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Abstract: Objective To explore the predictive value of serum interleukin-33 (IL-33), von Willebrand factor (VWF), and
granulocyte colony-stimulating factor (G-CSF) for the prognosis of acute massive hemorrhage patients with
transfusion-related acute lung injury (TRALI). Methods From June 2022 to December 2024, 270 patients with acute
massive bleeding admitted to Chang'an Hospital were selected. Among them, 98 patients with TRALI were labeled as
the TRALI group, and 172 patients with simple acute massive bleeding were labeled as the non TRALI group. ELISA
kits were used to detect serum IL-33, VWF, and G-CSF. According to the survival and death status of TRALI patients
after 10 days of blood transfusion, they were classified into the poor prognosis group (death, 31 cases) and the good
prognosis group (survival, 67 cases). Multiple logistic regression model was used to explore the factors affecting the
prognosis of TRALI patients. ROC was used to explore the predictive value of serum IL-33, vVWF, and G-CSF for the
prognosis of TRALI. Results The proportions of transfusion history, allergy history, blood to transfusion interval =
0.5 h, transfusion frequency >2 times, and serum IL-33, VWF, and G-CSF in the TRALI group and poor prognosis
group were higher than those in the non TRALI group and good prognosis group, respectively (£<0.05). The
transfusion history[ OR=2.356,95%C/1.329-4.176], allergy history[OR=2.154, 95%C/1.383-3.354], blood to transfusion
interval, transfusion frequency, and serum IL-33, VWF, and G-CSF were factors affecting poor prognosis in TRALI
patients (P<0.05). The area under the curve (AUC) of serum IL-33, VWF, and G-CSF alone (0.694, 0.789, 0.808) in
predicting TRALI prognosis were smaller than the combined prediction of the three (0.919). Conclusion: This study
found that elevated levels of serum IL-33, VWF, and G-CSF in TRALI patients are risk factors affecting their prognosis.
The combination of the three has high prognostic value and can assist in the clinical treatment and evaluation of
TRALI
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Transfusion-related acute lung injury (TRALI) is one individualized intervention measures, and improving

of the acute respiratory distress syndromes that occur within
6 hours after blood transfusion. It causes acute pulmonary
edema and rapid deterioration of respiratory function, and is
a major cause of transfusion-related morbidity and mortality
[1]. Patients with TRALI often present with dyspnea, cough,
and fever, and may even develop respiratory failure and
severe hypoxemia, posing a threat to their life and health [2].
Unfortunately, the pathogenesis of TRALI remains
incompletely understood, and current clinical management
is limited to supportive therapy and acute respiratory
distress syndrome-derived treatments, which are not
specific to the mechanism of TRALI and have significant
limitations in improving long-term prognosis [3]. Therefore,
identifying biomarkers associated with the prognosis of
TRALI patients is of great significance for early
identification ~ of  high-risk  patients, formulating

outcomes. Studies have found that TRALI is associated
with neutrophil activation and damage caused by
endothelial cell and platelet abnormalities [4].
Interleukin-33 (IL-33) is an inflammatory factor involved in
various pathological processes. Lei et al. [5] reported that
upregulated IL-33 expression promotes the development of
uncontrolled pulmonary inflammation in mice with acute
lung injury. Von Willebrand factor (vVWF) is a key
hemostatic factor for vascular endothelial function, and its
level changes are closely related to the levels of
inflammatory factors in septic acute lung injury [6]. Thus, it
is hypothesized that vWF is a biomarker for evaluating the
severity of such diseases and may be associated with the
condition of TRALI patients. In addition, Li et al. [7] found
that granulocyte colony-stimulating factor (G-CSF) affects
the prognosis of patients with acute lung injury and is a
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biomarker for predicting the occurrence of acute lung injury.

Therefore, this study will comprehensively analyze the
impact of these three indicators on the prognosis of TRALI
patients.

1 Subjects and methods
1.1 Study subjects

A total of 270 patients with acute massive hemorrhage
admitted to Chang An Hospital from June 2022 to
December 2024 were prospectively selected. Among them,
98 patients complicated with TRALI were included in the
TRALI group, and 172 patients with simple acute massive
hemorrhage were included in the non-TRALI group.

