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Background: The use of blood transfusion in surgery is increasing, and the blood supply is getting 
tighter. The number of glioma surgeries is increasing year by year, and reports of studies on blood transfusion in glioma surgery are 
relatively rare.
Purpose: To investigate the risk factors for intraoperative blood (leukocyte-depleted suspended red blood cells and plasma) 
transfusion in glioma patients.
Patients and Methods: We retrospectively analyzed the data of 200 glioma patients who had been operated on in a general teaching 
hospital in China from January 1, 2018 to March 31, 2022. In terms of whether blood transfusion (leukocyte-depleted suspended red 
blood cells and plasma) was used intraoperatively, patients were divided into a transfusion group (n=82) and a non-transfusion group 
(n=118). Multivariate Logistic regression analysis was conducted to identify the risk factors for intraoperative blood transfusion.
Results: The rate of intraoperative transfusion rate in the 200 glioma patients was 41%. Multivariate Logistic regression analysis 
showed that operation time, intraoperative blood loss ≥500 mL, vascular involvement, and the extent of tumor resection (total 
resection) were independent risk factors for intraoperative blood transfusion (P<0.05). Patient height was a protective factor against 
intraoperative blood transfusion (P<0.05).
Conclusion: The risk of intraoperative blood transfusion was higher in glioma patients with longer operation time, more intraopera
tive blood loss, vascular involvement, and total tumor resection. Clinically, efforts should be made to avoid these transfusion-related 
risk factors to minimize the risk of blood transfusion in patients.
Keywords: gliomas, blood transfusion, risk factors, intraoperative blood loss

Introduction
Gliomas are common primary intracranial tumors with an incidence of approximately 26.5% of all primary brain and other 
central nervous system tumors.1 The World Health Organization (WHO) classification of central nervous system tumors 
classifies gliomas into grades 1–4, of which grade 1–2 is low-grade glioma and grade 3–4 is high-grade glioma,2,3 grade 4 
glioma is also called glioblastoma. Gliomas have high mortality and recurrence rates, especially glioblastomas. At present, 
surgery is the most commonly used method to treat glioma. Glioma surgery is difficult and risky, and intraoperative blood 
transfusion is difficult to avoid. Studies have shown that perioperative red blood cell transfusion can shorten the survival time of 
patients with glioblastoma.4 Excessive blood transfusion rate in glioma patients during surgery will cause immunosuppression, 
which will lead to an increase in postoperative adverse events,5 The amount of blood loss and blood transfusion during 
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emergency surgery of glioma is significantly higher than that of non-emergency surgery, resulting in an increased risk of death.6 

Other studies have shown that previous antiplatelet therapy, low preoperative platelet count and long operation time are important 
risk factors for platelet transfusion in glioblastoma surgery.7 Lower body weight, higher ASA (American Society of 
Anesthesiologists, ASA) grade, preoperative anemia, larger tumor size, and longer operative time were found to be significant 
factors predicting blood transfusion during craniotomy for pediatric craniocerebral tumors.8 At present, due to the shortage of 
blood supply and the increasing risk of surgical blood transfusion,9–13 how to control the amount of blood transfusion in glioma 
surgery is the focus of surgeons and blood transfusion doctors. Reducing blood transfusion is of great significance to improve the 
prognosis of glioma patients and reduce tumor recurrence. Because leukocyte-depleted suspended red blood cells and plasma can 
effectively reduce the incidence of adverse reactions of blood transfusion and improve the safety and efficacy of blood 
transfusion, they are widely used in clinical surgical blood transfusion.14–17 At present, there are few studies on the risk factors 
of leukocyte-removed suspended red blood cells and plasma transfusion during glioma surgery. We retrospectively analyzed the 
case data of 200 patients undergoing glioma surgery. The purpose is to explore the risk factors of blood transfusion (leukocyte 
removal, red blood cells and plasma suspension) during glioma surgery, and to provide reference for surgical treatment of glioma.

