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Background: Sivelestat, a neutrophil elastase inhibitor, is specifically developed to mitigate the occurrence of acute lung injury (ALI) 
in individuals who are undergoing cardiovascular surgery. However, its impact on patients who are at a heightened risk of developing 
ALI after scheduled cardiac surgery has yet to be determined. In order to address this knowledge gap, we undertook a study to assess 
the efficacy of sivelestat in protecting the lungs of these patients.
Methods: We conducted a prospective cohort study involving 718 patients who were at high risk of developing postoperative acute lung 
injury (ALI) and underwent scheduled cardiac surgery between April 25th, 2022, and September 7th, 2023. Among them, 52 patients 
received sivelestat (administered at a dosage of 0.2mg/kg/h for 3 days), while 666 patients served as controls, not receiving sivelestat. The 
control conditions were the same for all patients, including ventilation strategy, extubating time, and fluid management. Subsequently, 
a propensity-score matched cohort was established, consisting of 40 patients in both the sivelestat and control groups. The primary outcome 
measure encompassed a composite of adverse outcomes, including 30-day mortality, ALI, acute respiratory distress syndrome (ARDS), and 
others. Secondary outcomes assessed included pneumonia, ventricular arrhythmias, mechanical ventilation (MV) time, and more.
Results: After conducting propensity matching in our study, we observed that there were no significant differences in 30-day mortality 
between the sivelestat and control groups (0% vs 2.5%, P=0.32). However, the use of sivelestat exhibited a significant reduction in the 
incidence of acute lung injury/acute respiratory distress syndrome (ALI/ARDS) compared to the control group (0% vs 55%, P<0.01), 
pneumonia (0 vs 37.5%, P<0.01), MV time (median:8 hours, IQR:4–14.8 hours vs median: 15.2 hours, IQR:14–16.3 hours, P<0.01). 
Compared to the control group, the sivelestat could significantly decrease white cell count (P<0.01), neutrophile percentage (P<0.01) 
and C-reactive protein (P<0.01) in the period of postoperative 5 days.
Conclusion: The prophylactic administration of sivelestat has shown promising results in reducing the occurrence of acute lung 
injury/acute respiratory distress syndrome (ALI/ARDS) in patients with a heightened risk of developing these conditions after elective 
cardiac surgery. Our study findings indicate that sivelestat may provide protective effects by suppressing inflammation triggered by 
neutrophil activation, thereby safeguarding pulmonary function.
Registration: ChiCTR2200059102, https://www.chictr.org.cn/showproj.html?proj=166643.
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Introduction
Cardiopulmonary bypass (CPB) is a critical life support system used during open-heart surgery. However, it is well acknowledged 
that CPB-induced systemic inflammatory response syndrome (SIRS) significantly raises the risk of postoperative complications 
and mortality.1,2 Acute respiratory distress syndrome (ARDS) and acute lung injury (ALI) are conditions characterized by the 
accumulation of fluid in the lungs, known as pulmonary edema. These conditions frequently coincide with systemic inflammatory 
response syndrome (SIRS). Such complications can arise after cardiopulmonary bypass (CPB) and have a significant impact on 
postoperative outcomes, thereby increasing elevating of morbidity and mortality.3–6 Based on previous research findings, acute 
lung injury was frequent in the sample of European ICUs, approximately 7.1%; one third of patients with mild ALI, but more than 
half rapidly evolved to ARDS. The incidence of ARDS after CPB is only 2% to 3%, but its mortality rate is as high as 50%. While 
the mortality of ARDS remains high, that of mild ALI is twice as low.7,8

The inflammatory reaction triggered by cardiopulmonary bypass (CPB) involves various factors, including comple-
ment activation, increased expression of adhesion molecules on leukocytes, and the presence of pro-inflammatory 
cytokines in the bloodstream.9–14 Neutrophils, a key component of leukocytes, play a crucial role in systemic inflam-
matory response syndrome (SIRS) by generating superoxide radicals and releasing chemical mediators.14,15 Research has 
shown that neutrophil activation is a major contributing factor to the development of pulmonary dysfunction following 
CPB, emphasizing its significance as an initial event in the process.16,17

