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[t is widely believed that women have almost gained

pality, that role-sharing 1s common at a domestic
ﬁ,ti, and that a difference in sex roles 1s now n
cmphasis only. But though it 1s true that men help
sround 1he house and in child care, and that women
who work successfully almost always have helptul hus-
bands. Jdomestic life is §t:lE considered to be ul’um;lncl_\'
the woman's responsibility.?” What we should aim for 1
4 svstemn that neither excludes men from domesuc ,“)'“”
por women from responsible positions in medicine. This
vear 40¢¢ of the entrants to medical school will be
women.? Who will their models be and where will they
find themselves 15 years hence?
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Swmmary  The toxic hazard from cyanide produced

in fires was assessed in casualties and in
Bremen exposed to the fire atmosphere. The levels of

-€yanide and its principal metabolite, thiocyanate, were
measured in blood samples from firemen, non-fatal and

tal casualties, and from controls. Although firemen did

INTRODUCTION

THE number of fatalities caused by inhalation of gas
or smoke from fires has risen fourfold in the U.K. in the
past 20 vears,! and the possibility that this may arise
from increased toxicity of fire atmospheres due to the
use of plastics in modern construction and furnishing is
causing concern. Carbon monoxide is the most impor-
tant toxic substance produced in fires, but Woolley has
shown? that substantial quantities of free hydrogen
cyanide and other organic cyanides, recognised as potent
metabolic poisons,’ are released during the thermal
decomposition of polyurethane foams. This study was
undertaken to assess the potential hazard from cyanide
to persons accidentally exposed to smoke and to firemen
exposed in the course of their occupation.

METHODS

Cyanide and thiocyanate levels were measured in blood-
samples taken from four subject groups: 94 firemen on active
service whose last severe exposure to smoke occurred between
3 hours and 1 year before sampling; 21 non-fatal fire casualties
overcome by smoke; 52 subjects who died in dwelling-house
fires (49 cases) or industrial fires (3 cases); 56 controls attend-
ing a hospital outpatient clinic. Samples were taken from non-
fatal casualties within 24 hours of admission to hospital and

_ oot fiiﬂ"cr significantly from controls, casualties showed
1 to underline their § - Sgnificant elevation of blood-cyanide, and in a small
empt to ask why. Proportion of fatalities blood-cyanide reached toxic
defining women's - lewels,

ieful casualty con-
intil proved other-
he conflict in the
nadequate woman,

from fatalities at necropsy, 24—72 hours after death. The mean
tobacco intakes of control and firemen smokers were 18 and 24
cigarettes/day respectively.

Samples were stored at 4°C until analysed, normally within

TABLE I—CYANIDE AND THIOCYANATE LEVELS IN CONTROLS, FIREMEN, AND CASUALTIES

of competent doc- Cyanide Thiocyanate
her medical school (imol/1) (amol/l) *
N ‘s
aphasise wgmer:x A No.in | No. in !
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: jof : mokers 27 1-3-19-4 68 | 42 24 18-110 | 598 26-1
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TABLE [I—COMPARISON OF MEAN CYANIDE AND THIOCYANATE LEVELS IN CONTROLS, FIREMEN, AND CASUALTIES BY STUDENT’S T-TEST

Cyanide Thiocyanate
Group 1 Group 2 -value P t-value P
Control smokers Control non-smokers 4.2 < 0-001 39 <0-001
Firemen smokers Firemen non-smokers 53 <0-001 2.5 0-015
Firemen non-smokers Control non-smokers 0.9 0-358 0-8 0-445
(N.5.) (N.8.)
Firemen smokers Control smokers 1-6 0-114 0-4 0-728
(n.s.) (n.5.)
Non-fatal-casualty Control non-smokers + smokers 5.7 <0-001 4-8 <0-001
non-smokers+smokers
Non-fatal-casualty Firemen non-smokers + smokers 3.9 <0-001 2.3 0-024
non-smokers+smokers
Fatalities Non-fatal-casualy 33 0-001 —8-7 <0.-001
non-smokers+smokers
Fatalities Control non-smokers + smokers <0-001 ~5-1 <0-001

| | !

N.S. = Not significant

3 days. Cyanide was measured by colorimetry* and gas-liquid
chromatography.® Thiocyanate was measured by colorimetry.6
Levels were expressed as micromoles of cyanide and thio-
cyanate per litre of blood (1 pmol/l = 27 ug HCN/ or 58 ug
~SCN/ respectively).

RESULTS AND DISCUSSION

The mean values of blood cyanide and thiocyanate for
the different groups are summarised in table 1. Within
the control, firemen, and non-fatal-casualty groups,
smokers show significantly higher cyanide and thio-
cyanate levels than non-smokers. Sratistical analysis
{(Student’s r-test) of the differences between the mean
concentrations in each group (table 11) indicated that
there was no significant difference between firemen and
controls but that both non-fatal and fatal casualties
showed significantly elevated cyanide levels. The differ-
ences between the fatal and non-fatal categories may re-
flect less severe exposure in the non-fatal group.

In our series, the majority of casualties were involved
in domestic fires, and exposure to cyanide was likely to
have been related to the thermal decomposition of nitro-
gen-containing polymers, both natural {wool and silk)
and synthetic (polyurethane and polyacrylonitrile),
which are used extensively in domestic furnishings.>’
Our results for casualties are supported by previous
observations on fire faralities.®® The fatal threshold for
cyanide exposure is difficult to assess, and a wide range
of levels has been quoted.’~'? Graham et al. suggest
that fatal poisoning can occur at levels as low as 112
umol/1.'? 4% of the fatalities in our series had levels in
the range 100-130 wmol/l and may have been exposed
to potentially lethal concentrations of cyanide. The
mean level of cyanide recorded in our fatal cases would
not be sufficient alone to cause death, and it is likely
that, in a fire, the main role of cyanide is its additive
contribution to the effects of carbon monoxide in pro-
ducing asphyxia at the cellular level.”® The extent to
which these elevated levels contribute to death requires
further study.

In both smoking and non-smoking firemen mean
cyanide levels were higher than in controls, but these
differences did not reach significant levels. The firemen
taking part in this study were trained in the use of self-

contained breathing apparatus which they use routinely
in domestic fires. The elevated levels of cyanide found in
non-fatal casualties certainly suggest a potential occupa-
tional hazard for firemen who do not use such protective
equipment. The scope of the present study did not per-
mit the assessment of the firemen during acute fire-fight-
ing, and this aspect is now under investigation:

Cyanide is a normal metabolite present in the body at
low concentrations and is principally metabolised to
thiocyanate.'® In the groups studied (with the exception
of fatal casualties) thiocyanate levels showed a finear
correlation with cyanide; but in fatal cases thiocyanate
levels were of little value as an index of metabolised
cyanide.

The smoke-inhalation victim who survives the initial
exposure is a candidate for close observation and inten-
sive care. In 3 of our non-fata] casualties, evidence of
persistent myocardial ischzmia, related to prolong:d
cyanide elevation, was observed in the absence of ele-
vated HbCO. In other series cardiac and neurological
complications have also been described after smoke in-
halation.’'¥ Recognition of the role of cyanide may
alert the clinician to consider more specific forms of
therapy designed to combat the toxic effects,

We acknowledge the cooperation of the Strathclyde Fire Brigade.
The work was supported in part by a contract (no. FRO/28/059) from
the Fire Research Station, Borehamwood.

Requests for reprints should be addressed to I, S. 5.
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F‘ Cyanide and Methémoglobin Kinetics in Smoke

Inhalation Victims Treated With the Cyanide
Antidote Kit

Regional Toxicology Center.” Denver,
Colorado: and Department of

Emergency Medicine. Victona Participants: Seven critically ill smoke inhalation patients
Hospital, University of Western

T A referred to the regional poison center.

ment center.

From the Rocky Mountain Poison Mark A Kirk, MD* Study objective: To evaluate serial cyanide, methemoglobin,
; Center;* Department of Emergency Rocco Gerace, MD* and carbon monoxide levels in smoke inhalation patients.
i Medicine, University of Colorado Ken W Kulig, MD*
f s Health Sciences Center; and Porter Setting: Regional poison center and regional toxicolagy treat-
t

Recewved for publication Interventions: Peak level and half-life were determined by
November 19, 1992, Revision

H received March 17, 1993, Accepted obtaining senfal carboxyhemoglobin, cyanide, and
& j for publicarion April 8, 1993, methemoglobin levels.
1
Fresciled atihe AAPCCIAACTY Results: The mean observed half-life of cyanide was 3.0 £0.6
ABMT/CAPCC Annual Scientific ' . . ! :
Meeting in Atlanta, Georgua, hours. Methemoglobinemia was evaluated in four patients after
Octaber 1989, sodium nitrite administration. The peak measured methemoglobin

levels (mean, 10.5% +2%:; range, 7.9% to 13.4%) did not occur
until a mean of 50 minutes (range, 35 to 70 minutes) following
administration of sodium nitrite. The total oxygen-carrying

— Ntonbyeliceof capacity reduced by the combination of carboxyhemoglobin and
methemoglobin was never more than 21% (range, 10% to 21%)
in this series.

Conclusion: The administration of sodium nitrite to smoke
inhalation patients in the presence of concomitant carbon
monoxide poisoning may be relatively safe. DPci-Z cous

[Kirk MA, Gerace R, Kulig KW: Cyanide and methemoglobin
kinetics in smoke inhalation victims treated with the cyanide
antidote kit. Ann Emerg Med September 1993;22:1413-1418 ]
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JYANIDE ANTIDOTE
Kirk. Gerace & Kulig H
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NTRODUCTION :

n 1991, the Narional Fire Protection Assoclation reported
! 605 deaths and 29.375 injuries from fires.! A 1985
eview of death certificates showed that 67% of fire deaths
1 1985 were due to smoke inhalation as opposed (0
yurns or trauma.2 Cyanide is a product of combuistion

n many fires, and cyanide toxicity should be suspected

in all vicums of smoke inhalation. i

Concerns that methemoglobin induction is dangerous

in the setting of carboxyhemoglobinemia have led authors
(0 suggest withholding the nitrite portion of the cyanide
ntidote kit.3-3 Observations on a series of critically ill
smoke inhalation vicums given the cyanide antidote

kit afforded an opportunity to-measure serial levels of
-arboxvhemoglobin (COHb), cyanide. and methemoglobin
MetHb). These data provided peak measured levels and
“stimations of half-lives. The observations reported here
nay assist 1n treatment recommendations for severely ill
smoke inhalation vicums. 4

MATERIALS AND METHQODS 4

During the period January 1989 through July 1989, our
toxicology consultauon service was involved in:the care
of seven critically ill smoke inhalation patients. Cases
were identified prospectively through the poison center.
and treating physicians were asked to obtain serial labora-
tory data and render treatment as clinically appropriate.
Supportive care was emphasized with specific attention

[0 airway management and adequate oxygenation.

