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1 Abstract—Background: Nitrogen dioxide (NO,) is a pul-
monary irritant produced as a byproduct of bacterial anaer-
obic metabolism of organic materials, and is also produced
as a byproduct of explosive detonations. Significant NO,
exposure results in free-radical-induced pulmonary injury
that may be delayed up to 3-30 h after exposure and can
progress to acute respiratory distress syndrome (ARDS)
and death. Here we present a case series of 3 patients with
dose-dependent pulmonary injury consistent with NO, inha-
lation following exposure to fumes from detonation of an
ammonium nitrate/nitromethane (ANNM) explosive device.
Case Reports: Three individuals presented to the emergency
department over the course of 16 h, beginning approxi-
mately 16 h after exposure to fumes from an ANNM explo-
sive device. Patient 1, with the most significant exposure,
developed ARDS necessitating intubation and mechanical
ventilation. Patient 2 exhibited hypoxia and findings con-
cerning for diffuse airway inflammation, but ultimately
required only supplemental oxygen. Patient 3, with the least
exposure, had imaging abnormalities but required no inter-
vention. Why Should an Emergency Physician Be Aware of
This?: Respiratory distress is a common presenting
complaint to the emergency department. Because of the de-
layed presentation and the potential for progressive wors-
ening of symptoms associated with NO, exposure, it is

This case was presented as an abstract in poster form and as a
lightning oral presentation at the North American Congress of
Clinical Toxicology conference in October 2018 in Chicago, IL.

important that emergency physicians be aware of the multi-
ple potential means of exposure and consider this diagnosis
in the proper clinical context. Patients with suspicion of
NO;-related lung injury should undergo more extended
observation than their initial clinical presentation may sug-
gest. © 2019 Elsevier Inc. All rights reserved.

[0 Keywords—nitrogen dioxide; silo filler’s disease; NO,;
ammonium nitrate nitromethane; ANNM; ARDS; lung
injury

INTRODUCTION

Ammonium nitrate is a chemical compound commonly
used as a fertilizer, and is also the major component of
the most commonly used industrial explosives. Ammo-
nium nitrate/fuel oil (ANFO) accounts for approximately
80% of industrial explosives in the United States (1). A
similar compound, ammonium nitrate/nitromethane
(ANNM), is a more powerful explosive used in demoli-
tion, such as the commercially available KinePak , and
has also been used in terrorist attacks, including the Okla-
homa City bombing (2,3).

Nitrogen oxides, including nitrogen dioxide (NO,),
are produced in bacterial anaerobic metabolism of
organic materials and are known byproducts of ANFO
explosions (4—11). Commonly referred to as silo-filler’s
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disease, significant NO, exposure results in pulmonary
injury by the production of free radicals and nitric acid,
with resultant pulmonary edema and respiratory distress
(4,6,12—14). Here, we present a case series of 3 patients
with dose-dependent pulmonary injury following expo-
sure to fumes from an ANNM explosive device used for
demolition within a cave.

CASE REPORTS

Three patients who participated in the same spelunking
expedition presented to the same urban, Level I trauma
tertiary care emergency department (ED) over the course
of 16 h. Approximately 16 h prior to arrival of the first pa-
tient, the trio descended into the cave and traveled 1.5
miles, partially submerged in water, to a planned excava-
tion site. On arrival at the site, a KinePak™ binary explo-
sive device was detonated as planned in order to open a
new area of the cave to exploration. The spelunkers had
permits for excavation and had performed similar excava-
tions previously. Approximately 900 g net explosive
quantity was used, comprising two full sticks of Kine-
Pak™, with 9 inches of 200 grain per foot detonating
cord and a blasting cap, held together with duct tape.
This was packed into a crack in the wall, with mud packed
over it. A 100-foot electrical cord was used to provide
adequate distance from the explosion. Following detona-
tion of the device, the patients reported no “shockwave”
or ear popping; however, they noted production of a cloud
of heavy smoke and dust. Patient 1 was the closest to the
explosion, became somewhat panicked in the presence of
the dust cloud, and attempted to rapidly exit through the
area of the explosion. Patient 2 was more distant from the
explosion, but was able to sequester himself away from
the dust cloud after a brief exposure, along with patient
3, who was the farthest away from the cloud. Patients 2
and 3 then waited for dissipation of the cloud prior to ex-

iting the cave. Patient 3 did report some coughing with
post-tussive emesis immediately after the exposure.

