
© 2012 Tsuboko et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.

Drug Design, Development and Therapy 2012:6 273–278

Drug Design, Development and Therapy

Clinical evaluation of sivelestat for acute lung 
injury/acute respiratory distress syndrome 
following surgery for abdominal sepsis

Yoshiaki Tsuboko1

Shinhiro Takeda1,2

Seiji Mii1

Keiko Nakazato1

Keiji Tanaka2

Eiji Uchida3

Atsuhiro Sakamoto1

1Department of Anesthesiology, 
Nippon Medical School, 2Intensive 
Care Unit and Cardiac Care Unit, 
Nippon Medical School Hospital, 
3Department of Surgery, Nippon 
Medical School, Tokyo, Japan

Correspondence: Yoshiaki Tsuboko 
1-1-5 Sendagi, Bunkyo-ku, Tokyo  
113-8603, Japan 
Tel +813 5814 6243 
Fax +813 5685 3077 
Email tsubo-yossy@nms.ac.jp

Background: The efficacy of sivelestat in the treatment of acute lung injury/acute respiratory 

distress syndrome (ALI/ARDS) has not been established. In part, this is due to the wide variety 

of factors involved in the etiology of ALI/ARDS. In this study, we examined the efficacy of 

sivelestat in patients with ALI/ARDS associated with abdominal sepsis.

Methods: The subjects were 49 patients with ALI/ARDS after surgery for abdominal sepsis. 

The efficacy of sivelestat was retrospectively assessed in two treatment groups, ie, a sivelestat 

group (n = 34) and a non-sivelestat group (n = 15).

Results: The sivelestat group showed significant improvements in oxygenation, thrombocytopenia, 

and multiple organ dysfunction score. The number of ventilator days (6.6 ± 6.1 versus 11.1 ± 8.4 days; 

P = 0.034) and length of stay in the intensive care unit (8.5 ± 6.2 versus 13.3 ± 9.5 days; P = 0.036) 

were significantly lower in the sivelestat group. The hospital mortality rate decreased by half in the 

sivelestat group, but was not significantly different between the two groups.

Conclusion: Administration of sivelestat to patients with ALI/ARDS following surgery for 

abdominal sepsis resulted in early improvements of oxygenation and multiple organ dysfunction 

score, early ventilator weaning, and early discharge from the intensive care unit.

Keywords: sivelestat, acute lung injury, acute respiratory distress syndrome, abdominal 

sepsis

Introduction
Acute lung injury/acute respiratory distress syndrome (ALI/ARDS) is still associated 

with high mortality, despite advances in understanding of the etiology and treatment of 

the disorder, and is one of the main severe clinical conditions managed in the intensive 

care unit (ICU).1 Many randomized clinical trials of new drugs for treatment of ALI/

ARDS have been conducted,2–4 but most have had negative findings and there are no 

new effective therapeutic approaches.5

Sivelestat, a selective neutrophil elastase inhibitor, was found to be effective for 

reducing the length of ICU stay and the ventilator-assisted period for patients with 

ALI/ARDS in a multicenter clinical study conducted in Japan,6 but similar efficacy 

has not been found in other countries.7 This may in part be because ALI/ARDS is 

associated with a wide variety of underlying diseases, and the patient characteristics 

may be too heterogeneous for determination of therapeutic efficacy. Therefore, the 

therapeutic effect of sivelestat on ALI/ARDS requires evaluation in a population with 

more homogeneous etiology of the underlying disease.5

Sepsis is a major cause of extrapulmonary ALI/ARDS and is associated with high 

mortality.8 In patients with sepsis, marked accumulation of neutrophils in the lungs is 
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found in the early stages.9,10 ALI/ARDS arising from abdomi-

nal sepsis is associated with lung tissue damage caused by 

neutrophil elastase released from activated neutrophils, 

active oxygen, or other factors. Because sivelestat selectively 

inhibits neutrophil elastase without having effects on other 

proteases, this drug may be effective in ALI/ARDS associ-

ated with abdominal sepsis. Therefore, we investigated the 

effects of sivelestat in the treatment of this condition.

Materials and methods
Data for all patients admitted to the ICU of Nippon Medical 

School Hospital with a diagnosis of ALI/ARDS following 

surgery for abdominal sepsis were analyzed retrospectively. 

The study period extended from January 1, 2002 to 

December 31, 2008. The ethical committee at our hospital 

has established that retrospective studies involving analysis 

of medical records can be conducted without authorization 

from the committee. An ICU physician made a diagnosis 

of ARDS on admission to the ICU and also made the deci-

sion whether to use sivelestat. Patients who did and did not 

receive sivelestat were defined as the sivelestat group and 

non-sivelestat group, respectively. Sivelestat infusion was 

started at 0.2 mg/kg/hour immediately after ICU admission 

and was continued until withdrawal from the ventilator or 

after 14 days, whichever was the shorter period.