Materials and Methods
Study Area and Setting
The patients of this study were diagnosed with brain gliomas and received surgery in the Department of Neurosurgery, 
Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China, from January 1, 
2018, to March 31, 2022. We observed intraoperative blood transfusion (Note: blood transfusion refers mainly to the 
transfusion of leukocyte-depleted suspended red blood cells and plasma) in glioma patients.The patients’ clinical baseline 
data covered patients’ gender, age, height, weight, and medical history. Laboratory tests involved preoperative hemoglobin, 
platelet count, and coagulation function indicators. Tumor status included the location, size, margin, extent of resection, 
vascular involvement, and grades of WHO classification. Surgery-related indicators were categories against the American 
Society of Anesthesiologists (ASA) classification, operation time, and intraoperative blood loss.

Study Design
The patients were divided into a blood transfusion group (n=82) and a non-blood transfusion group (n=118) on the basis 
of whether blood transfusion was performed intraoperatively. We did not apply any intervention measures to the two 
groups of patients, but only performed retrospective analysis.

Study Population
There were a total of 200 subjects in this study, including 111 males (55.5%) and 89 females (44.5%), with an age range 
of 2.58 to 80 years old, and an average age of 44.22 years old (standard deviation 17.39 years old).

Inclusion Criteria
Inclusion criteria involved (1) Patients diagnosed with brain gliomas based on clinical manifestations, CT/MRI, and 
pathological examinations; (2) Patients undergoing surgical treatment for the first time; (3) Medical records were complete.

Exclusion Criteria
Exclusion criteria included (1) Patients receiving blood transfusions before or after surgery; (2) those with abnormal 
coagulation function; (3) Patients having a history of long-term use of anticoagulants.

Sample Size Calculation
This study included 200 patients, with 82 experiencing transfusion events. Sample size calculation was based on the 
Events per Variable (EPV) rule of thumb, with the expectation of including no more than 8 independent variables in the 
final logistic regression model. With 82 events and 8 variables, the EPV was 10.25 (EPV=82/8), which meets the 
minimum recommended threshold of at least 10.
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Sampling Method
Regarding sampling method, we adopted a combination of simple random sampling method and stratified sampling 
method.

Data Collection Procedure
We first query and sort out the complete clinical data of 200 patients through Tongji Hospital Information System (HIS), 
Electronic Medical Record System (EMS), Picture Archiving and Communication System (PACS) and Radiology 
Information Management System (RIS), and then submit an application to Tongji Hospital Information Management 
Center. After approval, the patients’ data is exported and handed over to professional statisticians for data analysis.

Ethical Considerations
The institutional review board (IRB) that Medical Ethics Committee of Tongji Hospital, Tongji Medical College, Huazhong 
University of Science and Technology gave up the need for subjects’ informed consent to participate (because some patients 
had passed away and could not sign the informed consent, otherwise this trial could not be carried out). This trial was only 
a retrospective analysis without intervention measures, and it was not necessary to obtain informed consent of all subjects 
according to national regulations. The relevant legislation is based on the Declaration of Helsinki (2013), the Measures for 
Ethical Review of Life Science and Medical Research Involving Human Beings (2023) and the Good Clinical Practice (2020).

Data Analysis and Interpretation
The statistical analysis of the data was performed by using SPSS 27.0 software package. Normally-distributed quantitative data 
were presented as mean ± standard deviation (SD), and non-normally-distributed quantitative data were expressed as the median 
and range. The t-test was conducted for inter-group comparison. The categorical data were given as case number or rates and the 
chi-square test was employed for inter-group comparison. Univariate and multivariate logistic regression analyses were carried 
out to analyze the influencing factors, and differences were considered to be statistically significant when a P<0.05.

Results
General Information
The transfusion rate during surgery in 200 patients with brain gliomas was 41% (82/200). The amount of leukocyte- 
depleted suspended red blood cells transfusion was 2.96±1.96 units (Note: 1unit=140mL, 2.96±1.96 units converted to 
volume is about 414.4±274.4mL), and the median amount of plasma transfusion was 92.5mL, with the maximum value 
being 1000 mL, and the minimum being 150 mL, and the range being 850 mL. The baseline data for the two patients 
groups are listed in Tables 1 and 2.

