CASE REPORT

Cyanide Poisoning and Lactate in Smoke Inhalation
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ABSTRACT
House fires can lead to cyanide poisoning and an asso-
ciated elevated serum lactate level. Because of delays in
obtaining serum cyanide levels, clinical symptoms and
serum lactate are often used to guide clinical decision
making and antidote administration. However, as this
case report identifies, lower levels of serum lactate may
in fact correlate with higher levels of serum cyanide that
could benefit from treatment with an antidote.
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INTRODUCTION

House fires lead to the burning of both natural and synthetic
materials, which can result in the creation and release of
hydrogen cyanide.! Cyanide exposure can occur in several
ways, including dermally, parenterally, and by ingestion.! In
house fires, cyanide is released as a gas that leads to clin-
ical asphyxiation, and leads to acute elevations in serum
lactate.! Here, we present a case of smoke inhalation with
a markedly elevated serum cyanide but a discordantly low
level of serum lactate.

CASE REPORT

The patient was a 55-year-old female with a prior medical
history of anxiety, depression, gastroesophageal reflux, and
anemia, who presented to the emergency department by
emergency medical services (EMS) after a house fire. She
reported that she had fallen asleep after throwing a cigarette
into the wastebasket, and was awoken to large flames and a
smoke-filled room. EMS was contacted, and at scene arrival
the patient had a reported oxygen saturation of 85% by pulse
oximetry. She improved to 92% after she was placed on oxy-
gen delivered by a non-rebreather (NRB) mask. The patient
was a long-term tobacco user who currently smoked about
1 pack per day.

On arrival at the emergency department (ED), the patient
was alert and oriented to person, place and time, speak-
ing comfortably in full sentences. She was on the non-
rebreather, breathing 15 times per minute (reference: 12-18
times per minute), and saturating 98% on pulse oximetry
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(reference: >95%) on arrival. Her blood pressure was 111/56
mmHg (reference: 90-140/60-90 mmHg), and her heart rate
was 110 beats per minute (reference: 60-90 beats per min-
ute). Her face, including her lips and nares, and upper arms
were covered in soot. She had soot on the anterior aspect of
her tongue but there was none noted in her posterior oro-
pharynx. No burns were noted throughout the face, nose,
or oropharynx. There was no stridor, and on auscultation,
the patients’ lungs were clear bilaterally with no wheezing.
Cardiac exam revealed a tachycardic, regular rhythm. Pulse
co-oximetry, which measures carbon monoxide bound to
hemoglobin, was performed in the ED and showed a level of
33.The patient was intermittently sleeping between interac-
tions, but easily aroused to voice and could hold a full con-
versation with her eyes open.

A chest radiograph demon-  Figure 1. Initial venous blood gas

strated bibasilar opacities  obtained on arrival

thought to be secondary to Test Patient Value
atelectasis. An electrocardio- 3
gram showed sinus tachycar- i :

dia, at a rate of 142 (and a PR PCO2 60

of 136, QRS of 78, and QTC PO2 50

of 406). The patient’s initial

venous blood gas revealed Venous O2 67

a pH of 7.23, and a whole Glucose 169

blood lactate was 6.2 mEq/L.
Other blood gas and lab val-
ues are listed in Figures 1, 2.
Repeat lactate after 2 hours Test
on NRB mask and two liters

Figure 2. Additional laboratory
findings obtained in the ED

Patient Value

Initial Lactate 6.2 mEqg/L
of intravenous crystalloid Repeat Lactate | 1.2 mEq/L
was 1.2 mEq/L. (2 hours)

In1t1a.l venous carboxyhe- WEBC 9.6 x 109/L
moglobin level was 13.5%,

Hgb 163 g/dL
and when repeated about 12
hours later had decreased i 49.4 g/dl
to 3%. A cyanide level was Platelets 305 x 109/L
sent on arrival and resulted Sodium 139 mEq/L
the next day at >100 ug/dL Potassium 3.6 mEq/L
(reference range O—ZQ ug/dL). Chloride 102 mEq/L

The case was discussed

. . . CcOo2 22 mEq/L
with the regional poison
center who recommended Ethanol Not detected
against hydroxocobalamin or HS troponin 19 ng/L
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transfer for hyperbaric oxygen (as this was not available at
the medical center she presented to) based on the patient’s
clinical presentation and the available laboratory results
(particularly the lactate and carboxyhemoglobin levels).
The patient was maintained on 100% oxygen by NRB mask
and was admitted to the hospital for observation, showing
improvement in her carboxyhemoglobin level after approx-
imately 12 hours. She remained persistently hypoxic on
room air over the next several days, but was weaned to room
air and was subsequently discharged to home without any
oxygen supplementation.

