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Treatment with sivelestat sodium of acute
respiratory distress syndrome induced by chemical
pneumonitis: A report of three cases

LIANG JING!, XI PENG?, DAYONG LI', YUSEN QIN!, YAQIN SONG!' and WEI ZHU!

Departments of 1Emergency—Critical Medicine and “Internal Neurology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, Hubei 430032, P.R. China

Received April 22,2023; Accepted July 27,2023

DOI: 10.3892/etm.2023.12175

Abstract. Inhalation of acid fumes and aspiration of liquid
substances or gastric contents may not initiate dyspnea within
several hours after exposure but may result in delayed onset
of alveolar edema. The present report presents three cases of
inhalation or aspiration of chemical substances that resulted in
acute respiratory distress syndrome (ARDS). Due to different
underlying reasons, three patients developed ARDS resulting
from chemical pneumonitis and pulmonary infection. From
patients with dyspnea, dry rales could be heard in both lungs,
with <92% percutaneous oxygen saturation at room air. All
patients were treated using a high-flow nasal cannula and
sivelestat sodium. Oxygenation gradually improved and
the patients were discharged without adverse events. These
cases suggest that early treatment with sivelestat sodium may
improve the clinical outcomes of patients with ARDS.

Introduction

Chemical pneumonitis is a lung injury caused by the inhala-
tion of noxious liquids or fumes. The most common causes
are microaspiration of gastrointestinal contents, drowning and
inhalation of chemical substances such as acid or gasoline. It is
an inflammatory reaction to inhaled noninfectious substances
that can cause acute pulmonary edema, a life-threatening
acute respiratory distress syndrome (ARDS) (1). ARDS
occurs due to local corrosion, toxic absorption, or allergies.
Acid fumes, drowning and aspiration are the leading causes
of chemical pneumonitis (2-4). However, as chemical pneu-
monitis has only occasionally been reported owing to its
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accidental occurrence (5), it is frequently misdiagnosed and
poorly treated.

Currently, no uniform standards for treating chemical
pneumonitis are available and treatment typically involves the
use of glucocorticoids, antibiotics and mechanical ventilation
programs (6). Sivelestat sodium, a neutrophil elastase inhibitor,
has been identified as a novel drug for ARDS treatment (7).

The present case report aimed to describe three classic cases
of chemical pneumonitis induced by different pathological
factors that were successfully treated with sivelestat sodium in
the early stages of disease progression, thus providing valuable
experience in treating ARDS caused by chemical pneumonitis.

Case report

Case 1. A 67-year-old man accidentally inhaled acid fumes for
1 min before leaving the scene. The patient experienced mild
dizziness without any other symptoms one afternoon in April
2021. During approximately 6 h, the patient developed chest
tightness and dyspnea. The next day, the patient presented
to the Emergency Department of Wuxue People's Hospital
(Wuxue, China) complaining of dyspnea after cleaning metal
appliances using a nitric-hydrofluoric acid mixture without
any protective tools. The patient reported no history of fever or
hemoptysis. A chest CT scan showed bilateral diffuse exudative
shadows suggestive of pulmonary edema (Fig. 1A). However,
the medical capabilities of the hospital were limited and the
patient was immediately transferred to the intensive care unit
(ICU) of Tongji Hospital (Wuhan, China) for subsequent treat-
ment. The patient experienced tachypnea with the following
clinical manifestations: Respiratory rate (RR), 32 breaths/min;
body temperature, 36.1°C; pulse, 105/min; blood pressure (BP),
148/63 mmHg; percutaneous oxygen saturation (SpO,), 90%
with consciousness; and inspired oxygen [PaO,(P)/FiO,(F)]
ratio, 126. The patient was given oxygen through a facial
mask. Dry rales were heard in both lungs. No neck rigidity,
arrhythmia or bellyaches were observed. The results of labora-
tory examinations were as follows: White blood cell (WBC)
count, 16.88x10%1; albumin, 25.6 g/l; creatine kinase, 356 U/l;
myoglobin, 349.9 ng/ml; calcium, 1.86 mmol/l; phosphorus,
0.66 mmol/l; urea, 10.30 mmol/l; glucose, 11.18 mmol/Il;
and IL-6, 28.96 pg/ml. Arterial blood gas (ABG) test results
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showed pH=7.421; oxygen pressure (Pa0,), 67 mmHg; carbon
dioxide (PaCQO,), 35.7 mmHg; arterial oxygen saturations
(Sa0,), 93%; and P/F, 230 (Table I).