Patient 1

Patient 1 was an otherwise healthy 47-year-old male, with
a medical history of hypertension who presented to the
ED 12 h after the spelunking incident with progressively
worsening dyspnea. On presentation, his vital signs were:
blood pressure (BP) 112/52 mm Hg, heart rate 91 beats/
min, respiratory rate (RR) 31 breaths/min, SpO, 71%
on room air (RA). On examination, he was in moderate
respiratory distress with accessory muscle use. Crackles
were heard in all lung fields bilaterally. He had no
external signs of trauma. His chest x-ray (CXR) study
showed diffuse bilateral nodular infiltrates (Figure 1A).
A computed tomography (CT) of the chest was signifi-
cant for extensive bilateral ground-glass infiltrates,
consistent with acute respiratory distress syndrome
(ARDS) (Figure 1B). Laboratory studies were notable
for a white blood cell count of 16,000/mm3, sodium of
128 mEqg/L, and a lactate of 3 mmol/L. A venous blood
gas on an FiO, of 1.0 demonstrated a pH of 7.32, pCO,
of 42 and pO, of 30. The case was discussed with toxi-
cology, and blood methemoglobin and carboxyhemoglo-
bin concentrations were obtained; these were 0.6%
(reference range 0.4-1.5%) and 4%, respectively.
Despite bilevel positive pressure ventilation, the pa-
tient continued to be hypoxic and thus was intubated in
the ED. Shortly after intubation and sedation with propo-
fol, the patient became hypotensive, requiring a norepi-
nephrine infusion at 0.025 ug/kg/min to maintain a
mean arterial pressure of 65 mm Hg. Intravenous methyl-
prednisolone 125 mg and levofloxacin 750 mg were
administered for inhalational lung injury and possible
infection. On hospital day (HD) 4, he became febrile
(maximum temperature 102.2°F) with diarrhea, and

Figure 1. (A) Chest x-ray study with diffuse bilateral nodular infiltrates and (B) axial computed tomography image with extensive
bilateral ground-glass opacities, consistent with acute respiratory distress syndrome.
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tested positive for Clostridium difficile. He was success-
fully extubated on HDS, norepinephrine was weaned on
HDS5, and he was discharged on HD6. Urine Histoplasma
antigen was negative.

Patient 2

Patient 2 was a previously healthy, 30-year-old, non-
smoking male who presented to the ED with shortness
of breath approximately 14 h after the same incident
noted above. He explained that he was initially feeling
well, and came to visit patient 1 in the intensive care
unit (ICU). ICU staff noted the patient appeared dyspneic,
and the patient was encouraged to go to the ED.

On arrival to the ED, the patient’s vital signs were BP
141/74 mm Hg, HR 104 beats/min, RR 18 breaths/min,
and SpO, 83%. He was placed on 100% oxygen by
nonrebreather mask at 10 L/min with improvement in
his oxygen saturation to 96%. On examination, he had
clear breath sounds bilaterally and showed no external
signs of trauma.

A brief cardiac ultrasound demonstrated numerous B-
lines in bilateral lung apices (Figure 2A), suggestive of
pulmonary edema. A CXR study showed diffuse bilateral
infiltrates (Figure 2B), and CT chest (Figure 2C) showed
extensive mixed opacities with a centrilobular and basilar
predominance concerning for ARDS. Laboratory studies
were notable for an arterial blood gas with PaO, 79 mm
Hg. Methemoglobin level was 1.5%; carboxyhemoglobin
was not obtained.

The patient was admitted to the ICU and was weaned
down to 3 L of supplemental oxygen over the next 24 h.
The following day he became febrile (T,.x 39.0°C), and
was treated empirically with levofloxacin, though his fe-
ver was thought to be more likely secondary to a systemic
inflammatory response than from infection. Blood and
sputum cultures, including fungal sputum culture, re-
turned negative and a urine Histoplasma antigen was
negative. He was discharged home on HD3.