In all cases, the origin of sepsis was abdominal and 

required laparotomy or drainage. All patients underwent 

abdominal surgery for abdominal sepsis before admission to 

ICU, and were directed to the ICU immediately. ALI/ARDS 

was defined according to the American-European Consensus 

Conference definition.11 Sepsis and septic shock were defined 

according to the criteria of the American College of Chest 

Physicians/Society of Critical Care Medicine Consensus 

Conference definition.12 The daily multiple organ dysfunc-

tion (MOD) score was also used in the evaluation.13 Patients 

with associated diagnoses, such as interstitial pneumonia, 

malignancy with a poor short-term prognosis, those with a 

do-not-resuscitate order on admission, and those with coma 

on admission were excluded. Coma was defined as a Glasgow 

Coma Scale score , 10.

A clinical assessment (heart rate, blood pressure, level 

of consciousness, SpO
2
, respiratory rate) was performed 

regularly, as well as assessment of arterial blood gases, com-

mon laboratory data, and other variables (PaO
2
/FiO

2
, PCO

2
, 

pH, C-reactive protein, platelet count). These data and the 

clinical history of the patients were obtained retrospectively 

from medical records. Information was collected for age, 

gender, primary diagnosis, surgical procedures, presence 

of diabetes mellitus, Glasgow Coma Scale score, Acute 

Physiology and Chronic Health Evaluation (APACHE) II 

score, and Simplified Acute Physiology Score (SAPS) II on 

ICU admission, and for outcomes including ICU mortality 

and inhospital mortality. Arterial blood gases, heart rate, 

and arterial blood pressure were obtained on the day of ICU 

admission and on postoperative days 1 and 2. Ventilator 

settings were also recorded.

A Student’s t-test was performed to evaluate between-group 

differences in patient characteristics on admission to ICU. 

A two-way repeated-measures analysis of variance and the 

Bonferroni multiple comparisons procedure were performed 

to evaluate within-group and between-group time courses. 

A Mann-Whitney test was performed to evaluate ventilator-

assisted days and length of ICU stay between groups. A 

Fisher’s exact test or χ2 test was used to compare the ICU 

mortality rate and final inhospital mortality rate. All statistical 

analyses were performed using the SPSS II software program 

(Abacus Concepts, Berkeley, CA). All values are reported as 

the mean ± standard deviation, and all P values ,0.05 were 

considered to be statistically significant.

Results
ARDS following surgery for abdominal sepsis occurred in 

53 cases in the study period, including 49 cases judged to be 

eligible for inclusion in the study. The four excluded cases 

included one with interstitial pneumonia, one with cancerous 

peritonitis and a poor short-term prognosis, one with a do-

not-resuscitate order on admission, and a bedridden patient 

who was comatose on admission with a Glasgow Coma Scale 

score of 9. Of the 49 eligible subjects, 34 received sivelestat 

and 15 did not receive sivelestat.

The patient characteristics listed in Table 1 show that 39% 

of cases were in shock during surgery or on admission to the 

ICU. Shock was present in 47% of patients in the sivelestat 

group and in 20% in the non-sivelestat group. No other vari-

ables differed significantly between the groups at the time of 

ICU admission (Table 1). Inotropic agents were used in all 

cases, with norepinephrine being the most frequently used 

agent (89.8%). Vasopressin was used for three patients in 

the sivelestat group. Fifteen patients (44%) in the sivelestat 

group and six (40%) in the non-sivelestat group required 

renal replacement therapy, and seven (21%) in the sivelestat 

group and three (20%) in the non-sivelestat group received 

polymyxin B-immobilized fiber column hemoperfusion.

The patients had various preoperative medical histo-

ries (Table 2). The most common underlying disease was 

perforation of the colon, affecting 19 (55.8%) patients in the 
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Table 1 Patient characteristics on admission to the ICU

Sivelestat Non-sivelestat P value

Number of patients 34 15
Age (years) 73 ± 9 69 ± 17 0.84
Sex (male/female) 27/7 10/5 0.34
APACHE II score 22 ± 7 21 ± 4 0.51
SAPS II 49 ± 12 49 ± 13 0.95
MOD score 7.9 ± 3.3 7.3 ± 3.0 0.66
Creatinine (mg/dL) 1.7 ± 1.6 2.2 ± 1.8 0.87
Diabetes mellitus, n (%) 4 (12%) 3 (20%) 0.45
Renal replacement  
therapy n, (%)

