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Abstract

An otherwise healthy 16-year-old male presented to the pediatric emergency depart-

ment 12 hours after accidental inhalation of 4-nitrophenyl chloroformate in a chem-

istry lab. His only pertinent findingswere a complaint of chest tightness and decreased

breath sounds on a pulmonary exam. He was found on chest radiograph to have

a large right-sided pneumothorax with slight mediastinal shift and mild interstitial

prominence. A chest tube was placed, and he recovered well. This case demonstrates

pneumothorax as a possible complication of inhalation of caustic chemical substances

and emphasizes the importance of thorough history-taking and clinical examination.

1 INTRODUCTION

Inhalation of chemicals within a laboratory setting represents a risk

for acute pulmonary complications. Here we report upon the case of

an adolescent patient who developed pneumothorax after accidental

inhalation of 4-nitrophenyl chloroformate.

2 CASE PRESENTATION

A 16-year-old male with no significant past medical/surgical history

presented to the pediatric emergency department (PED) with chest

tightness 12 hours after accidentally dropping a jar containing 20–

25mgof 4-nitrophenyl choroformate onto the groundwhileworking in

a summer program at a university chemistry lab. As he leaned over to

clean up the spillage on the ground he inhaled some of the substance,
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while wearing eye protection and a surgical mask. Within minutes of

the inhalation, he began to note chest tightness that worsened when

he laid flat. The symptoms improved somewhatwhenupright andbend-

ing forward. After the event he went home and noticed the symptoms

had somewhat improved, so he went to bed without further evalua-

tion. In the morning when he awoke, he reported continued mild chest

irritation to his chemistry professor, who brought him to the PED as

the material safety data sheet1 for the substance mentioned potential

respiratory irritation.

At the time of presentation, the patient denied shortness of breath,

cough, difficulty swallowing/speaking, itching, rash, eye pain, tearing,

abdominal pain, nausea, vomiting, or any other symptom. He was not

a smoker or user of vaping products. He had no known underlying pul-

monary or cardiac disease. His physical examwas unremarkable except

for mildly decreased breath sounds bilaterally. There was no repro-

ducible chest wall pain. His vitals were normal including respiratory

rate and pulse oximetry.
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F IGURE 1 Portable chest radiograph demonstrating a right-sided
tension pneumothorax, withmild mediastinal shift.

Chest radiograph demonstrated a large right-sided pneumothorax

with a slight mediastinal shift as well as mild interstitial prominence

(Figure 1). A pigtail chest tube was inserted with the resolution of

the pneumothorax. The patient did well and was discharged 24 hours

later.

3 DISCUSSION

This case introduces the consideration of pneumothorax after inhala-

tion of 4-nitrophenyl chlonoformate. Currently, the material data

safety sheet states “Inhalation of dusts, generated by the material,

during the course of normal handling, may produce toxic effects.”

Although these toxic effects are not defined and do not include pneu-

mothorax. Other irritant gasses2–5 inhaled illicit substances6–10 and

inhaled medications11 have all been previously implicated as causes of

pneumothorax in the literature. For example, at high concentrations,

partially water-soluble chlorine gas has shown to cause respiratory

distress when inhaled, because of the development of bronchospasm

and pulmonary edema.12 Case reports have also demonstrated the

development of respiratory symptoms such as wheezing and pleuritic

chest tightness because of the inhalation of aerosolized chlorine diox-

ide found in cleaning agents.13 Inhaled ammonia is another known

respiratory irritant, capable of causing both upper and lower airway

irritation via liquefactive necrosis. Interestingly, a prior case report

involving an otherwise healthy 22-year-old male with accidental occu-

pational exposure to aerosolized ammonia demonstrated a correlation

between the respiratory toxicity of this agent and the development of

pneumothorax in that patient.14

One hypothesis for the occurrence of pneumothorax secondary to

the inhalation of 4-nitrophenyl chloroformate is the destabilization of

surfactant caused by this substance. Importantly, there was no nasal,

oral, tracheal, and laryngeal irritation in this case, suggesting that the

chemical toxic metabolite is unlikely to be water soluble.15 There is

no previous literature investigating the effects of 4-nitrophenyl chlo-

roformate on pulmonary surfactant (PS), and no evidence of direct or

indirect destabilization of PS by this substance. It is also possible that

this accidental inhalation led to an acute pneumonitis that caused a

delayed pneumothorax.

4 LIMITATIONS

It is important to acknowledge that we cannot be certain whether

this pneumothorax was secondary to inhalation or if the complica-

tion was purely coincidental. We cannot definitively determine if our

patient had a primary spontaneous pneumothorax, a secondary spon-

taneous pneumothorax, or a traumatic pneumothorax. Additionally, it

is unknown if the specific subtype of pneumothorax that occurred was

directly correlatedwith the inhalation of 4-nitrophenyl chloroformate.

Pneumothorax is defined as air in the pleural cavity, resulting from an

abnormal communication from the air-filled alveoli of the lungs and

this cavity. Spontaneous pneumothoraces occur without the traumatic

introductionof air into the cavity and canbe further defined as primary,

indicating that there is no knownunderlying lung disease, or secondary

spontaneous, in which there is underlying lung pathology. Lung pathol-

ogy, such as chronic obstructive pulmonary disease, can result in air

blebs that spontaneously burst, resulting in this abnormal communi-

cation of air and a resulting secondary spontaneous pneumothorax.

Our patient did not have known underlying lung pathology; thus, a

secondary spontaneous pneumothorax was unlikely.

Thin adolescent males (like our patient) are at significantly higher

risk of primary spontaneous pneumothorax.16 Acute increase in

transpulmonary pressure is also a commoncauseof spontaneous pneu-

mothorax and it is possible that the event precipitating the inhalation

caused a transient increase in pressure leading to the pneumothorax.

There was no reported history of smoking or illicit drug use in this

patient, both risk factors for the occurrence, but these may be unre-

alized factors. Additionally, the patient may have been exposed to a

different unidentified causative mechanism (minor trauma, other sub-

stance, etc) before presentation. Finally, this patient had no previous

lung imagingmeaningwewereunable to assess for anypreexisting lung

disease or bullae, which are known risk factors.

Additionally, as the patient was evaluated the morning after this

inhalation, the exact timing of the pneumothorax development is

unknown. It is possible that the initial pneumothorax occurred at

the time of inhalation when the patient first noticed chest tightness

or developed later as a secondary complication of other respiratory

irritation.
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5 CONCLUSION

To date, no other cases of pneumothorax with 4-nitrophenyl chloro-

formate have been reported and this report adds to the literature of

potential pulmonary complications associated with chemical irritants.
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