Based on the examination data, the patient was diag-
nosed with chemical pneumonitis, pulmonary infection
and ARDS according to the 2013 Berlin Definition (8). As
the patient developed respiratory failure, nasal high-flow
oxygen (oxygen flow 55 1/min; oxygen concentration, 60%)
was given 4 h later. A new ABG test was performed and
the results were as follows: pH, 7.506; PaO,, 138 mm Hg;
PaCO,, 31.2 mmHg; and Sa0,, 99%. The doctors decided
to administer 40 mg of intravenous methylprednisolone and
broad-spectrum antibiotics (biapenem and levofloxacin),
as referred to in the instructions of the acid cleaning agent,
which main components were nitric acid, hydrofluoric acid
and surfactants (detailed proportions and concentrations were
not described). For ARDS, due to the patient's current nitric
acid/hydrofluoric acid inhalation, the drug recommendation
was unclear. The patient was treated for 7 days with 0.3 g/day
intravenous sivelestat sodium according to the drug indica-
tions. The patient presented with severe exudation in both
lungs (Fig. 1A) and mild ARDS (nasal high-flow oxygen,
P/F 230) without multiple organ dysfunction and met the
following criteria for the use of sivelestat sodium: Occurred
systemic inflammatory response syndrome (elevated white
blood cells and rapid respiratory rate); acute lung injury (P/F
>300 mmHg, double lung infiltration shadow on X-ray); and
no multiple organ damage of four or more organs. The patient
did not have underlying chronic obstructive pulmonary
disease (COPD) and other diseases, and high-flow oxygen
merely served as a means of respiratory support, rather
than as a therapeutic measure. The patients lacked typical
infection-related symptoms and was less responsive to anti-
biotic treatment. At 1 week post-admission to the hospital,
the patient's oxygenation had improved and ABG results were
pH, 7.662; PaO,, 283 mmHg; PaCO,, 22.6 mmHg; SaO,,
100%; and P/F, 514. Nasal high-flow oxygen was replaced with
a nasal catheter. Methylprednisolone and sivelestat sodium
were simultaneously discontinued. Radiography revealed
significant improvement, as shown in Fig. 1B. The patient
was observed in the respiratory department and discharged
at 2 weeks post-admission. After 1 month, chest CT and
pulmonary function test results were normal.

Case 2. A 60-year-old woman was brought to the emergency
department of Tongji Hospital (Wuhan, China) in January
2022 after nearly drowning in a pool. Witnesses reported that
she had been underwater for ~10 min. After vomiting a lot of
sewage, the patient gradually recovered and developed dyspnea
and limb weakness over the next 3 h. Upon arrival at the emer-
gency department, the patient presented SpO,, 88%; P/F, 100;
BP, 130/80 mmHg; pulse 98/min; and RR, 26 breaths/min,
without fever or rales. Chest CT revealed bilateral alveolar
opacity (Fig. 2A).

The patient was administered nasal high-flow oxygen
(oxygen flow 60 l/min; oxygen concentration, 60%) when
admitted to the ICU. The results of laboratory examina-
tions were as follows: WBC count, 11.67x10%1; NT-proBNP,
890 pg/ml; and procalcitonin, 20.30 ng/ml. ABG test results
were pH, 7.359; PaO,, 60 mmHg; PaCO,, 33.5 mmHg; Sa0O,,

90%; and P/F, 284. Considering the clinical manifestations of
dyspnea and the experimental results of the pulmonary infec-
tion, the patient was diagnosed with chemical pneumonitis,
pulmonary infection and ARDS according to the 2013 Berlin
Definition (8).

