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Original Article

Sivelestat improves clinical outcomes and decreases ventilator-
associated lung injury in children with acute respiratory distress 
syndrome: a retrospective cohort study
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Background: Sivelestat, a neutrophil elastase inhibitor, is a selective and targeted therapy for acute 
respiratory distress syndrome (ARDS) in adults; and it is also reported to apply to children with ARDS. 
However, there is little evidence of its efficacy in children.
Methods: This study recruited 212 patients ranging in age from 28 days to 18 years old, and who met the 
diagnostic criteria for pediatric ARDS (PARDS) while hospitalized in the Intensive Care Department of 
the Affiliated Children’s Hospital of Xi’an Jiaotong University. A total of 125 patients (case group) received 
sivelestat treatment, and 87 were assigned to the control group. There were no significant differences in 
gender (P=0.445) or age (P=0.521). Control group data were collected from the Electronic Case Information 
System for pediatric patients diagnosed with ARDS between March 2017 to January 2020. Data for the case 
group were collected from the Electronic Case Information System between February 2020 to February 2022. 
Demographic data, clinically relevant indicators, respiratory parameters were recorded. The 28-day mortality 
was the primary endpoint; the Kaplan-Meier and log-rank tests were used to evaluate cumulative survival rate.
Results: For general demographic and clinical characteristics, no significant differences were observed 
between the two groups. Compared to the control group, the case group displayed significant improvements 
in PaO2/FiO2 at 48 h (141±45 vs. 115±21, P<0.001) and 72 h (169±61 vs. 139±40, P<0.001) post-admission, 
and plateau pressure was lower than that in the control group at 24 h (24±3 vs. 28±7, P<0.001), 48 h (21±4 vs. 
26±7, P<0.001), and 72 h (20±2 vs. 25±6, P<0.001) post-admission. Interleukin-8 levels were lower in the case 
group at 48 and 72 h post-admission. Overall, 28-day mortality was 25.47% (54/212). Twenty-five children 
died in the sivelestat group, 29 children died in the control group. Survival analysis revealed that cumulative 
survival in the case group was higher than that in the control group (P=0.028). 
Conclusions: ARDS is expected to have high morbidity and mortality in critical care medicine, and precise 
targeted drugs are lacking. Our study showed that sivelestat improved prognosis and reduces mortality in 
children with ARDS.
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Introduction

Acute respiratory distress syndrome (ARDS) has high 
morbidity and mortality rates in critically ill patients (1). An 
international prospective study of 145 pediatric intensive 
care units in 27 countries reported that the mortality rate 
of pediatric patients with severe ARDS was 33% (2). ARDS 
has also been reported to be a major cause of death among 
coronavirus disease 2019 (COVID-19) patients (3,4).

Due to a lack of consensus on the clinical diagnostic 
criteria for pediatric ARDS (PARDS), pediatricians often 
refer to adult diagnostic criteria when diagnosing pediatric 
patients (5-7). In 2015, the concept of PARDS was defined 
and diagnostic criteria were issued by the Pediatric Acute 
Lung Injury Consensus Conference (PALICC) (8,9). 
Due to differences in the pathophysiology, etiology, and 
treatment of ARDS between children and adults, the 
PALICC definition may be more appropriate than the 
previous Berlin definitions in terms of pediatric morbidity 
and prognosis (10-13). Further, as the PALICC definition 
is partially based on the Berlin definition, the pathobiology 
and practice patterns of PARDS are considered similar to 
those of adults (14,15).

PARDS has multiple etiologies, including infection, 
trauma, chemical poison inhalation, and other serious 
clinical conditions (16,17); however, infection (including 
pneumonia and sepsis), which can cause dysfunction (18), 
remains the leading cause of PARDS (2,13). Treatment 
measures for ARDS may be individualized and include 
prone ventilation, lung-protective ventilation (LPV), 
low tidal volume (VT) high-frequency ventilation, and 
neuromuscular blocking agents (19). The standardized 
implementation of these measures can benefit patients 
and improve outcomes. Due to a lack of targeted drugs 
to treat ARDS-associated lung inflammation, some 
patients experience the continuous aggravation of lung 
inflammation, which eventually progresses into irreversible 
lung injury. The severity of the pulmonary inflammatory 
response is associated with disease mortality, intensive care 
unit (ICU) stay time, and ventilator-free days (20).