Inclusion criteria: (1) All patients met the diagnostic
criteria for acute massive hemorrhage as defined by Guo et
al. [8], and TRALI patients conformed to the Chinese
Expert Consensus on the Diagnosis and Treatment of
Transfusion-Related Acute Lung Injury (2023 Edition) [9];
(2) Transfused patients met the blood transfusion
indications of the Ministry of Health [10]; (3) Complete
baseline data were available, and written informed consent
was obtained from all patients or their families.

Exclusion criteria: (1) Pre-transfusion lung injury or
infection; (2) Abnormal liver function; (3) Pulmonary
hypertension; (4) Hematological diseases. This study was
approved by the Medical Ethics Committee of Chang An
Hospital (approval number: CA2022-017).

1.2 Methods

1.2.1 Collection of general data

Age and gender of patients were collected from
admission records. Smoking, alcohol consumption, and
staying up in the past three months were recorded. Previous
transfusion history and allergies to drugs, food, or other
substances were documented. The primary bleeding site
was confirmed based on clinical diagnosis and auxiliary
examination results. Shock status before transfusion was
evaluated. Two times when the blood bank releases blood
and the start time of transfusion were accurately recorded.
The number of red blood cell product transfusions from the
start of transfusion to the study endpoint (e.g., TRALI
diagnosis, discharge, or death) during hospitalization was
counted.

1.2.2 Detection of serum indicators

For the non-TRALI group, 2 mL of elbow venous
blood was collected within 6 hours after transfusion
completion. For the TRALI group, 2 mL of elbow venous
blood was collected at the time of diagnosis. The blood
samples were tilted and left to stand at room temperature for
30 minutes to coagulate, then centrifuged under laboratory
conditions (4°C, 2 500xg , 15 minutes). The supernatant
(serum) was aspirated, aliquoted into EP tubes, and stored at
-80°C. Serum samples were thawed on ice, and precipitates

were removed by centrifugation (10 000xg, 4°C, 5 minutes).
Dilution was performed according to the instructions of
each ELISA kit. All kit components were removed 30
minutes in advance from -20°C, equilibrated to room
temperature, and deionized water was added in specified
volumes as per the instructions. After standing for 10
minutes, the mixture was vortexed to homogeneity. Serial
dilutions were prepared using dilution buffer to generate
standard curves, and serum concentrations of IL-33 [Abcam
(Shanghai) Trading Co., Ltd., batch number: ab223865],
vWF (Shanghai Jining Biotechnology Co., Ltd., batch
number: JN22440), and G-CSF (Hangzhou Lianke
Biotechnology Co., Ltd., batch number: EK169HS) were
calculated from sample OD values using the standard curves.
All detections were performed by the same team of medical
personnel.

1.2.3 Prognosis assessment

The status of TRALI patients was evaluated 10 days
after transfusion. Thirty-one patients who died were
classified into the poor prognosis group, and the remaining
67 surviving patients were classified into the favorable
prognosis group.

1.3 Statistical methods

Data were analyzed using SPSS 25.0 and MedCalc
software. Categorical data were expressed as cases (%), and
comparisons were performed using the chi-square test.
Measurement data were expressed as xX=s, and comparisons
were performed using the t-test. Multivariate logistic
regression models were used to analyze factors influencing
the prognosis of TRALI patients. ROC curves were used to
evaluate the prognostic value of serum IL-33, vWF, and
G-CSF levels in TRALI patients. A P-value <0.05 was
considered statistically significant.

2 Results

2.1 Baseline data and levels of serum IL-33, vWF,
G-CSFin non-TRALI and TRALI groups

The proportions of patients with transfusion history,
allergy history, blood dispatch-to-transfusion interval >0.5 h,
and transfusion frequency >2, as well as serum IL-33, vWF,
and G-CSF levels in the TRALI group were significantly
higher than those in the non-TRALI group (P<0.05). There
were no statistically significant differences between the two
groups in terms of age, gender, lifestyle habits, bleeding site,
or blood transfusion volume (P>0.05). [Table 1]

2.2 Levels of serum IL-33, vWF, and G-CSF in
patients with different prognoses

Serum IL-33, vWF, and G-CSF levels in the poor
prognosis group of TRALI patients were higher than those in
the favorable prognosis group (P<0.05). [Table 2]
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2.3 Univariate analysis of factors affecting TRALI
PrOgnosis