Univariate Logistic Regression Analysis of Intraoperative Blood Transfusion in Patients 
With Glioma
Univariate Logistic regression analysis exhibited that there were statistically significant differences (P<0.05) between the 
blood transfusion group (n=82) and non-transfusion group (n=118) in the grade of intraoperative blood loss (blood loss 
>500 mL), tumor location (in hemisphere), vascular involvement, presence of boundary, body weight and height, platelet 
count one week before the operation, operation time, tumor size and other parameters. On the other hand, no statistically 
significant differences (P>0.05) were found between the two group in gender, age, body weight, pass disease history, 
ASA grade, HB one week before the operation, preoperative blood coagulation function, multiple tumors, tumor 
resection scope and other parameters (Tables 3 and 4).

Multivariate Logistic Regression Analysis of Intraoperative Blood Transfusion in 
Patients With Glioma
We put the variables with p < 0.10 obtained by univariate analysis and the variables considered clinically meaningful (initial 
model) into the multivariate Logistic regression analysis model, and then manually adjusted the variables added to the 
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model several times. After adjusting the variables added to the model, there were 8 independent variables finally included in 
the multivariate analysis model. The model results showed: Operation time, intraoperative blood loss (> 500mL), tumor 
involvement of blood vessels, and extent of resection (total resection) are the risk factors for intraoperative blood 
transfusion, and height is the protective factor for intraoperative blood transfusion (Table 5).

Table 1 General Data of the Patients

Parameters n = 200

Age Median (IQR) 46.50 (33.00, 56.00)
Range 2.60, 80.00

Gender, n (%) Male 111 (55.50)

Female 89 (44.50)
Height (cm) Median (IQR) 165.00 (158.00, 170.00)

Range 50.00, 186.00

Body weight (kg) Median (IQR) 62.00 (53.38, 70.00)
Range 14.00, 155.00

Past history of disease, n (%) 1=Yes 70 (35.00)
2=No 130 (65.00)

#HB (g/L) 1 week pre-op Mean (SD) 135.53 (16.54)
$PLT (10*9/L) 1 week pre-op Median (IQR) 215.50 (177.75, 259.25)

Range 63.00, 476.00
※PT (seconds) Median (IQR) 13.20 (12.80, 13.90)

Range 11.00, 15.90
◎APTT (seconds) Median (IQR) 36.40 (34.40, 38.60)

Range 25.70, 113.00
&inR Median (IQR) 1.01 (0.97, 1.07)

Range 0.79, 100.00
@FIB (g/L) Median (IQR) 2.65 (2.34, 3.26)

Range 0.93, 5.18
Prothrombin activity (PTA) (%) Median (IQR) 99.00 (91.00, 107.00)

Range 69.00, 158.00

Thrombin time (TT) (seconds) Median (IQR) 16.65 (16.00, 17.40)
Range 12.60, 48.30

*ASA surgical grades, n (%) 1 19 (9.50)

2 137 (68.50)
3 37 (18.50)

4 7 (3.50)

Operation time 
(hours)

Median (IQR) 5.07 (4.35, 6.20)
Range 2.62, 10.83

Intra-op blood loss (mL) Median (IQR) 400.00 (300.00, 600.00)

Range 0.00, 1,800.00
Grades of intra-op blood loss, n (%) 1 (≤500 mL) 128 (64.00)

2 (>500 mL) 72 (36.00)

Resection, n (%) Total resection 179 (89.50)
Subtotal resection 21 (10.50)

Transfusion 1 week pre-op, n (%) No 200 (100)

Intraop transfusion, n (%) Yes 82 (41.00)
No 118 (59.00)

Abbreviations: #HB, Haemoglobin.Haemoglobin levels conform to normal distribution, while other 
indicators do not; $PLT, Platelet; ※PT, Prothrombin time; ◎APTT, Activated partial thromboplastin 
time; &inR, International normalized ratio; @FIB, Fibrinogen; *ASA surgical grades, American Society 
of Anesthesiologists surgical grades, for 1 to 6 grades.
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Table 2 Characteristic Data of Glioma