Based on the successful treatment protocol presented
in case 1, the patient was prescribed for 7 days: 40 mg/day
methylprednisolone; 0.1 g sivelestat sodium three times a day
using an intravenous pump under mild ARDS diagnosis (nasal
high-flow oxygen, P/F284) performed within 24 h, according
to the aforementioned drug indications, with 0.3 g biapenem
every 8 h and 0.6 g levofloxacin. The patient did not have
underlying COPD or other diseases, and high-flow oxygen
was solely used as a means of respiratory support, providing
no therapeutic role. Following 7 days of treatment, the patient
showed significant clinical and radiological improvement,
including ABG test results as pH, 7.422; PaO,, 92 mmHg;
PaCO,, 44.8 mmHg; Sa0,, 97%; and P/F, 284. Laboratory
examination showed: WBC count, 11.71x10%/1; and PCT,
0.22 ng/ml. A chest CT showed the resolution of most of
the interstitial opacities (Fig. 2B). Microbiological analysis
of the sputum and serum showed negative results. The nasal
high-flow oxygen was discontinued and the patient was
discharged after 3 days.

Case 3. In January 2022, a 33-year-old man fell into a pool.
First-aid paramedics arrived soon after and transferred him
to the Tongji Hospital (Wuhan, China) for further treatment.
The paramedic crew observed that he had aspirated gastro-
intestinal contents and provided suction care. Upon arrival at
the emergency department, the patient had fully revived but
developed mild dyspnea with RR, 26 breaths/min and SpO,,
92%. ABG test results were as follows: pH 7.335; PaO,, 59 mm
Hg; PaCO,, 508 mmHg; Sa0,, 93%; and P/F, 169. Although
no remarkable abnormalities were found upon physical exami-
nation, the patient was admitted to the ICU owing to severe
bilateral alveolar exudation (Fig. 3A) and manifestations of
dyspnea. The patient was diagnosed with chemical pneumo-
nitis, pulmonary infection and ARDS according to the 2013
Berlin Definition (8).

Considering the experience with the treatment protocol
presented in the two prior cases, nasal high-flow oxygen
(oxygen flow 40 I/min; oxygen concentration 50%), ceftazidime
2 g every 12 h and sivelestat sodium (0.1 g three times/day
using an intravenous pump for 7 days) were administered to
the patient under significant pulmonary exudation early in the
onset of the disease (within 24 h) and mild ARDS diagnosis
(although the P/F of the patient was 314 mmHg under high-flow
nasal cannula oxygen administration, the P/F of the patient
was only 169 mmHg under nasal cannula oxygen adminis-
tration), according to the aforementioned drug indications.
Methylprednisolone was not used because of mild dyspnea
and the presence of inhaled gastric contents. The patient
had no pre-existing COPD or other illnesses, and high-flow
oxygen was used solely for respiratory support and not for any
therapeutic role. After 5 days, the ABG results had improved,
showing Pa0,, 157 mmHg; PaCO,, 30.7 mmHg; Sa0,, 100%;
and P/F, 314. Additionally, chest CT showed a significant
improvement (Fig. 3B). The symptoms improved in the course
of 7 days and the patient was subsequently discharged.
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Figure 1. Imaging features of Case 1. (A) Chest CT scan showed diffuse exudative patchy shadows in both lungs. (B) X-rays showed improvement of pulmonary
exudative lesions from days 1 to 7 after treatment. The arrows represent the exudative changes in the lungs.

CT protocol. All images of the three patients were obtained
with one of three CT systems [Aquilion TSX-101A (Toshiba
Medical Systems; Canon Medical Systems Corporation),
Optima 660 (GE Healthcare) or Somatom force (Siemens
Healthineers)] with patients in the supine position. The
imaging parameters were as follows: Tube voltage, 120 kVp;
automatic tube current modulation; tube current, 30-70 mAs;
pitch, 0.99-1.22 mm; matrix, 512x512; slice thickness, 10 mm;
and field of view, 350x350 mm. All images were then recon-
structed with a slice thickness of 0.625-1.250 mm with the
same increment.

