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Abstract
Rationale: Intentional or unintentional exposure to asphyxiating gases is a significant public health concern worldwide. A@
poisoning is fatal, and its onset is primarily due to neurological damage.

Patient concerns: A 22-year-old man was admitted to the hospital for argon gas poisoning. While working in a plant containing
argon gas, he suddenly lost consciousness, recovered consciousness slightly after on-site treatment, answered questions, and
had impaired memory, sensory dullness, normal cognition, and symptoms of dizziness and headache.

Diagnosis: Asphyxiating gas poisoning (argon gas poisoning), metabolic encephalopathy, and hepatic insufficiency.

Interventions: Immediately after admission, the patient was treated with nasal cannula oxygen 3 L/min and hyperbaric oxygen
therapy once a day. Mecobalamin tablets 500 pg were given orally 3 times a day. Oral Ginkgo biloba extract tablets 40 mg 3 times
a day.

Outcome: The patient was discharged after treatment with hyperbaric oxygen therapy and nerve-nourishing drugs, with no
discomfort, clear consciousness, and good memory, and was followed up by telephone for 2 consecutive months, and the patient
is now in good condition with no discomfort.

Lesson: This case describes the pathogenesis, neurological damage, and rescue process of argon gas poisoning. Argon
poisoning was found to damage bilateral cerebellar hemispheres and bilateral hippocampal regions, affecting the patient’s
consciousness and memory, and was found to cause abnormal liver function and heart rate disorders.

Abbreviations: CT = computed tomography, ECG = electrocardiogram, EEG = electroencephalography, MRI = magnetic

resonance imaging.
Keywords: argon gas, asphyxiating gas, poisoning

1. Introduction

Asphyxiating gas is a non-toxic or low-toxic gas that reduces
the normal concentration of oxygen in the air. People in high
concentrations of asphyxiating gases or breathing a large
amount of asphyxiating gases, which makes the body inhale
insufficient oxygen concentration, can lead to death by asphyx-
iation. Since most asphyxiating gases are inert and odorless,
high concentrations of asphyxiating gases are difficult to
notice. Common asphyxiating gases include methane, nitrogen,
argon, helium, butane, and propane. These gases, along with
trace gases such as carbon dioxide and ozone, make up the
Earth’s atmosphere.!"!

Argon is a rare gas, usually considered an inert gas, colorless
and odorless, commonly used in industry for purifying steel,
filling light bulbs, and welding stainless steel, manganese, alu-
minum, and other special metals.?! Normal air contains 0.93%,
non-toxic at atmospheric pressure when the concentration of
argon in the air reaches 33% or more, can cause asphyxiation.?!
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The authors report a case of acute argon poisoning caused by
working in an environment containing argon gas.

2. Case presentation

A 22-year-old male patient, 175 cm in height and 60 kg in
weight, suddenly lost consciousness at 04:50 am 3 days ago
while working at the bottom of the furnace chamber in the
production plant containing argon gas, and was picked up
by a worker and taken away from the bottom of the furnace
chamber, then given positive pressure respirator oxygen, at
05:20 am the patient regained consciousness slightly and
began to speak, but did not answer questions, called 120 and
sent to the local hospital. The patient showed dizziness, head-
ache, weakness, and irritability during the transport, and was
referred to the local county hospital. The patient was then
transferred to our emergency resuscitation room. The patient
was asked about what happened 2 days ago and had impaired
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memory, sensory retardation, normal cognition, and still had
symptoms of dizziness and headache during the period, tem-
perature is 36.6°C, a sinus rhythm of 77 bpm, and blood pres-
sure of 122/69 mm Hg. Respiration is 20 times/minute. There
was no specific abnormality in the whole-body examination.
There was no special abnormality in the past and family
history.

2.1. Investigations

On August 20, the local county hospital examination: electro-
cardiogram (ECG), as well as cranial computed tomography
(CT), did not show abnormalities, cranial magnetic resonance
imaging (MRI) suggests: bilateral cerebellar hemispheres diffuse
slightly high signal, piezoelectric water high signal.

Our emergency resuscitation room examined: complete blood
count, arterial blood gas analysis (pH 7.42, PO, 88.7 mm Hg,
PCO, 43 mm Hg, HCO,~ 27.6 mmol/L, Sa0O, 97.7%), coagula-
tion function, and renal function tests were normal. Potassium
ion 3.36 mmol/L (standard range 3.5-5.1 mmol/L) and sodium
ion 135.35 (standard range 137-145 mmol/L) suggest electro-
lyte disturbance with mild hypokalemia and mild hyponatremia.

Medicine

Serum aspartate aminotransferase 81.73 U/L (standard range
17-59 U/L) and serum alanine aminotransferase 134.59 U/L
(standard range 21-72 U/L), suggesting hepatic insufficiency.