Parameters n = 200

Tumor size (cm3) Median (IQR) 56.02 (23.13, 116.95)
Range 0.30, 520.96

Tumor location, n (%) 1 (cerebral hemisphere) 163 (81.50)

2 (not in cerebral hemisphere) 37 (18.50)
Grades of WHO classification, n (%) 1 14 (7.00)

2 67 (33.50)

3 58 (29.00)
4 61 (30.50)

Vascular involvement, n (%) Yes 20 (10.00)
No 180 (90.00)

Multiple tumors, n (%) Yes 16 (8.00)

No 184 (92.00)
Whether the tumor has boundaries, n (%) Yes 96 (48.00)

No 104 (52.00)

Table 3 Univariate Logistic Regression Analysis of Intraoperative Blood Transfusion in Glioma Patients (Continuous 
Variables)

Parameters Intra-op  
transfusion group (n = 82)

Non-intra-op  
transfusion group (n = 118)

OR (95% CI) P

Age (year) 41.49 (20.97) 46.11 (14.18) 0.98 (0.97~1.00) 0.066
Height (cm) 159.09 (22.61) 164.31 (7.88) 0.98 (0.96~1.00) 0.033

Body weight (kg) 59.45 (21.66) 63.99 (12.09) 0.98 (0.96~1.00) 0.064
#HB (g/L) 1 week pre-op 133.44 (18.05) 136.97 (15.31) 0.99 (0.97~1.00) 0.139
$PLT (10*9/L) 1 week pre-op 232.33 (71.79) 216.03 (59.48) 1.00 (1.00~1.01) 0.084
※PT (sec.) 13.31 (0.84) 13.33 (0.72) 0.97 (0.67~1.41) 0.884
◎APTT (sec.) 36.63 (4.06) 37.38 (7.71) 0.98 (0.91~1.03) 0.437
&inR 2.29 (10.93) 1.06 (0.32) 1.20 (1.01~2.78) 0.661
@FIB (g/L) 2.76 (0.79) 2.78 (0.77) 0.97 (0.67~1.39) 0.848

Prothrombin activity (PTA) (%) 99.76 (13.59) 99.24 (11.78) 1.00 (0.98~1.03) 0.773
Thrombin time (s) 16.54 (1.22) 16.90 (3.14) 0.92 (0.73~1.05) 0.364

Operation time (min) 388.78 (126.55) 286.89 (58.49) 1.01 (1.01~1.02) <0.001

Operation time (h) 6.48 (2.11) 4.78 (0.97) 2.04 (1.63~2.64) <0.001
Intra-op blood loss (mL) 681.10 (414.23) 370.34 (204.88) 1.00 (1.00~1.00) <0.001

Tumor size (cm3) 105.01 (106.37) 73.69 (78.03) 1.00 (1.00~1.01) 0.022

Abbreviations: #HB, Haemoglobin; $PLT, Platelet; ※PT, Prothrombin time; ◎APTT, Activated partial thromboplastin time; &inR, International 
normalized ratio; @FIB, Fibrinogen.

Table 4 Univariate Logistic Regression Analysis of Intraoperative Blood Transfusion in Patients With Glioma 
(Categorical Variables)

Parameters Intra-op transfusion  
group (n = 82)

Non-intra-op transfusion  
group (n = 118)

OR (95% CI) P

Gender, male, n (%) 47 (57.32) 64 (54.24) 1.13 (0.64~2.01) 0.667
Past disease history, Yes, n (%) 27 (32.93) 43 (36.44) 0.86 (0.47~1.55) 0.609

ASA surgical grades, n (%)

1 6 (7.32) 13 (11.02) Reference
2 55 (67.07) 82 (69.49) 1.45 (0.54~4.35) 0.475

3 19 (23.17) 18 (15.25) 2.29 (0.74~7.73) 0.163

4 2 (2.44) 5 (4.24) 0.87 (0.10~5.46) 0.883

(Continued)
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Discussion
Glioma represents the most common primary malignant tumor of the brain, resulting from the malignant transformation 
of brain glial cells. Glioma is characterized by a high incidence, high recurrence rate, high mortality, and low cure rate. 
At present, the principal treatment for gliomas is surgical resection, in combination with postoperative radiotherapy and 
chemotherapy. The surgical resection of gliomas is prone to bleeding, and the adverse reactions caused by massive blood 
transfusions during surgery can also seriously affect the efficacy of glioma surgery. Due to the current shortage of blood 
supply, adverse transfusion reactions are becoming increasingly common. Therefore, reducing transfusions and avoiding 

Table 4 (Continued). 