The proportions of patients with transfusion history,
allergy history, blood dispatch-to-transfusion interval >0.5 h,
and transfusion frequency >2 in the poor prognosis group
were higher than those in the favorable prognosis group
(P<0.05). There were no statistically significant differences
between the two groups in age, gender, lifestyle habits,
bleeding site, or blood transfusion volume (P>0.05). [Table
3]

Tab.1 Comparison of baseline data and serum levels of IL-33,
vWEF, and G-CSF between two groups [case (%)]

Non-TRALI
Item group TR?:;%SOHP vflge P value
(n=172)

Age (years) 54.06+5.82 54324594 0350 0.726
Gender (Male/Female) 102/70 50/48 1.740  0.187
Lifestyle

Smoking 87 (50.58) 46 (46.94) 0331  0.565

Alcohol 74 (43.02) 31 (31.63)  3.408 0.065

consumption
Staying up late 65 (37.79) 28 (28.57) 2350 0.125
Transfusion history 49 (28.49) 43 (43.88) 6.582  0.010
Allergy history 25 (14.53) 57 (58.16)  56.193 <0.001
Bleeding site 0.466  0.792

Gastrointestinal

tract 61 (35.47) 36 (36.73)

Cerebral trauma 48 (27.91) 30 (30.61)
Traumatic splenic
rupture 63 (36.63) 32 (32.65)

Shock before 57 (33.14) 31 3163 0.065 0.799
transfusion
Blood
issuance-to-transfusion 40.255 <0.001
interval
<05h 136 (79.07) 40 (40.82)
>0.5h 36 (20.93) 58 (59.18)
Transfusion frequency 5.104  0.024
>2 times 18 (10.47) 20 (20.41)
<2 times 154 (89.53) 78 (79.59)

Blood transfusion ;¢ 05,375 45 1731 93432026 0124 0.901
volume (mL, +£s)

IL-33 (pg/mL, +s) 78.36+15.54 92.52+15.65  7.181 <0.001
vWF (ug/mL, +s)

G-CSF (pg/mL, +s)

1521.83+230.76 1785.47+232.19 9.007 <0.001
39.08+10.13  48.61+10.25  7.401 <0.001

2.4 Multivariate analysis of factors influencing TRALI
Prognosis

Using poor prognosis of TRALI patients as the
dependent variable (survival = 0, death = 1), and transfusion
history, allergy history, time interval from blood issuance to

ransfusion, transfusion frequency, and serum levels of IL-33,
vWF, and G-CSF as independent variables, logistic
regression analysis was performed. The results revealed that
transfusion history, allergy history, blood
issuance-to-transfusion interval, transfusion frequency, and
serum IL-33, vWF, and G-CSF levels were significant
influencing factors for poor prognosis in TRALI patients (P
<0.05). [Table 4]

2.5 Predictive value of serum IL-33, vWF, and G-CSF
levels for TRALI prognosis

The combined detection of serum IL-33, vWF, and
G-CSF levels yielded the largest AUC for predicting
TRALI prognosis. [Figure 1 & Table 5]

Tab.2 Comparison of serum levels of IL-33, vWF and G-CSF in
patients with different prognoses  (X+s)

Group IL-33 (pg/mL) vWF (ug/mL) G-CSF (pg/mL)
Favorable 88.48£17.70  1702.034245.83  44.68+10.13
prognosis (n=67)

fn ";’;Il)’“’g“"s's 101241146 1965.81+215.98  57.111.30

t value 3.668 5.126 6.788

P value <0.001 <0.001 <0.001

Tab.3 Univariate analysis of factors affecting TRALI prognosis [case (%o)]

Favorable Poor prognosis y*/t

Item prognosis (n=31) value P value
(n=67)

