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Prehospital Administration of Hydroxocobalamin for Smoke 
Inhalation-Associated Cyanide Poisoning: 8 Years of 
Experience in the Paris Fire Brigade

Prehospital Administration of HydroxocobalaminJean-Luc Fortin, M.D.
Emergency Department, Military Hospital Legouest, Metz, France 

Jean-Pascal Giocanti, M.D.
Samu 25, Jean Minjoz Hospital, Besançon, France

Michel Ruttimann, M.D., and Jean-Jacques Kowalski, M.D.
Emergency Medical Service, Paris Fire Brigade, Paris, France

Introduction. This article reports the results of a retrospective
study of 8 years of experience of the Paris Fire Brigade with the
prehospital use of hydroxocobalamin. Methods. The head phy-
sician at the Paris Fire Brigade extracted and summarized data
from standardized forms completed at the fire scene and, when
available, hospital reports to assess survival status and clinical
parameters associated with the use of hydroxocobalamin for each
patient who received it for smoke inhalation-associated cyanide
poisoning from 1995 to 2003. Results. Of the 101 patients
administered hydroxocobalamin, 30 survived, 42 died (17 at the
fire scene and 25 at the intensive-care unit), and survival status
was not known in the remaining 29 patients. Among the 72
patients for whom survival status was known, survival rate was
41.7% after the administration of hydroxocobalamin. Of the 38
patients found in cardiac arrest, 21 had a return of spontaneous
circulation during prehospital care. Of the 12 patients who were
initially hemodynamically unstable (systolic blood pressure 0 to
≤90 mmHg), 9 recovered systolic blood pressure an average of
30.6 minutes after the start of hydroxocobalamin infusion. Among
nonsedated patients in the sample as a whole (n = 52), mean (SD)
Glasgow coma scale score improved from 7.9 (5.4) initially to 8.5
(5.7) after administration of hydroxocobalamin. Among nonse-
dated patients who were initially neurologically impaired (n =
18), Glasgow coma scale score improved in 9 patients, did not
change in 8 patients, and worsened in 1 patient. Two adverse
events—red or pink coloration of urine or skin (n = 5) and
cutaneous rash (n = 1)—were assessed as being possibly related

to hydroxocobalamin. Conclusion. Hydroxocobalamin has a
risk:benefit ratio rendering it suitable for prehospital use in
the management of acute cyanide poisoning caused by smoke
inhalation.

Keywords Cyanide; Hydroxocobalamin; Inhalation; Fire; Smoke;
Antidote

INTRODUCTION
Inhalation of smoke in closed-space fires is an underrecognized

but common source of cyanide poisoning (1,2), which plays a part
in the approximately 4,000 fire-attributed deaths in the United States
each year (2–4). Produced during combustion of nitrogen- or car-
bon-containing substances, hydrogen cyanide can be generated by
the burning of synthetics such as polyurethane, acrylics, nylon, and
plastics, as well as natural materials such as wool, silk, cotton,
paper, and wood (5,6). Elevated cyanide levels are frequently found
in victims of closed-space fires, and risk of smoke inhalation-associ-
ated death is directly related to the amount of cyanide exposure
(2,7–14). Concurrent poisoning with carbon monoxide, a more
widely recognized fire hazard, is common in victims of smoke inha-
lation-associated cyanide poisoning (15–17). These toxicants may
be synergistically poisonous. In addition, cyanide can contribute to
smoke inhalation-associated mortality independently of carbon
monoxide as demonstrated by the finding of potentially lethal
levels of blood cyanide in the absence of lethal carbon monox-
ide levels in victims who died of smoke inhalation (2,7,15).

As cyanide poisoning can culminate rapidly in death, suc-
cessful intervention critically depends on minimizing the time
between cyanide exposure and treatment (5). To be most effec-
tive, an antidote should be administered at the scene of the inci-
dent immediately after removal of the victim from the zone of

Some of the data described in this article were presented at the Fire
Rescue International Congress, Las Vegas, Nevada, April 26–28,
2004, and at the European Burns Association meeting, Bergen,
Norway, September 10–13, 2003.