Parameters Intra-op transfusion  
group (n = 82)

Non-intra-op transfusion  
group (n = 118)

OR (95% CI) P

Grades of intra-op blood loss, n (%)
1 (≤500 mL) 34 (41.46) 94 (79.66) Reference

2 (>500 mL) 48 (58.54) 24 (20.34) 5.53 (2.99~10.51) <0.001

Tumor location, n (%)
1 (in hemisphere) 62 (75.61) 101 (85.59) Reference

2 (not in hemisphere) 20 (24.39) 17 (14.41) 1.92 (0.93~3.97) 0.077

Grades of WHO classification, n (%)
1 6 (7.32) 8 (6.78) Reference

2 18 (21.95) 49 (41.53) 0.49 (0.15~1.67) 0.239

3 26 (31.71) 32 (27.12) 1.08 (0.33~3.67) 0.894
4 32 (39.02) 29 (24.58) 1.47 (0.46~4.95) 0.518

Vascular involvement, Yes, n (%) 14 (17.07) 6 (5.08) 3.84 (1.47~11.29) 0.009

Multiple tumors, Yes, n (%) 5 (6.10) 11 (9.32) 0.63 (0.19~1.81) 0.412
Boundary, Yes, n (%) 33 (40.24) 63 (53.39) 0.59 (0.33~1.04) 0.068

Resection, (%)

Subtotal 7 (8.54) 14 (11.86) Reference
Total 75 (91.46) 104 (88.14) 1.44 (0.57~3.97) 0.452

Table 5 Multivariate Logistic Regression Analysis of Intraoperative Blood Transfusion in Glioma Patients

Parameters Intra-op transfusion  
group (n = 82)

Non-intra-op transfusion  
group (n = 118)

OR (95% CI) P

Age (year), Mean (SD) 41.49 (20.97) 46.11 (14.18) 0.97 (0.95~1.00) 0.056

Height (cm), Mean (SD) 159.09 (22.61) 164.31 (7.88) 0.96 (0.93~0.99) 0.009
Body weight (kg), Mean (SD) 59.45 (21.66) 63.99 (12.09) 0.98 (0.96~1.01) 0.199

Operation time (h), Mean (SD) 6.48 (2.11) 4.78 (0.97) 2.25 (1.69~3.16) < 0.001

Grades of intra-op blood loss, n (%)
1 (≤500 mL) 34 (41.46) 94 (79.66) Reference

2(>500 mL) 48 (58.54) 24 (20.34) 4.27 (1.93~9.72) < 0.001

Glioma grades (WHO classification), n (%)
1 6 (7.32) 8 (6.78) Reference

2 18 (21.95) 49 (41.53) 0.87 (0.15~6.09) 0.882
3 26 (31.71) 32 (27.12) 2.5 (0.42~18.49) 0.336

4 32 (39.02) 29 (24.58) 3.03 (0.53~22.19) 0.241

Vascular involvement, Yes, n (%) 14 (17.07) 6 (5.08) 9.14 (2.22~45.68) 0.004
Resection, n (%)

Subtotal 7 (8.54) 14 (11.86) Reference

Total 75 (91.46) 104 (88.14) 9.37 (1.88~59.20) 0.011
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or minimizing adverse transfusion reactions are of great clinical significance for the surgical resection of gliomas. This 
study retrospectively analyzed the clinical data of 200 patients undergoing surgical resection of gliomas. By constructing 
univariate and multivariate regression models, we examined the risk factors for intraoperative blood transfusion in 
glioma surgery. We found that the operation time, intraoperative blood loss ≥ 500 mL, vascular involvement, and total 
resection were risk factors for intraoperative blood transfusion, while body height was a protective factor against 
intraoperative blood transfusion.