In a randomized cohort study (21), patients with ARDS 
were divided into hypo-inflammatory sub-phenotype and 
hyper-inflammatory sub-phenotype groups. The hyper-
inflammatory sub-phenotype was associated with increased 
inflammatory biomarkers, a higher prevalence of shock, 
and worse clinical outcomes, and the overexpression of 
interleukin (IL)-6 and IL-8 (14). This hyper-inflammatory 
response is positively correlated with the severity of ARDS, 

and multiple studies have reported similar findings (22-24).  
The chemotactic effect of IL-8 results in leukocyte 
aggregation in the lungs and respiratory distress leads to a 
chain of pathophysiological changes and ultimately causes 
ARDS (25). Reducing the aggregation of leukocytes in the 
lungs can reduce the incidence of acute lung injury, and the 
severity of the inflammatory response (26).

Neutrophil elastase is a neutrophil-specific serine protease 
secreted from the primary granules and plays an important 
role in inflammation (27,28). In physiological conditions, 
elastase helps remove bacteria, cleans up damaged tissue, 
and promotes tissue regeneration (29). However, the 
overexpression of neutrophil elastase, which is a protease 
enzyme, is one of the main factors of lung consolidation 
and dysfunctional oxygenation in ARDS patients. Sivelestat, 
a neutrophil elastase inhibitor, reduces elastase activation 
and inhibits neutrophil aggregation by reducing the 
inflammatory response and the concentrations of IL-8 and 
tumor necrosis factor-α (TNF-α) (29-31). Numerous studies 
have concluded that sivelestat is therapeutically effective in 
treating ARDS, organ transplantation, tumors, and trauma 
(29,30,32). High neutrophil ratios have been found to be 
associated with increased disease severity and mortality in 
critically ill COVID-19 patients (33). Several studies have 
shown that sivelestat reduces mortality and the incidence 
of ventilator-induced lung injury (VILI) associated with 
COVID-19 (31,33,34). Sivelestat is generally used in adult 
patients, but it has been widely used in pediatric cases as 
well. Meanwhile, few adverse events have been reported in 
children (35-37). 

In the present study, we hypothesized that neutrophil 
elastase inhibitors, such as sivelestat, not only reduce lung 
injury by inhibiting neutrophil elastase activity, but also 
inhibit localized neutrophil proliferation by reducing 
the inflammatory response and IL-8 concentration and 
improving the prognosis of pediatric patients with ARDS. 
We present the following article in accordance with 
the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-441/rc).

Methods

Patients were enrolled in this retrospective study if they 
were aged 28 days to 18 years old and met the diagnostic 
criteria for PARDS. Patients were excluded if they met 
any of the following exclusion criteria: (I) were a newborn 
(aged <28 days) or were aged >18 years; (II) had abnormal 
circulatory perfusion due to cardiogenic diseases; (III) had 

https://tp.amegroups.com/article/view/10.21037/tp-22-441/rc
https://tp.amegroups.com/article/view/10.21037/tp-22-441/rc
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a congenital organic acid metabolism disorder; (IV) had 
an immunodeficiency disease; and/or (V) had undergone 
chemotherapy or immunosupportive therapy. All the 
pediatric patients were hospitalized in the Intensive Care 
Department at the Affiliated Children’s Hospital of Xi’an 
Jiaotong University, in Shaanxi, China. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of the Affiliated Children’s Hospital of Xi’an 
Jiaotong University (No. 20220081), and informed consent 
was taken from all the patients’ guardians. 

The control group data were collected from the 
Hospital’s Electronic Case Information System between 
March 2017 to January 2020 for patients clinically 
diagnosed with PARDS. The case group data were also 
collected for patients who received sivelestat treatment; 
these patients were observed between February 2020 to 
February 2022. In order to reduce systematic bias due to 
background factors, we only included patients with ARDS 
associated with community-acquired pneumonia, and there 
were no significant differences in demographic and basic 
clinical data characteristics between two groups. Meanwhile, 
we conducted a subgroup analysis of some basic variables in 
different age groups to make our study more rigorous. 