DISCUSSION

Patients with smoke inhalation can exhibit an array of neu-
rologic symptoms, ranging from asymptomatic to agitation/
confusion to somnolence to coma. Other complications can
include myocardial ischemia, dysrhythmias, and metabolic
acidosis due to impaired oxygen transfer and utilization in
tissues. Smoke inhalation can lead to a complex set of chem-
ical exposures and a variety of physiological impacts, but
rapid assessment and initiation of interventions to reverse tis-
sue hypoxia and promote oxygen delivery is essential.! Toxic
combustion products from fires include simple asphyxiants
such as carbon monoxide and cyanide, both of which have
antidotes. For cyanide poisoning, several antidotes exist,
but currently hydroxocobalamin is used most frequently.
It is generally well tolerated and works by chelating cya-
nide to form cyanocobalamin which can then be excreted.?

The relationship between elevations in serum lactate in
cyanide poisoning, due to inhibition of cellular cytochrome
¢ oxidase and the electron transport chain, has been well
elucidated.’® Serum lactate measurement is of particular
value and interest to emergency providers given this test is
widely available, portable at the point-of-care, and results
rapidly.®” This is in contrast to the time delay in obtaining
serum cyanide levels, which are often either unavailable or
whose results are significantly delayed, such that they are
of low clinical relevance and cannot serve to guide real time
decision making.

Several case reports and retrospective case series have
examined serum lactate levels in the setting of smoke expo-
sure. Data from the Paris Fire Brigade (a unit of the French
army that serves as the fire and rescue service for Paris)
suggested that a lactate level of 10 mmol/L or higher was
a sensitive indicator of cyanide toxicity.® Of 39 victims of
smoke inhalation, 23 had blood cyanide levels >40 umol/L
(100ug/dL), revealing cyanide toxicity. Of the 23 patients,
only 3 had plasma lactate concentrations below 10 mmol/L.?
Recent work in smoke-exposed porcine animal models has
also shown that there is a significant correlation between
cyanide toxicity and serum lactate levels. However, this
study also found that low or minimally elevated lactate
levels cannot exclude lethal cyanide intoxication.’
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In our case, the lactate level was 6.2 mg/L. While elevated,
it fell below the threshold for hydroxocobalamin adminis-
tration suggested by the existing literature and standard of
care. However, this lactate concentration correlated with a
cyanide concentration of >100 ug/dL (>1 mg/L). It is possible
that the patient’s tachycardia and sleepiness were clinical
indicators of cyanide toxicity. This patient’s serum cyanide
level was certainly elevated, with serum levels of 1-2 mg/L
considered moderate, 2-3 mg/L as severe, and >3 mg/L as
lethal.” Unfortunately, the resulted lab value in this case
was simply reported as >100 ug/dL, and not a more specific
value. Further, the patient’s history of smoking may serve
as a confounder, as smoking can lead to a baseline presence
of cyanide in the serum.'” Serum cyanide levels are noted to
be difficult to interpret, and as with some other poisons, the
test result must be clinically correlated. Given the delays in
getting the results of a serum cyanide level, clinicians must
make decisions based on the patient’s clinical exam and
other rapid diagnostics that can serve as corollaries.

The clinical symptoms seen in the Paris Fire Brigade data
showed that cardiovascular instability (hypotension) and
significantly depressed Glasgow Coma Scale scores can be
useful clinical indicators in evaluating the risks and benefits
of hydroxocobalamin administration.® Further, in this case,
EMS had applied oxygen on scene and thus it is possible that
this intervention lowered the lactate that was drawn on ED
arrival, given that elevated lactate in smoke inhalation is
often multifactorial. As EMS pre-hospital care evolves, on
scene point-of-care measurements of lactate by EMS could
help more rapidly assess lactate level and guide early field-
based administration of hydroxocobalamin.

The existing literature centers around elevated lactate lev-
els as a corollary for elevated cyanide levels, though little
data exists regarding patients with a lower range lactate and
concurrent potentially lethal levels of cyanide poisoning.
We report one such case here. Further evaluation through
additional research may be beneficial, as it may have impli-
cations for revising protocols to be more sensitive and lead
to the early administration of useful antidotes.