Discussion

The present report presents three cases of ARDS induced
by acid inhalation, drowning and aspiration that resulted in
chemical pneumonitis and pulmonary infection. Treatment
with nasal high-flow oxygen and sivelestat sodium resulted
in a good prognosis. Various causes of chemical pneumo-
nitis can lead to overlapping clinical syndromes such as
a cough, asthma and expectoration (9). In the three cases
presented here, dyspnea and obvious exudative imaging
changes appeared several hours after the accidents. Clinical
manifestations are mainly determined by the nature of the
substances and the amounts inhaled (10). Thus, a severity
increase in the transition from transient hypoxemia to
severe ARDS was apparent. To guide treatment and predict
outcomes, it is helpful to clarify the specific clinical
characteristics of each patient.

Commercial nitric acid (concentration, 52-68%) is generally
mixed with a variety of nitrogen oxides (e.g., NO and NO,). In
high-concentration environments, the corrosive effect of acids
on the airways can lead to immediate death (11,12). In other
cases, the acidity and corrosiveness of nitric and hydrofluoric
acids may induce Acute lung injury/ARDS due to inflamma-
tory and allergic reactions (13,14). In the physiological state,
these acids are oxidized to nitrate or hydrofluoride, which is
excreted by the kidneys (15). Hydrofluoric acid can cause fatal
hypocalcemia and hypomagnesemia by specifically binding to
calcium and magnesium ions (16). These symptoms were not
observed in Case 1, which may be due to the low concentration
of hydrofluoric acid in the mixture.

Although drowning can be prevented, it is the cause of
approximately 63,000 deaths/year in China (17). Because of

the large amount of liquid aspired, drowning patients initially
develop pathophysiological manifestations of chemical pneu-
monitis, such as alterations in gas exchange, hypoxemia and
decreased pulmonary compliance (18). The symptoms gradu-
ally worsen over time. Unlike acid inhalation, the clinical
manifestations depend highly on the sanitary conditions of
the drowning environment. A polluted environment is likely
to induce polymicrobial infections. In Case 2, laboratory
examination showed a significant increase in procalcitonin
levels, which indicated a serious infection. Broad-spectrum
antibiotics were prescribed and the patient eventually achieved
good clinical outcomes.

In most cases, a microaspirated bacterial inoculum is
cleared by the airways. Based on animal experiments, a
pH<2.4 and a large amount (>120 ml) of gastric contents are
needed to induce aspiration pneumonitis (4). Therefore, the
use of glucocorticoids to alleviate the symptoms of aspiration
pneumonitis remains controversial.

Inhalation of an infectious inoculum or secondary dysbac-
teriosis may lead to aspiration pneumonia (19). Although
aspiration pneumonia is occasionally difficult to distinguish
from aspiration pneumonitis, the latter is a distinct clinical
condition. Aspiration pneumonia is a subset of bacterial
pneumonia caused by inoculum aspiration. Aspiration pneu-
monitis refers to a pathophysiological disease characterized by
ARDS. Aerobic and nosocomial bacteria (especially enteric
Gram-negative bacteria) that can be treated with empirical
antibiotics have been reported to be involved in the onset of
aspiration pneumonia (20,21). Moreover, mild antibiotic treat-
ment is appropriate to prevent secondary pneumonia caused by
multidrug-resistant (MDR) pathogens. In Case 3, owing to the
lack of signs of severe pneumonia, ceftazidime and sivelestat
sodium were prescribed instead of glucocorticoids. Finally,
the patient recovered within a short period.