Age (years, +£s) 54.2145.46 54.55+542 0.287 0.774
Gender (Male/Female) 31/36 19/12 1.914 0.167
Lifestyle
Smoking 35 (52.24) 11 (3548) 2389 0.122
Alcohol consumption 18 (26.87) 13 (41.94) 2226 0.136
Staying up late 16 (23.88) 12 (38.71) 2.284 0.131
Transfusion history 24 (35.82) 19 (61.29) 5583 0.018
Allergy history 34 (50.75) 23 (74.19) 4788 0.029
Bleeding site 3.684 0.159
Gastrointestinal tract 22 (32.84) 14 (45.16)
Cerebral trauma 19 (28.36) 11 (35.48)
Traumatic splenic
rupture 26 (38.81) 6 (19.35)
Shock befgre 20 (29.85) 11 (3548) 0311 0577
transfusion
Blood
issuance-to-transfusion 6.242 0.012
interval
<0.5h 33 (49.25) 7 (22.58)
>0.5h 34 (50.75) 24 (77.42)
Transfusion frequency 6.344 0.012
>2 times 9 (13.43) 11 (35.48)
<2 times 58 (86.57) 20 (64.52)

Blood transfusion

1729.84+319.32 1736.45+£320.21 0.095 0.924
volume (mL, +s)

Tab.4 Multivariate analysis of factors affecting TRALI prognosis

Indicator p SE Waldy® P value OR 95%CI
value

Transfusion history 0.857 0.292 8.613 0.003 2.356 1.329-4.176
Allergy history 0.767 0.226 11.528 0.001 2.154 1.383-3.354
Blood issuance-to-transfusion interval >0.5 h 1.031 0.359 8.248 0.004 2.804 1.387-5667
Transfusion frequency >2 times 0.763 0.357 4.564 0.033 2.144 1.065-4.316
1L-33 1.067 0314 11.550 0.001 2.907 1.571-5.379
vWF 1.079 0.267 16.334 0.000 2.942 1.743-4.965
G-CSF 1.052 0.311 11.432 0.001 2.862 1.556-5.265
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Tab.5 Predictive value of serum IL-33, vWF and G-CSF levels for prognosis of patients

Indicator Cut-off Value AUC 95%CI Sensitivity (%) Specificity (%) Youden's Index
IL-33 89.00 pg/mL 0.694 0.593-0.783 80.65 62.69 0433
VWF 1871.47 ug/mL 0.789 0.695-0.865 80.65 76.12 0.568
G-CSF 48.29 pg/mL 0.808 0.716-0.880 87.10 62.69 0.498
Combination 0.919 0.846-0.965 90.32 85.07 0.754
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2000 L aligning with the multivariate analysis results of this study
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Fig.1 ROC curve analysis of serum IL-33, vWF, and G-CSF
levels for predicting TRALI prognosis
3 Discussion

The interleukin family is a crucial group of cytokines.
Akgun et al. [11] found that IL-6 can inhibit the
progression of TRALI, while Kapur et al. [12] reported
abnormal IL-10 levels in TRALI patients, suggesting a
close association between the IL family and the
development of TRALIL. In the present study, serum IL-33
levels were elevated in both the TRALI group and the poor
prognosis group. Previous research has indicated that
increased IL-33 promotes eosinophil proliferation, inhibits
the progression of acute lung injury, and enhances patient
survival [13]. Zheng et al. [14] identified IL-33 as a
biomarker of lung function impairment. Given its role in
immune regulation, we hypothesize that IL-33 may
influence TRALI pathogenesis and prognosis through
immune-related pathways, a finding supported by the
multivariate analysis results of this study. Gong et al. [15]
demonstrated that stimulating IL-33 levels in mice with
sepsis-induced lung injury modulates type 2 immune
responses and reduces disease damage. Zou et al. [16]
further revealed that IL-33 binds to the ST2 receptor
during cellular or tissue injury, activating the 1L-33/ST2
axis and recruiting iINKT cells to promote early
inflammatory responses in acute respiratory distress
syndrome, which predicts poor patient prognosis. These
findings suggest that early elevation of IL-33 may
exacerbate TRALI inflammation and disease progression,
while sustained high levels in later stages may alleviate
prognostic damage.

The current study observed increased serum vWF
levels in both the TRALI group and the poor prognosis
group, consistent with the trend reported in a rat model of
lung injury [17]. A 2024 meta-analysis highlighted that
elevated vWF levels are closely associated with disease

neutrophil activity and platelet aggregation during
inflammatory responses.