Sivelestat, a low molecular-weight compound, is a synthetic and specific inhibitor of neutrophil elastase18 approved in 
China, Japan, and Korea for the improvement of ARDS in patients with SIRS. Extensive research has shown that this 
inhibitor effectively reduces levels of neutrophil elastase levels and interleukin-6 production, while it preserves 
neutrophil deformability during extracorporeal circulation.6,19,20 Phase III and IV Japanese studies have shown improve-
ments in pulmonary function, length of intensive care unit stay, and mechanical ventilation.21 The efficacy of sivelestat in 
the treatment of ALI/ARDS remains controversial in clinical studies. The available evidence suggests that sivelestat may 
be beneficial in treating ALI/ARDS after cardiac surgery, particularly in cases following cardiopulmonary bypass 
(CPB).6,14 It is worth noting that emergency cardiovascular surgery typically leads to a higher incidence of acute lung 
injury (ALI) compared to scheduled cardiac surgery.5,22 Our previous study has provided evidence suggesting that 
sivelestat holds significant potential in improving postoperative outcomes for patients who have undergone emergency 
cardiovascular surgery.17 This agent has the potential to hinder the negative effects of SIRS and therefore, may serve as 
an optimal treatment option for mitigating ALI in patients undergoing cardiovascular surgery.

Due to the high incidence of ALI in cardiac surgery, the administration of sivelestat as a prophylactic measure may enhance 
postoperative outcomes. However, there is currently a lack of studies investigating the prophylactic administration of 
sivelestat to high-risk patients vulnerable to acute lung injury (ALI) or acute respiratory distress syndrome (ARDS) following 
cardiac surgery. Therefore, we have designed this study to evaluate the potential impact of prophylactic sivelestat on 
pulmonary protection in patients deemed to be at a high risk of ALI following scheduled cardiac surgery.

Materials and Methods
Study Population
This study is a cohort study initiated by the investigators themselves, indicating that they have taken the initiative to 
design and conduct the research. The project was initiated on April 25th, 2022, and successfully concluded on 
September 7th, 2023. This study received approval from the ethical committee of Nanjing Drum Tower Hospital 
(2022-102-01) and was registered in the Chinese Clinical Trial Registry (ChiCTR2200059102). The research involved 
a cohort of 718 patients who were at high risk of developing postoperative acute lung injury (ALI) and had undergone 
scheduled cardiac surgery under the care of the Cardiac department at Nanjing Drum Tower Hospital. Prior to their 
participation, all patients provided their informed consent by signing consent forms.

The following criteria were used for participant selection: adult patients scheduled for on-pump cardiac surgery, aged 
18 years or older, with a predicted risk of prolonged ventilation exceeding 3% based on the Society of Thoracic Surgeons 
Risk models (STS).23,24 The following criteria were considered as exclusion criteria: patients undergoing unscheduled 
surgery, deep hypothermic circulatory arrest (DHCA), significant hepatorenal dysfunction (Child-Pugh Class B or C, 
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with an estimated glomerular filtration rate <35 mL/min/1.73m2), presence of cardiogenic shock at the end of cardio-
pulmonary bypass (vasoactive inotropic score >40, cardiac index <2.2L/min·m2, mean arterial pressure <65mmHg),25 

fluid overload at the end of cardiopulmonary bypass (inferior vena cava diameter > 21mm),26 abnormal baseline 
inflammatory indicators (interleukin-6 (IL-6) >10pg/mL, procalcitonin (PCT) >0.5 ng/mL, C-reactive protein (CRP) 
>10 mg/L),27 diagnosis of inflammatory immune diseases, infectious or tumor diseases, previous treatment with 
sivelestat, severe allergy or intolerance to sivelestat, and pregnancy.

