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Background: Acute respiratory distress syndrome (ARDS) is one of the most organ dysfunctions in sepsis. 
Although the development of therapeutic strategies such as protective mechanical ventilation technology has 
improved the mortality of ARDS patients, there is currently no effective drug for reducing the associated 
mortality. Our study aims to investigate the efficacy, safety, and pharmacoeconomics of sivelestat sodium in 
patients with septic ARDS, for providing the basis on clinical use of this drug. 
Methods: This was a retrospective study of 140 patients with septic ARDS. Clinical information including 
general conditions, mechanical ventilation time, drug cost parameters, and adverse reactions. The partial 
pressure of O2/fraction of inspired oxygen (PaO2/FiO2), acute physiology and chronic health evaluation 
score (APACHE II score) and sequential organ failure assessment (SOFA score) are for assessing the 
severity illness. To evaluate the efficacy of sivelestat sodium on septic ARDS patients by comparing length 
of mechanical ventilation and intensive care unit (ICU) hospitalization, cost of hospitalization and mortality 
between the two groups.
Results: There were no significant differences in the incidence of organ failure, biochemical data, blood 
gas analysis, acute physiology and chronic health evaluation (APACHE II score), and SOFA score between 
the two groups on the day of admission. The PaO2/FiO2, APACHE II score, and SOFA score of the sivelestat 
sodium group were significantly better than in the control group (P<0.05). The length of mechanical 
ventilation, length of ICU hospitalization, and cost of ICU hospitalization were all lower in the sivelestat 
sodium group (P<0.05). No adverse events were reported during the study period. 
Conclusions: Sivelestat sodium significantly improves the oxygenation in patients with septic ARDS, 
together with reducing mechanical ventilation, ICU hospitalization, and medical costs.
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Introduction

Sepsis is a clinically critical, life-threatening organ 
dysfunction with rapid onset and progression, caused 
bacterial infection of the host (1-3). Statistically, the number 
of septic patients worldwide exceeds 19 million each year, 
of whom approximately 6 million die and 3 million of the 
survivors experience cognitive dysfunction, resulting in a 
serious medical and socioeconomic burden (4-6).

Due to imbalance of the inflammatory network, sepsis 
will lead to death through associated tissue damage and 
organ failure (7). Acute respiratory distress syndrome 
(ARDS) is one of the most organ dysfunctions in sepsis, 
characterized by severe hypoxemia, diffuse pulmonary 
infiltrates, and noncardiogenic pulmonary edema. The 2012 
Berlin definition was classified the severity of ARDS into 
three categories: mild [200 mmHg < oxygenation fraction 
(PaO2/FiO2) ≤300 mmHg, positive end-expiratory pressure 
(PEEP) or continuous positive airway pressure (CPAP)  
≥5 cmH 2O];  moderate  (100 mmHg < PaO 2/FiO 2  
≤200 mmHg, PEEP ≥5 cmH2O; severe (PaO2/FiO2  
≤100 mmHg, PEEP ≥5 cmH2O).

The elastase, oxygen free radicals, and various cytokines 
derived from neutrophils will induce the loss of vascular 
endothelial cells and increase vascular permeability, which 
plays an important role in the occurrence and development 
of ARDS (8,9). According to a systematic review, the 
mortality rate of ARDS patients was 43% and 44% in 2008 
and 2009, respectively (10,11). It has also been reported as 
a major cause of death in patients with coronavirus disease 
2019 (COVID-19) (12,13). Although the development 
of therapeutic strategies such as protective mechanical 
ventilation technology has improved the mortality of ARDS 
patients, there is currently no effective drug for reducing 
the associated mortality.

Sivelestat sodium is a selective neutrophil elastase 
inhibitor (14). Study has shown that sivelestat sodium can 
reduce the concentrations of interleukin-1β (IL-1β) and 
tumor necrosis factor-α (TNF-α) in serum of septic animals, 
and reduce the infiltration and activation of inflammatory 
cells (15). Therefore, if it can effectively inhibit the 
production of inflammatory factors in the pathogenesis 
of sepsis, it can reduce lung tissue damage and reduce the 
incidence and mortality of septic ARDS. It has been shown 
to have a protective effect on endotoxin-induced lung injury 
in hamsters, guinea pigs, and sheep (16). Clinical studies 
have shown that sivelestat sodium shortens the duration of 
mechanical ventilation and stay in the intensive care unit 

(ICU) and prolongs the survival time of patients with acute 
lung injury (ALI) (17,18). However, the clinical efficacy 
of sivelestat sodium in patients with septic ARDS is still 
controversial, a few studies believe the efficacy of sivelestat 
sodium in patients with septic ARDS is not exactly, patients 
cannot benefit from it. and further studies are needed to 
confirm its efficacy.