In this study, serum G-CSF levels were elevated in
the TRALI group and poor prognosis group, consistent
with findings in a mouse model of diabetes-associated
lung injury [22]. G-CSF is produced by bone marrow
stromal cells, monocytes/macrophages, endothelial cells,
and epithelial cells, and plays a central role in regulating
neutrophil activity by promoting the proliferation and
differentiation of granulocyte precursors into mature cells
[23]. Secreto et al. [24] found that elevated G-CSF levels
exacerbate respiratory parameters in patients with
respiratory failure and lung injury, suggesting that
increased G-CSF may aggravate lung damage and promote
TRALI progression. Conversely, Luo et al [25]
demonstrated that G-CSF alleviates cardiopulmonary
bypass-induced Iung dysfunction by suppressing
inflammatory responses in lung tissue and circulation, as
well as pre-mobilization of CD133+ progenitor cells.
These findings indicate that G-CSF may influence TRALI
development and prognosis by modulating inflammatory
processes.

Additionally, this study identified transfusion history,
allergy history, blood issuance-to-transfusion interval, and
transfusion frequency as prognostic factors for TRALI.
These results emphasize the importance of monitoring
patients' transfusion history—particularly prior allergies
and transfusion reactions—during clinical practice to
identify high-risk populations. Proactive measures, such as
selecting low-risk blood products, optimizing transfusion
strategies, or adopting alternative therapies, may reduce
TRALI incidence and improve prognosis. Timely
monitoring and intervention during and after transfusion
are also critical for mitigating adverse outcomes.

ROC curve analysis revealed that the combined
detection of serum IL-33, vWF, and G-CSF exhibited the
highest AUC and sensitivity for predicting TRALI
prognosis, highlighting significant clinical value. Given its
high sensitivity, further exploration of incorporating these
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three indicators into routine clinical testing is warranted.
Routine monitoring could enable early identification of
TRALI patients at risk of severe disease, facilitating timely
adjustments to transfusion strategies and treatment
optimization. Moreover, these indicators may serve as
auxiliary tools for evaluating the efficacy of TRALI
interventions, providing precise guidance for clinical
decision-making and improving patient outcomes.

In conclusion, this study demonstrated elevated IL-33,
vWF, and G-CSF levels in TRALI patients, with higher
levels observed in non-survivors. These three factors
independently influence TRALI prognosis and may serve
as potential prognostic markers. A limitation of this study
is the relatively small sample size due to practical
constraints, which may restrict the generalizability of the
findings. Future studies will expand data collection to
validate these results.
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The relationship between serum IL-33, vWF, G-CSF and prognosis of acute

massive hemorrhage patients with transfusion-related acute lung injury
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Abstract: Objective To explore the predictive value of serum interleukin-33 (11.-33), von Willebrand factor (vWF),
and granulocyte colony-stimulating factor (G-CSF) for the prognosis of acute massive hemorrhage patients with
transfusion-related acute lung injury (TRALL). Methods From June 2022 to December 2024, 270 patients with acute
massive bleeding admitted to Chang’an Hospital were selected. Among them, 98 patients with TRALI were labeled as the
TRALI group, and 172 patients with simple acute massive bleeding were labeled as the non-TRALI group. ELISA kits
were used to detect serum 1L-33, vWF, and G-CSF. According to the survival and death status of TRALI patients after 10
days of blood transfusion, they were classified into the poor prognosis group (death, 31 cases) and the good prognosis
group (survival, 67 cases). Multivariate logistic regression model was used to explore the factors affecting the prognosis

of TRALI patients. Receiver operating characteristic (ROC) was used to explore the predictive value of serum IL-33,
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vWF, and G-CSF for the prognosis of TRALL. Results The proportions of transfusion history, allergy history, interval of
blood sending to transfusion = 0.5 h, transfusion frequency >2 times, and the levels of serum [L-33, vWF, and G-CSF in
the TRALI group and poor prognosis group were higher than those in the non-TRALI group and good prognosis group,
respectively (P<0.05). The transfusion history [ OR=2.356,95%CI : 1.329-4.176 ] , allergy history [ OR=2.154,95%ClI :
1.383-3.354 ], interral of blood sending to transfusion =0.5 hours [OR=2.804, 95%CI: 1.387-5.667] , number of
transfusions >2 [ OR=2.144, 95%CI: 1.065-4.316], serum IL-33 levels [ OR=2.907, 95%CI: 1.571-5.379 ], vWF
levels [ OR=2.942, 95%CI: 1.743-4.965 ], and G-CSF levels [ OR=2.862, 95%CI: 1.556-5.265 ] were the factors
affecting prognosis in TRALI patients (P<0.05). The area under the ROC curve of serum 1L-33, vWF, and G-CSF
alone (0.694, 0.789, 0.808) in predicting TRALI prognosis were smaller than the combined prediction of the three
indicators (0.919). Conclusion Elevated levels of serum 1L.-33, vWF, and G-CSF in TRALI patients are risk factors
affecting their prognosis. The combination of the three has high prognostic value and can assist in the clinical treatment and
evaluation of TRALL.

