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Abstract

Introduction: Most household cleaners contain chlorine, an irritating chemical commonly used to purify water. The inhalation of
chlorine causes chemical pneumonitis and the treatment of inhalation injuries from this chemical is difficult due to the lack of evidence
and human studies. We will discuss a case of a man, who developed chemical pneumonitis after being exposed to chlorine fumes
while cleaning swimming pool.

Case Presentation. A 30-year-old man showed up after being exposed to 33% hydrochloric fumes at work and developed coughing,
sore throat, and dyspnea immediately. He received initial treatment at nearby clinic and referred to the emergency department. In
emergency department, he was in respiratory distress. His respiratory rate was 28 breaths per minute and oxygen saturation was 81%
with a 15 L/min non-rebreathing mask. Lung auscultation showed crepitation in both lower zones with expiratory rhonchi. Noninvasive
ventilation support was initiated with continuous nebulization of salbutamol, ipratropium bromide, and sodium bicarbonate. His initial
blood gases showed type 1 respiratory failure. He was then intubated for severe acute respiratory distress syndrome. The patient was
then admitted to the intensive care unit for further treatment and discharged after 18 days of hospitalization.

Conclusion. Acute exposure to chemical irritants can cause asthma exacerbation, chronic bronchitis, bronchial hypersensitivity, and
ARDS. There are no biomarkers for the inhalation of HCL gas. Medical history, clinical symptoms, and radiographic findings are
decisive factors in the diagnosis. Treatment usually focuses on supportive care such as oxygen therapy, broncholytic therapy, and
sodium bicarbonate, inhaled or systemic corticosteroids.
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INTRODUCTION administered at a local clinic before transported to hospital for
further management.
Hydrochloric acid (HCL), is an aqueous solution of Upon arrival at ED, the patient was tachypnoeic, sweating

hydrogen chloride, frequently utilized for water treatment profusely, in tripod posture, with oxygen saturation of 81% on
[1]. On exposure to air, the gas forms corrosive vapors, which a 15 L/min non-rebreathing mask. Further physical examination
has highly irritating properties. Due to a lack of studies, revealed crepitation in both lower zones with expiratory
evidence-based guidelines and recommendations, neither a rhonchi, which is suggestive of chemical pneumonitis. No
particular antidote nor a tested therapy exists [2]. Therefore, central cyanosis, clubbing, or limb edema observed. He was
treating inhalation  chemical pneumonitis  remains afebrile with blood pressure of 125/71 mmHg, heart rate of 122
challenging. We shared our successful experience in per minute and respiratory rate of 28 per minute. Non-invasive
managing a patient, who was diagnosed with chemical ventilation (NIV) support was initiated promptly with
pneumonitis and complicated by severe ARDS following continuous nebulization of salbutamol, adrenalin, ipratropium
exposure to HCL fumes using the "kitchen sink" approach. bromide, and sodium bicarbonate (NaHCO3). Due to its
bronchodilator and anti-inflammatory qualities, magnesium
CASE REPORT sulphate infusions were given concurrently. His laboratory
A 30-year-old pool cleaner presented at the hospital after investigation and blood gaseous showed type 1 respiratory
inhaling 33% HCL, which is used to disinfect the water in the failure with a P/F ratio of 60 (Table 1).
pool. He claimed that he was not wearing any protective gear, The chest x-ray (CXR) shows homogenous opacities at
and was exposed to the chemical's vapors for approximately bilateral lower zones of the lungs, with a normal
30 minutes in a poorly ventilated room. He started cardiothoracic ratio (Figure 1). The patient was then intubated
experiencing coughing, sore throat, and dyspnea right away. for severe ARDS following a failed NIV and pharmacological
Nebulized salbutamol 5 mg, an intramuscular injection of  therapy. Despite high doses of sedatives (propofol and
adrenaline 0.3 mg, and IV hydrocortisone 200 mg were midazolam), analgesics (fentanyl), and boluses of non-
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depolarizing agent, the patient was started on atracurium
infusion in view of persistent ventilatory dyssynchrony with
a Richmond Agitation Sedation Scale of +1 to +2. A repeated
CXR after intubation (12 hours of post-exposure) reveals
scattered, poorly defined coalescent opacities in both lungs
(Figure 2). The patient was then admitted into the ICU,

ventilated for 14 days, and discharged well after 18 days of
hospitalisation without any oxygen support.

DISCUSSION

Inhalational injury caused by HCL fumes is not
uncommon. Swimming pools continue to be the site where

Table 1. Blood Investigations of the patient in Emergency Department and Blood gaseous throughout admission.