The pathological progression of ARDS includes an inflam-
matory response (<6 h), alveolar edema (6-48 h) and pulmonary
fibrosis (>48 h) (22). During the inflammatory response phase,
damaged capillary endothelial cells induce the recruitment
and activation of neutrophils, which can release a series of
inflammatory factors, such as leukotrienes, peroxides and elas-
tase. Elastase has the greatest hydrolytic effect on the alveolar
basement membrane and extracellular matrix, resulting in the
degradation of alveolar surfactants and, eventually, irrevers-
ible pulmonary fibrosis (23). Therefore, early intervention of
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Table I. Laboratory data of three cases.

Case 1 Case 2 Case 3
Reference
Characteristics Before After Before After Before After range
Age, years 67 67 60 60 33 33 -
Sex Male Female Male
Blood pressure, nmHg 148/63 102/60 130/80 108/62 132/65 122/61 -
Respiratory rate, breaths/min 32 21 26 19 26 22 -
Body temperature, °C 36.1 36.7 36.6 36.2 36.8 36.8 -
Hematological test
White blood cells, x107%/1 16.88 6.57 11.67 11.71 6.46 6.46 3595
Neutrophils, % 95.7 73.5 91.8 89.8 66.5 62.6 40-75
Lymphocytes, % 23 169 32 3.6 23.1 254 20-50
Monocytes, % 2 7.3 4.9 6.6 7.9 8 3-10
Red blood cells, x10'%/1 3.73 38 3.92 345 524 531 4358
Hemoglobin g/l 125 127 124 108 161 159 130-175
Platelet count, x10%/1 138 132 169 186 215 235 125-350
Prothrombin time, sec 14.7 12.9 14.2 12.7 12.7 13 94-12.5
Activated partial 82 107 84 111 113 102 80-130
thromboplastin time, %
D-dimer, ug/ml 542 1.53 0.92 0.72 0.22 0.27 <0.5
Total protein, g/l 57 52.8 - 63.5 60.2 - 64-83
White albumin, g/l 25.6 30.1 34 40.6 38.3 - 35-52
Total bilirubin, umol/l 12 7.8 - 14.6 7.8 - <26
Alanine transaminase, U/l 9 30 14 45 39 97 <41
Aspartate transaminase, U/l 20 26 21 25 24 42 <40
Urea, mmol/l 10.3 4.5 6.1 59 34 49 3.1-8
Creatinine, umol/l 80 73 55 58 70 75 59-104
Sodium, mmol/1 137.7 140.1 1353 1374 140.1 1394 136-145
Potassium, mmol/l 3.92 4.56 4.33 4.02 441 446 3.5-5.1
Calcium, mmol/l 1.86 2.14 2 223 223 2.29 2.15-2.5
Procalcitonin, ng/ml 0.1 0.05 20.3 2 0.06 0.06 <0.5
N-terminal pro-B-type 413 109 890 - 607 <10 <893
natriuretic peptide, pg/ml
Arterial blood gas
Ph 7421 7.62 7.359 7422 7.335 7.435 7.35-745
Pressure of oxygen, mmHg 67 283 60 90 59 157 80-105
Carbon dioxide, mmHg 35.7 22.6 335 448 50.8 30.7 35-45
Arterial oxygen saturations, % 93 100 90 97 93 100 95-98

inflammatory factors in the alveolar edema stage would be the
‘time window’ for ARDS treatment.

Glucocorticoids are widely used in the treatment of
chemical pneumonitis because of their inhibitory effects on
inflammatory responses (12,24). However, the use and dosage
of glucocorticoids remain controversial. In the treatment
guidelines for ARDS, glucocorticoids are not routinely recom-
mended. To the best of our knowledge, only a few studies
reported their ability to improve pulmonary compliance over
a short-term course (25,26). Long-term use or an overdose of
glucocorticoids can lead to airway necrosis and secondary
MDR infections. The dose of glucocorticoids prescribed for
ARDS induced by strong acid inhalation has become more

conservative (27), aiming to balance therapeutic effects and
the occurrence of complications. Clinicians are trying to use
novel drugs to treat chemical pneumonitis, such as pirfeni-
done and acetylcysteine, and some studies reported positive
therapeutic effects (28,29).