Keywords: Acute massive hemorrhage; Transfusion-related acute lung injury; Interleukin-33; von Willebrand factor;
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Granulocyte colony-stimulating factor; Prognosis
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2, AR RS OD MR HE 1h e SOHE L5 Wk B, 046
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G-CSF 7KF-%F TRALI H 35 Wi B9 Tl (6. P<0.05
HESAEHE L,

2 & R
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Tab.1 Comparison of baseline data and serum levels of 1L-33,

vWF,and G-CSF between two groups [ case(%) ]

- omin gy PHE
AR (S, Xts) 54.06+5.82 5432+594 0350 0.726
Fite (1) 102/70 50/48 1.740 0.187
A S5

Bt 87(50.58) 46(46.94) 0331 0.565

g 74(43.02) 31(31.63) 3.408 0.065

B 65(37.79) 28(28.57) 2350 0.125
i 1l 52 49(28.49) 43(43.88) 6.582 0.010
foRs 25(14.53) 57(58.16)  56.193 <0.001
H I3

THAkIE 61(35.47) 36(36.73)
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iz (mL, xs) 1726.85+325.42 1731.93£320.26 0.124 0.901
1L-33(pg/mL, %ts) 78.36+15.54 92.52+15.65  7.181 <0.001
VWF(pg/mL,xs) 1521.83+230.76 1785.47+232.19 9.007 <0.001
G-CSF(pg/mL., x=+s) 39.08+10.13 48.61£1025  7.401 <0.001
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Tab.2 Comparison of serum levels of 11.-33,vWF and G-CSF in

patients with different prognoses —(x+s)

5 % 11.-33(pg/ml)
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WEARA 31 101.24+11.46  1965.81+215.98  57.11x1.30

tfH 3.668 5.126 6.788

P <0.001 <0.001 <0.001
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Tab.3 Univariate analysis of factors affecting TRALI prognosis

[case(%) ]
Wi K4l TG AS R4
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PRI 18(26.87) 13(41.94) 2226 0.136
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Tab.4 Multivariate analysis of factors affecting TRALI prognosis

Eiztia B SE  Waldy P{i ORfH  95%CI
il s 0.857 0292 8613 0.003 2356 1.329~4.176
ok gl 0.767 0.226 11.528 0.001 2.154 1.383~3.354

KILEHM  1.031 0359 8248 0.004 2.804 1.387~5.667
[E]f%=0.5 h
HrmREs>2% 0763 0357 4564  0.033 2144 1.065~4.316

1L-33 1.067 0314 11.550 0.001 2907 1.571~5.379
vWF 1.079  0.267 16.334 0.000 2.942 1.743~4.965
G-CSF 1.052 0311 11432 0.001 2.862 1.556~5.265

£S5  MLIFIL-33 vWF G-CSF /K4 (35 U w41
Tab.5 Predictive value of serum IL-33,vWF and G-CSF

levels for prognosis of patients

RIYE FemBE L4818

it BE  AUC (%) (%) K

95%CI

1L-33 89.00 pg/mL. 0.694 0.593~0.783 80.65 62.69 0.433
vWF 1871.47 ug/mL 0.789 0.695~0.865 80.65 76.12 0.568
G-CSF 48.29 pg/mL. 0.808 0.716~0.880 87.10 62.69 0.498

—HEA 0.919 0.846~0.965 90.32 85.07 0.754
100.00
80.00 |
s 60.00 F
= 40.00 —I1-33
—vWF
—G-CSF
20.00 — CHA
—SHLk
1 1 1 1 1
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100-455 52 (%)
B fiyE IL-33 .wWF ,G-CSF K- TRALI 15 1
ROC &4
Fig.1 ROC curve analysis of serum IL-33,vWF,and G-CSF
levels for predicting TRALI prognosis
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