Medical Intervention
All patients were enrolled within one year, and the control conditions were the same for all patients, including ventilation 
strategy, extubation time, and fluid management. Anesthesia induction and CBP was standardized. Following the surgical 
procedure, all patients were transferred to the intensive care unit (ICU) and extubated within 24 hours of the post-
operative period. Starting from the first postoperative day (POD1) until the third postoperative day (POD3), After 
dissolving sivelestat in 0.9% sodium chloride injection, a daily dose of 4.8 mg/kg is diluted in 50 mL of 0.9% sodium 
chloride injection. The diluted solution is then placed in a sealed package and administered intravenously at a continuous 
rate of 0.2 mg/kg/h. Blood gas analyses were conducted upon admission to the ICU and repeated every 2 hours following 
the surgery. These blood gas analyses were used to optimize mechanical ventilation settings with Nellcor Puritan Bennett 
ventilators from Ireland and Dräger Savina ventilators from Drägerwerk AG & Co. KGaA in Lübeck, Germany. The 
mechanical ventilation parameters were set as follows: fraction of inspired O2 (FiO2) ranging from 0.4 to 0.9, positive 
end-expiratory pressure (PEEP) set between 4 and 10cmH2O, with a target PaO2/FiO2 ratio above 300mmHg, PaCO2 

maintained between 35 and 45 mm Hg, and arterial lactate level below 2mmol/L, with a pH maintaining between 7.35 
and 7.45. Upon admission to the ICU, as well as on the third (POD3) and fifth (POD5) postoperative days, blood samples 
were collected for the purpose of measuring various markers, including C-reactive protein (CRP), white blood cell 
(WBC) count, interleukin-6 (IL-6), and procalcitonin (PCT), among others.

Definition and Data Collection
The follow-up period for this study was concluded on September 7th, 2023. In the study cohort, patients were followed 
up for an average duration of 45.4±7.3 days (median: 40, IQR: 38–50), and all patients successfully completed the 
follow-up period. The primary outcome measure was a composite of adverse events, including 30-day mortality, 
extracorporeal membrane oxygenation (ECMO) use, acute lung injury/acute respiratory distress syndrome (ALI/ 
ARDS), continuous renal replacement therapy (CRRT), intra-aortic balloon pump (IABP) support, among others. 
Secondary outcome measures included pneumonia incidence, occurrence of ventricular arrhythmias, and duration of 
mechanical ventilation, among others. The detailed variables are shown in tables below.

Statistical Analysis
The statistical analysis was performed using SPSS software, version 24. Continuous variables were presented as mean ± 
standard deviation (SD) or median (interquartile range), while discrete variables were represented as frequencies (n, %). 
The Student’s t-test was utilized to assess normally distributed continuous variables, while the Mann–Whitney U-test was 
applied for non-normally distributed continuous variables. Prior to conducting these tests, the Shapiro–Wilk test was used 
to confirm the normal distribution of the continuous variables. Categorical data were analyzed using either the chi-square 
test or Fisher’s exact test. Additionally, a repeated measures analysis of variance (ANOVA) was performed to compare 
differences between the two groups across multiple time points from the day before surgery until POD5.

To minimize bias in our findings, propensity score matching was employed. This approach allowed for a comparison 
between patients who received sivelestat and a control group with similar risk profiles. The propensity score was derived 
from a logistic regression model that included variables such as age, gender, left ventricular ejection fraction (LVEF), 
cardiopulmonary bypass (CPB), hypertension, chronic kidney disease (CKD), and stroke. Propensity score 1-to-1 
matching was conducted using the nearest neighbor algorithm without replacement and a caliper set at 0.01. The 
standardized mean differences (SMD) were assessed before and after matching, with an absolute value of SMD <10% 
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indicating post-match balance. Statistical significance was considered at a p-value less than 0.05. It is important to 
acknowledge the possibility of bias in our study findings.

