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Case Report

Acute respiratory distress syndrome due to inhalation of
acryloyl chloride
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Background: Acryloyl chloride is a highly toxic volatile liquid that can cause pulmonary edema. However, no sufficient treatment
reports have been published to date. Here, we report a case of acute respiratory distress syndrome (ARDS) caused by acryloy! chlo-
ride inhalation.

Case presentation: The patient was a 36-year-old man with accidental exposure to acryloyl chloride. The patient had dyspnea and
wet cough, with approximately 88% percutaneous oxygen saturation at room air. He was diagnosed with ARDS and admitted to the
intensive care unit. Initially, he was treated with a high-flow nasal cannula and sivelestat sodium. However, due to the possibility of
delayed exacerbation, the patient was switched to methylprednisolone. Oxygenation gradually improved, and the patient was dis-
charged on the day 8 of hospitalization.

Conclusion: We report the case of a patient who developed ARDS with delayed exacerbation after the inhalation of acryloyl chlo-

ride, which was treated without endotracheal intubation.
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INTRODUCTION

CRYLOYL CHLORIDE IS a pale-yellow, highly toxic

volatile liquid acrylating agent with a molecular for-
mula of C3H3CLO, used in the synthesis of biomaterials. !
It can cause irritation to the eyes and other mucosal surfaces,
pneumonia, pulmonary edema, and even death. However, to
the best of our knowledge, only one published report
describes patients exposed to this substance.! Hence, there is
no established treatment protocol for this condition. We
report the case of a patient with acute respiratory distress
syndrome (ARDS) caused by the inhalation of volatilized
acryloyl chloride treated with steroid and high-flow nasal
cannula (HFNC).
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CASE REPORT

HE PATIENT WAS a 36-year-old male researcher who

was working with a fume hood using acryloyl chloride.
While attempting to move the bottle of acryloyl chloride into
storage, he fell in a corridor approximately 2 m wide with
poor ventilation and accidentally broke the bottle. While try-
ing to clean it, he was exposed to volatile acryloyl chloride
for approximately 10 min. The patient visited a nearby med-
ical clinic with a complaint of discomfort in the throat, respi-
ratory distress, and wet cough approximately 20 h following
the exposure. His percutaneous oxygen saturation (SpO;)
was approximately 88% on room air, and he was referred to
our center. At the time of transportation, the patient was con-
scious (Glasgow Coma Scale E4, V5, M6) with stable vital
signs (blood pressure, 148/96truemmHg; pulse, 90 b.p.m.,
respiration, 26 breaths/min). His SpO, was 98% (3 L/min
O, by nasal cannula), and respiratory distress was relieved.
His body temperature was 38.5°C. The patient’s arterial
blood gas values revealed a pH of 7.423. The partial pres-
sure of oxygen (PaO,) and carbon dioxide (PaCO,) were
85.8 and 38.5truemm Hg, respectively. The ratio of PaO, to

1of5

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License,
which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and

no modifications or adaptations are made.


https://orcid.org/0000-0001-7038-8897
https://orcid.org/0000-0001-7038-8897
https://orcid.org/0000-0001-7038-8897
mailto:

2of 5 T. Shima et al

Acute Medicine & Surgery 2022;9:¢724

the fraction of inspired oxygen (F;O,) (P/F ratio) was
approximately 268. Chest radiography revealed diffuse
ground-glass opacities and consolidation without consistent
cardiomegaly (Fig. 1A). Chest computed tomography
revealed diffuse bilateral ground-glass opacification with
areas of consolidation (Fig. 2A). Laboratory data showed
mild elevations in white blood cells and C-reactive protein
(11,300/uL and 1.21 mg/dL, respectively), with no other
significant abnormal findings. He was diagnosed with
ARDS due to chemical inhalation and was admitted to the
intensive care unit. Positive end-expiratory pressure was not
used, but he was considered to correspond to the Berlin cri-
teria for mild ARDS.? The patient’s clinical course is shown
in Figure 3. After admission, HFNC (F;0;, 30%, 50 L/min)
and treatment with sivelestat sodium (300 mg/day) was

started. The P/F ratio showed no exacerbation 16 h after
admission (approximately 40 h after exposure), but the chest
radiographic findings showed a worsening trend (Fig. 1B).
Therefore, we considered the possibility of a delayed exacer-
bation. Intravenous methylprednisolone (40 mg/day) was
started instead of sivelestat sodium. On day 3 of hospitaliza-
tion, orthopnea appeared, with the chest radiography find-
ings showing bilateral pleural effusions and worsening of
infiltrative shadows in both lower lung fields (Fig. 1C).
Therefore, the dose of methylprednisolone and F,O, of
HFNC were increased. Subsequently, oxygenation gradually
improved, and on day 5 of hospitalization, the F;O, of
HFNC and methylprednisolone was reduced. On day 7 of
hospitalization, HFNC was changed to a nasal cannula, and
the oxygen dosage was tapered while maintaining SpO, at