Patient 3

Patient 3 was an otherwise healthy 22-year-old female,
who presented to the ED approximately 28 h after the
spelunking incident with symptoms of dizziness and
mild dyspnea. Her initial vital signs were BP 127/
67 mm Hg, HR 110 beats/min, RR 20 breaths/min,
SpO, 100% on RA. On examination, she was noted to
be tearful and anxious but in no acute respiratory distress.
Her respiratory and cardiac examinations were normal
and she had no external signs of trauma. Her CXR study
showed subtle ground glass opacities bilaterally (left
greater than right), concerning for early ARDS
(Figure 3). Methemoglobin was 1.8% and carboxyhemo-
globin was 2%. Given the clinical condition of her com-
panions, she was admitted for observation. She remained
stable without further complications. By the following af-
ternoon her symptoms were resolved, and she was dis-
charged home.

DISCUSSION

Nitrogen dioxide is a rust-brown, heavier-than-air gas
with a “chlorine-like” odor (9,12,15). It has been most
well described in silo-filler’s disease, where anaerobic
metabolism of fresh silage produces nitrogen oxides,
including NO, (4-6). It is also a known explosive
byproduct of commercially available explosives, such
as ANNM (7-11). The mechanism of nitrogen oxide
production in ANNM is likely similar to other high-
energy events. Oxygen and nitrogen react in the presence
of a sufficiently exothermic reaction. At the same time,
oxygen in the air is used as an oxidant when an ANNM
device is detonated, resulting in incomplete combustion
of materials and production of nitrogen oxides, including
NO, (7).

Because it is minimally soluble in water, NO, primar-
ily distributes into the distal airways, though upper
airway irritation may be evident in significant exposures

Figure 2. (A) Thoracic ultrasound image demonstrating copious B lines consistent with pulmonary edema. (B) Chest x-ray study
with diffuse infiltrates and (C) computed tomography axial image with extensive mixed opacities with centrilobular predominance

concerning for acute respiratory distress syndrome.
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Figure 3. Chest x-ray study with subtle ground glass opaci-
ties bilaterally, concerning for early acute respiratory
distress syndrome.

(12). In the lungs, NO, slowly reacts with water to form
nitric and nitrous acid, with resultant alveolar inflamma-
tion (12,13,16,17). It also acts as a direct oxidant with
resultant free-radical injury (13,18). Distal airway and
alveolar inflammation may be delayed 3-30 h after
exposure, producing pulmonary edema and ARDS (15).
In surviving patients, bronchiolitis obliterans organizing
pneumonia can be a late complication of NO, exposure,
presenting more than 28 days later (6,19).

While clinical effects of NO, exposure after ANNM
explosive detonation have not been described previously,
our patients all had symptoms typical of NO, exposure,
including delayed development of diffuse, distal airway
inflammation. Patients 1 and 2, who had the most exten-
sive exposure, went on to develop ARDS as a result of
their exposure. In our patients, other etiologies for lung
injury, including blast injury and infection, were consid-
ered and determined to be unlikely. Primary blast injury
was felt to be unlikely due to the lack of pressure wave
sensation from the patients, delayed onset of symptoms,
lack of typical imaging findings, and hemoptysis. Infec-
tion, including fungal exposure, was less likely given
the rapidity of symptom onset and lack of systemic symp-
toms. Histoplasmosis was considered in patients 1 and 2,
however, Histoplasma antigen was negative in both.

WHY SHOULD AN EMERGENCY PHYSICIAN BE
AWARE OF THIS?

Respiratory distress is a common presenting complaint to
the ED with a broad differential diagnosis. NO, exposure

can have an atypical presentation with delayed develop-
ment of respiratory failure in otherwise healthy individ-
uals, and therefore require extended monitoring even in
the setting of initial stability. It is therefore important
for emergency physicians to be aware of the different
means of NO, exposure and to consider it as a cause of
respiratory distress in the proper clinical context.
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