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REVIEW

Challenges in the diagnosis of acute cyanide poisoning

J. L. Parker-Cote, J. Rizer, J. P. Vakkalanka, S. V. Rege and C. P. Holstege

Division of Medical Toxicology, Department of Emergency Medicine, University of Virginia School of Medicine, Charlottesville, VA, USA

ABSTRACT
Objective: The aim of this systematic review was to identify isolated acute cyanide poison cases and
to identify reported signs, symptoms, and laboratory findings.
Methods: We searched MEDLINE, Cochrane Reviews, and Web of Science case reports and series using
a number of MeSH descriptors pertaining to cyanide, toxicity, and poisonings. We excluded studies on
plants, laboratory analyses, smoke inhalation poisonings, animals as well as non-English language
articles and those in which data were not available. Data extracted included demographics, exposure
characteristics, acute signs/symptoms, and medical management and outcome.
Results: From the initial 2976 articles retrieved, 65 articles (52 case reports, 13 case series) met inclu-
sion criteria and described 102 patients. Most patients were unresponsive (78%), hypotensive (54%), or
had respiratory failure (73%); other signs and symptoms included cardiac arrest (20%), seizures (20%),
cyanosis (15%), cherry red skin (11%), and had an odor present (15%). Medical management included
cyanide antidote kit (20%), sodium thiosulfate (40%), and hydroxocobalamin (29%). The majority of
cases (66%) required intubation with mechanical ventilation and a substantial number (39%) developed
refractory hypotension requiring vasopressor support.
Conclusions: Contrary to general reviews published on cyanide toxicity, reports of cherry red skin and
bitter almond odor were rare among published cyanide cases. Consistent with other studies, metabolic
acidosis with significant lactic acidosis were the laboratory values consistently associated with cyanide
toxicity. Healthcare providers may overlook cyanide toxicity in the differential diagnosis, if certain
expected characteristics, such as the odor of almonds or a cherry red color of the skin are absent on
physical examination.
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Introduction

Acute cyanide poisoning may cause rapid hemodynamic and
neurological dysfunction. Early recognition in the emergency
department and appropriate antidotal treatment of toxicity is
crucial to survival [1]. Healthcare providers may overlook
cyanide toxicity in the differential diagnosis if certain charac-
teristics are absent on physical examination. Common teach-
ing in medical Schools mention the odor of bitter almond
and cherry red skin as expected findings of cyanide poison-
ing, despite their poor utility in clinical use.

Potential sources of cyanide exposure include smoke,
amygdalin, nitriles, mining, manufacturing, agriculture, and
hydrogen cyanide gas [2]. Cyanide salts have a long history
of use for murder and suicide, and they continue to appear
in modern cases. Two highly publicized cases of homicidal
poisoning both eluded antemortem diagnosis in the ED and
ICU [3,4].

Cyanide poisoning accounted for 1951 exposures reported
to the American Association of Poison Control Centers from
2007 to 2014 [5–12]. Bebarta et al. reviewed poison center
data and found that 8.3% of intentional exposure cases died
and another 9% developed cardiac arrest but survived.
Seventy-four percent of cases did not receive an antidote
[13].

The clinical findings in a patient with cyanide toxicity
depend on the route, duration, dosage, and source of expos-
ure. Absorption of cyanide can occur through oral, dermal,
inhalational, and parental routes. Cyanide is a potent de-
coupler of oxidative phosphorylation causing disruption of
ATP synthesis via blockade of cytochrome oxidase aa3.
Consequently, aerobic respiration ceases and anaerobic res-
piration ensues leading to excessive lactate formation [14,15].
Ultimately, a significant metabolic acidosis occurs despite
adequate oxygen in the mitochondria. Ingestion of approxi-
mately 140–250mg of cyanide salt is potentially lethal if left
untreated [16]. Because cyanide poisoning is rare, healthcare
professionals may overlook the diagnosis without an obvious
history of exposure and may miss the fleeting opportunity to
treat with an appropriate antidote [1].

The current medical literature contains inconsistencies
concerning the expected clinical and laboratory findings after
cyanide poisoning. Conventional reviews report that hydro-
gen cyanide has a bitter almond odor. Prior reports claim
that only 20–40% and possibly 60–80% of individuals can dis-
cern the odor [17,18]. Cherry-red skin is another physical
exam finding that is reported as characteristic of cyanide tox-
icity, due to increased venous hemoglobin oxygen saturation.
However, there is not a predictable incidence in which
cherry-red skin is present upon initial presentation. Patients

CONTACT J. Rizer jr4xq@hscmail.mcc.virginia.edu University of Virginia, PO Box 800774, Charlottesville, VA 22903, USA
� 2018 Informa UK Limited, trading as Taylor & Francis Group