In this study, we retrospectively observed the efficacy and 
safety of sivelestat sodium treatment in patients with septic 
ARDS who received mechanical ventilation, compared 
the medical costs and mortality of patients who received it 
with those who did not, and analyzed whether the use of 
sivelestat sodium can reduce the cost of treatment or reduce 
the mortality in patients with septic ARDS. This study 
will provide a basis for the clinical use of sivelestat sodium. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3164).

Methods 

Patients 

In this retrospective cohort study, a total of 140 patients 
admitted to the Department of Intensive Medical Unit, 
Hainan General Hospital, Hainan Affiliated Hospital of 
Hainan Medical University, China, with the diagnosis 
of sepsis ARDS from May 2020 to December 2020 were 
selected. There were 86 males and 54 females, aged  
24–70 years. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Medical Ethics Committee of Hainan General 
Hospital (No. Med-Eth-Re[2021]248) and informed 
consent was taken from all the patients.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) aged over 18 years 
and younger than 70 years; (II) met the Sepsis 3.0 criteria (1): 
confirmed or suspected infection; sequential organ failure 
assessment (SOFA) score ≥2 points; met the ARDS Berlin 
criteria (19); (III) received mechanical ventilation; and were 
admitted to the ICU for longer than 72 h. The patient’s 
family members clearly understood the experimental 
process, volunteered to participate in this study, and signed 
the informed consent form.

The exclusion criteria were as follows: allergies to the 
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experimental drug, chronic liver or kidney insufficiency, 
severe craniocerebral injury, intracranial hypertension, brain 
herniation, deep coma, advanced tumors, or cachexia.

Grouping and patient baseline data

Based on whether they received sivelestat sodium (Shanghai 
Huilun Jiangsu Pharmaceutical Co., Ltd., Shanghai, China) 
treatment within 7–14 days, they were divided into the 
control group (n=80) and sivelestat sodium group (n=60). 
There were no significant differences in gender, age, or 
infection type between the two groups before treatment 
(P>0.05). The organ failure and disease severity of the 
two groups were determined by the acute physiology and 
chronic health evaluation (APACHE) II score and SOFA 
score. The severity of ARDS was determined by partial 
pressure of O2/fraction of inspired oxygen (PaO2/FiO2).

Treatment procedures

Patients enrolled in this study were administered with the 
following treatment measures: 

(I)	 Ant i - in fec t ion  t rea tment :  ba sed  on  the 
epidemiological characteristics of our clinical 
center, antibiotics were initially used empirically. 
At the same time, pathogenic specimens such 
as blood and sputum were collected to improve 
pathogen culture and drug susceptibility tests, and 
antibiotics were adjusted in a timely manner based 
on the pathogenic data.

(II)	 Respiratory function support: a PB840 ventilator 
(Medtronic, Dublin, Ireland) was used for 
mechanical ventilation. The ventilation mode 
was volume control and synchronous intermittent 
instruction. The tidal volume was 6–8 mL/kg, the 
inspired oxygen concentration was 40–100%, and 
the ventilation frequency was 16–18 times/min, 
positive end-expiratory pressure (PEEP) was 5– 
12 cmH2O, and the inspiratory/expiratory ratio 
was 1.0:2.0–1.0:2.3.

(III)	 Sedation and analgesia: basic analgesic sedation 
was performed using remifentanil and midazolam 
micropump with continuous pumping. The 
Richmond Agitation-Sedation Scale (RASS) was 
applied, with a target score of −2 to −3 points.

(IV)	 Anti-shock therapy: restrictive and individualized 
fluid resuscitation was given to participants with 
shock. For those who had difficulty correcting 

shock with rehydration fluids, vasoactive drugs 
were used to increase blood pressure. Mean 
arterial pressure was held at 65–70 mmHg. Urine 
volume was greater than 0.5 mL/kg/h.

(V)	 Nutritional support: participants were given 
enteral or parenteral nutrition support. The daily 
energy supply was 25–30 kcal/kg. Those with 
albumin levels lower than normal were given 
intravenous infusion of albumin with a target 
value of 30–35 g/L.