If the clinical course was consistent with cyanide
poisoning, the Lilly® Cyanide Antidote Kit was recom-
mended. The antidote kit was administered if a patient
required intubation, exhibited continued altered mental
Satus or cardiovascular instability, or had persistent
metabolic acidosis. Administr;[i‘c?ﬁrfﬁé' -antidote kit was
an empiric decision because confirmation of the diagnosis
with blood cyanide levels took several hours. An ampule
of sodium nitrite (300 mg) was added to 100 mL IV fluid
and infused slowly over 15 to 20 minutes. Blood pressure
was monitored frequently during the infusion. One
ampule (12.5 g) of N sodium thiosulfate was administered
simultaneously. The amyl nitrite pearls were not used, as
venous access was established rapidly. Serial COHb and
cyanide levels were obtained from each patient. and when
the antidote kit was administered. serial MetHb levels also
were obtained.

« Hyperbaric oxygen was recommended if available at
the treating facility. Recommendations made to facilities
without hyperbaric oxygen were based on the projected

SEPTEMBER 1993 229 ANNALS OF EMERGENCY MEDICINE

risk-benefit of transferring a critically ill patient for that
therapy alone. The protocol used for carbon monoxide
poisoning at the treating institution was 2.7 atmospheres
(ATA) for 30 minutes followed by 2.2 ATA for 60 minutes.
At least two additional treatments were given every eight
hours at 2.2 ATA for 90 minutes.

Blood cyanide levels were analyzed by the Conway
microdiffusion technique at Analytitox, Inc, Denver,
Colorado.6 Both COHb and MetHb levels were analyzed
from arterial blood samples by an 1L 282 co-oximeter
(Instrumentation Laboratories, Inc, Lexington,
Massachussetts) at one of the three treating facilities.

The time of exposure termination (T,) was assigned to
be the tirrjEjMitial 911 call as documented on
ambulance records. The apparent half-lives of COHb,
cvanide, and MetHb were analyzed if two or more levels
were available, =756 N0

Apparent half-lives were calculated by using the equa-
tion: t,,, = 0.693/K  where K, is the elimination rate
constant; K ;. [Ln (Cp,/Cp,)l/ & T: Ln, natural log; Cp,,
first blood level; Cp,. second blood level: and O T, time
between levels. /, .

- Ny 6 (R

v = (..‘\{( CJZ—- Cf:‘,: B

RESULTS

Case Presentations Patient 1 (Figure 1A): A 20-year-old

man was found unconscious in a motel room fire. En

route to the hospital he had a generalized seizure and

required intubation. He had burns over 15% of the total

body surface area. Admission vital signs were blood pres-

sure of 120/80 mm Hg; pulse, 110: and temperature,

37 C. Admission laboratory results included an arterial

blood gas with pH 6.69; Pco,, 37 torr; Po,, 187 torT; O
COHb, 4.9%:; sodium, 146 mmol/L; potassium, 4.1 GZE&HB
mmol/L; chloride, 107 mmol/L; CO, content, 5 mmol/L; S saSe.
blood ethanol, 8 mmol/L; and whole-blood cyanide, 3.38
pg/mL (130 pmol/L). Results were available four hours
after admission. The patient was treated with the antidote
kit at four and ten hours, the latter for persistent meta-
bolic acidosis. He had full neurologic recovery.

Patient 2 (Figure 1B): A 39-year-old man was found in
cardiac arrest in a dwelling fire. At the scene he was intu-
bated., and after advanced cardiac life support drugs, car-
diac rhythm resumed. Admission vital signs were blood
pressure of 108/40 mm Hg; pulse. 140; no spontaneous
respirations; and temperature, 37.7 C. Admission labora-
tory results included an arterial blood gas with pH 7.17;
Pco,, 30 torr; Po,, 526 tort; COHb, 38%; CO, content,
11 mmol/L: and whole-blood cyanide, 3.16 pug/mL
(121.5 pmol/L). ECG showed ischemic changes. The

1414/61
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antidote kit was administered as part of the initial treat-
ment. During the resuscitation, he became hypertensive
and no longerequired vasopressors. He was treated with
hyperbaric oxygen. There was no further cardiovascular
instability; however, he died of severe anoxic encephalopathy
six days afteradmission.

Patient 3 (Figare 1C): A 64-year-old man was found
unconsciousin a dwelling fire with soot in his upper air-
way. Admission vital signs were blood pressure of 122/60
mm Hg; pulse, 154; respirations, 30; and temperature,
37.5 C. Admission laboratory results included an arterial
blood gas with pH 7.37; Pco,, 30 torr: PO,, 483 torr;
COHb, 22%; sodium, 141 mmol/L; potassium, 3.2 mmol/L;
chioride, 114 mmol/L; CO, content, 11 mmol/L; and
whole-blood cyanide, 0.96 pg/mL (39.9 umol/L). ECG
showed nonspecific intraventricular conduction delay. He
was intubated and received the cyanide antidote kit. He

Aol el 4
was treated with hyperbaric oxygen and returned to his
baseline mental status. He was discharged from the hospi-
tal after five days.

Patient 4 (Figu‘ré 1D): A 26-year-old woman was found
unresponsive in a dwelling fire. She was intubated and
noted to have soot in the upper airway. Admission vital
signs were blood pressure of 100/72 mm Hg; pulse, 106;
assisted ventilation; and temperature, 37.6 C. Admission
laboratory results included arterial blood gas with pH
7.45: Pco,, 16 torr; Po,, 464 torr; COHb, 18.3%; sodium,
138 mmol/L; potassium, 3.5 mmol/L; chloride, 111
mmol/L; CO, content, 18 mmol/L: blood ethanol,

79 mmol/L; and whole-blood cyanide, 0.7 pg/mL

(26.9 pmol/L). Initial emergency department management
included administration of the antidote kit. She received
three hyperbaric oxygen treatments and survived without
neurologic sequelae.

i ]'\i’:ﬁl\
| Figurs.

shown. LK, Lilly Cyanide Antidote Kit; HBO, hyperbaric oxygen.

DG E)”"\Df""ii—a”l\i.‘fi

Serial levels of cyanide, COHb, and MetHb for patients 1 (4), 2 (B), 3 (C), and 4 (D). See text for clinical scenerios. Interventions are
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Patient 5: A 29-year-old man was found at the scene of
an apartment fire with altered mental status, 25% body
<urface area partial thickness burns, and soot in his upper
srwav;Admission vital signs were blood pressure of

+0/82 mm Hg; pulse, 108; respirations, 24; and temper-
aure, 35.7 C. Admission laboratory results included an
arterial blood gas (on high-flow oxygen by mask) with pH
7.30; Pco,, 27 torr; Po,, 72 torr; COHb, 28.7%: sodium,
144 mmol/L; potassium, 3.3 mmol/L; chloride, 111
mmol/L; CO, content, 10 ramol/L; blood ethanol,
"7 U mmol/L; and whole-blood cyanide, 1.5 pg/mi (57.9
|_+“\imol/L). In the ED. he was confused and required intuba-
Frotion for increasing respiratory distress. The cyanide anti-
9, dote kit was administered because of a persistent metabolic
acidosis. Hyperbaric oxygen therapy was not available at
{hat institution. He survived without neurologic sequelae.
Patient 6: A 33-vear-old man was found unconscious in
1 apartment fire. He had respiratory distress with diffuse
neezes and soot in his oropharynx. Admission vital signs
were blood pressure of 114/72 mm Hg; pulse, 112; respi-

ratons, 28; and temperature, 37.2 C. Admission laborato-

ry results included an arterial blood gas with pH 7.30;

Pco,, 29 torr; Po,, 237 torr; COHb, 32%: sodium,

142 mmol/L: potassium, 3.8 mmol/L; chloride, 115
mmol/L; CO, content, 12 mmol/L; whole-blood cyanide,
2.0 pg/ml. (76.9 umol/L); and blood ethanol, 37 mmol/L.
ECG showed atrial fibrillation. He was treated with
bronchodilators, steroids, and hyperbaric oxygen. He

survived without neurologic sequelae.

Patient 7: A 55-year-old man was found unconscious in
a dwelling fire. He was intubated at the scene. He had 5%
body surface area burns. Admission vital signs were blood
pressure of 166/88 mm Hg; pulse, 92: respirations, 24;
and temperature, 35.5 C. Admission laboratory results
included an arterial blood gas with pH 7.35; Pco,, 35
tort; Po,, 402 torr; COHb, 35%; sodium, 143 mmol/L;
potassium. 3.5 mmol/L; chloride, 114 mmol/L; CO,
content, 19 mmol/L; blood ethanol. 51 mmol/L;
and whole-blood cyanide, 2.0 pg/ml (76.9 pmol/L). He
was treated with hyperbaric oxygen and survived with
neurologic sequelae -

Admission COHb and whole-blood cyanide levels were
obtained on all seven patients (Table 1). Admission COHb
and whole-blood cyanide levels were obtained 25 to

Table 1.