For new PARDS cases, the diagnostic criteria for PARDS 
had to be met within 24 h of admission. Patients were 
eligible for inclusion in this study if they had been newly 
diagnosed with PARDS during the study week. Patients 
were diagnosed with PARDs if they met the following 
PALICC criteria: (I) developed hypoxemia within 7 days of 
a clinical insult; (II) had respiratory failure that could not 
be fully explained by fluid overload or cardiac failure; (III) 
had chest imaging scans that revealed new infiltrates or 
infiltrates consistent with pulmonary parenchymal disease; 
and (IV) had minimal hypoxemia that required respiratory 
support by mechanical ventilation.

The main safety outcomes were the ratio of partial arterial 
pressure of oxygen (PaO2) to fractional concentration of 
inspired oxygen (FiO2; i.e., the PaO2/FiO2 ratio) and the ratio 
of blood oxygen saturation to FiO2 (SF ratio). Respiratory 
support by mechanical ventilation was as follows: (I) for non-
invasively ventilated patients, the PaO2/FiO2 ratio is ≤300, or 
the SF ratio is ≤264 with a full-face mask or nasal mask and 
continuous positive airway pressure or bilevel positive airway 
pressure ≥5 cmH2O; and (II) for invasively ventilated patients, 
the oxygenation index is ≥4 or oxygenation saturation index 
is ≥5. For patients receiving invasive mechanical ventilation, 
hypoxemia was determined using the PALICC oxygenation 

index or oxygenation saturation index severity groups. 
Severe hypoxemia is an oxygenation index of ≥16, or an 
oxygenation saturation index of ≥12.3. For non-invasively 
ventilated patients, the PALICC definition does not stratify 
hypoxemia severity; thus, we used the Berlin definition where 
severe hypoxemia in non-invasively ventilated patients is a 
PaO2/FiO2 ratio of ≤100 or an SF ratio of ≤150. Additional 
outcomes of interest were changes of inflammatory 
mediators, lung static compliance and mortality.

All the patients were clinically managed according to 
standard PALICC PARDS criteria, and received treatment 
measures, such as prone ventilation, LPV strategy, low VT 
high-frequency ventilation, and neuromuscular blocking 
agents.

We collected the demographic data of all the patients, 
etiological cultures, their pediatric Sequential Organ Failure 
Assessment score (38), the Murray score, their PaO2/FiO2 
ratio, central venous pressure, arterial oxygen saturation 
(SaO2), mean arterial pressure, and details of the primary 
disease.

All the patients were examined within 1 hour of 
admission for C-reactive protein, routine blood tests, 
procalcitonin, and IL-8; these were also reviewed at 12-hour 
intervals. Ventilator parameters were adjusted according to 
the SaO2, and we conducted a comprehensive evaluation 
every 8 h, and recorded the results. The primary outcome 
measure was 28-day mortality. The secondary outcomes 
included the number of ventilator-free days, extracorporeal 
membrane oxygenation assistance rate, and ICU stay time.

Statistical analysis

The data were analyzed using SPSS software (version 21.0). 
The Chi-square test was used for the categorical variables. 
The continuous variables with normal distribution 
are presented as the means ± standard deviations, and 
comparisons between the 2 groups were performed using 
the independent sample t-test. The continuous variables 
with abnormal distribution are presented as the medians 
[interquartile ranges (IQRs)]. The 28-day cumulative 
survival rate was evaluated using the Kaplan-Meier and log-
rank test. Statistical significance was defined at P<0.05.

Results

Comparative analysis of the baseline data

In total, 212 children with PARDS were enrolled in the 
study, of whom 125 were allocated to the case group and 
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received the sivelestat treatment, and 87 were allocated to 
the control group. There were no statistically significant 
differences in the general demographic and clinical 
characteristics between the case group and the control 
group (Table 1), nor in clinical characteristics and ventilator 
parameters (Table 2).

