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READING SMOKE IS ONE THING - BREATHING IT
IS COMPLETELY DIFFERENT

REVOLUTION: a drastic and far-reaching
change in thinking and behavior.

Americans are, by and large,
assaulted with a steady stream of
so-called “revolutions.” There’s been no
shortage of fitness and dietary revolu-
tions over the years, each one offering
unbelievable results with a money
back guarantee. The ongoing technol-
ogy revolution has promised increased
productivity and more free time, while
the computerized banking industry
has almost rendered cash obsolete.
And while each of these examples has
had an impact on daily life, they appear
to be more evolutionary than revolu-
tionary. It'’s gotten to the point where
“revolution” has become synonymous
with benign terms like change, devel-
opment, or progress. Unfortunately,
such common usage of the term has
watered down its meaning.

In reality, true revolutions are
anything but benign.

Revolutions are fueled by a new
way of thinking, risk taking, and the
courage to do things completely dif-
ferently. Something the American fire
service is not entirely comfortable
with. This is not to say that the fire
service is backward or unable to
embrace new ideas. It is however,
accurately characterized as 200 years
of tradition unimpeded by progress.

Why all the talk of revolution?
Because the fire service is on the eve
of one. A far-reaching and possibly
tumultuous revolution that will chal-
lenge everything we thought we knew
about smoke - the constant companion
of the firefighter.

Research conducted over the years
has proven that smoke is bad - we all
know that. We all know that smoke
kills more people than flames and that
breathing smoke isn’t good. So why do
we still go to fires and not wear our
SCBA? And I'm not talking about wear-
ing the tank with the mask dangling
around your neck. After the fire is
knocked down, why is it that firefighters
drop their SCBA and perform overhaul

BY ROB SCHNEPR Supplement Editor

in the smoldering debris, breathing all
those products of incomplete com-
bustions? Why do we put so much effort
into rapid intervention teams, when the
current method of medically treating
someone after the rescue is largely
ineffective? We've figured out a better way
to rescue our own, but have not com-
pleted the loop by providing an effective
antidote to correct a potential cause of
death in smoke inhalation victims -
cyanide poisoning. Typically, when
someone dies in a fire, it’s attributed to
the nebulous cause of “smoke inhala-
tion.” In truth, it's more complicated
than that - we just haven't been looking
atit the right way. We haven't really digest-
ed the combustion chemistry to truly
understand why the smoke is so nasty.
Understanding the basics of combustion
chemistry is the first step toward
gaining a new respect for an old foe.

It’s fitting that this smoke revolution
finds its roots in a busy fire department
like Providence, Rhode Island - a key
player in the American Revolution. In
this supplement, Chief of Department
David Costa provides a detailed
description of a series of fire incidents
that are emerging as a shot heard
‘round the world for the fire service.
He describes an investigation that
reached an unexpected conclusion: a
large number of his firefighters were
exposed to cyanide - from the smoke -
after fighting a series of structure fires.
These firefighters were operating at the
same kind of fires occurring every day
in each and every part of this country -
the typical residential structure fire.

I encourage you to read about
Chief Costa’s journey. A journey that
every Fire Chief hopes to avoid - one
that ends with a visit to a firefighter’s
spouse, telling them that their loved
one has been injured on the job.

I hope you'll take the time to read
the articles following Chief Costa’s
foreword. You'll learn about combus-
tion chemistry, better ways to manage
your air while fighting fire, the signs
and symptoms of smoke inhalation,
and why current methods of treating

smoke inhalation victims may be futile.
The last piece, written by Dr. Jean-Luc
Fortin, offers a look inside a successful
resuscitation of a firefighter in Paris,
France. The firefighter, overcome by
smoke after getting lost inside a structure
fire, is alive and well today because of
aggressive pre-hospital care and an
antidote for cyanide poisoning.

The bottom line is this - the fire
service needs to become better educated
about smoke. Hopefully, an increased
level of knowledge will reinforce the
importance of respiratory protection on
the fireground, and the need to prop-
erly manage your air supply. It’s better
to avoid getting into trouble than
relying on a rapid intervention team to
come in and find you! Unfortunately, a
low air emergency does not come with
a “money back” guarantee.

Smoke has become such a constant
companion for us that we may have
lost respect for it. According to Chief
Costa, his department was shocked by
the cyanide exposures. “We haven't
come up with a firm grasp of what will
be different,” he says. “It’s too early to
tell. There is, however, a lot of lively
discussion going on around the
firehouse coffee table.”

And that’s what we need to better
appreciate the immediate and long
terms effects of breathing smoke - a
lively discussion. We also need a drastic
modification of our attitude toward
smoke. Most of all, it’s important to
keep an open mind about the research
and data presented here. You might
discover some solutions on the follow-
ing pages, but more than anything, I
hope it raises some questions.

