests, kidney function tests and coagulation function tests. Data such as white blood cell (WBC), hemoglobin, red blood cell distribution width (RBC-DW), platelet, mean platelet volume (MPV), nitrogen, creatinine, prothrombin time (PT), fibrinogen, activated partial thromboplastin time (APTT), D-dimer, total bilirubin and albumin were collected.



2.3 Red blood cell transfusion

In our hospital, on average, one unit of RBC is about 150 mL. The RBC is stored in CPDA solution (citrate–phosphate-glucose-adenosine solution). Leukoreduced RBCs were transfused. RBCs were not irradiated.



2.4 Propensity score matching

Propensity score matching was used to match confounding factors between the two groups. Complication of AIS was used as the dependent variable, sex, age, smoking, drinking, hypertension, CHD, diabetes, previous cerebral infarction, gout, peptic ulcer, CKD, COPD and mechanical ventilation were used as the independent variables, logistic regression was used to calculate the propensity score for each patient. Complete matching and random arrangement of cases were used as the matching method.



2.5 Ethics approval and registration

This retrospective clinical study was approved by the Ethics Committee of Nanchang University Affiliated Ganzhou Hospital. The study was conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from all patients.

The study was registered in Medical Research Registration and Filing Information System (No. was MR-36-24-047923).



2.6 Statistical analysis

SPSS26.0 software was used for statistical analysis. Continuous variables were expressed as mean ± standard deviation, categorical variables as frequencies. The student’s t-test or Mann–Whitney test was used for continuous variables if appropriate, and the chi-square test for categorical variables. Propensity score matching was used to match the confounding factors. Univariate regression analysis was used to select factors for multivariate logistic regression, and factors with a p < 0.1 in the univariate analysis were included. ROC curve was used to assess the sensitivity and specificity of the factors. p < 0.05 was considered statistically significant.




3 Results


3.1 Cohort characteristics

The study included 272 NVUGIB patients who received RBC transfusions, with 44 patients in the AIS group and 228 in the non-AIS group. Among them, 203 patients were male, 153 patients were older than 60 years (Table 1).


TABLE 1 Baseline characteristics of patients before propensity score matching.


	Factors
	AIS group (n = 44)
	Non-AIS group (n = 228)
	p-value

 

 	Sex (male) 	33 	170 	0.951


 	Age (>60 years old) 	35 	118 	0.001


 	Smoking 	7 	60 	0.142


 	Drinking 	6 	56 	0.114


 	Hypertension 	32 	84 	0.000


 	CHD 	7 	18 	0.092


 	Diabetes 	14 	19 	0.000


 	Previous cerebral infarction 	9 	16 	0.005


 	Gout 	3 	22 	0.552


 	CKD 	2 	19 	0.389


 	Peptic ulcer 	6 	46 	0.313


 	COPD 	2 	8 	0.738


 	Mechanical ventilation 	18 	57 	0.031




 

The AIS group had more patients over 60 years old, with higher rates of hypertension, diabetes, previous cerebral infarction, and mechanical ventilation. There was no significant difference in terms of sex, smoking, drinking, CHD, gout, CKD, peptic ulcer and COPD between the two groups.



3.2 Propensity score matching

To match the baseline characteristics between the two groups, we performed propensity score matching. Sex, age, smoking, drinking, hypertension, CHD, diabetes, previous cerebral infarction, gout, CKD, peptic ulcer, COPD and mechanical ventilation were used as factors for PSM, and 38 pairs of patients were successfully matched. After matching, there was no significant difference in baseline characteristics between the two groups (Table 2).


TABLE 2 Baseline characteristics of patients after propensity score matching.


	Factors
	AIS group (n = 38)
	Non-AIS group (n = 38)
	p-value

 

 	Sex (male) 	28 	27 	0.798


 	Age (>60 years old) 	29 	32 	0.387


 	Smoking 	7 	12 	0.185


 	Drinking 	6 	7 	0.761


 	Hypertension 	26 	26 	1.000


 	CHD 	5 	5 	1.000


 	Diabetes 	9 	6 	0.387


 	Previous cerebral infarction 	7 	3 	0.175


 	Gout 	2 	3 	0.644


 	CKD 	2 	0 	0.152


 	Peptic ulcer 	6 	6 	1.000


 	COPD 	2 	1 	0.556


 	Mechanical ventilation 	14 	8 	0.129




 



3.3 Comparison of laboratory results and RBC transfusion data after matching

After matching, hemoglobin levels were significantly lower in the AIS group, while D-dimer and albumin levels were significantly higher in the AIS group than non-AIS group, patients in the AIS group also received more RBC transfusions than the non-AIS group (Table 3).