PaO2/FiO2, SaO2, and Cst

The severity of ARDS was determined by PaO2/FiO2. There 
were no significant differences in PaO2/FiO2 (Figure 1A) 
between the 2 groups at 24 h post-admission, or in SaO2 (see 
Figure 1B). The case group had higher PaO2/FiO2 and SaO2 
than the control group at 48 h (89±6 vs. 85±4; P=0.014), 
and 72 h (92±6 vs. 88±8; P<0.001). The children included 
in the study were stratified by age to compare the lung 
static compliance (Cst) at different time points between 
the 2 groups in the different age subgroups. There was no 
significant difference in the changes of Cst among each 
subgroup at 24 h post-admission. Across the different age 
subgroups, the lung Cst of the case group was significantly 
higher than that of the control group at 48 h post-admission 

(up to 3 years of age: 14±2 vs. 10±2; P=0.013; Figure 2A;  
3–6 years of age, 19±3 vs. 15±2; P=0.007; Figure 2B; 6+ years 
of age: 49±5 vs. 36±4; P<0.001; Figure 2C), and 72 h post-
admission (up to 3 years of age: 15±4 vs. 12±3; P=0.021;  
3–6 years of age: 25±5 vs. 17±4; P<0.001; 6+ years of age: 
49±5 vs. 36±4; P<0.001).

FiO2, Ppeak, Pplat, and Pdrive

Compared to the control group, the case group displayed 
decreased FiO2 at 16 h (55±12 vs. 68±20; P<0.001), 24 h 
(50±16 vs. 65±18; P<0.001), 48 h (50±5 vs. 58±16; P<0.001), 
and 72 h (46±7 vs. 55±15; P<0.001) post-admission (see 
Figure 3A). The airway peak pressure (Ppeak) of the case 
group was lower than that of the control group at 16 h (32±6 
vs. 38±7; P<0.001), 24 h (32±4 vs. 37±6; P<0.001), 48 h 
(30±5 vs. 35±6; P<0.001), and 72 h (28±2 vs. 32±7; P<0.001) 
post-admission (see Figure 3B). There were significant 
differences in plateau pressure (Pplat) between the 2 groups. 
The Pplat of the case group was lower than that of the 
control group at 24 h (24±3 vs. 28±7; P<0.001), 48 h (21±4 
vs. 26±7; P<0.001), and 72 h (20±2 vs. 25±6; P<0.001) post-

Table 1 Demographic and basic clinical data characteristics at the time of acute respiratory distress syndrome diagnosis

Variables Sivelestat group Control group P value

Patients 125 87

Gender (male/female) 67/58 42/45 0.445

Age (years) 6.3 [0.4, 8.9] 5.8 [0.3, 9.1] 0.521

Weight (kg) 18 [8, 31] 20 [10, 37] 0.433

Classification of pathogenic

Gram-negative bacteria 14 6 0.759

Gram-positive bacteria 11 8 0.932

Virus infection 22 14 0.990

Others 17 11 0.840

Primary disease

Sepsis 37 26 0.964

Inhalation pulmonary injury 18 12 0.901

Trauma 11 9 0.705

Hemorrhagic fever with renal syndrome 31 23 0.788

Severe acute pancreatitis 11 6 0.616

Others 16 9 0.586

Data presented as median [Q1, Q3] or N.
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Table 2 Clinical characteristics and ventilator parameters at admission

Variables Sivelestat group Control group P value

Patients 125 87

Clinical indicators characteristics

pSOFA score 9±8 10±6 0.324

Murry score 3.65±0.31 3.71±0.25 0.236

PaO2/FiO2 (mmHg) 159±39 171±42 0.594

SaO2 (%) 78±24 83±14 0.081

CVP (mmHg) 11±4 12±5 0.108

MAP (mmHg) 50±17 52±13 0.356

Ventilator parameters characteristics

FiO2 (%) 75±21 72±24 0.200

PEEP (cmH2O) 13±3 12±5 0.081

Ppeak (cmH2O) 35±5 36±4 0.122

Pplat (cmH2O) 31±4 30±5 0.108

Pdrive (cmH2O) 18±3 19±4 0.122

Data presented as mean ± SD or N. pSOFA, pediatric sequential organ failure assessment; Murry score, acute lung injury score; PaO2/
FiO2, arterial oxygen partial pressure/fraction of inspired oxygen; SaO2, arterial oxygen saturation; CVP, central venous pressure; MAP, 
mean arterial pressure; PEEP, positive end expiratory pressure; Ppeak, peak pressure; Pplat, plateau pressure; Pdrive, drive pressure; SD, 
standard deviation.