(VI)	 Renal function support: participants with 
a c u t e   k i d n e y   i n j u r y  w h o  h a d  i n t e r n a l 
environmenta l  d i sorders  such as  anur ia , 
hyperkalemia, and severe metabolic acidosis were 
given continuous renal replacement therapy.

(VII)	 Other treatments included immune regulation, 
rehabilitation, prevention and treatment of 
complications, and intensive care.

(VIII)	 The sivelestat sodium group was given the above 
treatments plus intravenous infusion of sivelestat 
sodium (dose: 300 mg/day, is  determined 
according to the drug instructions) for a total of 
7–14 days. The control group was given the above 
conventional treatment.

Observation indicators

(I)	 General information: the site of infection, age, 
gender, and vital signs of the two participant groups.

(II)	 Efficacy parameters: indicators on the day of ICU 
admission and on the 7th day: (i) inflammatory 
indicators: white blood cells (WBC; ×109/L), 
C-reactive protein (CRP; mg/L), and procalcitonin 
(PCT; ng/L); (ii) organ function indicators: total 
bilirubin (µmol/L), creatinine (μmol/L), PEEP 
(cmH2O), PCO2 (mmHg), platelet count (×109/L); 
(iii) prognostic indicators: APACHE II score, SOFA 
score, and PaO2/FiO2.

(III)	 Adverse reactions increased: (i) blood alkaline 
phosphatase (U/L), alanine aminotransferase  
(U/L), aspartate aminotransferase (U/L), total 
bilirubin (µmol/L), urea (mmol/L), and creatinine 
(μmol/L) increased; (ii) decreased platelet (×109/L), 
hemoglobin (g/L), and WBC count (×109/L).

(IV)	 Drug cost parameters: (i) ICU hospitalization cost 
(yuan); (ii) physical examination cost (yuan); (iii) 
lab test cost (yuan); (iv) drug cost (yuan); (v) ICU 
hospitalization (days); (vi) duration of mechanical 
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ventilation (h).
(V)	 Efficacy endpoint: the mortality rate of each group 

at 28 days (%).

Statistical analysis

The software SPSS 20.0 (IBM Corp., Armonk, NY, USA) 
was used for data analysis. The measurement data were 
expressed as (x±s, mean ± standard deviation). One-way 
analysis of variance (ANOVA) was used to compare the 
measurement data between groups. The chi-squared test 
and Fisher’s exact test were used to compare the count data 
between groups. A P value <0.05 was considered statistically 
significant.

Results

Comparative analysis of baseline data

As shown in Table 1, there were no significant differences 
between the sivelestat sodium group and the control group 
in terms of age, infection site, incidence of organ failure, 
severity of disease, biochemical data, or blood gas values.

APACHE II score, SOFA score, and PaO2/FiO2

Table 2 shows that the APACHE II score (sivelestat sodium 
group: 9.18±1.20; control group: 13.07±1.55; P<0.05), 
SOFA score (sivelestat sodium group: 1.73±1.60; control 
group: 4.76±1.97; P<0.05) and PaO2/FiO2 (sivelestat sodium 
group: 257.4±31.44; control group: 220.30±31.49; P<0.05) 
were significantly different between the two groups after  
7 days of treatment.

Mortality and cost of patients in ICU

During ICU hospitalization, there was no difference 
in mortality between the two groups (sivelestat sodium 
group: 5%; control group: 7.5%, P>0.05) (Table 3). 
The ICU hospitalization cost (sivelestat sodium group: 
279,218.35±64,361.99; control group: 308,190.67±98,132.87, 
P<0.05), physical examination cost (sivelestat sodium group: 
889.71±122.82; control group: 1,180.13±1,036.95, P<0.05), 
lab test cost (sivelestat sodium group: 10,383.61±1,364.59; 
control group: 11,818.82±2,674.00, P<0.05), length of ICU 
stay (sivelestat sodium group: 21.40±3.48; control group: 
25.96±6.82, P<0.05), and duration of mechanical ventilation 
(sivelestat sodium group: 243.60±40.92; control group: 

295.98±82.63, P<0.05) were all significantly lower in the 
sivelestat sodium group than the control group (Table 4).

Adverse events

During the treatment, no adverse reactions were observed 
in any participant.

