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  BACKGROUND 
 The toxic role of cyanide in humans exposed to residential 
fi re smoke remains a matter of debate. 1  –  4  Some investiga-
tors claim fatal cyanide exposure is uncommon, and that 
even when inhalation occurs, it is almost always accom-
panied by elevated or lethal levels of carbon monoxide. 3  
Potentially toxic blood cyanide concentrations have some-
times been reported in fatal and living human fi re victims 
with non-lethal carboxyhaemoglobin concentrations, 3   5  –  16  
but analytical data that could suffi ciently support or refute 
this claim are lacking in the vast majority of cases, and 
long-term follow-up data are even rarer. 

 To support the assumption that cyanide is a primary 
toxicant in fi re smoke, we present the case of a near-fatal 
residential fi re victim with data from comprehensive acute 
clinical, biological, analytical and therapeutic assessments, 
and long-term neurological follow-up.  

  CASE PRESENTATION 
 A female non-smoker was found comatose, apnoeic and 
pulseless at the scene of a residential fi re. Cardiopulmonary 
resuscitation was immediately performed by the emer-
gency service and a medically-staffed ambulance arrived 
after 8 min. The patient had a Glasgow Coma Score 
(GCS) of 3. Endotracheal intubation was performed and 
the patient was mechanically ventilated with 100% oxy-
gen. Because cyanide poisoning was suspected, the patient 
received an intravenous 2.5 g dose of hydroxocobalamin 
while being resuscitated at the scene of the fi re. Her blood 
pressure subsequently rose to 120/80 mm Hg without any 

further requirement for fl uid repletion or catecholamine 
treatment. No additional doses of hydroxocobalamin were 
administered during her treatment. 

 On admission to our toxicological intensive care unit, 
the patient’s GCS was 7 and she had intermediate and 
symmetric-reactive pupils. Deep tendon refl exes were 
brisk and symmetric; a Babinski sign was present on the 
left. The patient had soot deposits on her face and mouth 
but no cutaneous burns. A pink skin colour was noted and 
attributed to hydroxocobalamin. Her heart rate was 80 
bpm, blood pressure 120/80 mm Hg, and she was mechan-
ically ventilated. Her ECG was normal.  

  INVESTIGATIONS 
 Carboxyhaemoglobin levels and blood cyanide concentra-
tions were measured before and after hydroxocobalamin 
administration and hyperbaric oxygen treatment. These 
were 10.9% and 68 μmol/l, respectively at the scene of the 
fi re, and reduced to 0.9% and 3.8 μmol/l after 6 h. Plasma 
lactate concentration decreased from 4.6 mmol/l on admis-
sion to 2.7 mmol/l 4 h later. On admission, the anion gap 
at 17.7 mmol/l was mildly increased and completely 
explained by the corresponding plasma lactate. Serum cre-
atinine concentration was 99 μmol/l which returned to 47 
μmol/l after 48 h. 

 CT scans were carried out on day 2 and day 17 after 
exposure ( fi gure 1a,d ). MRI (0.5 T magnet) on day 7 
( fi gure 1b,c ) and day 60 confi rmed the haemorrhagic necro-
sis observed earlier via CT ( fi gure 1e ). Cortical atrophy and 
ventricular enlargement were also observed.   
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  Summary 
 Although the combustion of natural and synthetic products can yield cyanide, its toxic role in residential fi res is unclear. This case concerns 

a woman aged over 50 years who presented comatose, pulseless and apnoeic after a domestic fi re. Cardiopulmonary resuscitation and 

on-site administration of 2.5 g hydroxocobalamin as an antidote to cyanide resulted in a return of spontaneous circulation. On admission 

to the intensive care unit, the patient was treated with hyperbaric oxygen for suspected carbon monoxide poisoning. In a blood specimen 

collected at the scene before hydroxocobalamin administration, blood cyanide and carbon monoxide levels were 68 µmol/l and 10.9%. On 

admission to hospital, plasma lactate was at 4.6 mmol/l. Brain scans revealed lesions which were confi rmed 2 months later, consistent with 

the haemorrhagic necrosis often seen after poisoning by cyanide. These data suggest that smoke inhalation in a residential fi re may cause 

cyanide poisoning. This case provides clinical, biological, analytical and brain imaging data supporting the hypothesis of the toxic role of 

smoke-induced cyanide poisoning which may result in neurological sequelae.     
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  TREATMENT 
 The patient was treated with an 1-h session of hyperbaric 
oxygen at 2.5 absolute atmospheres starting 2 h 30 min 
after presentation. The initial clinical course was marked 
by the development of pneumonia. The patient was extu-
bated 10 days after admission. 