Address correspondence to Dr. Jean-Luc Fortin, Emergency
Department, Military Hospital Legouest, BP 10, 27 bd de Plantières,
57998, Metz Armées. E-mail: fortin.jeanluc@free.fr and fortin.jeanluc@
wanadoo.fr
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exposure. Intervention is most often undertaken on the basis of a
presumptive diagnosis. Experts suggest that cyanide poisoning
should be suspected in any person exposed to smoke in a closed-
space fire regardless of whether burns have been sustained
(2,17,18). Soot in the mouth or nose, altered consciousness, and
presence of hypotension increase confidence in the diagnosis.

The only currently available cyanide antidote in the United
States, the three-component Cyanide Antidote Kit containing
sodium thiosulfate, amyl nitrite, and sodium nitrite, lacks a
risk:benefit ratio conducive to such prehospital use in smoke-
inhalation victims. The nitrite components of the kit reduce oxy-
genation of the blood by forming methemoglobin from hemo-
globin. Antidote-induced methemoglobinemia can cause
potentially fatal reduction in the oxygen-carrying capacity of the
blood when superimposed on blood oxygen deficits associated
with carboxyhemoglobinemia secondary to carbon monoxide
poisoning (6,19,20). Other factors rendering the risk:benefit ratio
of the Cyanide Antidote Kit poorly adapted to prehospital care
include the potential for sodium nitrite to cause severe hypoten-
sion that can result in shock or death (20,21) and a relatively
slow onset of action of sodium thiosulfate (22).

To address the need for an antidote with potential for prehos-
pital use for cyanide poisoning from smoke inhalation and other
causes, hydroxocobalamin, a precursor of vitamin B12, is being
studied for possible introduction in the United States. Hydroxo-
cobalamin detoxifies cyanide by binding with it to form cyano-
cobalamin, which is excreted in urine, without compromising
the oxygen-carrying capacity of the blood (5,23). Hydroxocobal-
amin has been used for decades in some European countries to
treat acute cyanide poisoning and in 1996 received regulatory
approval in France for this use. The European experience in the
prehospital use of hydroxocobalamin for victims of smoke inha-
lation provides information relevant to assessing its potential
utility in the United States prehospital setting. This article
reports the results of an open-label, retrospective study of the
Paris Fire Brigade’s experience from 1995 to 2003 with the use
of hydroxocobalamin for the treatment of suspected cyanide poi-
soning in smoke-inhalation victims.

METHODS

Study Design and Setting
The study was an open-label, retrospective review of case

records of patients treated with hydroxocobalamin any time
between 1995 and 2003 by members of the Paris Fire Brigade for
suspected cyanide poisoning associated with smoke inhalation.
The Paris Fire Brigade provides the first line of emergency
medical services, including prehospital emergency care, to vic-
tims of fire and other emergencies in Paris and its environs,
totaling a 759-km2 area of 6,188,434 inhabitants (according to
the 2002 census). The brigade consists of 77 fire centers
staffed by 7,020 firemen and an emergency department staffed
by 50 emergency-medicine physicians, 60 nurses, and 36

intensive-care ambulance drivers. Each of the 7 intensive-care
mobile units is staffed at any given time by a doctor, nurse, and
driver.

Patients
All smoke-inhalation victims who were treated in the pre-

hospital setting during the study period with hydroxocobal-
amin for suspected cyanide poisoning were included in the
study. No other inclusion or exclusion criteria were applied.

Treatment
Patients were treated with hydroxocobalamin (Cyanokit®;

supplied in 250-mL vials containing 2.5 g lyophilized
hydroxocobalamin for dilution with 100 mL sodium chloride
0.9%) and standard supportive care as soon as medically feasi-
ble at the scene of the fire. Hydroxocobalamin was adminis-
tered by a trained nurse under direct supervision by an
emergency physician of the Paris Fire Brigade, and in accor-
dance with the summary of product characteristics and the
Paris Fire Brigade Cyanokit Prehospital Treatment Guidelines.
The guidelines specify that hydroxocobalamin be administered
intravenously over 15 min at an initial dose of 5 g for adults
and 70 mg/kg for children with the option to administer a sec-
ond identical dose in the event of transient or incomplete
response.