Figure 1 PaO2/FiO2 and SaO2 at different time points after admission. (A) PaO2/FiO2 ratio at different time points after admission. (B) SaO2 at 
different time points after admission. PaO2/FiO2, arterial oxygen partial pressure/fraction of inspired oxygen; SaO2, arterial oxygen saturation.
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admission (see Figure 3C). The drive pressure (Pdrive) of 
the case group was lower (see Figure 3D) than that of the 
control group at 16 h (15±2 vs. 20±2; P<0.001), 24 h (13±5 
vs. 18±3; P<0.001), 48 h (12±4 vs. 18±5; P<0.001), and 72 h 
(12±73 vs. 16±4; P<0.001) post-admission.

Leucocyte counts, C-reactive protein, procalcitonin, IL-8, 
and mortality

Comparisons of the indicators related to inflammatory 
response between case group and control group. This study 
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Figure 2 Characteristics of lung static compliance changes at different time points in two groups of patients with different ages. (A) <3 years; 
(B) 3–6 years; (C) >6 years.
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Figure 3 Changes of ventilator parameters in two groups at different time points. (A) FiO2; (B) Ppeak; (C) Pplat; (D) Pdrive. FiO2, fraction 
of inspired oxygen; Ppeak, peak pressure; Pplat, plateau pressure; Pdrive, drive pressure.
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showed that leucocyte counts, C-reactive protein, and 
procalcitonin in two groups were 8±3 vs. 10±4, 20±14 vs. 
32±20, 20±12 vs. 27±14, all P<0.05 at 48 h; and 7±3 vs. 9±3, 
23±20 vs. 27±14, 26±19 vs. 40±20, all P<0.05 at 72 h post-
admission, respectively (see Figures 4A-4C). Additionally, 
the IL-8 of the case group was lower than that of the 
control group at 48 and 72 h post-admission (all P<0.05; 
see Figure 5A). The IL-8 of the deceased group was higher 

than that of the survival group at 24, 48, and 72 h, and the 
difference between the 2 groups was significant (all P<0.05; 
see Figure 5B). The overall 28-day mortality rate was 
25.47% (54/212); 25 children died in the case group (n=125), 
and 29 children died in the control group (n=87; Table 3). 
The survival analysis showed that the cumulative survival 
of the case group was higher than that of the control group 
(log-rank test: χ2=4.811; P=0.028; see Figure 6).
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Figure 4 Changes of inflammatory mediators in two groups at different time points. (A) Leukocyte counts; (B) C-reaction protein; (C) 
Procalcitonin.

Figure 5 The changes of IL-8 in different groups at different time points. (A) The changes of IL-8 in two groups at different time points. (B) 
Changes of IL-8 at different time points in the death group and the survival group.
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Table 3 Characteristics of different clinical outcomes between the two groups

Variables Sivelestat group Control group P value

Mortality 25 29 0.028

Free ventilator days 11±4 8±4 0.000

Barotrauma 31 42 0.000

ICU stay time, day 26±9 32±13 0.000

ECMO supported 12 9 0.121

Data presented as mean ± SD or N. ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation; SD, standard deviation.
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Discussion

ARDS represents a serious threat to human health. In 
addition to being a medical problem, with the progress of 
COVID-19, ARDS has become a public health problem on 
a global scale. The main clinical manifestations of ARDS 
are high levels of neutrophil infiltration in the interstitium 
and alveoli, resulting in interstitium and alveolar edema, 
hyperemia, alveolar hyaline membrane formation, and 
alveolar atrophy, causing an imbalance of pulmonary 
ventilation and the blood flow ratio, leading to refractory 
hypoxemia (31).

Persistent hypoxemia and severe lung consolidation make 
it difficult to effectively treat the disease. A recent study has 
found that elastase released by neutrophils participate in 
the degradation of major components of the extracellular 
matrix, such as elastin, type IV collagen, and proteoglycan, a 
process closely associated with lung injury (31). Mechanically 
assisted ventilation can improve patients’ oxygenation state; 
however, unreasonable parameters can cause a multitude of 
complications, and even patients death.

In ARDS patients, the risk of superimposed VILI merits 
LPV strategies (31,39). Low VT, optimal positive end 
expiratory pressure (PEEP), and low Pplat are important 
concerns that can be addressed with LPV strategies (39-41). 
Lower VT, optimal PEEP, and lower Pplat can prevent 
frank overinflation (volutrauma/barotrauma), decrease tide-
induced mechanical strain in heterogeneous lung regions, 
reduce intrapulmonary shunt and the collapse of small 
airways and alveoli (atelectrauma) (8), and reduce cellular 

and extracellular matrix injury (11). Some multicenter trials 
have demonstrated that LPV strategies improve the survival 
of patients with ARDS (42-44).