On August 22, after being transferred to the ward, the exam-
ination: complete blood count, arterial blood gas analysis (pH
7.39, PO, 149 mm Hg, PCO, 41 mm Hg, HCO,~ 24.8 mmol/L,
Sa0, 98.4%), electrolyte examination, liver function examina-
tion, and renal function examination all returned to normal.
Chest CT examination and cardiac ultrasound examination
were normal. Routine 12-lead ECG suggested sinus bradycardia
with arrhythmia (Fig. 3), and a 12-lead synchronous dynamic
ECG suggested sinus bradycardia (fastest heart rate: 120 bpm,
slowest heart rate: 39 bpm, mean heart rate: 53 bpm). Cranial
MRI suggested: symmetrical signal abnormalities in bilat-
eral cerebellar hemispheres and bilateral hippocampal regions
(Fig. 1). Video electroencephalography (EEG) suggested: that no
abnormal waveforms were seen.

On August 29, the cranial MRI review suggested that the
symmetrical abnormal signal in the bilateral hippocampal
region was better than before, and the abnormal signal in the
bilateral cerebellar hemispheres was not clearly shown this time
(Fig. 2). The ECG suggested: sinus rhythm.
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Figure 1. Patches of slightly long T2 signal with asymmetrical distribution in the bilateral cerebellar hemispheres and bilateral hippocampal regions were seen,
with slightly high signal in the pressure water and diffusion-weighted imaging (DWI) sequences.
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Figure 2. (August 29, 2021): After treatment and re-examination, asymmetrical distribution of patchy slightly longer T2 signal was seen in the hippocampal
region bilaterally with better than before, slightly higher signal in the pressurized water and Diffusion-Weighted Imaging (DWI) sequence.

2.2. Differential diagnosis

There are many causes of loss of consciousness, such as acute
cerebrovascular disease, encephalitis, meningitis, diabetic keto-
acidosis, hyperosmolar diabetic coma, asphyxiating gas poison-
ing, and loss of consciousness due to systemic diseases.

¢ The patient was a young male with no symptoms of hemi-
paresis, no trauma, no previous history of Transient Ischemic
Attack, hypertension, or cardiovascular disease, and no sig-
nificant abnormalities on cranial CT, which could exclude
acute cerebrovascular disease.

» There is no recent history of infection, no fever, no vom-
iting, no signs of meningeal irritation, no brain parenchymal
damage, no abnormal video EEG, and no abnormal CT, so
encephalitis and meningitis can be excluded.

* Patients with no history of diabetes or abnormal blood or
urine glucose or blood pH and negative urine ketone bodies
can be excluded from diabetic ketoacidosis and hyperosmo-
lar diabetic coma.

* Other toxicities, coma caused by systemic diseases were
excluded by medical history, relevant clinical manifestations,
and auxiliary examinations.

2.3. Treatment

Immediately after admission, the patient was treated with
nasal cannula oxygen 3 L/min and hyperbaric oxygen ther-
apy once a day. Mecobalamin tablets 500 pg were given
orally 3 times a day. Oral Ginkgo biloba extract tablets
40 mg 3 times a day.

2.4. Outcome and follow-up

The diagnosis was: asphyxiating gas poisoning (argon gas poi-
soning), metabolic encephalopathy, and hepatic insufficiency.
The patient was discharged on August 31 after treatment with
hyperbaric oxygen therapy and nerve-nourishing drugs, with
no discomfort, clear consciousness, and good memory, and was
followed up by telephone for 2 consecutive months, and the
patient is now in good condition with no discomfort.

3. Discussion

Argon is a rare inert gas, colorless, odorless, non-toxic in
daily atmospheric pressure, nitrogen in the air is 78.09%,



Liand Yang e Medicine (2022) 101:36

Medicine

Figure 3. (August 22, 2021): Conventional 12-lead Electrocardiogram (ECG): sinus bradycardia with arrhythmias.

oxygen 20.94%, argon contains 0.93%, when the concentra-
tion of argon in the air reaches 33% or more, resulting in
the reduction of the partial pressure of oxygen in the air, can
cause hypoxic asphyxiation of normal people.”?! The degree of
asphyxiating gas poisoning is affected by the following fac-
tors: the greater the concentration of argon, the longer the
exposure time, the heavier the poisoning will be; when accom-
panied by other toxic gases will enhance the toxicity, such
as carbon monoxide, sulfur dioxide, and other toxic gases;
in the high temperature and high humidity environment, the
existence of anemia, cardiac and cerebral ischemia or insuf-
ficient blood supply, fever, and various causes of hypoxemia,
will aggravate the condition.