Admission COHb and cyanide levels in seven smoke inhalation victims

Time of Levels Admit Cyanide
Patient After Exposure {min) Admission COHb (%) Apparent COHb t, , (min) (umol/l)  (ug/ml) Apparent Cyanide t, , (hr)
1 25 5 — 130.0 (3.38) 367
Z 60 38 37 1215 (3.16) 2.14
2 85 22 33 369 (0.96) 3.86
45 18 40 269 (0.70) 319
120 29 72 517 (1.5) 2.69°
72 32 — 76.9 (2.0 2.66"
7 43 35 74 76.9 (2.0) 2.94%
Mean 64 26 51 753 (1.99) 3.02
S0l (29 (1) (20) (36.5) (0.95) (0.55)
*Calculations based on onty two levels
Table 2.
Kinetic parameters of MetHb in patients treated with cyamide antidote kit
‘ Sodium Nitrate Time Aiter Nitrate
Patient Admission MetHb (%) Administered (mg)  Peak Measured Methb (%) Infusion to Peak Level (min)  Apparent MetHb t, ,, (hr)
03 300 9.2 50 2
' 300 79 35 16
2 12 600 134 54 37
3 11 300 12.4 70 35
4 0.7 300 9.8 40 KR
Mean 105 438 28
(sD) 0.7 (2.00 (12) (0.8)

*Dose repeated for persistent symptoms
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120 minutes following the fire exposure. The mean admis-
sion COHb level was 25.5% (range, 4.9% to 38%). The
mean admission cyanide level was 1.95 pg/mL (range,
0.7 to 3.38 ug/mL); 75 pmol/L (range, 26.9 to 130 pmol/L).
Patients 2. 3, 4, 3, 6, and 7 were from dwelling fires,
whereas patient 1 was exposed to a burning synthetic
jacket. A positive correlation (r = 94; P = .004) was found
between admission COHb with cyanide in all patients,
excluding patient 1. There was no correlation (r = —.03;
P = 95) when patient 1 was included in the analysis.
Whenever possible, serial COHb and whole-blood

cyanide levels were obtained. Apparent half-life calcula-
tlons were made when two or more levels were available.
The mean apparent half-life of COHb was determined
L0 be 46.8 minutes (range, 22 to 89 minutes). The mean
COHb was determined from four patients, all on high-
flow oxygen, and two were based on only two COHb
levels that were obtained prior to hyperbaric oxygen
therapy. Five of the seven patients received hyperbaric
oxygen. The mean apparent half-life for cyanide was
calculated to be 3.0 hours, although in three of the seven
patients, only two levels were done. Analysis of data from
the four patients with three or more levels showed a com-
parable half-life of 3.2 hours.

~ In five of the seven cases, the clinical course was con-
sistent with cyanide poisoning; therefore, the antidote kit
was recommended. The peak measured MetHb level
generated by sodium mitrite infusion ranged {rom 7.9%

“to 13.4% (mean, 10.5% = 2%) (Table 2). This peak mea-

sured level occurred 35 to 70 minutes following the end
ol the sodium nitrite infusion. Admission hemoglobin lev-
els were 14.1 to 17.0 g/dL (mean, 15.2+0.9 g/dL). The
highest total measured nonoxygen-carrying hemoglobin
(COHb + MetHb) was 7.9% to 21% in the patients treated
with sodium nitrite. Cyanomethemoglobin measurements
were unavailable from the clinical laboratories involved.
The mean apparent half-life of the measured MetHb was
2.8 hours (range, 1.6 to 3.7 hours). Admission MetHb
levels (secondary to smoke inhalation) were all below
1.2%. The estimated MetHb half-life did not appear to
be diminished in the patients treated with hyperbaric
oxygen (patients 2, 3, and 4) when compared with the
single patient receiving two doses of sodium nitrite and
no hyperbaric oxygen (patient 1).

Patient 3 had a blood pressure change [rom 122/60 mm
Hg to 92/50 mm Hg during the sodium nitrite intusion.
His blood pressure returned to baseline after the infusion
was slowed, and he received the full dose without further
hemodynamic changes. No other blood pressure alterations
were observed during sodium nitrite infusion in this series.

54/1417

DISCUSSION

Cyanide has been identified as a product of combustion
of polyurethane, wool, silk, polyacrylonitriles, synthetic
rubber, nylon, paper, asphalt, nitrocellulose, nitrogen-
containing polymers and fire retardants.3.7 Clinical .
evidence of cyanide toxicity is often nonspecific, especially
in the smoke inhalation victim, where toxic gases or
hypoxia may contribute to the clinical picture. Cyanide
production from fires is unpredictable; therefore, any
seriously ill smoke inhalation patient should be suspected
to be cyanide poisoned.”-° Several studies have reported
the presence of elevated cyanide levels in both fire
survivors and fatalities.?-10-11 All seven patients in this
series had potentially toxic cyanide levels on admission.

Many previous studies of smoke inhalation victims
also report elevated cyanide and COHb levels.7-11 Clark
et al reported on 53 fire survivors and found that all but
three with elevated (more than 10%) COHb levels had
elevated (more than 0.5 pg/mL) cyanide levels.10 It was
also reported that no patient with a COHb of less than
10% had an elevated cyanide level. We also found a high
correlation (r = .94) between admission cyanide and
COHb. The contribution of cyanide toxicity to morbidity
and mortality in smoke inhalation victims remains
unclear, although evidence from animal studies demon-
strates an additive and possibly synergistic effect when
carbon monoxide and cyanide are both present.12-14

In a study of six smoke inhalation patients, the mean half-
life of cyanide was 1.2 £0.5 hours.!! Clark et al estimated a
half-life of one hour, although no data were presented.!?
One other report evaluated cyanide kinetics after ingestion of
potassium cyanide. The early elimination phase was estimated
to be 50 minutes, with a terminal half-life of 19 hours.1>

The theory of sodium nitrite’s efficacy is its ability to
induce MetHb, although other mechanisms may be
involved. 16 Cyanide is detoxified by binding to MetHb
and forming cyanomethemoglobin, which is not
measured as cyanide. 16 “Therapeutic” MetHb levels for
cyanide toxicity have been suggested in the range of 25%
to 40%.8.17 These recommended levels seem to be based
on the highest levels of MetHb that do not seriously
compromise oxygen-carrying capacity. Johnson et al
reported a case in which a clinical response was obtained
with MetHb levels peaking at 9.2%.!# In view of possible
adverse effects of methemoglobinemia, clinical response
and not MetHb levels should be the guide to sodium
nitrite administration. '® The formation of cyanomethe-

moglobin adds additional uncertainty to MetHb measure-
ments. Most clinical laboratories do not have a readily
available assay to measure cyanomethemoglobin.
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Concerns regarding further impairment’of an already
~ompromised oxygen-carrying capacity (from carbon
- anoxide) in smoke inhalation victims haf caunoned the
1pinc use of the sodium nitmte component of the cyanide

—udote kit 3519 Indeed. a case of hypotension and

than en reported following rapid IV infusion and
A Tull Tepeated 556 of Sodium nitrite to'a smoke inhalation
victim. 19 A study of MetHb induction in uman volunteers
demonstrated that a 4 mg/kg dose of sodism nitrite (equiva-
lent to one ampule of 300 mg sodium nitzte from the anti-
dote kit) produced maxumal MetHb levelsveraging only
7%.17 In our series. the mean of the peak fneasured MetHb
lorels was 10.5% £ 2% (range. 7.9% ta 1§4%). Serial levels
were drawn at varving times, and the true;peak may not have
% neen measured. The peak measured MetHb levels occurred

—=Trean time of 50 minutes after nitrite administration. The

--thod we used of slowly infusing sodium nitrite may have
sitered the kinencs of MetHb induction. 2

IV sodium nitrite has been observed¥o induce signifi-
cant hypotension.17-1° If the nitrite cardponent of the kit
is used, we would recommend it be adshinistered slowly,
as an infusion, with frequent evaluations of the blood
pressure during the infusion. -

Recognition of methemoglobinemiaas complication
of smoke inhalation has introduced yet-another variable
in considering the use of nitrites on an empiric basis.20
Therefore, the use of nitrites in victims.of smoke inhala-
tion should only be done with the Knowledge of both
T evels, Co-oximeters are available in

ot clinical [aboratories and can rapidly provide this
nformation in association with blood gas analysis.

There were several limitations of our pharmacokinetic
data. Calculations were derived from a small number of
patients and samples. Therapies varied. and the effects of
these therapies on elimination were not known. Kinetic
calculations for cyanide were based ont only two points
in three of seven cases. Ideally, valid half-life calculations
require at least three levels: however, kinetic calculations
for cyanide were based on only two points in three of
seven patients. In addition, declining cyanide levels may
have reflected not only elimination but also redistribution
10 other tissues. Finally, because of intermittent sampling,
eak measured levels of MetHb may not have detected the
~ighest level actually achieved.

CONCLUSION

Cyanide is a common measurable poison in smoke inhala-
tion victims. In this series, a positive correlation between
elevated COHD levels and whole-blood cyanide levels

SEPTEMBER 1993 22:9 ANNALS OF EMERGENCY MEDICINE

existed in patients with smoke inhalation from dwelling
fires. Rapid decline in COHb levels and a delay in peak
MetHb formation resulted in a maximum measurable
impairment of oxygen-carrying capacity of 21%. These
data suggest that administration of the cyanide antidote
kit in the presence of concomitant carbon monoxide
poisoning in smoke inhalation victims may be relatively
safe. Before the routine use of sodium nitrite for smoke
inhalation victims can be recommended, we need to
know the effects of MetHb formation on onygen delivery,
the extent of cyanomethemoglobin formation, and the
benefits of this drug in a controlled clinical trial.
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ELEVATER, BLOOD CYANIDE CONCENTRATIONS IN VICTIMS OF SMOKE INHALATION

FrEpErme:
Exac 3

.

Abstract Asolground. The nature of the toxic gases
that cause dseth from smoke inhalation is not known. In
addition to cartson monoxide, hydrogen cyanide may be
responsible, but'its role is uncertain, because biood cya-
nidewmareoftenmeasumdoniylnngaﬂar
exposure. = .