In our study, the patients in the case group showed 
significant improvements in terms of the ventilator 
parameters after 48 h of medication treatment, and these 
improvements were correlated with the duration of 
medication. In addition, with the extension of medication 
time, the airway Ppeak, Pplat, and Pdrive of patients in the 
case group decreased significantly, compared to those of 
the control group, especially at 48 and 72 h post-admission. 
Pulmonary Cst was significantly improved across different 
age groups compared to the control group with the change 
of medication duration. Thus, sivelestat appears to reduce 
lung consolidation and improve lung tissue compliance and 
oxygenation by reducing neutrophil elastase activity. As lung 
compliance improves, the body becomes less dependent 
on mechanical ventilation, resulting in a decline in the 
ventilator parameters.

Most patients required a high concentration of oxygen to 
maintain adequate oxygenation. Previous cohort studies and 
animal studies have found that the higher the concentration 
of oxygen inhaled, the more serious the alveolar damage (45).  
Additionally, research has shown that the longer the 
duration for which oxygen is inhaled, the greater the degree 
of irreversible lung damage (39,41). In the case group, FiO2 
decreased significantly compared to the control group, 
thereby reducing the risk of hyperoxia and oxygen toxicity. 
Based on these observations, we suggest that sivelestat 
reduces the degree of damage to alveolar and interstitial 
lesions and improves ventilation/oxygenation status. In our 
study, the variation difference of PaO2/FiO2 between the  
2 groups also indirectly supported these results. According 
to a previous study (20), sivelestat treatment might improve 
PaO2/FiO2 to some extent, which could help to better 
determine the efficacy of sivelestat in ARDS patients and 
help physicians select appropriate treatment strategies. 
Thus, we concluded that when medical intervention factors 
change the alveolar/interstitial lesions of patients and 
improve the ventilation/blood flow imbalance, the body’s 
dependence on mechanical ventilation is gradually reduced, 
and the risk of hyperoxia and VILI can be reduced or 
prevented.

By inhibiting neutrophil aggregation, adhesion, and 
infiltration, sivelestat reduces pulmonary exudation and 
pulmonary edema. Sivelestat has been shown to inhibit 
the release of inflammatory mediators, such as IL-8 and 
TNF-α, thereby suppressing the inflammatory response and 
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improving lung injury symptoms (46,47). In our study, IL-8 
concentration was significantly more reduced in the patients 
who received sivelestat than those in the control group, 
and it was also higher in the survival group at different 
time points than in the deceased group. These results are 
consistent with previous studies, and effectively prove that 
the severity of lung injury and the prognosis of ARDS are 
related to the overexpression of IL-8.

A multicenter clinical study in Japan showed that patients 
who received sivelestat treatment had shorter mechanical 
ventilation requirements than those who did not, and the 
180-day survival rate was significantly increased (48). This 
is also consistent with our findings. The findings of the 
present study suggest that sivelestat therapy has a significant 
effect on 28-day mortality. The survival analysis showed 
that the cumulative survival of the case group was higher 
than that of the control group. However, almost all previous 
trials reported a reduction in 28-day mortality, albeit the 
reduction was not statistically significant (20). This may 
be because the effect of sivelestat on 28-day mortality is 
affected by specific clinical conditions, such as age, disease 
status, hemodialysis, and methylprednisolone use (49).

The present study had some limitations. First, it was a 
non-double-blind, observational, retrospective cohort study 
with a large time span; thus the period/duration of data 
collection may not be sufficient. Longer observation periods 
may be required. Second, it was a single-center study with 
relatively few patients, which may have affected the results. 
Finally, the precise design of targeted therapy is needed for 
drug effectiveness studies, and future multicenter studies 
with larger sample sizes need to be conducted to further 
confirm our findings.

Conclusions

In addition to reducing the release pulmonary inflammatory 
mediators in ARDS patients, neutrophil elastase inhibitors, 
such as sivelestat, also reduce the titer and activity of 
neutrophil elastase. Further, sivelestat is a targeted therapy 
that can change the imbalance of ventilation/blood flow 
ratio, thereby improving the prognosis of ARDS patients.
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