Data Extraction
The head physician at the Paris Fire Brigade (author Jean-

Luc Fortin) retrospectively reviewed prehospital case records
and, when available, hospital discharge summaries to deter-
mine survival status and clinical parameters associated with the
use of hydroxocobalamin in all patients who received the anti-
dote for smoke inhalation-associated cyanide poisoning during
the 8-year period of 1995 to 2003. Data on the circumstances
of smoke exposure; provision of prehospital care; hydroxoco-
balamin administration; carboxyhemoglobin concentration (mea-
sured in some patients upon arrival at the intensive care unit);
patients’ demographics; and pre-antidotal and post-antidotal
clinical status, vital signs, and Glasgow coma scale scores (23)
were extracted. The extent of burns was not recorded. In addi-
tion, prehospital and hospital reports were reviewed for reports
of hydroxocobalamin-associated adverse events, defined as
untoward medical occurrences arising during prehospital or
hospital care. Blood cyanide concentrations were not measured.

Endpoints and Data Analysis
The main retrospectively defined efficacy measure was sur-

vival rate, which was summarized for the sample as a whole
and for patients among whom survival status was known. Sur-
vival and other endpoints were assessed in the following sub-
groups, which were based on the predominant clinical sign at
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initial evaluation: 1) patients in cardiac arrest; 2) patients in
shock (systolic blood pressure <90 mmHg); 3) patients with
neurological impairment (i.e., Glasgow coma scale score <15
or loss of consciousness); and 4) patients with smoke exposure
but without clinical signs of cardiac arrest, shock, or neurolog-
ical impairment.

Besides survival rate, additional efficacy measures included

• The proportion of patients initially found in cardiac
arrest who recovered cardiac function at the fire scene
after administration of hydroxocobalamin.

• Systolic blood pressure before, during, and after
infusion of hydroxocobalamin for the subset of
patients who were initially hemodynamically unsta-
ble (defined as having a systolic blood pressure >0
mmHg and ≤90 mmHg before administration of
hydroxocobalamin).

• The proportion of hemodynamically unstable patients
with hemodynamic improvement (i.e., recovery of
systolic blood pressure to >90 mmHg) after adminis-
tration of hydroxocobalamin.

• Changes in Glasgow coma scale score from initial
evaluation to final evaluation at the fire scene among
patients who did not receive sedating medications.
The Glasgow coma scale score, which ranges from 3
to 15, reflects degree of neurologic impairment on the
basis of ocular, verbal, and motor responses (24).
Glasgow coma scale scores of ≥13 to <15, 9 to 12,
and ≤8 reflect mild, moderate, and severe neurologic
impairment, respectively.

The main retrospectively defined tolerability measure was
adverse events, which were categorized post hoc as to causality
and summarized. All data were summarized with descriptive
statistics based on the total number of patients with available
data for the relevant measure. No hypothesis testing was
undertaken.

RESULTS

Study Sample
Between 1995 and 2003, the Paris Fire Brigade adminis-

tered hydroxocobalamin for smoke inhalation-associated cya-
nide poisoning to 101 patients, of whom 38 were found in
cardiac arrest, 5 were found in shock, and 46 were neurologi-
cally impaired (Table 1). Demographics of the sample as a
whole and of these subgroups are shown in Table 1. In the
sample as a whole, 52.5% of patients were male and mean
(SD) age was 47.1 (20.7) years.

All patients were exposed to fire smoke resulting from a
residential fire (Table 1). Additionally, 3 patients had
attempted suicide with drugs, and 2 were victims of multiple
trauma. Burns were present in approximately half of the sam-
ple (52.5%), and soot (predominantly in the mouth, nose,

throat, and lower airways) was present in 71.3% of the sample
(Table 1). Carbon monoxide poisoning (carboxyhemoglobin
≥10%) was found in 22 of the 36 patients who had carboxyhe-
moglobin measured upon arrival at the intensive care unit. Initial
measurements at the fire scene for the sample as a whole show
mean (SD) systolic blood pressure of 131.0 mmHg (34.1), dias-
tolic blood pressure of 76.4 mmHg (15.7), pulse of 102.0 bpm
(17.9), and Glasgow coma scale score of 8.0 (5.1) (Table 1).