The results of this study have important implications for the clinical practice of glioma surgery. First, identifying risk 
factors for intraoperative blood transfusions (leukocyte-depleted suspended red blood cells and plasma) allows surgeons 
to better predict transfusion needs and prepare accordingly. By identifying patients who are at higher risk of needing 
blood transfusions, surgeons can ensure adequate blood products are available during surgery, reducing the risk of delays 
or complications due to blood shortages. The identification and correction of intraoperative blood transfusion risk is 
beneficial to reduce the probability of blood transfusion and improve the allocation efficiency of limited blood 
component resources.8 Secondly, this study highlights the importance of minimizing blood loss during glioma surgery. 
Surgeons should strive to improve the fineness and efficiency of surgical techniques and avoid unnecessary tissue damage 
and vascular damage, as this may lead to increased blood loss and blood transfusion needs.

Many clinical studies18–22 have shown that the length of operation time plays a decisive role in the success or failure 
of operation. The longer the operation time, the more difficult and complicated the operation, and the greater the dose of 
anesthetic needed by the patient, which is very challenging to maintain the patient’s vital signs and the physical 
requirements of the operator. This study found that the longer the operation time of glioma, the higher the risk of 
intraoperative blood transfusion. Therefore, how to control the operation time is of great significance for glioma surgery. 
In addition to the complexity of the operation, this puts forward higher requirements for the surgical level of the surgeon. 
Only when the surgical skills are more exquisite and the anatomical structure of the brain and lesions is well understood, 
can the operation be performed leisurely, shortening the operation time and improving the success rate of the operation. 
Early studies have shown that long operation time is a risk factor for platelet transfusion during glioma operation,7 and 
the results of this study are consistent with the research conclusions of other scholars.7,23–25

Clinical studies26–28 have shown that the greater the amount of blood lost during surgery, the greater the risk of blood 
transfusion. This study found that during glioma surgery, the greater the blood loss, the higher the probability of blood 
transfusion, which is confirmed by other scholars,29,30 which may be related to the characteristics of glioma and surgical 
wounds. Brain glial has various morphologies and multiple parts, and it is easy to invade blood vessels and surrounding 
brain tissues. In order to maximize the resection of lesions during the operation, surgeons can easily cause increased 
blood loss. In this study, it was found that when the blood loss was greater than 500mL, the risk of blood transfusion was 
4.27 times higher than that of patients with blood loss less than 500mL (OR: 4.27, 95% confidence interval: 1.93–9.72). 
Thus, reducing blood loss is a key element in reducing blood transfusion.

Vascular invasion of glioma is very common. Because of the gene polymorphism of glioma, it is easy to grow 
invasively, especially the characteristics of vascular invasion have been confirmed by many scholars,31–35 which is also 
an important factor for glioma to relapse and blood metastasis. The abundance of intracranial blood vessels provides 
convenient conditions for the growth, direct spread and blood metastasis of glioma. This study found that whether glioma 
involves craniocerebral blood vessels plays an important role in determining whether blood transfusion during operation. 
The risk of blood transfusion in patients with blood vessel involvement is 9.14 times higher than that in patients without 
blood vessel involvement (OR: 9.14, 95% confidence interval: 2.22–45.68). We speculate that because glioma involves 
blood vessels, it is easy to trigger massive bleeding during intraoperative tumor dissection or resection, which leads to an 
increased risk of blood transfusion.

Studies have shown that the extent of surgical resection of glioma is an important factor affecting the prognosis and 
bleeding of glioma.36–39 The more and cleaner the tumor is removed, the longer the patient will survive. In this study, it 
was found that total tumor resection is a risk factor for blood transfusion, and we speculate that this may be related to 
surgical wounds and bleeding. Due to the diversity of tumor morphology, the degree of tumor invasion of surrounding 
tissues is also different. The larger the extent of lesion resection, the larger the surgical wound, the increased the 
probability of surgical bleeding, and the increased risk of blood transfusion. The finding that total glioma resection is 
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a risk factor for blood transfusion suggests that surgeons may need to balance the benefit of maximizing tumor resection 
with the increased risk of blood loss and blood transfusion. In some cases, in order to minimize the risk of blood 
transfusion and its associated complications, a more conservative resection may be preferable.