Results
After performing propensity matching, Our study included a total of 80 patients, with 40 patients assigned to the 
sivelestat group and 40 patients allocated to the control group. The SMD of age, gender, LVEF, CPB, hypertension, 
CKD, and stroke were displayed in Figure 1. The absolute values of these variables’ SMDs were less than 10%. 
Therefore, these variables were found to be well-balanced.

In the matched cohort, there were no differences in baseline and demographic variables between the two groups, as shown 
in Table 1. Adverse events, including 30-day mortality (n=4), ECMO (n=4), CRRT (n=7), IABP (n=2), ALI/ARDS (n=37), 
and stroke (n=1), occurred in 46 patients (6.41%) before propensity matching. In the pre-matched cohort, apart from ALI/ 
ARDS (P<0.01), no significant differences were observed between the two groups for other events (P>0.05).

Table 2 presents the postoperative outcomes for patients after propensity matching. Following propensity matching, 
there were no significant differences observed between the two groups in terms of primary outcomes, including 30-day 
mortality (P=0.32), ECMO (P=0.32), IABP (P=1.00), and re-operation (P=0.32). After propensity matching, differences 
between two groups were still observed in the ALI/ARDS.

In the propensity-matched cohort, the analysis of secondary outcomes demonstrated significant differences between 
the sivelestat and control groups. Specifically, the sivelestat group exhibited lower incidence of pneumonia (P<0.01), 
shorter mechanical ventilation time (P<0.01), and a reduced duration of high arterial lactate (>2mmol/L) for more than 48 
hours (P<0.01). Additionally, there was a trend towards a reduction in ventricular fibrillation (P=0.08) and a decrease in 
ICU length of stay (P=0.05) in both groups, suggesting potential benefits associated with sivelestat administration.

It presents compelling evidence that the sivelestat group experienced a noteworthy increase in the lowest oxygen 
index (PaO2/FiO2) throughout the period from postoperative day 1 to postoperative day 5, when compared to the control 
group (Table 3). The inflammatory biomarkers of the postoperative period, such as WBC count (Figure 2), neutrophil 
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Figure 1 Gender_2: female. 
Abbreviations: BMI, Body Mass Index; EF, Left ventricular ejection fraction; CPB, Cardiopulmonary bypass; CKD, Chronic kidney disease.
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Table 1 Characteristics in Pre- and After- Propensity Matching

Variables Pre-Propensity Matched SMD After-Propensity Matched SMD

Sivelestat (N=52) Control (n=666) P value Sivelestat (n=40) Control (n=40) P value

Age (year) 70.0 (60.0–77.0) 60.0 (49.0–66.8) 0.44 0.12 60.0 (50.0–66.7) 56.5 (40.0–76.0) 0.98 0.05
Gender (n, %)* 23,44.2% 425,63.8% <0.01 0.40 20,48.8% 21,51.2% 0.82 0.05

BMI (kg/m2) 23.6 (21.9–26.0) 23.9 (22.4–26.0) 0.56 0.08 23.8 (22.4–26.6) 24.3 (23.0–26.2) 0.62 0.18

LVEF (%) 58.0 (55.0–60.0) 61.8 (53.6–65.2) <0.01 0.84 59.8 (53.0–63.3) 58.5 (55.0–60.0) 0.55 0.06
ePASP (mmHg) 35.0 (28.0–45.0) 38.7 (32.0–40.7) 0.56 0.06 35.0 (28.0–44.5) 36.0 (33.7–37.0) 0.82 0.02

EuroSCORE II (%) 2.00 (1.2–3.4) 1.3 (1.3–3.3) 0.81 0.05 2.0 (1.2–3.4) 1.33 (1.33–3.33) 0.44 0.15

STS-prolonged ventilation (%) 7.5 (5.9–9.9) 6.8 (4.4–11.5) 0.11 0.01 7.0 (5.6–9.8) 7.5 (6.1–11.0) 0.49 0.28
History (n, %)
Diabetes 4,7.7% 81,12.2% 0.34 0.15 4,10% 4,10% – <0.01