Antidotal Treatment
The Paris Fire Brigade arrived at the fire scene a mean 8.6

minutes (SD = 3.6; range 2 to 18; n = 83) after the call to the
firefighters. For the sample as a whole, the mean time between
initiation of care and administration of hydroxocobalamin was
14.1 minutes. Hydroxocobalamin was administered at a
median dose of 5.0 g (range 1 to 10) and a mean dose of 4.7 g
(SD 1.4).

Survival
Of the 101 patients administered hydroxocobalamin, 30 sur-

vived, 42 died, and survival status was not known (because of
lack of hospital summaries) in the remaining 29 (Table 2 and
Fig. 1). When the 29 patients for whom survival status was
unknown were excluded from the calculation, survival rate was
41.7% (30 of 72 patients) after administration of hydroxoco-
balamin (Table 2).

Of the 42 patients who died, 17 died at the fire scene, and 25
died at the intensive-care unit. Mean time to death was 4 days.
Main cause of death was cardiac arrest (n = 18) followed by
multiple organ failure (n = 10) and cerebral anoxia (n = 10). In
the subgroup of patients found in cardiac arrest, the survival
rate was lower and the mean time to death was shorter (1.9
days) than in the sample as a whole (Table 2).

Return of Spontaneous Circulation in Patients Found in 
Cardiac Arrest

Of the 38 patients found in cardiac arrest, 21 had a return of
spontaneous circulation during prehospital care and were
admitted to the intensive care unit. Most (19 of 21) of these
patients died within 1 to 8 days of being admitted to the inten-
sive care unit.

Assessments in Hemodynamically Unstable Patients
Twelve patients met the criterion for being hemodynami-

cally unstable (defined as having a systolic blood pressure >0
mmHg and ≤90 mmHg) before administration of hydroxoco-
balamin. Hemodynamic improvement was observed in 9 of
these 12 patients (75%) after administration of hydroxocobal-
amin. On average, systolic blood pressure was recovered 30.6
minutes (median 20, range 5 to 70) after the start of hydroxo-
cobalamin administration.
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Glasgow Coma Scale Scores
Changes in Glasgow coma scale score could not be calcu-

lated for 49 patients because of administration of sedating
drugs (n = 41) or missing data (n = 8). Among the 52 patients
for whom changes in Glasgow coma scale score could be cal-
culated, mean (SD) score increased from 7.9 (5.4) at initial
evaluation to 8.5 (5.7) at final evaluation at the fire scene.
Glasgow coma scale score improved in 10 patients, did not
change in 41 patients, and worsened in 1 patient (Fig. 2).
Among nonsedated patients who were neurologically impaired
before treatment (n = 18), Glasgow coma scale score improved
in 9 patients, did not change in 8 patients, and worsened in 1
patient (Fig. 3).

Adverse Events
Two adverse events—red or pink coloration of urine or

skin and cutaneous rash—were reported as being possibly
related to hydroxocobalamin. Red or pink coloration of urine
or skin was reported in 5 patients. Cutaneous rash was
reported upon admission to the intensive care unit in 1
patient. This patient, who had acquired immune deficiency
syndrome (AIDS), was admitted to the intensive care unit
with severe, extended burns and rhabdomyolysis. The
patient died 19 days after admission from a deep coma asso-
ciated with renal insufficiency. Adverse events considered
not to be related to administration of hydroxocobalamin
were cardiac arrest (n = 2), respiratory distress (n = 1), and

TABLE 1 
Demographics and initial clinical status of patients with suspected cyanide poisoning

Sample 
(n = 101)

Found in cardiac 
arrest (n = 38)

Found in 
shock (n = 5)

Neurologically 
impaired (n = 46)

No predominant 
clinical sign (n = 12)

Male, n (%) 53 (52.5) 15 (39.5) 3 (60.0) 28 (60.9) 7 (58.3)
Age, years n = 98 n = 37 n = 5 n = 44 n = 12