Discussion

The typical feature of sepsis is cytokine-mediated excessive 
inflammation (20), or cytokine storm, which can lead 
to clinical manifestations such as fever, shock, altered 
mental status, and organ dysfunction (21). Changes in the 
inflammatory response, coagulation, and cell death pathways 
induced by sepsis may lead to ALI (22). During ALI, 
increased alveolar epithelial microvascular permeability 
eventually leads to ARDS (23,24). The main clinical 
manifestations of ARDS are a high level of pulmonary 
interstitial and alveolar infiltration of neutrophils, causing 
pulmonary interstitial and alveolar edema, congestion, 
alveolar hyaline membrane formation, and alveolar atrophy, 
resulting in an imbalance in pulmonary ventilation and 
the blood flow ratio, leading to refractory hypoxemia. 
Many recent studies have found that the elastase released 
by neutrophils is involved in the degradation of the main 
components of the extracellular matrix, such as elastin, 
type IV collagen, and proteoglycan, a process that is closely 
related to lung injury. Among the treatment strategies for 
ARDS, low-tidal-volume ventilation has been shown to be 
effective in reducing the mortality of ALI/ARDS patients. 
However, prolonged mechanical ventilation increases the 
risk of ventilator-associated pneumonia and ventilator-
associated lung injury, and there are no effective drugs 
that have a beneficial effect on the prognosis of patients  
with ARDS.

Sivelestat sodium is a selective neutrophil elastase 
inhibitor. It reduces pulmonary hemorrhage and exudation 
and reduces pulmonary edema mainly by inhibiting 
neutrophil aggregation, adhesion, and infiltration; it 
suppresses inflammatory responses and improves the 
symptoms of lung injury by inhibiting the release of 
proinflammatory factors such as interleukin-8 (IL-8) and 
tumor necrosis factor-α (TNF-α) (25,26). At present, 
sivelestat sodium has been widely used in clinic, mainly 
for patients with ALI/ARDS. Tsuboko et al. (27) showed 
that sivelestat sodium shortened mechanical ventilation 
and improved pulmonary function and multiple-organ 
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Table 1 The basic condition of patients on the day of ICU admission

Variables Sivelestat sodium group Control group P value

Pulmonary infection 100% 83.75% NS

Abdominal infection 13% 20% NS

Skin and soft tissue infections 15% 18.75% NS

Respiratory failure 100% 100% NS

Cardiac insufficiency 87% 83% NS

Hepatic insufficiency 65% 57% NS

Renal insufficiency 36% 41% NS

Coagulation disorders 56% 62% NS

Gastrointestinal bleeding 5% 8.75% NS

Internal environment disorders  
(acidosis, electrolyte metabolism disorders)

73% 66% NS

Age (years) 56.2±15.17 57.9±13.03 NS

Gender (male/female) 39/21 47/33 NS

Body temperature (℃) 38.63±0.73 38.32±1.09 NS

SBP (mmHg) 94.5±18.33 91.8±13.30 NS

DBP (mmHg) 55.2±5.45 57.2±7.66 NS

HR (bpm) 95.4±24.95 98.8±16.36 NS

RR (bpm) 21.4±4.85 22.10±5.10 NS

WBC (×109/L) 15.61±9.64 15.66±7.92 NS

CRP (mg/L) 110.33±52.14 95.46±63.26 NS

PCT (ng/L) 32.27±41.18 27.03±31.86 NS

PLT (×109/L) 209.7±129.74 198±130.26 NS

TBil (μmol/L) 22.45±11.86 26.6±19.58 NS

CR (μmol/L) 101.23±28.06 110.73±35.34 NS

PaCO2 (mmHg) 43.4±11.83 45±13.41 NS

PaO2/FiO2 129.25±20.25 144.3±18.18 NS

APACHE II score 31±4.48 29.4±6.20 NS

SOFA score 10.68±1.68 11.46±1.71 NS

PEEP (cmH2O) 7.8±2.35 7.7±1.71 NS

Data are presented as percentage (%) or mean ± standard deviation. SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, 
heart rate; bpm, beats per minute; RR, respiratory rate; WBC, white blood cell count; CRP, C-reactive protein; PCT, procalcitonin; PLT, 
platelet count; TBil, total bilirubin; CR, creatinine; PaCO2, arterial partial pressure of carbon dioxide; PaO2/FiO2, partial pressure of  
O2/fraction of inspired oxygen; APACHE II, acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment; 
PEEP, positive end-expiratory pressure; NS, not significant.
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Table 2 Statistical data of patients in the two groups after 7 days of treatment

