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INTRODUCTION

Patients transported from fire sites may exhibit various injury patterns. Major trauma, skin burn,
inhalation burn, and carbon monoxide poisoning are typical injuries. However, most physicians
may be unfamiliar that cyanide poisoning can frequently occur due to combustion. Cyanide poi-
soning is highly significant owing to high mortality and the existence of antidotes. I present a
35-year-old man who was transported from a burning building and suffered severe metabolic acido-
sis despite no major bleeding as well as mild carbon monoxide poisoning. I suspected cyanide poi-
soning and administered the antidote; subsequently, the patient showed improvement. The next day,
sudden airway obstruction developed, and emergency endotracheal intubation was performed. The
inhalation damage was detected only in the lower airway tract and not in the upper airway. Physi-
cians should be aware of cyanide poisoning and inhalation burn to avoid missing treatment oppor-

tunities.
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nificant owing to its high mortality and the existence of antidotes.
Although the antidote must be immediately administered, it is

Patients transported from fire sites may exhibit various injury
patterns. Among them, major trauma and skin burns are easy to
be detected initially and are familiar to physicians. Carbon mon-
oxide (CO) poisoning and inhalation burns from smoke are rela-
tively less familiar owing to fewer opportunities for treating these
types of patients in general hospitals than those in burn centers
being specialty hospitals that intensively treat patients with major
burns.

However, most physicians may be unfamiliar that cyanide poi-
soning can occur at the fire site. Cyanide poisoning is highly sig-

stored in some dedicated toxicology centers.

Here, I present a case of a patient with cyanide poisoning who
was transferred from a burning building and was treated with an
antidote. Despite no major bleeding and mild CO poisoning, se-
vere metabolic acidosis was initially shown. Subsequently, the
symptoms improved following antidote administration. Airway
obstruction and pneumonia occurred following hospitalization
and were treated with endotracheal intubation, antibiotics, and
steroids. Patients at fire sites can be transferred to regional emer-
gency medical centers, regional trauma centers, burn centers,
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toxicology centers, hyperbaric oxygen chamber centers, and local
emergency department (ED). At the prehospital stage, determin-
ing the kind of injuries the patient suffered and which damage is
the most dangerous is challenging; therefore, the patient can be
transferred to any of those hospitals. Therefore, to avoid missing
treatment opportunities, physicians must be aware of cyanide
poisoning.

CASE REPORT

A 35-year-old man with no previous medical history was rescued
from a burning building and transferred to our ED at Dankook
University Hospital (Cheonan, Korea) by the emergency medical
service. At the time of arrival, the paramedics reported that he
was suspended from the fourth floor of the building (approxi-
mately 10 m) and fell to the ground; therefore, he was brought to
the trauma center. Upon initial assessment, the following were
his vital signs: blood pressure, 130/70 mmHg; heart rate, 135
beats/min (sinus tachycardia); respiratory rate, 30 beats/min;
body temperature, 36 °C; and oxygen saturation, 99%. He was
alert but mildly agitated. Second-degree burns of 25% of the total
body surface area on both arms and legs and first-degree burns
on his face were noted (Fig. 1). Inhalation burn was suspected
owing to the soot around his mouth; however, his breathing
sound was normal. No external bleeding was observed. Oxygen
was supplied, and fentanyl was administered intravenously
during the primary survey. Ultrasonography and whole-body
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computed tomography (CT) scans revealed no bleeding. Arterial
blood gas analysis (ABGA) showed severe metabolic acidosis
and a high lactate concentration with the following results: pH,
7.099; PaO,, 241 mmHg; PaCO,, 29.3 mmHg; HCO,, 12.6
mmol/L; base excess, —14.3 mmol/L; and lactate, 12.4 mmol/L.
The carbo xyhemoglobin (COHDb) level was 14.1%, which was
not too high to perform hyperbaric oxygen therapy. The results
were similar to the initial findings at the serial follow-up ABGA
approximately 20 minutes later (Table 1).

Approximately 30 minutes following the patient’s arrival, the
paramedics who rescued the patient came to the hospital and
provided corrected information. The patient was found in his
bathroom and did not experience a fall; therefore, major trauma
could be excluded. While considering the causes of severe meta-
bolic acidosis, major bleeding and severe carbon monoxide poi-
soning were excluded; however, the patient was suspected of cya-
nide poisoning due to combustion. Therefore, the antidote (Cya-
nokit, Serb Pharmaceuticals) was administered. ABGA 30 min-
utes following antidote administration showed an improvement;
moreover, follow-up ABGA showed an improvement pattern.