CLINICAL TOXICOLOGY
2018, VOL. 56, NO. 7, 609–617
https://doi.org/10.1080/15563650.2018.1435886

http://crossmark.crossref.org/dialog/?doi=10.1080/15563650.2018.1435886&domain=pdf
http://www.tandfonline.com


may present after cardiovascular collapse with subsequent
cyanosis rather than cherry-red skin [1]. In one case series of
intentional cyanide ingestions pink lividity and a “bitter”
almond smell were not prevailing signs [19]. Additional signs
and symptoms associated with cyanide toxicity are dizziness,
headache, nausea, vomiting, tachypnea, tachycardia, restless-
ness, seizures, and loss of consciousness. However, these
signs and symptoms can occur from a multitude of medical
conditions and are not specific to cyanide toxicity. Metabolic
acidosis with associated hyperlactatemia has been a predom-
inant laboratory finding in various reports.

The aim of the systematic review was to identify case
reports and case series of live patients presenting to a
healthcare facility after acute cyanide poisoning from a cyan-
ide salt and identify the most prevalent initial documented
clinical examination and laboratory findings.

Methods

We conducted a systematic literature review adhering to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines.

Literature search

In April 2015, the authors sought publications detailing
human cases of cyanide poisoning by searching MEDLINE (via
PubMed), the Cochrane Library, and the following Web of
Science databases: the Core Collection, Biological Abstracts,
KCI-Korean Journal Database, and the SciELO Citation Index.
No limits were placed on language or publication year. The
initial MEDLINE search strategy used was: ((((cyanides/
toxicity[Mesh Terms]) OR cyanide toxi�)) OR (((Cyanides[mesh]
OR “Cyanide” OR “Cyanides”)) AND (toxicity[Subheading]
OR toxi� OR toxic� OR (“poisoning”[Subheading] OR
“poisoning”[MeSH Terms]) OR poison� OR))) OR cyanide
poison�.

Study selection
The search in the selected databases resulted in 2976 publi-
cations, and initial removal of duplicates [JPV] yielded 2905
retrieved articles. We included case reports or case series
implicating cyanide poisoning. We excluded non-English lan-
guage articles, animal studies, medication assessments, plant
studies and analyses, smoke inhalation, technical reports, and
articles without laboratory data. Figure 1 depicts the flow
chart of the systematic review search and selection of final
articles.

Data extraction and analysis
For each case, we extracted and recorded data in a standard
format and excluded any duplicate cases. Data included pub-
lication characteristics (case report versus series, year of pub-
lication), demographics (age, sex, race/ethnicity), and
exposure characteristics (cyanide salt type, route, amount
ingested, exposure reason, coingestants). We assessed acute

signs and symptoms including level of consciousness (lethar-
gic, unresponsive, normal), seizures, posturing, change in
pupils, respiratory failure, vomiting, cardiac arrest, arrhyth-
mias up to three time points, hypothermia, hypertension,
hypotension, cherry red skin, presence of an odor, cyanosis,
and death. We classified arrhythmias as asystole, atrial fibrilla-
tion, bradycardia, tachycardia, ventricular arrhythmia, or
other. We also extracted data on medical management (sup-
plemental oxygen, IVF, cyanide antidote kit, hydroxocobala-
min, sodium thiosulfate, sodium bicarbonate, vasopressors,
and intubation) and laboratory results (levels of lactic acid-
osis, anion gap, cyanide, and thiocyanate). For demographics,
exposure and clinical characteristics, and medical manage-
ment we used descriptive statistics including the frequencies
and percentages for nominal data.

Quality assessment
Two authors [J. P. C., J. R.] independently conducted title and
abstract screening, full article review, and data extraction. We
randomly selected a sub-sample of 30 cases for review by
two reviewers prior to full stage review. This analysis demon-
strated a strong inter-rater agreeability (Cohen’s Kappa value:
0.98). A third reviewer [JPV] identified discrepancies, which a
fourth reviewer [CPH] resolved.