6 (40%) 15 (44%) 0.79

WBC , 4000, n (%) 13 (38%) 5 (33%) 0.74
CRP (mg/dL) 2.36 ± 0.93 2.84 ± 0.82 0.89
Shock, n (%)  
(SBP , 80 mmHg)

16 (47%) 3 (20%) 0.07

Inotropic agents 34 (100%) 15 (100%) 1.00
Initial ventilation mode  
in ICU

0.55

  Pressure control, n (%) 27 (79%) 13 (87%)
  Pressure support, n (%) 7 (21%) 2 (13%)
Initial ventilatory pressure
  PEEP level (cm H2O) 11.4 ± 2.5 10.7 ± 2.2 0.33
  PIP level (cm H2O) 22.7 ± 4.0 21.9 ± 4.1 0.77

Note: Data are shown as the mean ± SD, or number (n) of patients.
Abbreviations: ICU, intensive care unit; APACHE, acute physiology and chronic 
health evaluation; SAPS, simplified acute physiology score; MOD score, multiple organ 
dysfunction score; WBC, white blood cell; CRP, C-reactive protein; SBP, systolic blood 
pressure; PEEP, positive end expiratory pressure; PIP, peak inspiratory pressure.

sivelestat group and 10 (66.7%) in the non-sivelestat group; 

however, the difference was not statistically significant. 

Preoperative complications were present in 15 patients (44%) 

in the sivelestat group and six (40%) in the non-sivelestat 

group; however, the difference was not significant (Table 2).

PaO
2
/FiO

2
 improved significantly during treatment in 

both groups, but with a more significant improvement noted 

in the sivelestat group (Table 3). Patients in the sivelestat 

group had lower mean arterial pressure at baseline and 

showed significant improvement over time. Heart rate was 

similar in the two groups at baseline and showed a greater 

decrease over time in the sivelestat group. The MOD score 

was also similar at baseline and decreased significantly in 

the sivelestat group by postoperative day 2, while remaining 

unchanged in the non-sivelestat group. The platelet count was 

stable in the sivelestat group, but was significantly decreased 

in the non-sivelestat group.

Ventilator management was undertaken based on the lung 

protective strategy designed by the ARDS network.14 The 

ventilation-assisted period and length of ICU stay were signifi-

cantly shorter in the sivelestat group (Table 4), with both being 

about 5 days shorter than in the non-sivelestat group. The ICU 

and inhospital mortalities were about two-fold higher in the 

Table 2 Diagnosis, surgical procedure, and preoperative 
complications

Sivelestat Non-sivelestat

Diagnosis
Colon perforation 19 (55.9%) 10 (66.7%) P = 0.69
 � Ascending, trans, or 

descending colon
9 (26.5%) 2 (13.3%)

  Sigmoid colon 8 (23.5%) 5 (33.3%)
 R ectum 2 (5.9%) 3 (20.0%)
Intestinal perforation 1 (2.9%) 1 (6.7%)
Intestinal perforation + ileus 1 (2.9%) 1 (6.7%)

�Intestinal perforation + 
pancreatic leak

0 (0%) 1 (6.7%)

Intestinal necrosis + ileus 1 (2.9%) 0 (0%)
Ileus 7 (20.6%) 0 (0%)
Abscess 0 (0%) 1 (6.7%)
Esophageal perforation 1 (2.9%) 0 (0%)
Necrotizing cholecystitis 1 (2.9%) 0 (0%)
Perforative biliary peritonitis 1 (2.9%) 1 (6.7%)
Ischemic enterocolitis 1 (2.9%) 0 (0%)
Ischemic colitis 1 (2.9%) 0 (0%)
Surgical procedure
Colectomy and/or colostomy 27 (79.4%) 11 (73.3%)
  Colectomy and colostomy 15 (44.1%) 7 (46.7%)
  Colectomy 4 (11.8%) 2 (13.3%)
  Hartmann’s operation 8 (23.5%) 2 (13.3%)
Small intestinal resection 2 (5.9%) 2 (13.3%)
Ileocecal resection 2 (5.9%) 0 (0%)
Drainage 1 (2.9%) 1 (6.7%)
Pancreas total resection 0 (0%) 1 (6.7%)
Cholecystectomy, liver  
resection

1 (2.9%) 0 (0%)