TABLE 3 Laboratory tests and RBC transfusion data of patients after propensity score matching.


	Factors
	AIS (n = 38)
	Non-AIS (n = 38)
	p-value

 

 	WBC (109/L) 	9.89 ± 4.66 	8.83 ± 4.01 	0.292


 	Hemoglobin (g/L) 	59.92 ± 10.62 	69.03 ± 20.71 	0.018


 	RBC-DW 	15.97 ± 3.72 	15.66 ± 3.89 	0.721


 	Platelet (109 /L) 	190.39 ± 95.12 	198.21 ± 101.23 	0.730


 	MPV (fL) 	9.34 ± 1.31 	9.96 ± 1.63 	0.073


 	Nitrogen (mg/L) 	12.55 ± 6.52 	12.88 ± 9.55 	0.860


 	Creatinine (μmol/L) 	154.76 ± 130.00 	119.11 ± 109.54 	0.200


 	PT(s) 	12.48 ± 1.32 	13.13 ± 4.93 	0.437


 	Fibrinogen (g/L) 	2.35 ± 1.46 	2.22 ± 0.97 	0.643


 	APTT(s) 	27.60 ± 8.10 	26.21 ± 6.16 	0.403


 	D-dimer 	2.79 ± 3.40 	1.26 ± 1.66 	0.015


 	Ttotal bilirubin (μmol/L) 	10.20 ± 6.37 	11.02 ± 10.41 	0.680


 	Albumin (g/L) 	31.56 ± 5.35 	28.66 ± 4.82 	0.015


 	Volume of RBC transfusion (unit) 	5.32 ± 2.76 	2.74 ± 2.03 	<0.001


 	Duration of RBC storage (day) 	15.74 ± 6.30 	15.09 ± 6.77 	0.667




 



3.4 Univariate logistic regression analysis of risk factors

Univariate logistic regression showed D-dimer and RBC transfusion volume were risk factors for AIS in NVUGIB patients, hemoglobin and albumin were protective factors (Table 4).


TABLE 4 Univariate logistic regression analysis of risk factors.


	Factors
	
β

	OR
	95% confidence interval for OR
	p-value

 

 	WBC 	0.061 	1.063 	0.947, 1.193 	0.302


 	Hemoglobin 	−0.036 	0.964 	0.934, 0.996 	0.026


 	RBC-DW 	0.022 	1.022 	0.907, 1.153 	0.717


 	Platelet 	−0.001 	0.999 	0.995, 1.004 	0.726


 	MPV 	−0.295 	0.745 	0.535, 1.036 	0.080


 	Nitrogen 	−0.005 	0.995 	0.941, 1.052 	0.857


 	Creatinine 	0.003 	1.003 	0.998, 1.007 	0.218


 	PT 	−0.061 	0.940 	0.794, 1.113 	0.475


 	Fibrinogen 	0.089 	1.093 	0.755, 1.581 	0.638


 	APTT 	0.028 	1.029 	0.963, 1.099 	0.403


 	D-dimer 	0.266 	1.304 	1.028, 1.655 	0.029


 	Total bilirubin 	−0.011 	0.989 	0.937, 1.043 	0.677


 	Albumin 	−0.115 	0.891 	0.809, 0.982 	0.020


 	Volume of RBC transfusion 	0.495 	1.640 	1.251, 2.151 	<0.001


 	Duration of RBC storage 	0.016 	1.016 	0.947, 1.089 	0.663




 



3.5 Multivariate logistic regression analysis of risk factors

Factors with a p-value < 0.1 in the univariate logistic regression were used for multi-variate logistic regression analysis, it showed RBC transfusion volume was an independent risk factor for AIS in NVUGIB patients (Table 5).


TABLE 5 Multivariate logistic regression analysis of risk factors.


	Factors
	
β

	OR
	95% confidence interval for OR
	p-value

 

 	Volume of RBC transfusion 	0.432 	1.54 	1.176, 2.016 	0.002


 	Hemoglobin 	−0.021 	0.979 	0.944, 1.015 	0.251


 	MPV 	−0.433 	0.649 	0.409, 1.027 	0.065


 	Albumin 	−0.066 	0.936 	0.832, 1.053 	0.272


 	D-dimer 	0.166 	1.181 	0.899, 1.552 	0.232




 



3.6 ROC curve assessing the sensitivity, specificity and cut-off value of RBC transfusion volume

The sensitivity, specificity and cut-off value of RBC transfusion volume for AIS in NVUGIB patients was determined by ROC curve. The area under curve (AUC) was 0.811, the sensitivity and specificity of RBC transfusion volume were 0.553 and 0.921, respectively. The optimal cut-off value of RBC transfusion volume was 4.5 units (Figure 1).
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FIGURE 1
 ROC curve assessing the value of RBC transfusion volume.