Electronic Search

Title and abstract
screening review

Eliminated Duplicates

N = 331

N = 2,976

N = 2,905

Full Text Review

N = 396

Final List

N = 65

•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

N = 71

Excluded at screening stage:

N = 2,509

Animal study (n=129)
Laboratory analysis (n=938)
Medication studies (n=322)
Plant studies/analyses (n=314)
Randomized control trial (n=9)
Smoke inhalation (n=215)
Technical report (n=407)
Other (n=174)

Excluded at full review stage:

Animal studies (n=2)
Duplicates (n=3)
Laboratory analysis (n=14)
Medication studies (n=3)
No data (n=55)
Not in English (n=136)
Plant studies/analyses (n=7)
Smoke inhalation (n=2)
Technical report (n=27)
Other (n=82)

Figure 1. Systematic review search and selection flow chart.
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Results

General characteristics

Publications and cases
There were 65 studies [3,20–83] (52 case reports, 13 case ser-
ies) that met the study criteria (Table 1). The publication
years covered approximately 48 years (from 1967 through
2015). The number of surviving cases, fatalities, and publica-
tions are presented in Figure 1. We identified 102 unique
cases from these reports. Cases were predominantly males
(72%) and often had unknown race/ethnicity (84%). The dis-
tribution of cases by age was: �5 (44%); 6–12 (0%); 13–19
(10%); 20–39 years (51%); 40–59 (28%); �60 (7%).

Exposure characteristics
Exposure characteristics and circumstances appear in Table 2.
The majority of cases (91%) involved single agent exposures,
of which approximately half involved potassium cyanide.
Among polysubstance exposures, the other substances
included ethanol, methanol, medications (e.g. acetamino-
phen, benzodiazepines, ephedrine, pseudoephedrine, fluoxet-
ine), and others (e.g. gold, nitrobenzene, sodium arsenic).
Among oral ingestions, less than one-quarter of cases
reported estimates of amount ingested. Approximately two-
thirds of cases were suspected suicide cases.

Clinical characteristics

Clinical characteristics of the patients appear in Table 3.
Findings mentioned included unresponsiveness (78% of
cases), respiratory failure (73%), hypotension (54%), arrhyth-
mia (72%), cardiac arrest (20%), seizures (20%), cyanosis
(15%), unusual or bitter almond odor (15%), and cherry red
skin (11%).

There were 26 (26%) deaths identified among the studies.
Most frequent presenting clinical characteristics of fatalities
included: respiratory failure (96%), unresponsiveness (92%),
hypotension (85%), cardiac arrest (58%), and bradycardia
(43%). Not all reported deaths had clinical information
available.

Medical management

The severity of clinical symptoms typically guided the inten-
sity of medical intervention. Of the therapies reported, the
majority of patients received supportive care with supple-
mental oxygen (79%) and intravenous fluids (66%). A sub-
stantial number of patients developed respiratory failure
requiring intubation (66%) and refractory hypotension requir-
ing vasopressor support (39%). Eighty-nine percentage of
cases that died required intubation while 73% required
hemodynamic support with vasopressors. The choice of anti-
dote therapy was variable and most likely influenced by
availability and approval for use. Overall, 20% received
Cyanide Antidote Kit (amyl nitrite, sodium nitrate, and
sodium thiosulfate), 29% received hydroxocobalamin, and
40% received sodium thiosulfate alone. Some patients

received multiple antidotes. A summary of patient manage-
ment and therapies provided appears in Table 4.

Limitations

This systematic review assessed the characteristics of all pub-
lished case reports and case series of cyanide salt ingestions.
As a result, the potential for publication bias exists as we are
relying on select cases that may have been unique to be
published. However, the purpose of this study was to identify
reported signs and symptoms of cases, which may not be
possible to extract from larger or more robust studies such
as cohort studies or clinical trials. Limitations to our review
include recall and reporting biases of the clinician’s recollec-
tion of signs and symptoms. In addition, while this is the
largest sample size of patients studied, the overall sample
size of 102 remains low. Many of the effects assessed lacked
consistent reporting among this heterogeneous collection of
case reports and case series. Cutaneous assessment and odor
are subjective findings influenced by the clinician’s percep-
tion and prior experiences. Although the majority of cases
were isolated cyanide salt ingestions, there were a few cases
of co-ingestants, which may have affected findings and out-
comes. Also, exclusion of non-English language cases or
cases that were unobtainable may have prevented us from
identifying pertinent findings in other languages within this
topic.

Discussion

Of reported cases in the literature, very few described cuta-
neous signs. Only 11% of cases reported “cherry red skin.”
There were various descriptions of skin color, but only 15%
reported cyanosis. Cyanide toxicity inhibits aerobic respir-
ation by inhibition of cytochrome oxidase. Oxygen is not uti-
lized in the tissues and venous oxygen content increases.
Cyanide victims may lack classic cutaneous manifestations of
“cherry red skin”, and may appear to have an absence of
expected cyanosis in the setting of hemodynamic collapse. In
one case report, a family member commented on “how
unusually good” the patient appeared even though he was
unstable and unconscious [60]. Initial cutaneous findings
depend upon the latency of ingestion of a cyanide salt: cases
presenting later after ingestion were unresponsive for longer
periods of time appearing more cyanotic, and earlier presen-
tations report more normal cutaneous findings. Therefore,
the absence or presence of cherry red skin is not a reliable
indicator for cyanide toxicity.