Hypertension 16,30.8% 473,71.1% <0.01 0.88 15,37.5% 15,37.5% – <0.01
CKD 1,1.9% 0 <0.01 0.20 0 0 – <0.01

CLD 0 0 – – 0 0 – –

Immune diseases 0 6,0.9% 0.49 0.14 0 0 – –
Marfan syndrome 0 2,0.3% 0.69 0.08 0 0 – –

Stroke 0 80,12.0% <0.01 0.52 0 1,2.5% 0.32 0.22

Cancer 1,1.9% 6,0.9% 0.47 0.09 1,2.5% 0 0.32 0.22
Smoking 7,13.5% 147,22.1% 0.14 0.23 5,12.5% 6,15.0% 0.75 0.14

Drinking 6,11.5% 105,15.8% 0.42 0.12 4,10% 4,10% – 0.07

PCS 6,11.5% 73,11.0% 0.90 0.02 5.12.5% 5,12.5% – <0.01
Previous PCI 0 11,1.7% 0.35 0.18 0 1,2.5% 0.32 0.22

β-blocker 7,13.5% 36,5.4% 0.02 0.28 6,15% 7,17.5% 0.76 0.07

ACEi/ARB 4,7.7% 124,18.6% 0.04 0.33 3,7.5% 5,12.5% 0.46 0.17
CCB 14,26.9% 159,23.9% 0.62 0.07 11,27.5% 9,22.5% 0.61 0.12

Diuretic 44,84.6% 44,6.6% <0.01 2.52 33,82.5% 29,72.5% 0.29 0.24

Clopidogrel 4,7.7% 11,1.7% 0.03 0.30 3,7.5% 1,2.5% 0.31 0.23
Ticagrelor 0 0 – – 0 0 – –

TCO (n,%) 0.38 0.53 0.82 0.58

VR 9,17.3% 62,9.3% 7,17.5% 4,10%
VR+VP 11,21.2% 176,26.5% 10,25% 16,40%

VP 27,51.9% 353,53.1% 19,47.5% 13,32.5%

CABG 5,9.6% 24,3.6% 4,10% 4,10%
CABG+VR/P 0 50,7.5% 0 3,7.5%

CPB (min) 135.0 (113.8–176.2) 173.0 (151.0–210.0) <0.01 0.51 139.5 (121.8–188.2) 159.0 (123.0–192.2) 0.73 0.09

Op- time (min) 256.8 (203.3–324.1) 270.0 (225.0–347.5) 0.16 0.10 367.5 (228.8–350.0) 304.7 (250.9–373.2) 0.19 0.19

Notes: *Male; CLD: include chronic obstructive pulmonary disease, chronic interstitial lung diseases, chronic pneumonia. 
Abbreviations: SMD, standardized mean difference; BMI, Body mass index; LVEF, Left ventricular ejection fraction; ePASP, estimated pulmonary artery systolic pressure by echo; CKD, Chronic kidney disease; CLD, Chronic lung disease; 
PCS, Previous cardiac surgery; PCI, Percutaneous Coronary Intervention; ACEi, Angiotensin-converting enzyme inhibitors; ARB, Angiotensin receptor blockers; CCB, Calcium channel blocker; TCO, Type of cardiac operation; VR, 
Valvular replacement; VP, Valvular plasty; CABG, Coronary artery bypass grafting; CPB, Cardiopulmonary bypass; Op-time, operation time.