Methods. \We measured cyanide concentrations in

tion (29 subjects), or trauma (45 subjects). The metabolic
effect of smeke inhalation was assessed by measuring
plasma lactae &t the time of admission to the hospital in

Resuits. The mean (+SD) blood cyanide concentra-
tions in the @8 gurviving fire victims (21.6:+:36.4 wmol per
liter, P<0.001) and the 43 victims who died (116.4+89.6
umol per liter,:P<0.001) were significantly higher than

MOKE inbalation has been well established as a
cause off death in fire victims.* The identity of
the toxic gases leading to death is uncertain, however.
In addition to carbon monoxide, hydrogen cyanide is
a major sowrce of concern. The thermal decomposi-
tion of varibus nitrogen-containing materials, either
natural (such as wool and silk) or synthetic (such as
polyurethame and polyacrylonitrile), can produce tox-
ic levels of rydrogen cyanide.*® For example, the ther-
mal degradadon of 1 g of polyacrylonitrile in a
15.6-liter combustion chamber produces a hydrogen
cyanide conceptration of 1500 ppm.¢ Bertol et al. esti-
mated thata lethal concentration of hydrogen cyanide
could be achieved by burning 2 kg of polyacrylonitrile
in an average-sized living room.® The effect of the
hydrogen cyanide content of smoke has been well
studied experimentally.®* The exposure of animals to
combustion products containing hydrogen cyanide
rapidly produced severe incapacitation, and the ani-
‘mals who died had toxic cyanide concentrations in the
blood.*689
Many injuries caused by fire result from an inability
to escape from the fire.*> Obscuration of vision and
toxic effects produced by smoke, such as irritation and
asphyxia, may impede the victims’ escape.’” So may
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those in the 114 control subjects (5.0=5.5 umol per
liter). Among the 43 victims who died, the biood cya-
nideconcammﬁonswamabwewmnoiperliterlnaz
(Npemarﬁ}.andabovewomnolperﬂtarinzom
M(wpomnt).Therewasasigniﬁcamwmhﬂonbe-
tween blood cyanide and carbon monoxide concentra-
tions in the fire victims (P<0.001). Plasma lactate con-

indica:orofcyaﬁdeintuﬁmﬁon,asdsﬁnedbyﬂwpra&
:aneeofab!oodcyamda’ concentration above 40 umol per
iter.

Conciusions., Residential fires may cause cyanide poi-
soning.Atmeﬁmeofapaﬁanfshospnaladniuion.an
elevated plasma lactate concentration is a useful indicator
ofcyanidetoxidtyinﬁrevicﬂmmdonothmsevare
bumns. (N Engl J Med 1991;325:1761-6.)

incapacitation due to cyanide exposure. Delay in es-
cape prolongs the exposure to toxic gases and to
flames and increases the probability of death or in-
jury.* Forensic and clinical reports on the clinical and
biologic importance of blood cyanide concentrations
in fire victims are conflicting, because cyanide disap-
pears rapidly from blood and blood specimens have
often been obtained from fire victims only several
hours after exposure. %15

Accordingly, we sought to determine the clinical
and biologic importance of blood cyanide concentra-
tions in fire victims who died and those who survived
by measuring blood samples obtained at the scene of
the fire.

METHODS

This study was approved by the Ethics Committee of the Assist-
ance Publique-Hépitaux de Paris, Because the patients required
immediate emergency care, informed consent was not obtained.

Study Subjects

We studied 109 victims of residential fires in the Paris area who
were i am ce physicians at the scene of the fire
from April 1988 through April 1989, There were 50 women and 59
mm,nnginginngeﬁ'um2m87ym(mun,33).3hodtpedmm
wueodimndindrythuinbytbcﬁntmediahqmdmruchthe
sceneaﬁuthesmofimbuﬁcmgmtbmpyinaﬂpaﬁmuwho
were still alive and the start of mechanical ventilation in some, but
bﬁouthea.dmiuisﬂ'ltionofhydmxooobahmin (an antidote to cya-
nide) and any hyperbaric oxygen therapy. Thirty-six of these pa-
tients had already died at the scene of the fire when the blood
sample was collected. Two or three blood samples were collected
&um:ixpadmumadmate:hehdﬂlifeofcyuideinbloodbefom
anyantidotemcyanidenrmyhyperbaxicmgmdnnpywutd-
ministered. These six patients were among those in whom measure-
ments were made early in the course of the study, before we recog-
nhdthmﬁmvicdmhaddnvawdbhodcymidemﬁum
and before we began to use hydroxocobalamin as an antidote to
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cyanide poisoning. Even 5o, it was not used routinely, but only when

serious cardiovascular compromise was evident.

Control Groups

We also measured blood cyanide concentrations in three groups
of control subjects. Since we did not know whether the fire victims
who died and those who lived were smokers or nonsmokers, blood
samples were obtained from both smokers and nonsmokers among
the control subjects.

The first group of controls included hospital inpatents with drug
intoxication. For each fire involving one or more victims, a corre~
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Blnndarhonmonmddcmncmuadomwuemasmdhyin—
frared analysis'® in the 109 fire victims and the 29 patients with
wbmmonnmidepoismingdnemd:ema]ﬁmctimdahnﬁng
appliance.

Qa the basis of previous reports,'"'*#2! nontaxic bicod concen-
mtbnsnfqanﬂeandmbnnmumﬂdewcmdcﬁnduthuﬂm
than 40 wmel per liter and 1.0 mmol per liter, respectively: Poten-
tially toxic concentrations defined as those ranging from >40
m<lﬂ)pmdpaﬁmfouymidcmd&oml.0m5.ﬂmuﬂpulitu’
hmmamﬂ:Pommﬂmemmm
n&m?lm;ﬁipﬂﬁtﬂﬁrcymidcmdbﬁ.amdpﬁuh

sponding blood sample: was obtained from each of one or more:- carbon .
mrldmlychmenplﬁcnuwbmadmued' to the intensive care g
um:mmeumcday&rmmtd_ﬂg_gmhmng&mw .
Twmw-oneofth:padmummandlﬂwmnmng 7N . seats were used because of the nongamssian distri-

inagc&umlﬁr.n%yun(man,%}..

Thcsemndgronpd‘mudaindudedpuicnuwithwbonmon-
oxidepoisuninguu:dbythc@_dﬁmcdmof:huﬁngapﬂhm
Blmdspedmmmmﬂeﬂndintheh«mofpaﬁmuwithm
bonnmxidcpoismingruulﬁng&omthemﬂﬁmcﬁonofngn
water heater or a coal stove. Fifteen of these patients were women
and 14 were mm,mnginginageﬁnmlmﬂﬂym(mmﬁ);
Thmwueduda:th:ﬁnnthcblmdﬂmplewumﬂcctul.

Thcthhrdgmupofmnnnkindudndpadmuwﬁhm’ trauma
from whom blood specimens were collected at the scene of the
acddmLFivewuewom:ndwmm,mginginage&om 10
to 91 years (mean, 37).

After collection and during transport, the blood specimens were
stored for up to 90 minutes at ambient temperature, then stored at
4°C unl the measurements were made'® — normaily on the day
after the blood collection, and always within three days. The labora-
mrypcnonndwhoperﬁmnedthcmdymdidnotknwdmmume
of the samples.

Metabolic Study

Plasma lactate concentrations were measured as described eclse-
where!? (normal range, | to 2 mmol per liter) on arrival at the
hospital in 39 of the fire victims thought to suffer from smoke inha-
lation. These patients were cxamined by 2 physician at the scene of
the fire, where blood samples were obtained for the determination of
the cyanide and carbon monoxide concentrations. The blood sam-
ples used for the plasma lactate measurcments were obtained from
32 to 152 minutes (mean [ZSD], 80::28) after the samples used for
the blood cyanide measurements. Patients with burns over more
than 15 Eigtofthcirbodysurﬁc:wmaduded from this part
of the study. The plasma lactate concentrations were correlated
with the concentrations of cyanide and carbon monoxide in the
blood samples obtained at the scene of the fire. The addition of
a high concentration of hydroxocobalamin (300 wmol per liter}
in vitro raised the measured plasma lactate concentration by
7 percent.

Amlyshof(:ymldomdt:ubonm:ddo

Blood cyanide concentrations were measured with a colorimetric
assay using microdiffusion.'® The detection threshold was 2.2 pumol
per liter, and the interassay coefficient of variation was 8 percent.
We assigned a value of zero to blood samples that had cyanide
concentrations below the threshold of detection. To determine the
extent of artifactual loss of cyanide from blood specimens between
collection and analysis, an in vitro study was performed. The blood
samples from normal subjects were supplemented with 40 pmol of
cyanide per liter, placed in rubber-sealed glass tubes containing
lithium heparinate, and stored for three days at 4°C or at room
temperature {22+2°C) (one tube per day at each storage tempera-
ture, in triplicate). Each day, the tubes designated for that day were
opened and their cyanide concentrations immediately measured.
The mean (+SD) decrease in the cyanide concentration after stor-
age at 4°C was 10.3x2.2 percent after one day, and the decrease
remained constant after three days (11.2%2.1 percent). After stor-
age at room temperature, the mean decrease in the cyanide concen-
tration was 15.3%2.3 percent; after three days the decrease re-
mained constant {16.2+2.7 percent).

OnpPArametric
bution of the variables studied.? The results i ithe-thees- control
mmnﬂyﬁﬁmmw&m
of variance. Since no differences were found between..the control
singicmnuulgmup.Anovmﬂmmparimbeth
mnﬂdgwpandmeﬁmﬁcﬁmwumadebyw-ﬂh
analysis of variance. Mulﬁplemmpuiionlwe!emnm’l

and: cyanide were assessed with Kendail's rank-correlation -and
partial-rank-correlation coefficients. Kendall’s rank: jon co-
efficients were calculated to determine the correlations between
theatmtdbumandthehlmdmnmmﬁomoiwhm-
id:andcymide.”Aﬂrhemuwmmmﬂed,:ndPﬁhudﬂ.ﬂs
orkuwmmnﬁducdsigniﬁannl’hcmﬂuueqnaedn
means =SD. 3 4 )

ResuLTs
amdwmmconmummmconum
- hdE

The mean blood cyanide concentration .in. the 40
inpatients with drug intoxication was 6.0+6.3 pmol
per liter. In the 29 patents with carbon monoxide
poisoning due to the malfunction of a heating appli-
ance, the mean blood cyanide concentration was
4.3+5.7 pmol per liter, and the mean carbon monox-
ide concentration 2.9+ 1.5 mmol per liter. The carbon
monoxide poisoning in 23 patients resulted from the
malfunction of a gas water heater and in 6 patients
from the malfunction of a defective coal stove: Twen-
ty-eight patients had at least temporary’ loss of con-
sciousness. Three patients were found dead at the
scene, two died in the hospital, and another.was dis-
charged with severe neurologic impairment.’