Fifteen cases reported an odor with various descriptions.
Seven cases directly describe the odor of bitter almonds on
the breath [21,27,30,35,37,38,82]. Others described an
“burned” [83], “unpleasant” [68], “ammonia-like” [31], “musty”
[40], and “putrid” [55] odor. Very few cases state the absence
of an odor. The majority of cases do not comment on the
presence or absence of an odor. Based on these discrepan-
cies, a clinician should not rely on the presence of a bitter
almond odor to verify cyanide toxicity.
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Exposure characteristic n %

Cyanide salt type
Sodium cyanide 10 9.8
Potassium cyanide 47 46.1
Other 45 44.1

Route
Oral 86 84.3
Inhalational 8 7.8
Inhalational/dermal 1 1.0
IV 1 1.0
Oral and inhalational 1 1.0
Subcutaneous 1 1.0
Unknown 4 3.9

Most Frequent sources of exposure
Electroplating factory 5 4.9
Jewelry cleaning, industry 17 16.7
Laboratory 18 17.6
Coin cleaner 3 2.9

Amount ingested (mg)a

�399 1 1.1
400–800 6 6.9
800–1500 9 10.3
>1500 11 12.6
Unknown 60 69.0

Exposure reason
Accidental 18 17.6
Homicide 5 4.9
Suicide 64 62.7
Other 15 14.7

aOral exposures only.

Table 3. Clinical characteristics and outcomes.

All Deaths

n % n %

Total 102 100.0 26 100.0
Consciousness

Lethargic 5 4.9 1 3.8
Unresponsive 79 77.5 24 92.3
Normal 16 15.7 1 3.8
Unknown 2 2.0 0 0.0

Seizure
Yes 20 19.6 1 3.8
No 36 35.3 22 84.6
Unknown 6 5.9 3 11.5

Posturinga

Yes 9 8.8 4 15.4
No 36 35.3 7 26.9
Unknown 57 55.9 15 57.7

Respiratory failure
Yes 74 72.5 25 96.2
No 28 27.5 1 3.8
Unknown 0 0.0 0 0.0

Vomiting
Yes 24 23.5 2 7.7
No 28 27.5 6 23.1
Unknown 50 49.0 18 69.2

Cardiac arrest
Yes 20 19.6 15 57.7
No 81 79.4 12 46.2
Unknown 1 1.0 1 3.8

Arrhythmiasb

Asystole 1 1.0 0 0.0
Atrial fibrillation 9 8.8 2 7.7
Bradycardia 17 16.7 11 42.3
Tachycardia 41 40.2 6 23.1
Ventricular arrhythmias 6 5.9 3 11.5
Other 19 18.6 13 50.0

Hypothermia
Yes 6 5.9 5 19.2
No 18 17.6 1 3.8
Unknown 78 76.5 20 76.9

(continued)
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No predominant arrhythmia was noted among cases of
cyanide toxicity. The variable report of arrhythmias could be
attributable from the latency between exposure and presen-
tation to a healthcare facility. Victims most likely would have
had a catecholamine surge that caused more tachydysryth-
mias earlier in toxicity, prior to myocardial depression.
Whereas, cases with later presentations and sustained a

prolonged hemodynamic collapse, were more likely present
with bradycardia and hypotension. Fatalities undoubtedly
presented with more dire findings such as hypotension,
bradycardia, unresponsiveness, and respiratory failure.
Reported arrhythmias with acute cyanide toxicity included:
asystole, atrial fibrillation, bradycardia, tachycardia, and ven-
tricular arrhythmias.

A few cases reported suspected amounts of cyanide
ingested and cyanide or thiocyanate levels, but this is not a
reliable marker to predict severity of toxicity or outcomes.
Cyanide is volatile and dissipates rapidly in blood samples
[20]. Only minute amounts of unmetabolized cyanide appear
in urine [84]. Consequently, obtaining an accurate and clinic-
ally meaningful concentration at the time of treatment will
not alter management.

Conclusion

The majority of cyanide salt cases did not report cherry red
skin or odor bitter almonds. Neither the absence nor pres-
ence of these clinical signs should be relied upon for accur-
ate diagnosis of cyanide toxicity. Overall, few cases reported
specific cutaneous signs. Clinicians should keep a high level
of suspicion for cyanide toxicity for an unresponsive, hemo-
dynamically unstable patient with significant persistent lactic
and metabolic acidosis, with potential access to cyanide salts.
Vigilance in obtaining a history from pre-hospital personnel
of the victim’s environment can lead to an accurate diagno-
sis. Earlier diagnosis and delivery of an effective antidote can
improve outcomes and increase chances of survival.
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