Mean (SD) 47.1 (20.7) 45.5 (23.8) 36.2 (13.3) 51.4 (19.5) 40.8 (13.3)
Median (range) 48.5 (2–88) 47.0 (2–87) 29.0 (23–55) 51.0 (11–88) 39.5 (24–68)

Burns present, n (%)
Yes 53 (52.5) 15 (39.5) 4 (80.0) 27 (58.7) 7 (58.3)
No 23 (22.8) 4 (10.5) 0 (0) 17 (37.0) 2 (16.7)
Missing 25 (24.7) 19 (50.0) 1 (20.0) 2 (4.3) 3 (25.0)

Soot present, n (%)
Yes 72 (71.3) 19 (50.0) 4 (80.0) 39 (84.8) 10 (83.3)
No 3 (3.0) 1 (2.6) 0 (0) 1 (2.2) 1 (8.3)
Missing 26 (25.7) 18 (47.4) 1 (20.0) 6 (13.0) 1 (8.3)

Localization of soot, n (%) n = 72 n = 19 n = 4 n = 39 n = 10
No specified location 4 (5.6) 1 (5.3) 0 (0) 3 (7.7) 0 (0)
Superficial 4 (5.6) 1 (5.3) 1 (25.0) 2 (5.1) 0 (0)
Mouth, nose 18 (25.0) 5 (26.3) 2 (50.0) 7 (17.9) 4 (40.0)
Throat 30 (41.7) 7 (36.8) 0 (0) 18 (46.2) 5 (50.0)
Lower airways 16 (22.2) 5 (26.3) 1 (25.0) 9 (23.1) 1 (10.0)

Carboxyhemoglobin n = 36 n = 8 n = 4 n = 21 n = 3
Mean (SD) 12.5 (8.1) 11.6 (8.7) 7.6 (4.1) 12.9 (7.6) 18.3 (13.5)
≥10%, n 22 3 2 13 2
<10%, n 14 5 2 8 1

Systolic blood pressure, mmHg n = 61 NA n = 5 n = 44 n = 12
Mean (SD) 131.0 (34.1) 86.6 (6.5) 134.3 (34.5) 137.1 (26.7)
Median (range) 128.0 (70–300) 88.0 (80–95) 129.0 (70–300) 132.5 (100–180)

Diastolic blood pressure, mmHg n = 54 NA n = 4 n = 38 n = 12
Mean (SD) 76.4 (15.7) 57.3 (4.9) 75.6 (14.6) 85.6 (15.4)
Median (range) 71.5 (50–118) 59.5 (50–60) 70.0 (50–118) 80.0 (67–110)

Pulse, bpm n = 62 NA n = 5 n = 45 n = 12
Mean (SD) 102.0 (17.9) 103.8 (27.5) 103.1 (17.8) 96.9 (14.0)
Median (range) 100.0 (64–140) 98.0 (76–135) 100.0 (67–140) 99.0 (64–120)

Glasgow coma scale score n = 101 n = 38 n = 5 n = 46 n = 12
Mean (SD) 8.0 (5.1) 3.0 (0.0) 12.2 (3.8) 9.6 (4.1) 15.0 (0.0)
Median (range) 7.0 (3–15) 3.0 (3–3) 14.0 (6–15) 10.5 (3–15) 15.0 (15–15)
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gastric hemorrhage in association with hepatic impairment
and probable pre-existing cirrhosis (n = 1).

DISCUSSION
The United States currently lacks a cyanide antidote suitable

for use in prehospital first-responder care. The unmet need is
particularly acute for victims of smoke inhalation, which is
often associated with carbon monoxide poisoning that precludes
the safe use of the only available antidote in the United States.
An antidote suitable for prehospital use is also needed to
improve national readiness for, and response to, chemical ter-
rorism involving cyanide (25). To address these concerns, the
cyanide antidote hydroxocobalamin is being developed for pos-
sible introduction in the United States (25,26). The results of
this retrospective review of 101 smoke-inhalation victims
treated with hydroxocobalamin support the potential usefulness

of the antidote in the prehospital setting. After administration
of hydroxocobalamin, 30 patients survived, 42 died (17 at the
fire scene and 25 at the intensive-care unit), and survival status
was not known in the remaining 29 patients. Among the 72
patients for whom survival status was known, survival rate was
41.7% after administration of hydroxocobalamin. Of the 38
patients found in cardiac arrest, 21 had a return of spontaneous
circulation at the fire scene after administration of hydroxoco-
balamin. Despite the return of spontaneous circulation at the
fire scene in many of these patients, only 2 of the 38 patients
found in cardiac arrest survived. This finding suggests that
hydroxocobalamin might be most useful when administered
before the onset of cardiac arrest.