In the 45 patients with trauma, the mean blood
cyanide concentration was 4.6x4.5 pmol per liter.
The trauma resulted from a fall in 7 patients, motor
vehicle accidents in 30, and penetrating wounds in 8.
Eight patients in this group died at the accident scene
despite intensive supportive treatment.

Since there were no significant differences in blood
cyanide concentrations among these three groups,
they were considered as a combined group of 114 pa-
tients in the following analysis.

BbodeidocomnmﬂminﬂnFIuW

Of the 109 fire victims from whom we obtained
blood specimens, 43 died (39 percent). The mean
blood cyanide concentration in these 109 patients was
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59.0%77.9 umol per liter. In those who died, it was
116.4+89.6 uwmol per liter, and in those who survived
it was 21.6%36.4 umol per liter. All these values
were significantly higher than these for the control
group (Fig. 1). The corresponding mean blood carbon
monoxide concentration in the 109 fire victims was
1.5%1.7 mmol per liter. In those who died it was
2.8%2.0 mmol per liter, and in those who survived it
was 0.720.7 mmol per liter.

Of the 43 victims who died, 36 were found dead at
the scene of the fire, and 7 died after admission to
the hospital. The blood cyanide concentrations were
above 40 pmol per liter in 32 of these 43 persons
(74 percent), and above 100 pmol per liter in 20 (46
percent).

Thirty patients were less than 14 years old, and 13
of them died. In these 30 patients, the mean blood
cyanide concentrations were 27.4+53.0 umol per liter
in those who survived and 87.0%76.1 umol per liter in
those who died (P<0.01). The corresponding mean
blood carbon monoxide concentrations were 0.6+0.8
mmol per liter and 1.9%2.0 mmol per liter.

Seventy-nine patients were 14 years old or older,
and 30 of them died. In these 79 patients, the mean
blood cyanide concentrations were 19.6+28.9 pmol
per liter in those who survived and 129.0%93.1 umol
per liter in those who died (P<0.001). The corre-
sponding mean blood carbon monoxide concentra-
tions were 0.8+0.7 and 3.1+2.0 mmol per liter.

P<0.001
 § B
P<0.001 P<0.001
v w L

[ 116.4+89.6 -
120} 7
100 | (0.28 mo/di) f
5
= 80 ¢ Z
£ : 7
§ 6o} 7
o 7
e %7
S 40 (0.10 my/d) 27
5
Q - 2
5.0+5.5 G
_‘ e 5
ol == : 2

Control Victims Victims

Subjects Who Survived Who Died

(n=114) (n = 66) (n = 43)

Figure 1. Mean (+SD) Blood Cyanide Concentrations in the Con-
trol Subjects, the Fire Victims Who Died, and the Victims Who
Survived.

Blood cyanide concentrations below 40 umol per liter wers de-

fined as nontoxic, those from =40 to <100 pmol per liter as

potentially toxic, and those =100 umol per liter as potentially

lethal. Conventional units for cyanide measurements are shown
in parentheses.
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Twenty-seven of the 109 fire victims had burns.

Thirteen of them had burns over more than 80 percent
of their body surface that were considered to be life-
threatening. There were no significant correlations he-
tween the extent of burns and the blood concentra-
tions of either cyanide or carbon monoxide.
" There was a significant correlation between the
blood concentrations of cyanide and those of carbon
monoxide in the 109 patients (r = 0.50, P<0.001), the
66 survivors of fire (r = 0.26, P<0.001), and the 43
fire victims who died (r = 0.26, P<0.05). Fifty-five
patients had nontoxic blood concentrations of cyanide
and carbon monoxide (Fig. 2); five of them died
(9 percent), including four with life-threatening burns.
Potentially toxic blood concentrations of cyanide, car-
bon monoxide, or both were found in 29 patients (Fig.
2), of whom 16 died (55 percent), including 8 with life-
threatening burns. Potentially lethal blood concentra-
tions of cyanide, carbon monoxide, or both were found
in 25 patients (Fig. 2), of whom 22 died (88 percent),
including 1 with life-threatening burns.

The half-life of cyanide in blood was approximately
one hour in the six patients in whom it was serially
measured (Table 1). One patient had no neurologic
symptoms, two were agitated and confused, and three
were comatose. All these patients had increased plas-
ma lactate concentrations (range, 3.0 to 20.6 mmol per
liter). None of them received hyperbaric oxygen ther-
apy or any antidote to cyanide before the blood sam-
ples were collected.

Metabolic Consequences

Blood specimens were obtained from 39 fire victims
thought to have had smoke inhalation on arrival at the
hospital. The mean interval from the blood collection
for the measurement of cyanide to the blood collec-
tion for the measurement of plasma lactate was 8028
minutes.

Of these 39 patients, 10 had minor burns, 25 had
transient or prolonged impairment of consciousness,
8 were agitated, confused, or both, and 29 had rhonchi
or wheezing. Only three patients had no neurologic or
respiratory symptoms. Nine of the 39 patients eventu-
ally died. At the time of admission to the. hospital,
however, only one fire victim, a two-year-old baby,
was in refractory cardiac arrest, and the arterial origin
of the blood sample could not be ascertained. The
mean systolic arterial blood pressure recorded when
the 38 remaining fire victims were admitted to the
hospital was 129+25 mm Hg. The mean pH was
7.31%0.10, the mean partial pressure of oxygen in
arterial blood was 33.0£23.3 kPa, and the mean plas-
ma bicarbonate concentration was 19.1+4.5 mmol per
liter.

Six fire victims had plasma lactate concentrations
229 mmol per liter. These six were discovered in car-
diac arrest and required mechanical ventilation and
infusions of epinephrine and sodium bicarbonate; five
had already received hydroxocobalamin. One of these
fire vicims was the two-year-old child. In the five
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Figure 2. Correiation between Bloati Concentrations of Carbon
Monoxide and Those of Cyanide ini Fife Vicims Who Died and
Victims Who Surdved.

Blood concentrations of cyanide arsl aarbon monaxide below 40
wmol per liter and 1 mmolporhtar.spdwolywemeonmdorod
to be nontexic (open square at doff); those ranging from =40
to <100 umoi per liter for cyanide and 1 t0 5.8 mmol per liter
fmmmonmnﬁdammnbepomﬂymmp-
pled area); and thoss =100 pmot per diter for cyanide and >5.8
mrrnlpermartorcamonmm:ddamwmidaradbbepoten-

others, the mean systolic arterial blood pressure at the
time of admission to the hospitat'was 13027 mm Hg,
the mean pH 7.22%0.14, the mean partial pressure of
oxygen in arterial blood 57.5£19.2 kPa, and the mean
plasma bicarbonate concentration 13.1£2.5 mmol per
liter. Despite the use of hyperbaric oxygen therapy
and the administration of high dbses of hydroxocobal-
amin, these five fire victims died. The deaths occurred
two to seven days after admissian to the hospital, and
all were related to brain death.;

The mean plasma lactate cancentration in the 39

.

Table 1. Estimated Half-Life of Biood Cyanide Con-
cantrations in Six Fire Victims before the Adminis-
tration of Any Hydroxocobalamin or the Initiation of

Hyperbaric Oxygen Therapy.
PATIENT ESTMATED
No. BLoop CyANDS CONCENTRATION Harp-Lirz®
[NTTIAL POLLOW-LE®
1AMFLE SAMPLES
moliliter pmoliliter (hr elgpsedt) hr
1 1286 36.6(2) 1.1
2 11.5 4.2(1) 0.7
k] 989 52.3(1) 1.1
4 80.9 11.6 (2.5), 6.9 3.5) 0.9
5 500 212, 174 1.5
[} 73.1 33.5(5)., 46(1.5 2.1
Mean £5D 1.2x0.5

*Calcalated for cach patioat by linesr regression snalysis.
tSince the tms the initisl sample was taken.
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patients thought to have had smoke inhalatdon (11 of
whom had received hydroxocobalamin) was 14.0%
12.3 mmol per liter. The mean blood carbon monoxide
and cyanide concentrations measured at the scene of
the fire were 2.1=1.5 mmol per liter and 76.2%75.1
pmol per liter, respectively. There was a significant
correlation between the plasma-factate-concentration
aﬁ@ﬁwﬁ’/mﬂ@c r = 0.55, P<0.001) and
the carbon monoxide (r = 0.38, P<0.001) con-
centrations. There was also a significant correiation
between the blood concentration of carbon monoxide
and that of cyanide (r = 0.43, P<0.001). Thecorrela-
tion between the blood carbon monoxide concentra-
tion and the plasma lactate concentration, with the
efiect of blood cyanide held constant, was 0.18, as

ressed by the partial correlation coefficient. The

. partial correlation coefficient between the blood cya-

nide concentration and the plasma lactate concentra-
tion, with the effect of carbon monoxide held constant,
was 0.47. We concluded that the plasma lactate con-
centrations measured at the time of admission in pa-
tients suffering from smoke inhalation who.did not
have severe burns correlated more closely with the
blood concentrations of cyanide than with those of
carbon monoxide.