Cholecystectomy 1 (2.9%) 0 (0%)
Preoperative  
complications: past history

P = 0.96

Abdominal aortic aneurysm 1 (2.9%) 1 (6.7%)
Antiphospholipid syndrome 1 (2.9%) 0 (0%)
Atrial fibrillation 1 (2.9%) 0 (0%)
Cerebrovascular accident 3 (8.8%) 0 (0%)
Chronic renal failure 1 (2.9%) 1 (6.7%)
Esophagectomy 1 (2.9%) 0 (0%)
Gastrectomy 1 (2.9%) 0 (0%)
Ischemic heart disease 2 (5.9%) 2 (13.3%)
Mitral valve replacement 1 (2.9%) 0 (0%)
Multifocal liver-kidney cysts 1 (2.9%) 0 (0%)
Pheochromocytoma 0 (0%) 1 (6.7%)
Pulmonary thromboembolism 1 (2.9%) 0 (0%)
Rheumatic arthritis 0 (0%) 1 (6.7%)
Ulcerative colitis 1 (2.9%) 0 (0%)

Notes: Number (n) of patients (%); 34 patients in the sivelestat group, 15 patients 
in the non-sivelestat group.

non-sivelestat group, but the difference for the sivelestat group 

was not significant. In the non-sivelestat group, one patient 

died of hemoperitoneum and multiorgan failure, one died of 

respiratory failure, and one died of leakage and multiorgan 

failure. In the sivelestat group, one patient died of leakage and 

multiorgan failure and three died of multiorgan failure.
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Table 3 Changes in blood gas values, hemodynamics, platelets, and MOD score

Group ICU admission POD 1 POD 2

pH Sivelestat 7.35 ± 0.10 7.42 ± 0.06** 7.44 ± 0.06**
Non-sivelestat 7.36 ± 0.07 7.41 ± 0.07 7.41 ± 0.05†

PaO2/FiO2 Sivelestat 171 ± 62 288 ± 89** 294 ± 79**
(mmHg) Non-sivelestat 182 ± 65 228 ± 70*,† 246 ± 61**,†

PaCO2 Sivelestat 42 ± 11 37 ± 6** 37 ± 6**
(mmHg) Non-sivelestat 37 ± 7 37 ± 9 38 ± 5
Heart rate Sivelestat 119 ± 18 95 ± 18** 85 ± 16**
(bpm) Non-sivelestat 119 ± 12 111 ± 9*,†† 101 ± 11**,††

Mean blood pressure Sivelestat 68 ± 23 86 ± 12** 88 ± 13**
(mmHg) Non-sivelestat 81 ± 16† 84 ± 15 85 ± 13
CVP Sivelestat 11.8 ± 3.3 11.3 ± 3.1 9.0 ± 3.4
(mmHg) Non-sivelestat 12.1 ± 5.4 11.6 ± 3.4 10.1 ± 3.5
Platelet Sivelestat 13.4 ± 7.7 12.4 ± 6.8 13.4 ± 7.4
(104/μL) Non-sivelestat 14.7 ± 9.8 11.5 ± 8.4 9.1 ± 8.3††

MOD score Sivelestat 7.9 ± 3.3 4.8 ± 3.0** 4.5 ± 3.3**
Non-sivelestat 7.3 ± 3.0 7.1 ± 2.9† 6.5 ± 3.4†

Notes: Data are shown as the mean ± standard deviation. 34 patients in the sivelestat group, 15 patients in the non-sivelestat group. *P , 0.05; **P , 0.01 versus ICU 
admission. †P , 0.05; ††P , 0.01 for sivelestat group versus non-sivelestat group.
Abbreviations: bpm, beats per minute; ICU, intensive care unit; POD, postoperative days; CVP, central venous pressure; MOD, multiple organ dysfunction.

Table 4 Patient outcome

Sivelestat Non-sivelestat P value OR (95% CI)

Ventilator days 6.6 ± 6.1 11.1 ± 8.4 0.034
Length of ICU stay (days) 8.5 ± 6.2 13.3 ± 9.5 0.036
ICU mortality, n (%) 2 (6%) 2 (13%) 0.380 0.406 (0.052–3.198)
Inhospital mortality, n (%) 5 (15%) 4 (27%) 0.319 0.474 (0.107–2.097)

Notes: Data are shown as the mean ± standard deviation, or number (n) of patients; 34 patients in the sivelestat group, 15 patients in the non-sivelestat group. 
Abbreviations: OR, odds ratio; CI, confidence interval; ICU, intensive care unit.