Journal of Inflam
m

ation R
esearch 2024:17                                                                                          

https://doi.org/10.2147/JIR
.S442208                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                         

595

D
o

v
e

p
r
e

s
s
                                                                                                                                                             

Tang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Postoperative Outcomes in Propensity-Matched Patients

Variable Sivelestat  
(n=40)

Control  
(n=40)

P value

Primary outcomes (n, %)

30-day mortality 0 1,2.5% 0.32

ALI/ARDS 0 22,55% <0.01*
Cerebral vascular events 0 1,2.5% 0.32

ECMO use 0 1,2.5% 0.32

IABP use 0 0 –
CRRT use 0 1,2.5% 0.32

Re-operation 0 1,2.5% 0.32
Secondary outcomes (n, %)

Pneumonia 0 15,37.5% <0.01*

Re-intubation 0 2,5% 0.16
Ventricular fibrillation 0 3,7.5% 0.08

High arterial lactic > 48 hours 0 8,20% <0.01*

New-onset atrial fibrillation 0 2,5% 0.16
Length of ICU stay (days) 3.0 (2.2–4.0) 5(2.0–70) 0.05

MV time (hours) 8.0 (4.0–14.8) 15.2 (14.0–16.4) <0.01

Notes: The bold font indicates two outcome measures; *P<0.0001. 
Abbreviations: ALI/ARDS, acute lung injury/acute respiratory distress syndrome; ECMO, 
Extracorporeal membrane oxygenation; IABP, Intra-aortic balloon pump; CRRT, Continuous renal 
replacement therapy; MV, Mechanical ventilation.

Table 3 PaO2/FiO2 and Biomarkers of Inflammation Within Postoperative 5 Days

Variable Sivelestat  
(n=40)

Control  
(n=40)

P value

Lowest PaO2/FiO2 during the period of POD5 (mmHg) 272.1 (258.4–319.0) 111.5 (84.5–183.5) <0.01*

White cell count (×109/L) <0.01*
Pre-operation 5.2 (4.5–6.4) 6.3 (2.8–13.1) 0.60

POD 1 11.6 (10.3–13.7) 11.5 (8.1–14.4) 0.38

POD 3 9.8 (7.3–13.2) 14.9 (10.3–16.7) <0.01*
POD 5 7.6 (6.3–8.7) 10.1 (8.8–11.6) <0.01*

Neutrophil (%) <0.01
Pre-operation 58.5 (51.7–65.0) 80.2 (61.0–84.1) <0.01

POD 1 89.0 (86.2–90.1) 87.2 (86.1–89.5) 0.86

POD 3 83.2 (80.0–85.9) 90.4 (85.8–91.3) <0.01
POD 5 73.5 (70.0–78.6) 77.5 (72.0–86.3) <0.01

C-reactive protein (mg/L) <0.01

Pre-operation 3.1 (0.8–4.3) 3.5 (2.7–4.1) 0.42
POD 1 191.4 (145.2–257.6) 181.0 (162.0–204.0) 0.41