 Sedation was withdrawn on day 4. Her neurologi-
cal course improved slowly, with gradual awakening. 
Spontaneous eye opening and appropriate reaction to pain-
ful stimuli occurred on day 8. The patient was transferred 
for rehabilitation on day 14. Thereafter, an extrapyramidal 
syndrome involving all four limbs developed, with plastic 
hypertonicity and fl exion of the lower extremities. On day 
30, choreo-athetotic movements of the upper extremities, 
head, and trunk appeared, and the patient was conscious 
but dysarthric. Her choreo-athetotic movements dimin-
ished and disappeared over the course of a month, although 
extrapyramidal hypertonia of all four limbs persisted.  

  OUTCOME AND FOLLOW-UP 
 Six months later, the extrapyramidal hypertonia of the 
four limbs was still present, incapacitating this left-handed 
patient. MRI scans revealed abnormalities, suggesting 
increased cerebral atrophy, in the white matter, putamini 
and globi pallidi, and these were still present 2 years later. 

 As the patient was oriented, cognitive functions were 
not further assessed by specifi c tests. During the next 2 
years, the patient was followed up by a neurologist on an 
outpatient basis. The patient is now deceased.  

  DISCUSSION 
 Over the last 50 years, the composition of household fur-
niture in western countries has prompted debate about 
whether other gases, in addition to carbon monoxide, 
have a toxic role in victims of inhaled fi re smoke. 17  –  19  This 
debate is fuelled by the fi ndings of several investigators 
who reported that some fi re victims do not have lethal 
carboxyhaemoglobin levels from carbon monoxide poi-
soning. 7   17   19   20  In the late sixties in New York, Zikria  et al  
found that lethal carboxyhaemoglobin levels were present 
in only 24.3% of fi re fatalities and may have been a signifi -
cant factor in another 34.5%. This still leaves around 40% 
of victims whose deaths could not be explained by car-
bon monoxide poisoning alone. 19  Fire fatalities with non-
lethal carboxyhaemoglobin levels were also reported in 
Glasgow, Denmark and Paris, 7   17   20  and there are numer-
ous fatal and non-fatal cases where fi re smoke victims 
have sublethal or subtoxic carboxyhaemoglobin levels, 
contrasting with toxic and even lethal blood cyanide con-
centrations. 3   10  –  13   16  

 Figure 1    Serial non-contrast enhanced CT and MRI. (a) Day 2 after exposure. CT scan does not reveal any abnormality. Note cortical 
atrophy and ventricle enlargement. (b) – Day 7 after exposure. Axial T1 MR image reveals symmetrical sharply delimited and homogeneous 
hypointense lesions in the two putamini (long arrow), globi pallidi (short arrow) and caudate nuclei. (c) – Day 7 after exposure. Axial T2 
MR image, at the same level, shows multiple punctuate foci of hyperintense signal in the same areas, most prominent on the antero-lateral 
part of the putamini (arrow). Note that (as on T1), especially on the right side, the globus pallidus interna and the globus pallidus externa 
are visualised as distinct structures, separated by a more hypointense zone. Cortical atrophy, ventricle enlargement and paraventricular 
and subcortical white matter patchy areas of hyperintensity are visible bilaterally. (d) – Day 17 after exposure. CT scan shows well-defi ned 
bilateral hyperdensity in the putamini, and at the posterior part of globus pallidi, (arrow), consistent with haemorrhage necrosis. Note more 
prominent cortical atrophy and ventricle enlargement. (e) – Day 60 after exposure. Axial T1 MR image reveals bilateral, homogeneous 
hypersignal intensity of both putamini (white arrow) and globi pallidi (black arrow).    