Asphyxiating gas can cause cellular hypoxia, leading to inter-
ruption of cellular electron transfer and oxidative respiratory
chain, disruption of adenosine triphosphate supply, weakening
of adenosine triphosphate-dependent nano-pump activity, the
inability of Na* to actively transport outside the cell, leaving
the cell in a hyperosmotic state, leading to the entry of water
molecules, excessive intracellular water nano-storage, and
cellular edema; it can also lead to disruption of intracellu-
lar calcium environment, due to impairment of Na* and Ca?*
exchange Calcium overload can cause intracellular Ca** over-
load, which activates intracellular phosphodiesterase A,, lead-
ing to the decomposition of cell membrane phospholipids and
the production of large amounts of arachidonic acid, which is
then converted into thromboxane, leukotrienes, prostaglandins,
and other substances, causing inflammatory reactions, micro-
vascular spasm, micro thrombosis, aggravating ischemia and
hypoxia, forming a vicious circle.**! Cellular hypoxia also gen-
erates a large number of free radicals, which damage the cell
membrane structure. As hypoxia leads to the production of oxy-
gen free radicals and induces lipid peroxidation, it can lead to
impaired liver function and transient elevation of liver enzymes
in patients with mild argon poisoning, and multiple organ insuf-
ficiency or failure in severe cases.”! Asphyxiating gas interferes
with the supply, uptake, transport, and utilization of oxygen by
cells, making oxygen unable to combine with hemoglobin to
form oxygen and hemoglobin for gas exchange in tissues and

organs throughout the body, resulting in impairment of the abil-
ity of blood to transport oxygen or the ability of tissues to uti-
lize oxygen.!®!

In this case report, the patients all experienced loss of conscious-
ness in a higher concentration of argon working environment and
woke up with confusion, general malaise, irritability, headache,
and memory impairment. Mild argon poisoning manifests as
headache, dizziness, nausea and vomiting, and general weakness;
moderate manifests as severe headache, nausea, vomiting, and
unstable movements and gait. Severe manifestations are hypoxic
asphyxia: loss of consciousness, convulsions, coma, incontinence,
and even death. Argon, as an inert gas, can cause reduced diffu-
sion of alveolar-capillary membranes, resulting in impaired gas
exchange between alveoli and pulmonary capillaries, leading to
severe hypoxia.’! The patient suffers from hypoxic asphyxia in
the hypoxic state, and the brain cells are extremely sensitive to
ischemia and hypoxia, which causes the accumulation of acidic
metabolites and enhances cerebrovascular permeability, resulting
in interstitial edema of brain cells, and the accumulation of nasal
water in the cells due to the weakened activity of the nano-pump,
the disturbance of the intracellular calcium ion environment and
the massive production of oxygen radicals caused by brain cell
hypoxia, which induces intracellular edema; hypoxia causes the
swelling of vascular endothelial cells and The cerebrovascular cir-
culation is impaired by hypoxia, resulting in cerebral infarction,
and delayed encephalopathy can occur in a few patients. Argon
gas poisoning causes hypoxia in the body and affects the function
of brain cells, causing abnormal brain discharge.!"” However, the
heartbeat rate was changed and sinus bradycardia appeared, but
the patient showed no clinical symptoms, and after treatment, the
above symptoms were completely recovered.!'!]

For argon gas poisoning patients with loss of consciousness,
the environmental safety of the rescue site should be fully eval-
uated before rescue, and rescuers should wear positive pressure
air respirators before entering the scene for rescue. Under the
condition of ensuring their safety, patients should be quickly
removed from the scene of discovery to prevent further aggra-
vation of the disease, placed in an open place with better air
circulation, and patients with loss of consciousness should keep
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their airways open, and if conditions exist for giving If condi-
tions exist for oxygen therapy, 100% oxygen inhalation should
be given immediately to accelerate the discharge of argon gas
from the body. As in the above case, the patient’s colleague was
given oxygen therapy via a respirator. In case of respiratory and
cardiac arrest, effective cardiopulmonary resuscitation is per-
formed immediately to improve the hypoxic state and reduce
the duration of cerebral hypoxia in a short time. In case of
impaired ventilation, a tracheotomy was performed on-site to
ensure effective ventilation and oxygenation. Patients were fur-
ther transported to the hospital for hyperbaric oxygen therapy,
cerebral protection therapy (pro-brain metabolism and brain cell
energizers, free radical scavengers, neurotrophic drugs, antiox-
idant Erythropoietin, mitochondrial protector Idebenone), glu-
cocorticoid therapy, symptomatic treatment, and rehabilitation.

3.1. Learning points/take home messages

> Argon poisoning causes abnormal changes in the sym-
metry of the bilateral cerebellar hemispheres and bilateral
hippocampal regions of the brain, resulting in altered con-
sciousness, dizziness, and impaired memory.

> As hypoxia leads to the production of oxygen free radicals
and induces lipid peroxidation, it can lead to impaired liver
function and transient elevation of liver enzymes in patients
with mild argon poisoning, and multiple organ insufficiency
or failure in severe cases.

= Argon poisoning can cause changes in the heartbeat
rhythm rate and can cause sinus bradycardia.

> The EEG often shows severe abnormalities after 1 week,
and the EEG performance improves with treatment.

> In terms of treatment early active symptomatic treatment,
such as nasal catheter oxygen therapy, high flow and high
concentration of oxygen, mechanical ventilation, and hyper-
baric oxygen, to correct tissue hypoxia, correct acidosis,
scavenge oxygen free radicals, and prevent complications.
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