Among these 39 patients, 23 had blood cyanide con-
centrations at the scene of the fire that were higher

than 40 pmol per liter. Only 3 of these 23 patients had
plasma lactate concentrations beiow_ 10 mmol per liter

“(Fig. 3). Sixteen patients had blood cyanide concen-
trations below 40 pmol per liter, and only 1 of the 16
had a plasma lactate concentration above 10 mmol per .
liter. Hence, in the context of smoke inhalation with-
out severe burns, the sensitivity of a plasma lactate
concentration above 10 mmol per liter for cyanide poi-

soning, defined by a blood cyanide concentration
above 40 pmol per liter, was 87 percent; the specificity
was 94 percent, and the positive predictive value 92

percent.
DiscussionN

Several potental pitfalls have been noted in the
measurement of blood cyanide concentrations in pa-
tients with either fatal or nonfatal poisoning. Cyanide
may disappear rapidly from body tissue after death
from acute cyanide poisoning,’”’ and its halflife in
blood is short in cases of nonfatal cyanide poisoning in
dogs and humans.'**?* Our finding that the half-life
of cyanide is approximately one hour agrees with the
results of previous studies. Such rapid disappearance
precludes accurate evaluation of cyanide "oisoning
by delayed blood sampling in surviving fr» rctims.
Furthermore, the production of cyanide has been de-
scribed in various tissues, including blood. The poten-
tial for postmortem cyanogenesis is uncertain, how-
ever, since some have failed to demonstrate jg 1ot

The conditions of blood sampling, storage, and
analysis in our study were those known to influence
blood cyanide concentrations the least.* The blood
samples were collected by the first medical team to
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arrive at the scene of the fime, even when there were
fatalities. Furthermore, the samples were collected
from the victims of carbon menexide poisoning or ma-
Jor trauma under the same semditions as those used for
the collection of blood from fire victims.

In the fire vicims who servived, the mean blood
Cyanide concentration was:sigmificantly higher than
that in the controk subjecs. Nine patients had blood
cyanide concentrations abowe 40 pmol per liter, and
three had values above 18Dzumol per liter. Survival
despite a blood cyanide concentration in the potential-
ly lethal range has been repoeted previously.'!* These
results indicate that there ismoblood cyanide concen-
tration above which the omtoome is invariably fa-
tal.'®' Among the 43 fire victims who died, the blood
Cyanide concentrations were above 40 umol per liter
in 74 percent and above 180:umol per liter in 46 per-
cent. These results suggestthat it is reasonable to sus-
pect cyanide poisoning whenever fire victims have
smoke inhalation.

As reported elsewhere, % the blood carbon monox-
ide and cyanide concentrations were significantly cor-
related. Blood carbon monoxide concentrations may
be considered an index of cyanide poisoning in fire
victims. However, the low value of the Kendall’s rank-
correlation coefficient indicated a wide spread in
blood cyanide concentrations for a given blood con-
centration of carbon monoxide. This finding pre-
cludes the possibility of predicting the blood cyanide
concentration accurately on the basis of the blood
carbon monoxide concentration. F urthermore, a few
of the fire victims who died in our study had poten-
tially lethal blood cyanide concentrations despite hav-
ing blood carbon monoxide concentrations in the
range generally considered nontoxic. Thus, in contrast
to those of previous studies,'"'? our results suggest
that cyanide poisoning may prevail over carbon mon-
oxide poisoning as the cause of death in some fire

“Ini accordance with the results of an earlier study,®*

-
e ™
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36 of the 43 victims we studied who died (84 percent)
were found dead at the scene of the fire. The major
lethal factors in fires are toxic gases, heat, and oxygen
deprivation.’ By far the most commonly reported
cause of smoke inhalation-related death is carbon
monoxide, which is a systemic toxin with no irritant
properties. However, respiratory irritants alone pro-
duce a chemical tracheobronchitis that contributes to
thermal injury of the upper respiratory tract and to
chemically mediated alveolar injury in the lower respi-
ratory tract. The exact contribution of each toxic gas
to the rapid deaths of fire victims is difficult to quanti-
tate in the setting of a fire.” One of the most striking
results was the fact that 55 percent of the 29 patients
who died had blood concentrations of either carbon
monoxide or cyanide that were within the potentially
toxic but not the potentially lethal range. In addition
to severe burns that might have occurred after death,?
these patients may also have suffered from low in-
spired-oxygen content and smoke-induced damage to
the respiratory tract. However, studies in-animals
have shown that there may be physiologic. potentia-
tion of toxicity from carbon monoxide and cyanide
é@@?’%ﬁﬁm suggest that both gases may
have an additive toxic effect in humans.

The high lactate concentrations in the fire victims’
plasma were probably related to cyanide poisoning,
for several reasons. First, the values for partial pres-
sure of oxygen in arterial blood excluded hypoxia as a
cause of lactic acidosis. Second, despite initial cardiac
arrest in a few fire victims, the values obtained for
systolic arterial blood pressure at the time of admis-
sion to the hospital could not easily explain the very
high plasma lactate concentrations. Third, in the 39
fire victims thought to have had smoke inhalation, a
significant correlation was found between the:plasma
lactate and the blood cyanide concentrations. Lactic
acidosis is known to be an important consequence of
cyanide poisoning.” Metabolic acidosis occurs fre-
quently in fire victims, and cyanide poisoning may be
an unrecognized cause of lactic acidosis.'*!'* Carbon
monoxide poisoning is also a cause of lactic acidosis,
which depends not only on blood carboxyhemoglobin
levels but also on the duration of exposure.®*' How-
ever, the exposure of fire victims to toxic gases is usu-
ally short. Our results indicate that in victims with no
burns or only minor ones, high plasma lactate concen-
trations are strongly suggestive of cyanide poisoning
in addition to carbon monoxide poisoning.

The basic treatment for severe cyanide inhalation
includes mechanical ventilation with pure oxygen and
the administration of an antidote to cyanide. Al-
though a variety of agents have proved effective in
experimental studies, the choice of an antidote in the
clinical setting remains a matter of debate.’? Only a
kit containing nitrites and thiosulfate is approved for
usc in the United States. However, the potential haz-
ards of nitrite therapy in cases of combined poisoning
with cyanide and carbon monoxide have recently been

outlined.”™ Because of the strong affinity of cyanide for
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‘}?%ﬂi@w (such as cobalt edetate and
ydroxocobalamin) are rapid and powerful cyanide
antidotes. However, cobalt edetate induces side effects
that may be ddeterious in patients with suspected but
not confirmed®cyanide poisoning.* Hydroxocobala-
min combines ‘with cyanide to form cyanocobalamin

(vitamin B,,).®* We b to use it during this study
2 cgan

because of its promise as an antidote whose action
appears to be rapid and cfficient and because, in com-

parison with nitrites and cobalt edetate, it appears to
have low toxidty.**%

We are indebted to Colonel R. Noto, M.D., and Colonel H. Ju-
lien, M.D., who made it possible to conduct these studies; to the
Service d’Aide Midicale Urgente de Paris for help in collecting the
data; and o A. Hall, M.D., from the Rocky Mountain Poison and
Drug Center, University of Colorado Health Sciences, and R. Gar-
nier, M.D., from ehe Paris Poison Control Center, for helpful crid-
cism in reviewing the manuscript.
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fertility in all IUD users is needed.’ Meanwhile, the risk is
clear: there is a greatly increased association between [UD
use and pelvic sepsis,’**! and the risk to fertility from pelvic
sepsis is established.*? Tubal damage is the main cause of the
infertility and treatment is unlikely to be successful. For
women who are particularly concerned about their future
fertility, especially the nulliparous, and are choosing between
an IUD and oral contraception, we strongly recommend oral
contraception (in the absence of any other specific medical
contraindication) whatever the previous menstrual history.
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BLOOD CARBOXYHAEMOGLQ s
CYANIDE LEVELS IN FIRE SURVIVORS

C.]. CLARK D. CAMPBELL
W. H. REID

University Department of Anaesthesia, and Regional Bﬁ Ur
Royal Infirmary, Glasgow

Summary  Blood carboxyhsemoglobin and cya:

concentrations were measured in 53
survivors, 36 of whom had clinical evidence of so
inhalation. Carboxyhaemogiobin and cyanide levels
raised only in patients with smoke inhalation. B
carboxyhaemoglobin measurement can be used to con
the diagnosis of severe smoke inhalation in cases in whict
clinical data are inconclusive, provided that the tim
sampling after exposure is taken into account. A nomog
has been constructed for this purpose. There is no g
method of measuring blood cyanide levels, but the ¢

relation between cyanide and lobin_ le

carboxyhsemog]
suggests that carboxyhaemoglobin concentrations, whict
be rapidly and easily measured, could be used to ide:

those who might benefit from treatment with cya

Introduction

THE number of fire casualties, and the proportio
victims overcome by smoke or noxious fumes, has rise
recent years.’ Concern that this rise is due to the widesp
introduction of highly flammable synthetic polymers
household decorations and furnishings has led to legisla:
requiring special display labels® for such furnish:
Hydrogen cyanide gas is a noxious decomposition pro
produced by the thermal degradation of many of
modern plastic furnishings.’ The possible hazards of
metabolic poison in persons exposed to fire are highlighte
the finding of raised blood cyanide leveis in fire fatalities.
have therefore screened the survivors of home fires who
have been exposed to smoke and measured their whole-b
cyanide concentration to obtain further informatior
potential cyanide toxicity during a fire.

To identify patients with smoke inhalation injury an
house-fire survivors artending the casusity departmer
Glasgow Royal Infirmary, we ask about the circumstanc
the fire and in particular the state in which the patient
found. We have also investigated the value of b
carboxyhaemoglobin levels as an index of smoke inhal:
injury since the blood carboxyhsemoglobin concentr:
has been shown experimentally® to correlate directly wit:
dose of smoke inhaled.

Patients and Methods

53 patients, all survivors of domestic fires, were studied.
were suffering from i ion of smoke from burns »
f] ination of inhalation and or from r

toms such as abrasions or agitation requiring initial evalu
at the casualty department before being allowed home. Par
were classified as cases of smoke or no-smoke inhalation acco:
to clinical data (table 1), arterial gas concentrations, and chest -
findings. When the patient was unable to give a clear history «
event the relevant informarion was obtained directly from th
officer in charge of operations.