An interesting phenomenon was found in this study that height is a protective factor for blood transfusion, which 
means that the higher the height, the lower the risk of blood transfusion. There are many factors that affect height, mainly 
including growth hormone, sex hormone, thyroid hormone, heredity, nutrition, exercise, etc., and growth hormone plays 
an important role in the development of human height. Recent studies have shown that patients with chronic diseases 
related to growth hormone deficiency are at higher risk during the COVID-19 pandemic. Researchers analyzed that 
growth hormone deficiency leads to an increased risk of thrombosis in patients with severe COVID-19 infection, GHD is 
related to coagulation system dysfunction, and growth hormone replacement therapy is beneficial to improving 
hypercoagulability.40,41 We speculate that height is a protective factor for glioma surgical blood transfusion, which 
may be related to growth hormone level and coagulation function. Compared with short patients, tall patients have higher 
growth hormone levels, and the probability of coagulation dysfunction may be lower, so the risk of surgical bleeding is 
lower than that of short patients. While the exact mechanism of this finding is unknown, it may be related to differences 
in coagulation function or physiological response to stress among people of different heights. Future studies should 
explore this potential association in more detail to better understand its clinical implications.

The shortcomings of this study are as follows: ① The sample size of patients is small (many patients cannot be 
included in the study group because of incomplete data), and no logistic regression analysis prediction model has been 
established. Only the risk factors and protective factors of blood transfusion during glioma surgery have been discussed. 
In the follow-up study, we will increase the sample size and establish a stable logistic regression analysis prediction 
model; ② It is a single-center retrospective study with certain selection bias. In the future, we hope to establish a multi- 
center and multi-regional cooperation platform to make the research data more homogeneous and reliable. ③ Because 
this study is retrospective and the detailed medication history of each patient is not recorded in detail, it is impossible to 
directly assess the specific impact of drugs on blood transfusion needs. We acknowledge that this is a limitation of this 
study. Drugs, particularly anticoagulants, hemostats, and anesthetics, may affect intraoperative blood loss and transfusion 
requirements. In future studies, we will systematically collect medication history, design prospective randomized 
controlled trials, and evaluate the specific effects of drugs on blood loss and blood transfusion to optimize blood 
transfusion management strategies. ④ The effects of different surgical techniques and methods on blood transfusion and 
glioma prognosis during glioma surgery were not discussed in this study. In the follow-up cohort study, we will increase 
the sample size and include these factors for analysis.

To sum up, this study deeply explored the risk factors related to blood transfusion in glioma surgery, and clearly 
pointed out that the duration of surgery, blood loss, tumor invasion of blood vessels and total resection all increased the 
risk of blood transfusion. In order to reduce risks, it is recommended that surgeons improve surgical skills, optimize 
procedures, adopt advanced hemostatic techniques, and fully prepare blood; For patients with tumor involvement of 
blood vessels, detailed imaging evaluation and personalized surgical plan are needed; Total resection needs to weigh the 
risk of blood transfusion, and sometimes conservative resection is required. Future research can further explore the 
influence of surgical skills, hemostatic techniques and anesthesia management on blood transfusion demand, and 
establish an accurate blood transfusion prediction model. In clinical practice, we should improve the blood transfusion 
management system, strengthen the training of medical staff, optimize blood transfusion management, improve the 
prognosis of patients and save blood resources. This study provides a reference for understanding the risk of blood 
transfusion in glioma surgery, helps improve surgical skills, promotes precise and individualized blood transfusion 
strategies, hopes to reduce adverse reactions, prolong survival, promote cooperation between surgery and blood transfu
sion doctors, and formulate more precise blood transfusion strategies. Fill the gap in the management of intraoperative 
blood transfusion (leukocyte-removed suspended red blood cells and plasma transfusion) for glioma.

Availability of Supporting Data
The authenticity and reliability of all the primary data, statistical methodologies, and statistical findings are 
unquestionable.
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