POD 3 272.9 (173.6–343.3) 107.0 (67.0–116.0) <0.01*

POD 5 122.3 (69.3–157.2) 125.8 (119.0–146.2) <0.01
Interleukin-6 (pg/mL) 0.546

Pre-operation 2.8 (2.2–4.6) 3.4 (2.2–4.2) 0.63

POD 1 183.1 (113.6–387.7) 256.0 (183.0–301.0) 0.34
POD 3 46.2 (36.4–57.6) 72.0 (64.0–89.0) <0.01*

POD 5 15.15 (11.6–28.8) 28.0 (24.0–31.0) <0.01*

Procalcitonin (ng/mL) 0.584
Pre-operation 0.0 (0.0–0.1) 0.0 (0.0–0.1) 0.47

POD 1 8.7 (1.6–18.1) 12.0 (4.0–15.0) 0.11

POD 3 1.7 (0.9–5.6) 5.0 (5.0–8.0) <0.01*
POD 5 0.6 (0.1–3.7) 1.0 (0.6–3.0) <0.01

Note: *P<0.0001. 
Abbreviations: POD1, The first postoperative day; POD3, The third postoperative day; POD5, The fifth postoperative day.
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(Figure 3), and CRP (Figure 4) were greatly different (P<0.01) between the sivelestat and control group from pre- 
operation until POD5. Notably, no differences were observed in white blood cell (WBC) count, neutrophil levels, and 
C-reactive protein (CRP) levels between the two groups before the operation or on postoperative day 1 (POD1). 
However, the sivelestat group displayed significantly lower levels of interleukin-6 (IL-6) (P<0.01) and procalcitonin 
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Figure 3 The Neutrophils, P<0.01; ***P< 0.01, **P> 0.01.
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Figure 4 The C reactive protein, P<0.01; ***P< 0.01, **P> 0.01.
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(PCT) (P<0.01) on both POD3 and POD5 compared to the control group. Nevertheless, there were no significant 
differences in IL-6 and PCT levels between the two groups throughout the pre-operation period until POD5.

Discussion
Postoperative acute lung injury (ALI), known for its significant impact on morbidity and mortality, is a severe 
inflammatory reaction triggered by cardiopulmonary bypass (CPB).3–5 Neutrophil activation plays a key role in initiating 
this process.16 Imbalances in neutrophil elastase and its endo genous protease inhibitors have been implicated in lung 
tissue destruction.16 Sivelestat, a neutrophil elastase inhibitor, has shown promise in preventing ALI during planned 
cardiac surgery.6,14 However, the effectiveness of sivelestat in high-risk patients undergoing scheduled cardiac surgery, 
who are susceptible to ALI, remains unknown. Our study revealed that prophylactic administration of sivelestat may 
reduce the incidence of postoperative ALI in high-risk patients undergoing scheduled cardiac surgery, particularly in 
those at risk of acute kidney injury (AKI). These findings suggest that sivelestat has the potential to protect pulmonary 
function by mitigating CPB-induced inflammatory damage.

Activated neutrophils play a crucial role in the pathogenesis of ALI/ARDS following open heart surgery by adhering 
to pulmonary vascular endothelial cells through adhesion molecule expression, leading to endothelial cell damage.5,9–11 

Additionally, activated neutrophils contribute to the production of elastase, superoxide, and cytokines, exacerbating the 
inflammatory response.5,9–11,13 The consequences of these processes include increased pulmonary capillary permeability 
and interstitial edema in the lungs.15,16 Ultimately, ALI/ARDS are severe complications that can arise following open 
heart surgery. They have the potential to result in mortality rates of 15% to 28% in individuals receiving CPB.3–6 An 
agent that can inhibit neutrophils or neutrophil elastase could be extremely beneficial in preventing adverse outcomes 
associated with ALI. Previous studies have shown that sivelestat, a neutrophil elastase inhibitor, can significantly enhance 
postoperative outcomes in patients undergoing cardiopulmonary bypass (CPB).6,14,18,22 However, these studies primarily 
focused on patients with congenital heart defects6,14 or had small sample sizes, involving only 14 patients.22 Given the 
potential for severe ALI-related outcomes in patients at high risk of postoperative ALI, it is crucial to investigate the 
prophylactic administration of sivelestat in this population. It is indeed surprising that no studies have investigated the 
use of sivelestat as a prophylactic measure in high-risk patients for ALI following cardiac surgery. Previous studies have 
demonstrated the usefulness of prolonged ventilation (>3% STS) for predicting postoperative ALI.28–30 Therefore, in this 
study, we utilized STS-prolonged ventilation to ascertain “the high risk of ALI”. We prophylactically administered 
sivelestat to patients who transferred to the ICU, regardless of whether they developed ALI, based on their classification 
as a “high-risk cohort”. Meanwhile, we found that among the 718 patients before matching, The incidence rate of ALI/ 
ARDS in the experimental group is 8%, and the control group is 59%, resulting in an overall incidence rate of 55.1%. 
However, the incidence rate of acute lung injury after cardiac surgery is generally estimated to be around 30–50%.28 