Blood samples were taken in ali patients 2—3 h after the fir:
interval between smoke exposure and sampling being accur
recorded in all cases (patients in whom sampling was delaye
more than 3 h were excluded from the srudy), Venous samples
stored at 4°C and all were analysed within 48 h of sampling. F
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IMPORTANT DATA TO OBTAIN RELATING TO
SMOKE EXPOSURE

TABLE I—-

- Details to obtain

History of accident Exposure in a smoke-filled environment and
duration of exposure
Consciousness ievei on removal

Resuscitation requuired before hospital admission

Clinical history Smalking history

Dyspnoes, sense of suffocation or choking
Irritation of eyes, nose, and throat

Cough

Expectoranon of carbonaceous sputum

Examinanion Consciousness level, evidence of cerebral irritation

General appearance (cyanosss, cherry-red
appearance, 300t deposits)

[nflammarion or soot deposits on oropharyngeal
mucoss

Respiratory rate and character of respirations

Evidence of airways obstruction, ¢.g., stridor,
bronchospasm

Other auscuitatory abnormalities

cyanide was measured by gas-liquid chromatography.’ Chloramine-
T (sodium p-toluene suifonchloramide) was used to convert cyanide
to cyanogen chloride which was then extracted with hexane and
subjected to gas chromarography. The blood carboxyhaemogiobin
saturation and methaemoglobin concentrations were measured by
the use of an Instrumentation Laboratory co-oximeter (‘IL 282°).
Arterial blood-gas measurements were made at the time of initial
admission and at intervais thereafter on an ‘ABL2’ pH/blood gas
analyser (Radiometer, Copenhagen).

Results

17 of the 53 patients seen at the casualty department had no
evidence of inhalation of fumes: 6 of these were treated for
burns injury alone and 11 were treated for minor symptoms,
then discharged. The mean blood cyanide level (table 1) for
these 17 patients was 5 -0 umol/l (range 0- 5—13); within this
group smokers (n= 1 1) had a higher mean blood cyanide level
than non-smokers (n=6), but all had levels within the normal
range. The carboxyhaemoglobin levels in these no—smoke-
inhalation patients were also within the normal range.’

36 patients had evidence of smoke inhaiation and 11 of
these i3 also had burns. 24 of the 36 had only minor
sffects of smoke tion (i.e., one or [wo transient

symptoms, and no abnormality on examination, in arterial
yases, or on chest X-ray). The other 12 were considered to be
;uffering from serious smoke inhalation. The mean blood
:yanide level of 36 patients who had inhaled smoke was 25-8
mol/l (range 2- 0-126) which is greater (p<0-05) than that

n the non-inhalation group (table 11). 10 of the 36 patients #
vho had iohaled smoke bad raised blood cyanide levels, in

in

.ome cases to around near lethal levels ;ﬁg. 1). Ali these 10
1ad been clinically classified as suffering from serious smoke
nhalation. No patient with minor inhalation was found to
1ave a raised blood cyanide level.

The mean carboxyhaemogiobin concentration of the 36
»atients who had inhaled smoke was 14-5 (range 0-3—45),
vhich was greater (p<0-005) than that for the patients with

10 clinical evidence of smoke inhalation (table 11). All the 12

ratients with clinical evidence of considerable smoke

nhalation had raised carboxyhaemoglobin concentrations,
nd of the remaining 24 patients with minor smoke inhalation

mly 2 showed marginal elevation of carboxyhaemoglobin
bove the upper limit of normal for their respective smoking
ategories.

Fig. 1 also shows two distinct groups of patients, one
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Fig. 1—Blood cyanide and carboxyhaemoglobin concentrations in 53
fire survivors.

The uninterrupted lines indicate the upper limits of normal values for
cvamide and carboxyhaemoglobin in smokers. The interrupted line indicates
the approximate lethal level in cyanide intoxication. (For clanty of illustration
the cyanide concentrations arc plotted on the vertical axis on a logarithmic
scale.)
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having_normal levels of both carhoxyhaemoglobin and

cyanide (sector C). and the other having raised levels of both.
carboxyhaemoglobin and cyanide (sector B). Only 3 patients

with raised carboxyhaemoglobin levels had normal cyanide
levels (sector D), _No parienr with a normal carhoxy-
haemoglobin concentration had a cvanide level above normal

From the interval berween smoke exposure and time of
blood sampling and assuming the half-life of carboxy-
haemoglobin to be 4 h when the subject was breathing air,’
we calculated the approximate carboxyhaemoglobin level at
the time of exposure in our patients. No patient with values
within the normal range on admission would have had raised
carboxyhaemoglobin leveis consistent with significant smoke
inhalation at the time of exposure. Fig. 2 shows the blood

TABLE l1I- WHOLE BLOOD CYANIDE AND CARBOXYHAEMOGLOBIN
CONCENTRATIONS IN 53 HOUSE-FIRE SURVIVORS

Cvanide Carboxvhaemoglobin
(umol/l) (%)

Nov smoke nhalation (n=|7) 5:0(0-5-13) 3-8(0-8-9-6)
Smokers (n=11) 6-6(2:2-13) 4:7(2-9-9-6)
Non-amokers (n=6) 2-1(0-5-3-9) 2:1(0-8-3-2)

Smoke inhalation (n= 36) 25-8(2-0~126) 14+5(0-3-43)

Results are given as mean and range.

The upper ranges of normal cyamide in smokers and non-smokers are 20
umol/1 and 10 umol/1, respectively.* Those for carboxvhaemoglobin are 10%
ind 5%, respectively.*
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Fig. 2—Blood carboxyhsemogiobia leveis and time of sampling after
P e in the 13 pati with raised admission icvels.
The interrupted lines indicate carboxyhaemoglobin decay with time,
assuming a half-life of four hours. (The carbaxyhaemogiobin concentrations
displayed on the vertical axis are on a logarithmic scale.)

carboxyhaemoglobin concentration of the 13 patients with
raised admission levels plotted against the time after exposure
that sampling was done. It shows that there were several
patients with severe smoke inhalation in whom a delay in
sampling of 2 h or more resulted in lower levels than seen in
other patients with similar degrees of exposure.

Arterial blood gas analysis was not routinely donme in
patients who clearly had no clinical evidence of smoke
inhalation. A few of the patients with minor smoke inhalation
showed changes consistent with hyperventilation. None of
these patients showed arterial oxygen desaruration. In
patients with raised blood carboxyhacmogiobin and cyanide
concentrations metabolic acidosis of variable severity was
very common; so was hypoxaemia and hypocapnia (pH range

7-23-7-35; base excess range — 16 to — 3). Methacmoglobin

copcentrations, measured _in _all _patients, were nat
signiﬁmdx raised. | wOetsank o

Discussion

Three points emerge from this study. One is the
importance of as complete a clinical history as possible (which
includes information on the circumstances of the fire). Smoke
inhalation is often not diagnosed because of the heterogeneity
of the effects of fumes produced by combustion; because the
patient may be assessed during a quiescent period after
removal from exposure, so the extent of inhalation may be
underestimated;'? and because at the time of clinical assess-
ment in the casualty department accurate details of the extent
of exposure and other facts relating to the fire may be unavail-
able. Qur questionnaire case-sheet asked for specific fearures
apart from those usually noted routinely at a clinical assess-
ment, and we had an arrangement with the fire services so
that they provided the information when the patient was
unable to. We suggest that our practice be adopted in the
routine evaluation of patients surviving domestic fires.
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tration at time of exposure.
The time since exposure is given on rwoscalesin order toallow for th
of previous oxygen administration on the half-life of carboxyhacmogic
hand scale assumes a half-life of 3 h).

The second point relates to carboxyhsemoglobin
which shoyld be measured within a few hours of the ir
si
inhalarion, They should be measured to substantiate ¢
evidence of smoke inhalation, to provide evidencein ¢
which the clinical data may be incomplete, and to rati:
the use of oxygen therapy in patients in whom raisec
are found. To ease interpretation of carboxyhaemc
levels obtained on admission, we have prepared a nom
(fig. 3) from which likely carboxyhaemoglobin le
exposure can be calculated from levels on admission :
interval between exposure and sampling. The non
assumes a half-life of carboxyhsemoglobinof 4 hin a
hreathing room air. Most patients will not have-r
supplementary oxygen before admission, and at best t
have been administered via a face mask, giving a ima
fractional inspired oxygen concentration of 50—60%
has little effect on carboxyhasemoglobin eliminatio
scale on the left hand side of the time column
nomogram makes an allowance for prior oxygen supp!
by assuming a shorter half-life of 3 h. This nomogram-
hope, help burns units to decide quickly whether
smoke inhalation is likely to have occurred. It has be
in the Regional Burns Unit at the Royal Infirmary, G
to select patients at high risk of pulmonary complicat
early management in the intensive-care unit.

The third point to cmerge from our study concx
raised blood cyanide levels. Cyanide is 2 potent m
poison that _inhibits cellular respiration.'! Letha
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vanide levels!! have been found in necropsy studies of fire °
italities.’ The source of cyanide is the hydrogen cyanide gas

roduced by thermal degradation of complex nitrogen
olymers found in modern plastic furnishings and in natural
\brics such as wool and silk. The massive growth of the
olymer industry makes it likely that hydrogen cyanide will
- encountered with increasing frequency in fires. "2

. We found that fire survivors without clinical evidence of

' noke exposure did not have raised cyanide levels when the

ibjects’ smoking habits were taken into account. However,

veral of the survivors who had inhaled a considerabic
nount of smoke had high blood cyanide concentrations,
.owing that cyanide inhalation need not mecessarily be
sociated with fatalities only. The dependence of hydrogen
anide production in fires on a variety of factors, such as
aterials combusted and temperature of the environment,
cans that cyanide inhalation in domestic fires could be 2
ry variable occurrence.

Several of our patients had near-lethal cyanide levels and

»st had levels liable to produce serious toxicity.!? Since the -

;ults of our work still in progress agree with those of Ansell

HE S S ]

& &
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d Lewis!! that the half-life for cyanide elimination is very ~

ort (approximately 1 h) the initial exposure levels in our
rvivors were probably considerably higher than the levels
‘asured on admission.

Several of the patients with high cyanide levels were
noeic and moribund on arrival and required emergency
;uscitation followed promptly by assisted ventilation and
‘engive care, including treatment of metabolic acidosis. In
«oke inhalation metabolic acidosis is usually attributed to
sue anoxia due to environmental oxygen deprivation,
sravated by interference of carboxyhaemoglobin with

A wovd s KWk

¥

-

ygen transport to the tissues.'* Cyanide poisoning also _

wduces lactic acidosis by causing a change from aerobic to
ierobic metabolism—a change which occurs at much lower
wod cyanide levels than those seen in our patients.'’
anide toxicity is therefore likely to be an important
itributory: cause of tissue hypoxia in severe smoke
alation injury. We were unable to evaluate the specific
iribution of cyanide poisoning to mortality in the 5 with

" ere smoke inhalation who died after admission, but their

ths were undoubtedly influenced by a variety of factors

luding the presence and severity of concomitant burns, of .