4 Discussion

NVUGIB is a common gastrointestinal condition that can lead to severe complications such as shock, acute renal injury, acute myocardial infarction, and ischemic stroke (10, 11). Our previous study found that the incidence of AIS in NVUGIB patients was around 5.38% (5).

RBC transfusions are often necessary for severe NVUGIB patients, but they can also lead to adverse outcomes. Studies have shown that RBC transfusions increase the risk of mortality in surgical patients (3) and are associated with AIS in NVUGIB patients (5), as well as a predictor for poor outcome in patients with AIS (4). Volume of RBC transfusion has profound effects on patients. Yuan found that volume of RBC transfusion was closely related with wound infection in surgery patients (12). Another study found that the more units of RBC patients received, the higher risk of morbidity, acute kidney injury and mechanical ventilation patients had (13). A study in Queensland divided cardiac surgery patients into two groups, one group of patients who received transfusion ≥5 units of packed RBC, and another group of patients who received transfusion ≤4 units of packed RBC, the results showed patients received transfusion ≥5 units of packed RBC had higher rate of in-hospital mortality, acute renal failure, acute myocardial infarction and stroke complications (6). Similarly, our study found that the volume of RBC transfusion was a risk factor for AIS in NVUGIB patients, with an optimal cut-off value of 4.5 units.

During storage, red blood cell makes numerous biochemical, structural, inflammatory, and physiologic changes. These changes might have profound clinical effects on patients. But, the duration of RBC storage has been debated as a potential cause of complications. Vamvakas and Carven (14) reported a statistical correlation between the length of storage of the RBCs and the development of pneumonia or wound infection. Leal-Noval et al. (15) found that duration of storage of RBCs was not correlated to the development of myocardial infarction or pneumonia. Obonyo, et al. (6) also found that duration was storage of RBCs was not associated with significantly increased mortality or morbidity. A study compared patients who received transfusion of red blood cells stored for 10 days or less with those patients who received transfusion of red blood cells stored for 21 days or more, the results showed no significant differences in the complications between the two groups (16). In this study, we analyzed the duration of RBC storage on the development of AIS in NVGUIB patients, and found that there was no significant difference in the duration of RBC storage between the two groups.


4.1 Limitations

This study has some limitations. First, this was a single-center, retrospective study. Second, the number of patients included in this study was relatively small. Third, the sensitivity, specificity and cut-off value of RBC transfusion volume were validated using ROC curve, but, not validated using external data.

In conclusion, volume of RBC transfusion is a risk factor for AIS in NVUGIB patients. However, the result still needs to be validated by multi-center, prospective study with larger sample size.




Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Ethics Committee of Nanchang University Affiliated Ganzhou Hospital. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

JH: Investigation, Writing – review & editing. FZ: Conceptualization, Writing – original draft. DH: Formal analysis, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations


AIS, Acute ischemic stroke; APTT, Activated partial thromboplastin time; AUC, Area under curve; CHD, Coronary heart disease; CKD, Chronic kidney disease; COPD, Chronic obstructive pulmonary disease; MPV, Mean platelet volume; NVUGIB, Non-variceal upper gastrointestinal bleeding; PPIs, Proton pump inhibitors; PT, Prothrombin time; RBC, Red blood cell; RBC-DW, Red blood cell distribution width; WBC, White blood cell.