Fig. 1. Chest radiography findings in a 36-year-old man with acute respiratory distress syndrome due to inhalation of acryloyl chlo-
ride. A, At the time of transportation, diffuse ground-glass opacities and consolidation without consistent cardiomegaly. B, Diffuse
ground-glass opacities and consolidation showed a worsening trend (16 h after admission). C, Bilateral pleural effusions and worsen-
ing of infiltrative shadows in both lower lung fields (day 3 of hospitalization). D, Diffuse ground-glass opacities and consolidation

tended to improve (day 8 of hospitalization).
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Fig. 2. Chest computed tomography findings in a 36-year-old man with acute respiratory distress syndrome due to inhalation of acry-
loyl chloride. A, At the time of transport, diffuse bilateral ground-glass opacification with multiple areas of consolidation. B, Diffuse
ground-glass opacification in the bilateral lower lung fields present showed an improving trend (day 8 of hospitalization).
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Fig. 3. Clinical course from admission of a 36-year-old man with acute respiratory distress syndrome due to inhalation of acryloyl
chloride. BT, body temperature; CRP, C-reactive protein; F\0,, fraction of inspired oxygen; HFNC, high-flow nasal cannula; mPSL,
methylprednisolone; PaO,, partial pressure of oxygen; Sivelestat, sivelestat sodium; Time, time from hospitalization; WBC, white
blood cell.
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98% or higher, with no subjective symptoms being
observed. On day 8 of hospitalization, room-air SpO, was
above 98%, and the diffuse ground-glass opacities and con-
solidation on chest radiography improved (Fig. 1D). Chest
computed tomography showed diffuse ground-glass opacifi-
cation in the bilateral lower lung fields but showed an
improving trend (Fig. 2B). Therefore, the patient was dis-
charged on the same day. One week after discharge, chest
radiography carried out at a nearby medical clinic showed
the disappearance of the abnormal shadows in the lung
fields.

DISCUSSION

XPOSURE TO TOXIC gas or vapor can cause severe

respiratory injury and death, and acute inhalational
exposure can even lead to rapidly progressive ARDS."*?
The treatment methods for ARDS are limited, with high
mortality rates. Hence, drugs useful in improving oxygena-
tion and shortening the duration of ventilator use could be
considered. It is recommended that moderate-dose gluco-
corticoids be considered in the management of early severe
ARDS (P/F ratio <true200). The optimal initial dosing reg-
imen is 1 mg/kg/day methylprednisolone as a continuous
infusion.® However, the role of glucocorticoid treatment in
less severe ARDS (P/F ratio >true200) remains unclear.’®
As the P/F ratio was greater than 200 here, we did not use
steroids initially but started sivelestat sodium therapy to
increase the P/F ratio.” Inhalation of acryloyl chloride
could cause ARDS.! In addition, acryloyl chloride may
react violently with water to produce hydrogen chloride
and phosgene.! These gases are also substances that can
cause ARDS.*'® Hydrogen chloride is a water-soluble
toxic agent. The chemical process (oxidation, reduction, or
pH change) initiates an inflammatory response in the
mucosal membranes. Exposure to high concentrations of
hydrogen chloride gas could lead to the development of
ARDS from direct damage to the respiratory cells at the
alveolar level or indirectly through inflammatory media-
tors.”'® The main symptom of phosgene inhalation is
delayed ARDS (up to 1 day following exposure), which
can be very severe.® The mechanism of phosgene’s toxicity
is the release of hydrochloric acid and reactive oxygen
species and free radicals in the lung epithelial layers.®
Therefore, we discontinued sivelestat sodium, and methyl-
prednisolone was started on the day after admission to pre-
vent delayed exacerbation of ARDS, although our case
was more than 1 day postexposure. On day 3 of hospital-
ization, the P/F ratio and chest radiography findings wors-
ened. Therefore, the steroid dose was increased. In this
case, we used sivelestat therapy because it could improve

the P/F ratio. However, a previous report indicated that the
use of sivelestat therapy for the treatment of ARDS had lit-
tle or no effect on 28-30-day mortality, ventilation days,
or intensive care unit stay.” Hence, we started sivelestat
therapy in the initial treatment, which might not have been
the best treatment strategy. Furthermore, a characteristic
feature of ARDS caused by acryloyl chloride is delayed
worsening of the disease. An exacerbation of ARDS may
require endotracheal intubation and could lead to fatal con-
sequences. In our case, the symptoms were mild following
the initiation of steroids, although the disease showed a
momentary tendency to worsen. Therefore, if the possibil-
ity of delayed worsening of ARDS is suspected, it might
be better to initiate steroid treatment. There is currently no
clear indicator of whether the prophylactic use of steroids
is appropriate or not. However, despite no conclusive
results, it remains clinically and biologically plausible that
corticosteroids could benefit patients with ARDS in the
early phase of their disease process."!

Our case had a fever on initial examination. We consid-
ered that the fever was due to inflammation of the lung
caused by chemical gas inhalation. After admission, the
patient’s body temperature tended to decrease, and no obvi-
ous findings were observed suggesting secondary infection.
Therefore, we continued the treatment without a blood cul-
ture test. During treatment, no antibiotics were used.

According to previous reports, HFNC led to lower mortal-
ity than noninvasive ventilation and face-mask oxygenation
in patients with mild ARDS."? In our case, the treatment
was completed without intubation using HFNC. The optimal
threshold to proceed to intubation and the drawbacks of
delaying invasive support in patients progressing towards
such are not well defined,'* but with proper management in
the intensive care unit, HFNC could be used effectively in
ARDS with the potential for delayed exacerbation.

We were unable to follow up on the long-term prognosis
and sequelae of this patient, such as the evaluation of respi-
ratory function and lung fibrosis. Further research is needed
to evaluate the long-term prognosis and establish treatment
methods.

CONCLUSION

E REPORT THE case of a patient who developed

ARDS after acryloyl chloride inhalation. We pre-
dicted delayed exacerbation and treated it without endotra-
cheal intubation. It was considered that because ARDS
attributed to acryloyl chloride could cause delayed worsen-
ing of the disease, it might be better to initiate steroid ther-
apy from the beginning of the treatment to prevent
exacerbation.
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