Discussion
Sivelestat contributed to early improvement in PaO

2
/FiO

2
, 

improvement in MOD score, and shorter periods of venti-

lator assistance and ICU stay for patients with ALI/ARDS 

following surgery for abdominal sepsis. Generally, selective 

neutrophil elastase inhibitors reduce pulmonary inflamma-

tion and improve pulmonary function.15 In a multicenter 

clinical study conducted in Japan, sivelestat contributed 

to early weaning from a ventilator in ALI/ARDS patients, 

resulting in early transfer to a general ward.6 However, 

in STRIVE (Sivelestat Trial in ALI Patients Requiring 

Mechanical Ventilation), no efficacy of sivelestat was found 

in patients with ALI/ARDS, even in the ventilator-assisted 

period, and there was no effect on mortality.7 One reason for 

the discrepant results between these two studies may be a 

difference in the severity of lung injury in the patients.16 In 

addition, early ALI/ARDS is thought to be a condition for 

which sivelestat is likely to demonstrate efficacy.17 Herein, 

we studied the efficacy of sivelestat for ALI/ARDS during 

and immediately after surgery, because early diagnosis and 

therapeutic intervention for this condition are relatively 

easy. In addition, the APACHE II and SAPS II scores, 

which are indicators of extrapulmonary organ failure, did 

not differ significantly between patients who did and did 

not receive sivelestat, due to correction after intraoperative 

control. Significant reductions in the ventilator-assisted 

period and length of ICU stay in the sivelestat group may 

have occurred because the therapeutic intervention was per-

formed in the early stage of lung injury, and was supported 

by real-time observation.

The highly heterogeneous causes of ALI/ARDS provide 

a further difficulty in studying the efficacy of sivelestat. ALI/

ARDS develops several hours after the onset of the systemic 

inflammatory response syndrome associated with sepsis.18 

One of the primary target organs for neutrophil sequestra-

tion is the lung; thus, neutrophils are largely involved in the 

onset of ALI/ARDS associated with sepsis.19–21 All patients in 

this study had ALI/ARDS associated with abdominal sepsis, 

and thus neutrophil elastase inhibitors may have limited the 

progression of ALI/ARDS.22
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The early improvement in MOD score in patients treated 

with sivelestat might be explained by improvement in PaO
2
/

FiO
2
 and maintenance of the platelet count. Neutrophil 

elastase promotes platelet aggregation, and thus sivelestat 

has antiplatelet activity and maintains the platelet count.23 

The postoperative platelet count was maintained in the 

sivelestat group and was significantly higher than that in 

the non-sivelestat group. Furthermore, a decrease in platelet 

count after surgical invasion contributes to activation of 

neutrophils and endothelial cells.24 Therefore, the results of 

this study suggest that sivelestat inhibits activation of these 

cells by maintaining the platelet count, and thereby indirectly 

prevents onset and progression of ALI/ARDS.

The ventilation period and length of ICU stay decreased 

significantly in the sivelestat group. This result is consistent 

with the improvements seen in lung injury and MOD score. 

Because sivelestat is a neutrophil elastase inhibitor, its use 

in the early stages of ALI/ARDS is likely to be effective. In 

patients with ALI/ARDS associated with abdominal sepsis, 

onset of ALI/ARDS due to infection can be predicted dur-

ing surgery, which makes it feasible to initiate sivelestat in 

the early stage after onset. This contributes to inhibition of 

excessive secretion of neutrophil elastase and neutrophil 

accumulation, thereby inhibiting further inflammation, 

ameliorating SIRS, and improving pulmonary function.25 In 

addition, platelet function is maintained, and activation of 

neutrophils and endothelial cells is inhibited, thereby allow-

ing direct and indirect prevention of lung injury.

Control of excessive production of inflammatory 

cytokines may reduce surgical mortality. It has been shown 

that perioperative use of a neutrophil elastase inhibitor is 

beneficial for reducing the stress caused by invasive surgi-

cal procedures. Perioperative administration of sivelestat 

may reduce surgical stress by decreasing cytokine release 

and preserving antitumor immunity.26 Such modulation of 

excessive inflammatory cytokine production may improve 

surgical morbidity. Preoperative administration of a neu-

trophil elastase inhibitor has also been found to suppress 

increases in interleukin-6 and to be useful for reducing 

surgical stress.27,28 However, the sample size was small 

in our study and this may have prevented demonstration 

of a significant improvement in mortality in the sivelestat 

group. A further study of the efficacy of sivelestat for 

ALI/ARDS would be desirable in a large-scale random-

ized clinical trial in patients with homogeneous baseline 

characteristics.

In conclusion, administration of sivelestat in the early 

stage of ALI/ARDS associated with abdominal sepsis 

contributes to early weaning from the ventilator and early 

discharge from ICU due to improvements in oxygenation 

potential and MOD score, as well as preservation of platelet 

function. Thus, early administration of sivelestat is likely to 

give a more successful therapeutic outcome for ALI/ARDS 

after surgery for abdominal sepsis.
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