Hydroxocobalamin administration was associated with sta-
ble systolic blood pressure in the sample as a whole and recov-
ery of systolic blood pressure in 9 of the 12 patients who were
hemodynamically unstable before antidote administration.
These findings suggest that hydroxocobalamin might improve
hemodynamic stability in smoke-inhalation victims. This
attribute may be particularly important in the prehospital set-
ting, where rapid attainment and maintenance of hemodynamic
stability are crucial in saving lives and enabling timely transport
to the hospital. The association of hydroxocobalamin adminis-
tration with hemodynamic improvement in hypotensive patients
is consistent with the previous finding of transient, self-limiting
increases in systolic and diastolic blood pressure after adminis-
tration of hydroxocobalamin 5 g to healthy volunteers who
were heavy smokers (27) and the finding of modest elevations
in blood pressure, which typically returned to baseline within 4
hours of infusion, in healthy volunteers administered hydroxo-
cobalamin 2.5 to 10.0 g (28). The ability of hydroxocobalamin
to scavenge the vasodilator nitric oxide might account for
effects on hemodynamic parameters (29,30).

FIG. 1. Patient disposition. ICU = intensive care unit.

Died at f ire scene Survived fire scene  
and admitted to hospital

n=84

n=25
Missing Outcome

n=29

Survived in ICU
n=30

Transferred
to other ward

n=23

Discharged

n=7

Sample

N=101

Died at f ire scene
n=17

Died in ICU

TABLE 2 
Survival data

Sample 
(n = 101)

Subgroup with 
known survival 
status (n = 72)

Found in 
cardiac arrest 

(n = 38)

Found in 
shock 
(n = 5)

Neurologically 
impaired 
(n = 46)

No predominant 
sign of cyanide 

poisoning (n = 12)

Survived, n (%) 30 (29.7) 30 (41.7) 2 (5.3) 3 (60.0) 20 (43.5) 5 (41.7)
Died, n (%) 42 (41.6) 42 (58.3) 34 (89.5) 1 (20.0) 6 (13.0) 1 (8.3)

At fire scene 17 (16.8) 17 (23.6) 17 (44.7) 0 (0) 0 (0) 0 (0)
At intensive care unit 25 (24.8) 25 (34.7) 17 (44.7) 1 (20.0) 6 (13.0) 1 (8.3)

Hospital data missing, n (%) 29 (28.7) 0 (0) 2 (5.3) 1 (20.0) 20 (43.5) 6 (50.0)
Time to death, days n = 42 n = 42 n = 34 n = 1 n = 6 n = 1

Mean (SD) 4.0 (6.3) 4.0 (6.3) 1.9 (1.8) 3.0 (0) 14.8 (11.2) 9 (0)
Median (range) 1.0 (1–30) 1.0 (1–30) 1.0 (1–8) 3.0 (3–3) 17.0 (2–30) 9.0 (9–9)

Cause of death, n (%) n = 42 n = 42 n = 34 n = 1 n = 6 n = 1
Cardiac arrest 18 (42.9) 18 (42.9) 18 (52.9) – – –
Multiple organ failure 10 (23.8) 10 (23.8) 4 (11.8) 1 (100) 4 (66.7) 1 (100)
Cerebral anoxia 10 (23.8) 10 (23.8) 10 (29.4) – – –
Other 4 (9.5) 4 (9.5) 2 (5.9) – 2 (33.3) –
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The data on pre- and post-intervention neurologic impair-
ment as measured by the Glasgow coma scale score are diffi-
cult to interpret given that the majority of patients were sedated
or unconscious and, therefore, could not be evaluated for possi-
ble antidote-associated changes on this measure. In the 52
patients with evaluable data, Glasgow coma scale score
improved slightly after hydroxocobalamin administration.
Whether hydroxocobalamin can penetrate the blood-brain bar-
rier to have antidotal action directly in the central nervous sys-
tem is unknown (5). The effects of hydroxocobalamin on

neurologic impairment associated with cyanide poisoning war-
rant additional study.