TWC

Hct
Plt

Urea
Sodium
Pottasium
Creatinine

pH
po2
pCo2
HCO3
sO2 (%)
FiO2

FBC

RP

on HFM
(15L/min)

7.34
48.7
38.9
20.6
78.7
1.0

10 x10%/L
13.7 g/dL
42
319 x10%/L

5.5 mmol/L
138 mmol/L
3.5 mmol/L

83 micromol/L

1Hour on NIV

7.26
79.8
42.3
18.7
92.3

1.0

Total Protein
Albumin
Bilirubin

ALT
ALP

Lactate

Blood Glucose

ABG

Post In ICU

Intubation Dayl

7.25 7.32
87.4 794
48.6 42.2
19.7 21.2
95.2 94.8

1.0 0.8

LFT
67 g/dL
39 g/dL
8 micromol/L
22 U/L
88 U/L
1.7 mmol/L
11.6 mmol/L
In ICU Day7 Upon discharge
7.41 7.42
95.8 133
39.8 34.9
25.4 23.6
96.8 98.9

0.5 0.21
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Figure 1. The chest x-ray after 2 hours of exposure

Figure 2. The chest x-ray after 12 hours of exposure to the chemical
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acute chemical incidents involving chlorine and its
derivatives are most frequently reported [3]. Malaysia’s data
on poisoning patterns is scarce and incomplete. A cross-
sectional study from 1999 to 2001 in Malaysia found that
there were 369 admissions (1.7%) and 3 fatalities caused by
gaseous, toxic fumes and vapors [4].

The primary uses of HCL and its derivatives are as
disinfectants, laboratory reagents, and in the manufacturing
of metals, rubber, food, and pharmaceuticals [5,6]. It is a
non-flammable corrosive gas that emits pungent odors into
the air. For acute, high-level exposures, its odor and highly
irritating characteristics typically serve as an effective
warning. However, at permitted exposure limit of 5 mg/L,
only 50% of exposed individuals can detect the smell. As the
vapor is heavier than air, it can asphyxiate people in small,
poorly ventilated space that are low to the ground.

The severity of the poisoning is determined by the amount
of exposure, concentration, and duration of the exposure. To
date, there are neither specific clinical findings nor specific
investigations to identify HCL inhalation victims or estimate
the inhaled dose of the toxic fumes. In a study on the victims
of HCL inhalation following a South Carolina train
derailment accident in 2005, they found that the presentation
was different: cough (37%), wheeze (84%), low PaO2/FiO2
ratio (58%), and abnormal chest radiograph (57%) with 75%
showing abnormalities within the first day after exposure.
These findings are not specific and could be found after the
inhalation of any types of chemical irritants (White et al
2010) [7]. In this case, the amount of fumes inhaled was
unknown. However, based on the history which included the
type of chemical involved, time and length of exposure,
location of the incident, and the symptoms that appeared
after contact, diagnosis of chemical pneumonitis from
inhalation of HCL acid fumes can be ascertained.

The clinical approach to patients exposed to HCL fumes
is similar to smoke inhalation injury [8,9]. The care is
supportive with a focus on maintaining the airway patency,
optimizing the oxygenation with oxygen therapy and
administration of bronchodilators (beta-agonists and anti-
cholinergic drugs). However, a few small studies showed
that corticosteroids might be helpful in treating acute
exposure to HCL fumes. In an animal study by Gunnarson et
al. (2000), it was discovered that immediate treatment with
aerosolised beclomethasone-dipropionate after HCL gas
injury enhanced the lungs compliance and oxygen delivery
(p 0.01) in comparison to the control group that received no
steroid treatment [9]. Another study by Wang et al. came to
the conclusion that early treatment with either systemic or
inhaled corticosteroids significantly improved
cardiovascular and pulmonary function. They also found that
the combination of aerosolised terbutaline and budesonide
improved the oxygen partial pressure in the blood (PaO2)
and lung compliance compared to therapy with either drug
alone. Nevertheless, the mortality rate was the same for both
groups [10, 11].

Several published case reports have shown the safety and
effectiveness of nebulized sodium bicarbonate (NSB) when
given for HCL fumes inhalation, despite the lack of
controlled clinical trials. Theoretically, it can neutralize HCL
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cum decreasing the severity of lung injury [12]. In a two-year
retrospective review by Bosse et al (1994) that involved 86
patients exposed to the HCL fumes, NSB (3 mL of 8.4%
NaHCO3 with 2 mL of normal saline to prepare 5 mL of a
5% NaHCO3 solution) was given to 86 patients after
exposure to the chlorine fumes. All patients improved and
had a mean hospital stay of 1.4 days (ranging from 1 to 3
days) [13]. Aslan et al. (2006) further conducted a
prospective randomized trial to evaluate the efficacy of NSB
in the treatment and quality of life (QoL) of HCL fumes
exposure patients [14]. All subjects, who developed
wheezing after exposure to HCL gas received neb
salbutamol, prednisolone, and either 4 mL of 4.2% NaHCO3
solution or a placebo (normal saline). None of the
participants had a past history of pulmonary illness. The QoL
questionnaire scores considerably increased (p.001) and the
FEV1 values at 120 and 240 min were significantly higher in
the NSB group (p 0.05). In our case, systemic steroid therapy,
continuous broncholytics therapy, and NSB did result in
some improvement in the patient. Nevertheless, the role of
NSB in this context has several limitations and decision to
use it should be based on a thorough assessment of the
patient's clinical condition, the severity of the injury, and the
availability of other essential treatments. There is no
universally accepted dosing regimen for NSB. Hence, certain
physician might not be familiar with the dosing. In our case,
we gave 5 mL of 4.2% NSB by mixing 8.4% NaHCO3 with
water for injection at a 1:1 ratio every 6 hours.