References

1. Hoffman R, Howland M, Lewin N, Nelson L, Goldfrank L. Gold-
frank’s Toxicologic Emergencies [Internet]. 10e ed. McGraw
Hill Medical; 2015 [cited 2022 Jan 24]|. Available from: https://
accesspharmacy.mhmedical.com/content.aspx?bookid=1163&-
sectionid=64552562

2. Anseeuw K, Delvau N, Burillo-Putze G, De Iaco F, Geldner G,
Holmstrom P, et al. Cyanide poisoning by fire smoke inhalation:
a European expert consensus. Eur ] Emerg Med Off J Eur Soc
Emerg Med. 2013 Feb;20(1):2-9.

3. Baud FJ, Barriot P, Toffis V, Riou B, Vicaut E, Lecarpentier Y, et
al. Elevated Blood Cyanide Concentrations in Victims of Smoke
Inhalation. N Engl ] Med. 1991 Dec 19;325(25):1761-6.

4. Baud FJ, Borron SW, Bavoux E, Astier A, Hoffman JR. Relation
between plasma lactate and blood cyanide concentrations in
acute cyanide poisoning. BMJ. 1996 Jan 6;312(7022):26-7.

FEBRUARY 2023 RHODE ISLAND MEDICAL JOURNAL 15


http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2023-02.asp
https://www.rimedicalsociety.org

5. Baud FJ, Borron SW, Mégarbane B, Trout H, Lapostolle F, VicautE,
et al. Value of lactic acidosis in the assessment of the severity of
acute cyanide poisoning. Crit Care Med. 2002 Sep;30(9):2044-50.

6. Mégarbane B, Delahaye A, Goldgran-Tolédano D, Baud FJ. Anti-
dotal treatment of cyanide poisoning. ] Chin Med Assoc JCMA.
2003 Apr;66(4):193-203.

7. Borron SW, Baud FJ, Mégarbane B, Bismuth C. Hydroxocobala-
min for severe acute cyanide poisoning by ingestion or inhala-
tion. Am ] Emerg Med. 2007 Jun;25(5):551-8.

8. Fortin JL, Giocanti JP, Ruttimann M, Kowalski JJ. Prehospital
administration of hydroxocobalamin for smoke inhalation-asso-
ciated cyanide poisoning: 8 years of experience in the Paris Fire
Brigade. Clin Toxicol Phila Pa. 2006;44 Suppl 1:37-44.

9. Beelitz J, Kill C, Feldmann C, Wulf H, Vogt N, Veit F, et al.
Toxic smoke inhalation with cyanide: Correlation of blood cy-
anide and lactate levels in a pig model. Resuscitation. 2017 Sep
1,118:€94.

10. Clark CJ, Campbell D, Reid WH. Blood carboxyhaemoglo-
bin and cyanide levels in fire survivors. Lancet. 1981 Jun
20,1(8234):1332-5.

RIMJ ARCHIVES | FEBRUARY ISSUE WEBPAGE | RIMS

%977 | 20831

CASE REPORT

Acknowledgment

Thank you Dr. Nathan Charlton at the University of Virginia, for
his insights and suggestions in the drafting of the manuscript.

Authors

J. Austin Lee, MD MPH, Attending Physician, Indiana University
Health, Southern Indiana Physicians, Bloomington, IN.

Christina Matulis, MD, Instructor in Emergency Medicine, Yale
School of Medicine; Medical Simulation Fellow, Yale Center
for Medical Simulation, New Haven, CT.

Correspondence
jaustinlee@brown.edu

FEBRUARY 2023 RHODE ISLAND MEDICAL JOURNAL 16


mailto:jaustinlee%40brown.edu?subject=
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2023-02.asp
https://www.rimedicalsociety.org

	COVER
	CONTENTS-Contributions
	CONTENTS–Contributions
	CONTENTS–News, People
	CASE-McGillion-Moore
	CASE–Sanka
	CASE–Lee
	IMAGES–John
	VIDEOS–Wahbe
	PATHOLOGY–Cao
	RESEARCH–Weng
	RESEARCH–Shah
	STUDY–Sokol
	STUDY–Bakow
	CONTRIBUTION–Thorndike
	CONTRIBUTION–Hoffen
	CONTRIBUTION–Shinnick
	CONTRIBUTION–Kuris
	HEALTH–Vital Statistics
	COMMENTARY
	LETTER
	WE ARE READ EVERYWHERE
	RIMS NEWS
	NEWS
	PEOPLE/PLACES
	OBITUARIES