References
	 1. Kim, HJ, Kim, JE, Lee, JY, Lee, SH, Jung, JS, and Son, HS. Perioperative red blood cell transfusion is associated with adverse cardiovascular outcomes in heart valve surgery. Anesth Analg. (2023) 137:153–61. doi: 10.1213/ANE.0000000000006245 
	 2. Muir, K, Firoz, A, Kashem, MA, Shigemura, N, and Toyoda, Y. Red blood cell transfusion prior to lung transplantation: impact on patient outcomes. ASAIO J. (2023) 69:625–31. doi: 10.1097/MAT.0000000000001898 
	 3. Cata, JP, Guerra-Londono, JJ, Ramirez, MF, Chen, L-L, Warner, MA, Guzman, LFC , et al. The association between perioperative red blood cell transfusions and 1-year mortality after major cancer surgery: an international multicenter observational study. Anesth Analg. (2024) 140:782–94. doi: 10.1213/ANE.0000000000007236 
	 4. Kim, C, Lee, SH, Lim, JS, Oh, MS, Yu, KH, Kim, Y , et al. Timing of transfusion, not hemoglobin variability, is associated with 3-month outcomes in acute ischemic stroke. J Clin Med. (2020) 9:1566. doi: 10.3390/jcm9051566 
	 5. Huang, J, Liao, F, Tang, J, and Shu, X. Development of a model for predicting acute cerebral infarction (ACI) induced by non-variceal upper gastrointestinal bleeding. Clin Neurol Neurosurg. (2023) 235:107992. doi: 10.1016/j.clineuro.2023.107992
	 6. Obonyo, NG, Dhanapathy, V, White, N, Sela, DP, Rachakonda, RH, Tunbridge, M , et al. Effects of red blood cell transfusion on patients undergoing cardiac surgery in Queensland—a retrospective cohort study. J Cardiothorac Surg. (2024) 19:475. doi: 10.1186/s13019-024-02974-7 
	 7. Kim, JS, Kim, BW, Kim, DH, Park, CH, Lee, H, Joo, MK , et al. Guidelines for nonvariceal upper gastrointestinal bleeding. Gut Liver. (2020) 14:560–70. doi: 10.5009/gnl20154 
	 8. Lu, Y, Loffroy, R, Lau, JY, and Barkun, A. Multidisciplinary management strategies for acute non-variceal upper gastrointestinal bleeding. Br J Surg. (2014) 101:e34–50. doi: 10.1002/bjs.9351 
	 9. Park, T, and Wassef, W. Nonvariceal upper gastrointestinal bleeding. Curr Opin Gastroenterol. (2014) 30:603–8. doi: 10.1097/MOG.0000000000000123 
	 10. Du, W, Zhao, X, Wang, Y, Pan, Y, Liu, G, Wang, A , et al. Gastrointestinal bleeding during acute ischaemic stroke hospitalisation increases the risk of stroke recurrence. Stroke Vasc Neurol. (2020) 5:116–20. doi: 10.1136/svn-2019-000314 
	 11. Rubinfeld, GD, Berger, JS, and Smilowitz, NR. Acute myocardial infarction following hospitalization for gastrointestinal bleeding: incidence, predictors, management, and outcomes. Am J Med. (2022) 135:e263–78. doi: 10.1016/j.amjmed.2022.03.030 
	 12. Yuan, Y, Zhang, Y, Shen, L, Xu, L, and Huang, Y. Perioperative allogeneic red blood cell transfusion and wound infections: an observational study. Anesth Analg. (2020) 131:1573–81. doi: 10.1213/ANE.0000000000005122 
	 13. Zhang, Q, Gao, S, Diao, X, Yan, W, Yan, S, Gao, G , et al. Dose-dependent influence of red blood cell transfusion volume on adverse outcomes in cardiac surgery. Perfusion. (2023) 38:1436–43. doi: 10.1177/02676591221115936 
	 14. Vamvakas, EC, and Carven, JH. Transfusion and postoperative pneumonia in coronary artery bypass graft surgery: effect of the length of storage of transfused red cells. Transfusion. (1999) 39:701–10. doi: 10.1046/j.1537-2995.1999.39070701.x 
	 15. Leal-Noval, SR, Jara-López, I, García-Garmendia, JL, Marín-Niebla, A, Herruzo-Avilés, A, Camacho-Laraña, P , et al. Influence of erythrocyte concentrate storage time on postsurgical morbidity in cardiac surgery patients. Anesthesiology. (2003) 98:815–22. doi: 10.1097/00000542-200304000-00005 
	 16. Steiner, ME, Ness, PM, Assmann, SF, Triulzi, DJ, Sloan, SR, Delaney, M , et al. Effects of red-cell storage duration on patients undergoing cardiac surgery. N Engl J Med. (2015) 372:1419–29. doi: 10.1056/NEJMoa1414219 


Copyright
 © 2025 Zhou, Huang and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Volume of red blood cell transfusion is a risk factor for acute ischemic stroke after non-variceal upper gastrointestinal bleeding



		1 Introduction



		2 Patients and methods



		2.1 Study design and patients



		2.2 Patient classification and treatment



		2.3 Red blood cell transfusion



		2.4 Propensity score matching



		2.5 Ethics approval and registration



		2.6 Statistical analysis









		3 Results



		3.1 Cohort characteristics



		3.2 Propensity score matching



		3.3 Comparison of laboratory results and RBC transfusion data after matching



		3.4 Univariate logistic regression analysis of risk factors



		3.5 Multivariate logistic regression analysis of risk factors



		3.6 ROC curve assessing the sensitivity, specificity and cut-off value of RBC transfusion volume









		4 Discussion



		4.1 Limitations









		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Abbreviations



		References



















OPS/images/fneur-16-1651661-g001.jpg
sensitivity

o8

04

0z

ROC curve

02

o4 5
1-specificity

o8





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Volume of red blood cell
transfusion is a risk factor for
acute ischemic stroke after
non-variceal upper
gastrointestinal bleeding












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