To confirm airway injury due to inhalation burn, following an-
tidote administration, an otolaryngologist performed upper air-
way bronchoscopy; however, no specific injury findings were ob-
served. However, owing to the possibility of pneumonia or air-
way obstruction, he was admitted to the intensive care unit (ICU)
and prescribed steroids and antibiotics. The next day, he com-
plained of sudden hoarseness of voice and difficulty in breathing,

Fig. 1. Second-degree skin burns of the arms and legs. Twenty-five percent of the total body surface area is noted. (A) Right arm. (B) Right leg.
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Table 1. Values of serial arterial blood gas analyses
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Pre-antidote

Post-antidote

Variable Reference Initial 20 min 80 min 140 min 200 min
pH 7.35t0 7.45 7.099 7.120 7.246 7.359 7.442
PaO, (mmHg) 90 to 100 241.0 273.0 171.0 195.3 175.0
PaCO, (mmHg) 35t045 29.3 31.6 38.8 35.6 37.6
HCO;™ (mmol/L) 22t0 26 12.6 13.2 16.9 20.0 20.4
Base excess (mmol/L) —-2t02 -14.3 -134 -9.8 -4.7 -3.8
Arterial oxygen saturation (%) 94 to 98 100 100 98.2 100 98.9
Lactate (mmol/L) 0.5t02.0 12.4 104 6.3 5.0 1.5
Carboxyhemoglobin (%) <3 14.1 NA NA NA NA
Methmohemoglobin (%) 0to 1.5 0.4 NA NA NA NA
Hemoglobin (g/L) 13to 17 16.2 16.5 17.0 17.1 17.0

NA, not applicable.

and stridor was heard on auscultation; therefore, emergency tra-
cheal intubation was performed. Immediately following intuba-
tion, upper airway bronchoscopy was performed again; however,
no signs of airway injury were revealed. Additionally, fever
(above 39 °C) and pneumonia developed (Fig. 2). On the 4th
hospitalization day (HD), a pulmonologist performed bronchos-
copy, and inhalation injury grade 2 (moderate injury) was dis-
covered (Fig. 3). Pneumonia worsened until the 9th HD; howev-
er, it showed improvement from the 10th HD. The patient and
his guardians opted for the other treatments to be performed at
the hospital nearby his hometown; therefore, he was transferred.
Afterward, it was confirmed that he was discharged from that
hospital 2 weeks later without complications.

Ethics statement

Informed consent was not obtained from the patient because I
could not get in touch with him following his discharge from our
hospital. However, the Institutional Review Board of Dankook
University Hospital approved the study with a waiver of in-
formed consent (No. DKUH 2023-08-029-001).

DISCUSSION

Major trauma, skin burn, inhalation burn, CO poisoning due to
fire smoke, and cyanide poisoning are typical injuries caused by
combustion. If the accident is an explosion at an industrial com-
pany, exposure to toxic materials depending on the type of com-
pound used is possible. Recently, several burn centers are special-
izing in treating patients with major burns. Conversely, most oth-
er hospitals have become very used to providing only initial re-
suscitation and subsequently transferring patients to burn cen-
ters. Consequently, it is possible that various injuries cannot be
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considered. Although major trauma and skin burns can be easily
identified through gross findings and whole-body CT, CO poi-
soning can be identified relatively simply by checking the COHb
level. However, inhalation burn is not readily identified, and it is
easy to overlook cyanide poisoning. This case provides us with
the following three lessons.

Cyanide poisoning

Cyanide compounds are commonly known as chungsangari in
Korea. Cyanide has very high mortality and is quickly absorbed
in the body that it has been used as a suicide pill (or spy pill) in
the past. In the United States, the gas form of cyanide was used
until the 2000s as a means of execution. Even if patients survive,
it is known to cause neurological sequelae by leaving serious hy-
poxic brain damage [1,2]. Cyanide can be produced during com-
bustion, plating, and mining and is also detected in plum pulps,
cigarettes, bamboo shoots, cassava, and medicines, including lae-
trile and nitroprusside [3-6]. The most common situation of cya-
nide poisoning is during a domestic fire [7]. Tests on survivors of
an airplane explosion at the Manchester Airport in 1985 con-
firmed a significant CO level in approximately 20% of survivors,
whereas a significant cyanide level was detected in 90% [8]. Con-
sequently, cyanide poisoning, which is highly dangerous, is
known to occur frequently; however, physicians often do not rec-
ognize it because it is difficult to confirm it through direct blood
tests, and toxidromes are nonspecific. A high suspicion index is
required in diagnosis, and only high anion gap metabolic acido-
sis and high lactate concentration are the available ancillary labo-
ratory tests [9]. Another significant reason of cyanide poisoning
is the existence of antidotes. In Korea, the following two types of
antidotes are available: Cyanokit and cyanide antidote kit. Cya-
nokit contains hydroxocobalamin, a precursor to vitamin B12,
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Fig. 2. Chest x-ray images of the patient. (A) Initial chest x-ray. No pathological lesion is observed. (B) Chest x-ray on the 9th hospitalization day.
Pneumonia is observed in both lungs. (C) Chest x-ray on the 10th hospitalization day. Improved status of pneumonia.