Therefore, using this criterion to define high-risk patients has a certain degree of indicative significance. Our study 
discovered that sivelestat has the potential to decrease the prevalence of ALI. It has bridged the gap for “high-risk” 
patients. Regarding the selection of exclusion criteria, our center published an article < The neutrophil elastase inhibitor, 
sivelestat, attenuates acute lung injury in patients with cardiopulmonary bypass > in 2022,17 which is aimed to evaluate 
the effect of sivelestat on pulmonary protection in patients with ALI after emergent cardiovascular surgery. Therefore, 
based on the above study, the main subjects of our study are patients undergoing scheduled cardiac surgery. And due to 
the various inflammatory reactions may caused by DHCA and fluid overload, which renders our study non-specific.31 

Therefore, we have included them in our exclusion criteria.
The PaO2/FiO2 ratio is a well-established parameter used to assess respiratory function, as cited in reference.32 For 

the definition of moderate ALI/ARDS, a PaO2/FiO2 ratio of less than or equal to 200mmHg and greater than 100mmHg 
was employed. The severe form of ALI/ARDS was characterized by a PaO2/FiO2 ratio of less than or equal to 
100mmHg.32 In our study, the median lowest PaO2/FiO2 is 272.1 (258.4–319.0) mmHg in the sivelestat group, and 
the median lowest PaO2/FiO2 is 111.5 (84.5–183.5) mmHg. The results revealed a significant improvement in the PaO2/ 
FiO2 ratio in the sivelestat group compared to the control group (P<0.01). Additionally, the incidence of ALI/ARDS was 
lower in the sivelestat group compared to the control group, as indicated in Table 2. These findings align with the 
conclusions reported in previous literature.32 Furthermore, to ensure the highest level of homogeneity between the two 
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groups, we employed the propensity score matching technique. From Table 1, it is evident that the propensity matching 
resulted in good balance between the groups (SMD<0.05).

It enhances the credibility of our conclusion. Our study demonstrated that the administration of sivelestat resulted in 
decreased levels of inflammatory biomarkers, including white blood cell count (WBC), neutrophils (Neu), and C-reactive 
protein (CRP), in the sivelestat group. These findings further support the conclusion that anti-neutrophil therapies have the 
potential to mitigate the severity of ALI. Hence, Sivelestat, as an anti-inflammatory drug, holds promise in potentially yielding 
beneficial effects on organ protection in patients at a high risk of ALI undergoing cardiac surgery. Our study provided additional 
evidence in support of this hypothesis. However, as seen from Table 2, most of the primary outcomes in the experimental group 
are reported as zero. This is because we excluded some data after propensity matching. Therefore, further confirmation through 
a larger sample randomized controlled trial is necessary to evaluate the impact of Sivelestat on clinical endpoints.

In conclusion, our study suggests that the prophylactic administration of sivelestat may have a positive impact on 
postoperative outcomes for patients at high risk of ALI after scheduled cardiac surgery. These findings indicate that 
sivelestat has the potential to protect pulmonary function from inflammatory damage resulting from CPB.

Study Limitation
Our study design is limited to a single center, which inherently carries disadvantages associated with an observational study, 
making it susceptible to bias. While we attempted to mitigate bias through the use of propensity score matching, it is important 
to note that unobservable factors that influence treatment assignment and outcomes may remain unaccounted for. This could 
introduce potential statistical flaws and hidden biases. Additionally, the exclusion of a substantial number of patients during 
the analysis may lead to increased statistical errors. Therefore, the prognostic value of sivelestat should be further evaluated in 
future studies. Furthermore, there is a lack of published clinical trials reporting the effects of sivelestat on gastrointestinal 
function. Although our study did not observe any gastrointestinal disturbances, confirmation through prospective clinical trials 
is necessary. The postoperative respiratory status is significantly affected by pre-existing lung diseases such as chronic 
obstructive pulmonary disease or interstitial pneumonia, and preoperative lung function. However, due to the invasive nature 
of blood gas analysis, which is not a routine preoperative test at our institution, baseline lung function data were not available 
for this study. This could potentially introduce bias to the results to some extent.

It is important to acknowledge these limitations in our assessment.
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