BMJ Case Reports 2011; doi:10.1136/bcr.09.2011.4881 3 of 4

 A number of animal and human studies have been 
designed to attempt to identify new gaseous fi re smoke 
toxicants. 5  The challenge is enormous however, as more 
than 150 volatile organic compounds have been detected 
in fi re victims’ blood. 17  In two animal models, the lethal 
potency of carbon monoxide and cyanide was consistently 
shown to be additive, although even now, carbon monox-
ide is still considered the lone killer with cyanide playing 
no toxic role. 2   21  –  24  

 Closer examination of the supporting evidence for this 
hypothesis shows that the majority of the larger trials base 
their fi ndings on forensic examination. Victims were found 
dead at the scene or died soon after, without clinical or 
biological data having been collected. 8   9   14   19   25  This clearly 
precludes any assessment of the concentration-effect rela-
tionships of either carbon monoxide, cyanide or any other 
potential primary toxicant. 

 The data from the literature clearly support the assump-
tion that toxic blood cyanide concentrations, with an 
accompanying non-toxic carboxyhaemoglobin concentra-
tion, may exist in victims of residential fi res. In the present 
case, the concentrations of toxic gases were measured using 
blood specimens collected at the scene of the fi re before 
any antidotal treatment. The blood cyanide concentration 
of 68 μmol/l is within toxic ranges while the carboxyhae-
moglobin concentration of 10.9% is within non-toxic lim-
its, showing that cyanide was the predominant toxicant. 
The rapid onset of coma, severe cardiovascular shock, lack 
of pulse and apnoea is quite common in severe cases of 
pure cyanide poisoning, and uncommon in severe cases of 
pure carbon monoxide poisoning with such short exposure 
durations. 4  Our data therefore further support the hypoth-
esis that a residential fi re may cause near-fatal poisoning 
in the presence of toxic blood cyanide concentrations but 
non-toxic concentrations of carboxyhaemoglobin. 

 The 2.5 g dose of the cyanide antidote hydroxocobala-
min used in this case also warrants comment. Fifty mg 
of hydrogen cyanide, an estimated LD 50  of cyanide in 
humans, binds with 2.5 g of hydroxocobalamin in vitro. 26  
In fi re victims, a fi xed 5 g dose (equivalent to approxi-
mately 3.71 mmol) of hydroxocobalamin can wholly bind 
cyanide in blood cyanide concentrations up to 40 μmol/l. 27  
Recently, Hung  et al  reported a case of severe cyanide poi-
soning initially treated with a 2.5 g dose of hydroxocobala-
min. 28  This suboptimal dose resulted in partial reversal 
of lactic acidosis, and it was only after an additional 2.5 
g dose was administered that complete recovery ensued. 
In the present case, owing to the initial blood cyanide level 
of 68 μmol/l, a 7.5 g dose of hydroxocobalamin should 
have been administered to neutralise cyanide on an equi-
molar basis. The delayed neurological sequelae observed 
in this patient support the assumption that in addition to 
hyperbaric oxygen, hydroxocobalamin doses of at least 5 
g should be administered in adult fi re victims with clini-
cal and biological fi ndings suggestive of severe cyanide 
poisoning. 

 The radiographic fi ndings presented in our case are simi-
lar to scattered case reports of cyanide toxicity from other 
sources. The patient’s fi ndings are not unique in terms 
of cyanide exposure, but to our knowledge, brain seque-
lae resulting from inhalation of cyanide produced by fi re 
smoke have not been previously documented. The princi-
pal differences between the patterns of damage by cyanide 

and carbon monoxide seem to be the sparing of the hip-
pocampi in cyanide intoxication 29  and the early occurrence 
of haemorrhagic necrosis of the basal ganglia in cyanide 
poisoning. 

 The repeated imaging of our patient over 2 years follow-
up did not show any abnormalities within the hippocampi, 
and supports the hypothesis that cyanide is a primary toxi-
cant in residential fi res. 

  Learning points 

 ▶    Toxic blood cyanide concentrations may sometimes be 
associated even with low carboxyhaemoglobin levels.  
  Administering a 2.5g dose of hydroxocobalamin can  ▶

initially reverse severe cardiovascular compromise 
but does not prevent the delayed onset of brain 
injury. Therefore, an initial dose not lower than 5 g is 
recommended for adults.  
  In this case, the clinical, biological and toxicological  ▶

assessments, the sustained reversal of cyanide-
induced shock with hydroxocobalamin, and the 
long-term neurological follow-up are all suggestive of 
cyanide- rather than carbon monoxide-toxicity.  
  Emergency response teams and intensive care  ▶

physicians should consider treatment for poisoning 
by cyanide as well as carbon monoxide in patients 
affected by smoke inhalation. The subset of victims 
requiring cyanide treatment needs clarifi cation through 
further study.      
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