. A
Fig. 3. Bronchoscopic findings. Moderate edema and congestion as

well as carbon soot deposition are noted. (A) Carina. (B) Left main
bronchus.

and is the treatment of choice for cyanide poisoning (Fig. 4)
[10,11]. This antidote should be immediately administered ow-
ing to rapid cyanide absorption. The problem is that the Cya-
nokit is classified as an orphan drug; therefore, it is deployed only
in 10 dedicated toxicology centers in Korea, and the holding
amount is insufficient (an average of three packs per toxicology
center), and it is very expensive [12]. The price per pack is #2.3
million (US $1,800). Fortunately , no cost is borne by the patient;
however, it may have to be moved to a long-distance hospital de-
pending on the location of the fire, and it cannot be supplied to
everyone in the event of a large number of patients. Particularly,
when hydroxocobalamin was used in the prehospital setting,
41.7% of survival was reported in patients with cardiac arrest
[13], which is a significantly higher result than 3% to 10% of sur-
vival of cardiac arrest from other causes [14]. Therefore, physi-
cians should be more aware of cyanide poisoning from fire situa-
tions. A previous study [11] reported that most burn centers did
not administer the proper antidote, and antidotes were unavail-
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able at burn centers in Korea. Is it appropriate to transfer a pa-
tient to a burn center following initial resuscitation? In this case,
when the patient first visited our ED, it was considered that the
cause of metabolic acidosis was bleeding or CO poisoning and
not cyanide poisoning. I was convinced of cyanide poisoning
only after observing ABGA improvement following Cyanokit ad-
ministration.

Typical progression of inhalation burns

The second significant point is the typical progression of inhala-
tion burns, as shown in this case. In the ED, the patient’s breath-
ing sound was normal, and chest x-ray did not reveal any patho-
logic findings; however, airway obstruction developed in the ICU
the following day, and emergency intubation was required.
Moreover, pneumonia developed on the 3rd HD. Recently, inha-
lation burns are also becoming unfamiliar for most physicians;
therefore, it is possible that the patient may be mistaken for being
stable only with initial findings in the ED [15,16]. Physicians
should be well aware of the possibility of airway obstruction and
bacterial pneumonia after several days following the injury. Pre-
emptive endotracheal intubation may often be required [10,17].

The limitation of upper airway examination on
inhalation burns

Third, of note, bronchoscopy, which can observe only the upper
airway in patients with inhalation burns, has limitations. This pa-
tient underwent upper airway bronchoscopy twice, and no
pathologic findings were revealed. However, grade 2 injury
(moderate injury) was noted at the lower airway tract. Grades 2
to 4 have higher mortality than grades 0 to 1 injuries [18]. In the
case of an inhalation burn, lower airway evaluation is required.
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Fig. 4. Images of Cyanokit (Serb Pharmaceuticals). (A) Cyanokit pack, the antidote for cyanide poisoning. (B, C) It is infused after mixing 200 mL

of normal saline.

Very high temperature air usually damages the structures above
the carina, and chemical injury is usually likely to occur in the
lower part [19,20]. Furthermore, airway injury appears after sev-
eral days rather than immediately following combustion, and
overall better outcomes are reported in groups that underwent
bronchoscopy; therefore, it is necessary to consider during the
hospitalization [21-23].

Conclusions

In Korea, there are several types of specialty hospitals, including
regional emergency medical centers, regional trauma centers
(level I trauma centers), toxicology centers, burn centers, and hy-
perbaric chamber centers. When transferring the patient, which
among the centers is the most appropriate to visit? This is not
easy to answer as determining which damage is the most serious
at the prehospital stage is very difficult, and these centers sepa-
rately exist in Korea. It is necessary to improve the healthcare sys-
tem. However, along with the improvement of the system, it is es-
sential to raise physicians’ awareness of these types of injuries.
Cyanokit, an orphan drug, can be sent to another hospital by the
parcel service following physicians request even if it is not a dedi-
cated toxicology center (Fig. 5). The problem is that most physi-
cians are unaware of this process, and certain antidotes should be
immediately administered but the time delay is considerable;
therefore, it may not be practical or effective. Moreover, if prima-
ry physicians are unaware, they may decide on a simple transfer
to a burn center without antidotes following initial stabilization
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Fig. 5. The text message captured from the author’s phone. Fome-
pizole is an antidote for methanol poisoning and is also an orphan
drug. Another hospital physician requested this drug using the anti-
dote request system. After receiving the request text message at 18:23,
it took 45 minutes to send the drug to that hospital. Furthermore, it
took another 1 hour in estimate for the transport. This orphan drug
can be used in other hospitals; however, it takes time.

although additional treatment may be required. A fire situation
can frequently be classified as a disaster, and there may be differ-
ent rescuers and transferrers in a disaster situation. Therefore,
caution is needed as this may lead to initial incorrect informa-
tion, as in the present case. Patients from fire sites can present at
least five types of injuries, and they can be transferred to any ED
depending on their severity and location. Therefore, trauma sur-
geons, emergency physicians, ED doctors, and burn center work-
ers must be familiar with these injuries.
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