Inhalation injuries commonly produce copious secretions,
hemorrhage, and mucosal slough, which impairs gas
exchange and necessitates aggressive pulmonary toileting.
N-acetylcysteine (NAC) has a mucolytic and antioxidant
properties that can destabilise the mucus, while heparin
attenuates pulmonary coagulopathy and reduce pulmonary
inflammation in critically ill patients [15,16]. In a few animal
experiments and human trials, both have been demonstrated
to be a successful treatment for inhalation injuries (greater
lung compliance, shorter ventilator-free days, early
extubation, reduced morbidity and mortality rate) [17,18,19].
Given these, it might be beneficial to administer aerosolized
NAC 20% in 3 mL together with aerosolized heparin 5,000
10,000 units in 3 mL of normal saline every 4-6 hours as a
result [20,21]. Fortunately, our patient did produce copious
secretions necessitating their use throughout the ED stay

One of the complications of toxic fume inhalation is
ARDS - an acute and diffuse inflammatory lung injury that
leads to increased pulmonary vascular permeability, loss of
lung aeration, increased physiological dead space, and
decreased pulmonary compliance [22,23]. According to the
New Berlin criteria for diagnosing ARDS, the symptoms of
respiratory distress must appear within a week of the clinical
insult, which is demonstrated by the appearance of scattered
opacities in both lungs on a CXR without a sign of heart
failure or volume overload. It is further classified based on
the value of the PaO2/FiO2 ratio at a minimum positive end-
expiratory pressure (PEEP) of 5 cmH20 [24,25]. In settings
with limited resources (no PEEP value nor PaO2 level), the
Kigali Modification of the Berlin Criteria can be used to
characterise ARDS; a hypoxic cut-off value of SpO2/Fi02
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less than or equal to 315, and positive findings of bilateral
capacities either using lung ultrasonography or CXR [26].
Recent studies have shown that NIV, CPAP, and HFNC that
are frequently used in patients with mild ARDS could
successfully  improve  oxygenation. However, the
applicability of these oxygen delivery therapies in chemical
induced ARDS, has not been proven with a very limited
literature available yet to support its use [25,27]. A
retrospective observational study revealed that patients, who
fail NIV have outcomes similar to those who are intubated
early, while those who successfully avoid intubation with
NIV have a better prognosis. The FLORALI trials revealed
that intubation rates were the same for both NIV and high-
flow oxygen therapy for acute hypoxic respiratory failure, but
high-flow was better in terms of mortality at 90 days. With
regard to our case, despite the patient's early use of CPAP, the
one-hour HACOR score remained high, indicating a higher
propensity for NIV failure. The patient was then intubated for
hypoxic respiratory failure and ventilated using the lung-
protective strategies for the next 48 hours. A continuous
infusion of neuromuscular blocking (NMB) drug was started,
as it is associated with a lower risk of barotrauma and
improved oxygenation after 48 hours with no worsening of
ICU-acquired weakness, and was beneficial in a subset of
patients who required more sedation, according to a meta-
analysis of five major randomized controlled trials. However,
regular use of continuous NMB in an unselected population
of ARDS patients is not recommended [27,28]. This is
corroborated by the ACURASYS trial, which found that the
early administration of a NMB agent to ARDS patients
receiving lung protective ventilation increased ventilator-free
days and decreased 90-day mortality. In addition, the use of
diuretics and personalized fluid therapy has been proven to
reduce the need for mechanical ventilation in ARDS patients.

Through the course of the hospital stay, our patient made
good improvement without contracting a nosocomial
infection. The earlier initiated empirical antibiotic and
systemic steroid therapy was stopped on day 7 of admission.
Although our patient was extubated, he occasionally still
required bronchodilators, which is warranted for treatment of
reactive airway dysfunction syndrome (RADS); a type of
asthma, which affects patients, who have significant
exposures to irritants or chemicals (absence of history of
underlying respiratory diseases, onset of symptoms within 24
hours of exposure, positive test for bronchial hyper-reactivity,
and airflow obstruction) [29,30].

CONCLUSION

Based on this study, it can be concluded that the inhalation
of corrosive HCL toxic fume can cause chemical pneumonitis
leading to severe ARDS. To date, there are no biomarkers to
suggest HCL fume exposure. The history of presentation and
clinical symptoms, as well as radiographic findings, are
critical in making a diagnosis. Treatment remains supportive
using oxygen therapy, broncholytic therapy, and sodium
bicarbonate, inhaled or systemic corticosteroids.
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