Rob Schnepp is the Chief of EMS and Special
Operations for the Alameda County (CA) Fire
Department. He is the primary author of
a textbook entitled “Hazardous Materials:
Regulations, Response & Site Operations;’
by Delmar Publishing, and is on the editorial
advisory board for Fire Engineering magazine.
Rob is a member of the NFPA Technical
Committee on Hazardous Materials Response.
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EDITORS FOREWORD
-I'he following case study chronicles
the exposure and subsequent treat-
ment of a Paris firefighter suffering
from smoke inhalation. It underscores
a common exposure scenario for
firefighters the world over: getting lost
or trapped inside a structure fire and
running out of air. The outcome in this
case was favorable. However, the case
illustrates the need in the US prehospital
arena for a safe and effective antidote
to counteract the effects of hydrogen
cyanide, one of the most deadly
fire gases.
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During the last several years, fire-
fighters in the United States have spent
countless hours on rapid-intervention
training. Today, almost every fire
department in this country has incor-
porated the concept of “backing up”
interior firefighters with a group of
rescuers outside the structure, tasked
solely with the mission of locating and
rescuing firefighters who become
trapped, disoriented, or lost inside the
fire building. While the training and
equipment used for rapid intervention
and/or firefighter rescue helps in
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removing the downed firefighter from
the toxic environment, they do not
counteract the toxic and potentially
lethal effects of smoke inhalation. To
that end, the medical management of

smoke inhalation victims must be
more fully addressed by the American
fire service. This case study sheds light
on possible means of improving care
for smoke inhalation victims.

The US Food and Drug
Administration is evaluating hydroxo-
cobalamin as an antidote for acute
cyanide poisoning. Hydroxocobalamin,
a precursor to vitamin B12, is a relatively
benign substance with minimal side
effects, properties that make it well
suited for use in the prehospital setting.
Its mechanism of action is simple:
hydroxocobalamin binds to cyanide to
form vitamin B12 (cyanocobalamin),
a non-toxic compound excreted in
the urine.

Hydroxocobalamin (Cyanokit®) is
used by the Paris (France) Fire Brigade
as a prehospital antidote to treat
suspected cyanide poisoning from
smoke inhalation and other sources of
cyanide exposure. Cyanokit® can be
administered to a smoke inhalation
patient without first verifying the
presence of cyanide in the body and
with little fear of making the patient
worse. The Paris Fire Brigade routinely
administers Cyanokit® to smoke
inhalation patients and has collected
compelling data regarding its effec-
tiveness. From 1998 through 2002, the
Paris Fire Brigade retrospectively
evaluated the prehospital use of
hydroxocobalamin.* During this time,
81 victims (41 males and 40 females)
were treated for suspected cyanide
poisoning from smoke inhalation. The
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study focused on two subsets of
victims: 29 patients found in cardiac
arrest and 15 hemodynamically unsta-
ble patients. The patient population
ranged in age from 21 to 38 years. Of
the 29 patient sfound in cardiac arrest,

18 recovered for a survival rate of

62.1%. The average time between

administration of antidote and recovery

of spontaneous cardiac activity was

19.3 minutes. Four patients recovered

without sequelae. In the subgroup of

15 patients hemodynamically unstable

before the Cyanokit® was adminis-

tered, 12 patients (80%) showed
hemodynamic improvement, defined
as systemic arterial blood pressure
exceeding 90 mmHg. The average time
to hemodynamic improvement was

49.2 minutes from the beginning of

antidote infusion and 28.8 minutes

from the end of infusion.
In France, Cyanokit® comes with

2 vials of hydroxocobalamin (each

containing 2.5 g of red powder). The

powder is reconstituted with 100 mL of
normal saline per vial, infused into the
patient over 15 minutes.

* Fortin J-L. Use of Hydroxocobalamin in fire
victims by “The Brigade De Sapeurs Pompiers
De Paris” from 1998-2003. Presentation at
The Second World Congress on Chemical,
Biological and Radiological Terrorism,
September, 2003.

INTRODUCTION

In France, patients suspected of hav-
ing acute cyanide poisoning from
sources such as smoke inhalation or
ingestion of cyanide salts are treated with
hydroxocobalamin (Cyanokit®)®>*%.
This antidote has been used in prehos-
pital care by various French emer-
gency medical services, particularly
the emergency medical service of the

Paris Fire Brigade. This case report
describes a Paris firefighter who
suffered acute cyanide poising and
was treated with hydroxocobalamin
with a favorable outcome.

CASE REPORT
Prehospital phase
A 31-year-old firefighter responded to
the scene of a store fire on January 6,
2006. The firefighter, who carried a self-
contained breathing apparatus, was
trapped in the fire, and the air in his
unit ran out. After some delay, he was
found unconscious at about 11:40 AM.
When he was rescued, he was seen
by the doctor on board the rescue
ambulance at about 12:04 PM (In Paris,
some rescue ambulances are staffed
by paramedics and a physician). The
patient was initially unconscious
(Glasgow score = 3) and bradypneic
(respiratory rate less than 10 per minute,
with a blood pressure of 110/70) with
elevated blood pressure (110/70 mmHg),
tachycardia (120 bpm), and arterial
hypoxia (93% with administration of 15
liters oxygen/minute). The first elec-
trocardiogram showed no signs other
than sinus tachycardia. There was no
myocardial repolarization disorder.
Initial management consisted of
endotracheal intubation after anesthe-
sia (40 mg Ethomidate and 100 mg
Celocurine injected intravenously).
Endotracheal intubation revealed
massive inhalation of smoke from the
fire with a substantial quantity of soot
in the oropharynx. Maintenance anes-
thesia was done with Midazolam 7
mg/hour and Sufentanyl 15pug/hour. The
patient was administered 10 g hydrox-
ocobalamin (Cyanokit®). The following
Table shows clinical parameters after
hydroxocobalamin administration:

Clinical parameters after hydroxocobalamin administration

12:15 PM 12:30 PM 12:40 PM 1:00 PM
Glasgow 3 3 3 3
Pulse 110 110 74 72
Blood pressure 120/80 110/70 110/60 120/80
Sp02 93% 96% 97% 97%
Cyanokit® 5g 58
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Hospital Phase

The patient was admitted to the inten-
sive care unit (ICU) of the Val-de-Grace
military hospital at 1:10 PM, or 1 hour
after the start of prehospital treat-
ment. When he arrived at the ICU, the
patient was intubated, with artificial
ventilation (FiO2 = 100%). Sedation
with Midazolam and Sufentanyl was
continued. Opening of the eyes and
mobility of all four limbs after pain
stimulation was noted. Blood pressure
was normal. A superficial second-
degree burn of the left knee and calf
was noted.

The first laboratory tests showed
metabolic acidosis with pH 7.20 asso-
ciated with hypercapnia (PCO2=51.7
mmHg). There was no hypoxia: the
pO2 was 527 mm Hg (FiO2 = 100%).
Carboxyhemoglobin was 7.8%. Lactates
were 3 mmol/l. The initial lab tests
showed no myocardial dysfunction
with the troponin level at 0.03. There
was muscular rhabdomyolysis with
elevated creatinine phosphokinase
(CPK = 1629 UI/l) and myoglobin at
5421 UI/l. No other lab tests were
abnormal. The second electrocardio-
gram, done on arrival in the ICU,
showed sinus rhythm with no conduc-
tion or repolarization disorders.

The patient was given a hyperbaric
oxygen session at 2.5 ATA for 1 hour.
Bronchial fibroscopy, done after the
hyperbaric chamber, showed substantial
inhalation of smoke with soot present
throughout the tracheobronchial tree.

On Day 2 (January 7, 2006), sedation
was withdrawn. The patient woke up
quickly, and the breathing tube was
removed. The level of consciousness
was normal (Glasgow = 15), and there
was no sensory or motor deficit.
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No respiratory distress was observed.
Pulmonary auscultation revealed rales
at both bases and productive coughing
continued with blackish expectoration.
However, the patient did not need oxygen.

The patient was apyretic with
white cells 14,000 /mm3. C-reactive
protein was high at about 130. Burns
were dressed with Flammazine® and
compresses. In an attempt to prevent
posttraumatic stress disorder in this
firefighter, a psychiatric session was
conducted. Two days later, the patient
was moved from the ICU to the
Medical Department.

DISCUSSION

Early administration of hydroxocobal-
amin, even before arrival at the
hospital, gave favorable results for
this firefighter who fell victim to
severe cyanide intoxication from
smoke inhalation. Hydroxocobalamin
administration was based on circum-
stantial evidence of cyanide poisoning
(fire, enclosed setting) and clinical
observation (coma, bradypnea). Because
of the urgency of the situation, it was not
possible to draw blood to test lactates®
and get prehospital lab confirmation
before administering the hydroxocobal-
amin or subsequent lab confirmation
by measuring blood cyanides.

This case report suggests that
hydroxocobalamin administration must
be rapid - done by the first aid or para-
medical team based on clinical or cir-
cumstantial criteria. Hydroxocobalamin,
which is a vitamin B12 derivative, has
no major adverse effects at the doses
normally in use’. The risk of acute
cyanide poisoning is exceptional for a
firefighter and should be borne in
mind by fire and emergency services.
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CONCLUSION

Thermal Burns and smoke inhalation
are major occupational hazards for
any firefighter. This case illustrates the
importance of having an antidote on
hand for rapid administration at the fire
or accident scene. It is desirable for fire
and emergency services to have a cyanide
antidote in their pharmacopoeia.
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CYANIDE POISONING TREATMENT COALITION

he Cyanide Poisoning Treatment Coalition is a

501(c)(3) non-profit made up of organizations
and individuals who have direct involvement with the
identification and treatment of cyanide exposure.
Currently, there are few resources that raise aware-
ness and educate professionals about the potential
danger of cyanide exposure. Through joint strategic
initiatives to focus the required attention and
resources on the issues, the members of the CPTC
aim to increase awareness surrounding the dangers
of cyanide exposure. For more information on cyanide
poisoning, how to obtain a CPTC membership
application or become a sponsor, please visit
the Coalition website at www.cyanidepoisoning.org.
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