Variables  Sivelestat sodium group  Control group P value

Body temperature (℃) 36.97±0.63 36.89±0.52 NS

SBP (mmHg) 110.45±10.97 114.80±11.98 NS

DBP (mmHg) 54.1±8.65 57.51±8.28 NS

HR (bpm) 73.78±11.25 76.36±10.52 NS

RR (bpm) 17.76±1.46 17.95±1.77 NS

WBC (×109/L) 7.40±1.99 7.00±1.74 NS

CRP (mg/L) 33.15±15.28 34.03±12.35 NS

PCT (ng/L) 2.36±2.23 2.02±1.17 NS

PLT (×109/L) 175.57±49.28 177.63±46.41 NS

TBil (μmol/L) 15.23±6.43 13.60±6.07 NS

CR (μmol/L) 69.95±16.77 73.85±18.44 NS

PaCO2 (mmHg) 41.42.6±6.09 40.40±6.14 NS

PaO2/FiO2 257.4±31.44 220.30±31.49 <0.05

APACHE II score 9.18±1.20 13.07±1.55 <0.05

SOFA score 1.73±1.60 4.76±1.97 <0.05

PEEP (cmH2O) 5.11±0.32 5.28±0.45 NS

Data are presented as mean ± standard deviation. SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; bpm, beats 
per minute; RR, respiratory rate; WBC, white blood cell count; CRP, C-reactive protein; PCT, procalcitonin; PLT, platelet count; TBil, total 
bilirubin; CR, creatinine; PaCO2, arterial partial pressure of carbon dioxide; PaO2/FiO2, partial pressure of O2/fraction of inspired oxygen; 
APACHE II, acute physiology and chronic health evaluation score; SOFA, sequential organ failure assessment; PEEP, positive end-
expiratory pressure; NS, not significant.

Table 3 Efficacy endpoints (28 days)

Variables Sivelestat sodium group Control group P value

Number of deaths 3 6 NS

Mortality (%) 5 7.5 NS

NS, not significant.

Table 4 Cost parameters

Variables Sivelestat sodium group Control group P value

ICU hospitalization costs (yuan) 279,218.35±64,361.99 308,190.67±98,132.87 <0.05

Physical examination cost (yuan) 889.71±122.82 1,180.13±1,036.95 <0.05

Lab test cost (yuan) 10,383.61±1,364.59 11,818.82±2,674.00 <0.05

Length of ICU hospitalization (days) 21.40±3.48 25.96±6.82 <0.05

Duration of mechanical ventilation time (h) 243.60±40.92 295.98±82.63 <0.05

Data are presented as mean ± standard deviation. ICU, intensive care unit; NS, not significant.
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dysfunction scores in postoperative abdominal sepsis 
patients. Some scholars have found that sivelestat sodium 
greatly reduced the incidence of ALI in patients with 
esophageal cancer. A multicenter clinical study in Japan 
showed that patients who received sivelestat sodium 
treatment could be weaned off mechanical ventilation 
earlier, and their 180-day survival rate was significantly 
increased (17).

In this study, we found sivelestat sodium could improve 
the oxygenation of septic ARDS patients, shortened 
their mechanical ventilation and ICU stay, and reduced 
their medical costs. A cost-analysis study showed that the 
surgery costs in the sivelestat group were significantly 
lower compared with the control group, but there were no 
significant differences in the hospitalization, medication 
and total costs. Therefore, using sivelestat sodium can not 
increase additional medical costs. In addition, no adverse 
reactions were observed in participants older than 60 years, 
indicating that sivelestat sodium is also suitable for the 
elderly population. There was no significant difference in 
mortality between the two groups, which may be due to the 
small sample and the short efficacy endpoint, larger sample, 
multi-centre trials are needed. This study is limited by its 
retrospective nature. Further studies should be conducted 
to confirm the efficacy of the early use of sivelestat sodium 
for ARDS, especially among Asian populations.

Conclusions

There was no significant difference in the mortality of the 
two participant groups. Sivelestat sodium can improve 
the oxygenation of patients with septic ARDS, shorten 
their mechanical ventilation and ICU stay, and reduce the 
medical cost of hospitalization in ICU. 
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