Sivelestat sodium is a competitive inhibitor of neutrophil
elastase and was proven to be effective in treating acute lung
injury. Sivelestat sodium can reduce the serum levels of inflam-
matory factors such as neutrophil elastase, IL-8, NO, and NO,.
A study involving 110 patients with acute lung injury reported
that sivelestat sodium markedly reduced mortality (30) in
critically ill patients (31). Notably, sivelestat sodium inhibits
neutrophil migration and the release of inflammatory factors,
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Figure 2. Chest CT of Case 2. (A) CT scan performed on arrival to the Emergency Department ~3 h after drowning, revealing both lung interstitial opacities
with air trapping. (B) CT scan performed on the seventh day after treatment showed a few fibers cable shadows and pulmonary nodules. The arrows represent

exudative changes in the lungs.
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Figure 3. Chest CT of Case 3. (A) CT scan performed on arrival to the Emergency Department ~1 h after aspiration showed bilateral diffuse exudative shadows
and right upper lobe consolidation. (B) CT scan performed on the fifth day after treatment showed resolution of most of the interstitial opacities. The arrows

represent exudative changes in the lungs.

but does not affect other pathophysiological mechanisms
of ARDS, such as chymotrypsin or plasminase (32). In the
study, we hypothesise that sivelestat sodium is not appli-
cable in patients with moderate or severe ARDS for whom
a protective ventilation strategy is more effective. Therefore,
we speculated that sivelestat sodium would be suitable for
treating mild ARDS induced by chemical pneumonitis in its
early stages (24-36 h). In the present study, all patients were
treated with 4.8 mg/kg/day intravenous sivelestat sodium and
experienced an effective relief of symptoms within the 7-day
treatment period.

The current study had some limitations. Nasal high-flow
oxygen, methylprednisolone and antibiotics were adminis-
tered to all patients, making it difficult to determine which
approach had the greatest impact on recovery. Nonetheless,
in the present study, treatment with sivelestat sodium signifi-
cantly contributed to the recovery of all patients. The shared
characteristics among the patients were early disease onset

(within 24 h), mild ARDS and the absence of underlying
conditions such as COPD. Consequently, oxygen was admin-
istered only for respiratory support and not for therapeutic
purposes. Antibiotics were prescribed solely to Cases 2 and 3
as preventive measures against pulmonary infections resulting
from exposure to unclean water. However, the anti-infective
properties of these antibiotics cannot be compared to those
of sivelestat sodium. In Case 1, methylprednisolone played an
effect similar role in the emergency relief of acute exacerbation
symptoms at a minimal dose. In Case 2, methylprednisolone
was administered owing to breathing difficulties, leading to an
improved clinical outcome. In Case 3, anti-infective therapy
with ceftazidime was administered due to unclean water inha-
lation. This treatment is weaker than silvelestat sodium in the
rehabilitation of patients, which but is only a secondary effect
to its anti-infective role. Nonetheless, the therapeutic applica-
tion of sivelestat sodium provides valuable information for
the clinical treatment of patients with a similar presentation.
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Additionally, clinical studies have shown that hormone use is
controversial (33); therefore, silverestat sodium may be an effec-
tive combination or complementary therapy. The present authors
expect that the successful strategies reported in the present study
will stimulate further research to improve the understanding of
the mechanisms underlying this treatment approach, thereby
enabling patients with similar presentations to benefit from it.
Currently, few complications associated with sivelestat sodium
have been reported. The drug indications only mention allergic
reactions. The present study did not observe any abnormal liver
function. The present cases indicated that sivelestat sodium is an
effective supplement for treating chemical pneumonitis. However,
the efficacy of sivelestat sodium in the treatment of ARDS with
multiple organ dysfunction or chronic respiratory diseases remains
unclear; therefore, future large-scale clinical studies are needed.
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