The Paris Fire Brigade did not systematically collect data on
the safety and tolerability of hydroxocobalamin, but a review
of patient records revealed no association of hydroxocobal-
amin with clinically significant untoward events. This result is
consistent with previous studies, including prospective investi-
gations of healthy volunteers and smoke-inhalation victims
administered antidotal doses of hydroxocobalamin (23,26,28),
in which no clinically significant adverse effects after acute

FIG. 2. Systolic blood pressure as a function of time after initiation of hydroxocobalamin infusion in 12 patients who were hemodynamically unstable before
administration of hydroxocobalamin. Each line represents data from one patient.
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administration were reported. Because of the color of the mole-
cule, hydroxocobalamin can cause a transitory, pink-to-red dis-
coloration of the mucous membranes, skin, and urine—an
adverse event observed in 5 patients in the current study. Addi-
tionally, hydroxocobalamin can interfere with colorimetric lab-
oratory tests including aspartate aminotransferase, bilirubin,
creatinine, and magnesium (32). Neither the skin and mucous
membrane discoloration nor the interference with laboratory
tests appears to reflect clinically meaningful changes, and they
resolve within 2 to 3 days of hydroxocobalamin administra-
tion. Isolated allergic reactions have been reported after admin-
istration hydroxocobalamin (28,33,34).

The safety data available to date suggest that hydroxocobal-
amin can be administered without introducing significant risk
of harm. This property renders hydroxocobalamin potentially
suitable for use in the prehospital setting because it reduces the
need to manage antidote-associated toxicities. The safety pro-
file of hydroxocobalamin also may allow it to be used empiri-
cally with confidence in the prehospital or hospital setting for
cases in which cyanide poisoning is suspected but not con-
firmed. The ability to administer an antidote for presumptive
cyanide poisoning in the prehospital setting makes possible the
rapid intervention crucial for successful treatment.

The data from this study should be interpreted in the context
of its limitations. Humanistic and ethical considerations pre-
clude undertaking placebo-controlled investigations that would
provide information about the effectiveness of hydroxocobal-
amin compared with no antidotal intervention; therefore, the
degree to which treatment with hydroxocobalamin is more
effective than no intervention (or placebo) cannot be quanti-
fied. However, as severe cyanide poisoning of the nature
observed in most patients in this study is nearly always fatal,
the data support the conclusion that hydroxocobalamin is dra-
matically beneficial in patients with smoke inhalation-associ-
ated cyanide poisoning. The effectiveness of hydroxocobalamin
in cases of poisoning caused by ingested cyanide also supports
this conclusion (35–37). Besides lacking a control group, the
study is also limited by the retrospective nature of the analysis
and procedural and data-recording irregularities arising from
the rigors of providing prehospital care to critically injured
patients. Survival of victims of smoke inhalation is determined
by many factors, including health status prior to smoke expo-
sure and fire emergency-specific parameters such as amount
and duration of smoke exposure, constituents of smoke, time
between smoke exposure and intervention, and the extent of
burns. This retrospective assessment included all comers
regardless of their status with respect to these parameters. In
that regard, this assessment differs from a clinical trial having
entry criteria ensuring a uniform sample. The heterogeneous
nature of the sample in the current study should be borne in
mind in interpreting the data. Perhaps the most significant lim-
itation of the study is the lack of available blood cyanide con-
centrations for this study sample. Because the severity of
cyanide poisoning cannot be assessed on the basis of cyanide

blood concentrations, it remains unclear whether some of the
symptoms and severity was mainly due to other toxicants in the
smoke.

These considerations notwithstanding, this study provides
a valuable assessment of the effectiveness and safety of
hydroxocobalamin as used in real-world prehospital care. The
data suggest that hydroxocobalamin has a risk:benefit ratio that
may be suitable for prehospital use in the management of acute
cyanide poisoning caused by smoke inhalation.
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