-existing cardiorespiratory disease, and of complications
sciated with assisted ventilation in severely injured
ients. Several of our patients had cardiac dysrhythmias,
al failure, neurological sequelae, and subsequent
chiatric sequelae known to be associated with carbon
noxide poisoning alone'® or in combination with cyanide
wcity.!?
‘hese  observations have important therapeutic
slications. There is no rapid screening test for cyanide
soning since it takes about 2 h to extract cyanide from
»d for analysis. None of the cyanide antidotes is free from
-effects, ® so they cannot be given empirically to all house-
survivors. However, carboxyhaemogiobin can be
sured quickl¥and easily, and patients most likely to have
1 cyanide levels are those with high carboxyhaemoglobin

ls. Had cvanide antidotes been used in those of our
ents with carboxyhaemoglobin levels above an arbitrary

. centration of 15%, the measure would have proved

-arranted in only | case(fig. 1), and more importantly no
3 i i xicity wouild have been mi even
out the use of the nomogram in this particular series. The
»f carboxyhaemoglobin level as a marker of inhalation of
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other toxic products of combustion has been suggested in
general terms previously,'® but our findings are the first to
show its use in a specific (cyanide) poisoning.

We thank the Scottish Home and Health Department  (ref.
KI/MRS/50/C267) for its support; Dr R. Warson, University Department of
Ansesthesia at Glasgow Roval Infirmary, for his help with the chemical
analyses; and Assistant Firemaster W. Kelly of the Strathclyde Fire Brigade for
his valuable co-operation.

Requests for reprints should be addressed to D!'C., Department of
Anaesthesis, Royal Infirmary, Glasgow G4 OSF.
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TRANSMISSION OF IN-VITRO
RADIORESISTANCE IN A CANCER-PRONE
FAMILY

N. TORBEN BECH-HANSEN  WILLIAM A. BLATTNER

BRENDA M. SELL ELISABETH A. MCKEEN

BEATRICE C. LAMPKIN JosePH F. FRAUMENI, JR
MALcoLM C. PATERSON

Health Sciences Division, Atomic Energy of Canada Limited, Chalk
River, Ontario, Canada; Environmental Epidemiology and Clinical
Epidemiology Branches, National Cancer Institute, National
Institutes of Health, Bethesda, Maryland, U.S.A.; and
Hematology/Oncolegy Department, Children’s Hospital Medical
Center, Cincinnati, Ohio, U.S.A.

Summary Neoplasms of possible radiogenic origin
developed in two members of a family prone
to a diversity of cancers, including bone and soft-tissue
sarcoma, brain and breast cancers, and leukaemia. Gamma-
irradiation survival studies in these two patients and three
other relatives, but not their spouses, over three generations
demonstrated resistance to cell killing. The D,y value
(radiation dose required to reduce survival to 10%) was
significantly higher for the five radioresistant strains (491+30
rad) than for control cultures (405+18 rad). There was a

" significant correlation between individual Dy, values and D,

survival-curve parameters, indicating that changes in the
exponential slope of the survival curves accounted for much
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fertility in all IUD users is needed.®’ Meanwhile, the risk is lfq'

clear: there is a greatly increased association berween [UD
use and pelvic sepsis,’* and the risk to fertility from pelvic
sepsis is established.’? Tubal damage is the main cause of the
infertility and treatment is uniikely to be successful. For
women who are particularly concerned about their furure
fertility, especially the nuiliparous, and are choosing between
an IUD and oral contraception, we strongiy recommend oral
contraception (in the absence of any other specific medical
contraindication) whatever the previous menstrual history.

We thank Prof. M. P. Vessey for supplying derailed data to enable us to
construct the graph in fig. 2 and for his helpful advice,

Reguests for reprints should be addressed to: M. G. R. H.
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BLOOD CARBOXYHAEMOGLA am
CYANIDE LEVELS IN FIRE SURVIVORS
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Summary Blood carboxyhsemogiobin and cy:

concentrations were-messured in 53
survivors, 36 of whom had clinical evidence of r
inhalation. Carboxyhaemogiobin' and cyinide leveis
raised only in patients with smoke-inbalation F
carboxyhaemogiobin measurement can be used to cor
the diagnosis of severe smoke inhalstion in cases in whic
clinical data are inconclusive, provided- that the-tn
sampling after exposure is taken intoraccount. A nomo:
has been constructed for this purpose=There-is no «
method of measuring blood cyanide levels, but the
relation between ide and in |
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anndotes,
Introduction ~

THE number of fire casusities, and the proportic
victims overcome by smoke or noxious. fimes, has ris
recent years.! Concern that this rise is due to the wides:
introduction of highly flammable synthetic polymer:
household decorations and furnishings has led to legisi:
requiring special display labels* for such. furnist
Hydrogen cyanide gas is a noxious decomposition pr
produced by the thermal degradation of many of
modern plastic furnishings.' The possible hszards o
metabolic poison in persons exposed to fire are highlight
the finding of raised blood cyanide levels in fire fatalities
have therefore screened the survivors of home fires whe
have been exposed to smoke and messured their whole-
cyanide concentration to obtain further informatio
potential cyanide toxicity during s fire.

To identify parients with smoke inhafstion injury a-
house-fire survivors arending the casusity departm:
Glasgow Royal Infirmary, we ask sbout the circumstan
the fire and in particular the state in whicl the patien
found. We have aiso investigared the: value of
carboxyhaemoglobin levels as an index of smoke inha
injury since the blood carboxyhsemogiobin concent
has been shown experimentally® to correlate directly wi
dose of smoke inhaled.

Patients and Methods.

53 patients, all survivors of domestic fires, were studied
were suffering from i ion of from burns
ination of inhalation 2 or from

symptorms such as abrasions or agitation requiring initial eval
at the casualty department before being sllowed home. P
were classified as cases of smoke or no-smoke inhalation scc
to clinical data (table 1), arterial gas concentrations, and ches:
findings. When thepatien:wuumhtem;inndmhizm
event the relevant information was obtained directly from 1

officer in charge of operations.
Blood samples were taken in all pati
interval between smoke exposure and being aca

recorded in all cases (patients in whom sampling was dels
more than 3 h were excluded from:h:nudy).Vmumpk
stored at 4°C and all were analysed within 48 h of sampling.
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TABLE I—IMPORTANT DATA TO OBTAIN RELATING TO
SMOKE EXPOSURE

- Details 1o obtain

History of accident Exmmlmnkt-ﬁuedenﬁmmmd
duration of exposure

Comac levelon r i

Resmscitarion required before hosputal sdmission

Smpking history

Dyspnoes, sense of suffocation or choking

[rrisstion of eyes, nose, and throat

Clinical history

Comgh
Expecroration of carbonaceous sputum

Comsciousness level, evidence of cercbral irmitation

. Gemeral appearance (cyanosis,
appearance, 300t deposits)

Inflammsrion or soot deposits on oropharyngeal

mucosa
Respiratory rate and characyer of respirations
Evislence of airways obstruction. ¢.g., stridor,

ronchospasm
Other suscuitatory abnormakities

cvanide was measured by gas-liquid chromatography.” Chloramine-
T (sodium p-toluenc suifonchioramide) was used to convert cyanide
tacymogmchioddc'mchwumenmedwﬁh hexane and
subjected to gas chrommrography. The blood carboxyhaemogiobin
saturation and methaesrogiobin concentrations were measured by
the use of an Instrumentation Laboratory co-oximeter (‘IL 282").
Arterial blood-gas measurements were made at the time of initial
adnission and at intervais thereafter on an ‘ABL2’ pH/blood gas
ansiyser (Radiomerer, Copenhagen).

Results

17 of the 53 parienss seen at the casualty department had no
evidence of inhalation of fumes: 6 of these were treated for
burns injury alone and 11 were treated for minor symptoms,
then discharged. The mean blood cyanide level (table 1) for
these 17 patients was 5 -0 pmol/l (range 0-5-13); within this
group smokers (n=11) had a higher mean blood cyanide level
than non-smokers (n=6), but all had levels within the normal
range.® The carboxyhaemogicbin levels in these no-smoke-
inhalation patients were aiso within the normal range.®

36 patients had evidence of smoke inhalation and 11 of
:hese patients aiso had burns. 24 of the 36 had only minor
sffects of smoke inhalation (i.e., ome or two transient
jymptoms, and no abnormality on examination, in arterial
1ases, or on chest X-ray). The other 12 were considered to be
suffering from serions smoke inhalstion. The mean blood
-yanide levei of 36 patients who had inhaled smoke was 25-8
«mol/l (range 2-0~126) which is greater (p<0-03) than that

1 the non-inhalation group (table 11). 10 of the 36 pagients
] { inhaled l ) P id ™y

.ome cases to around near lethal levels (fig. 1). All these 10
13d been clinically classified 2s suffening from serious smoke
nhalation. No patient with minor inhalation was found to
1ave a raised blood cyanide level.

The mean carboxyhaemoglobin concentration of the 36
yatients who had inhaled smoke was 14+5 (range 0-3-45),
vhich was greater (p<0-005) than that for the pauents with
10 clinical evidence of smoke inhalation (table 11). Allthe 12
yatients with clinical evidence of considerable smoke

B : b .

Janents with  clmlcal e e ——

emaining 24 patients with minor smoke inhalation

nly 2 showed marginal elevation of carboxyhaemoglobin

bove the upper limit of normal for their respective smoking
ategories.

Fig. | also shows two distinct groups of patients, one
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Fig. 1—Blood cyanid and carboxyh globi concentrations in 53
fire survivors.

The umnterrupted lines indicate the upper limits of normal values for
cvamde and carboxvhaemoglobin 1n smokers. The interrupted line indicates
the approxmate lethal level in cyarude LIOXICALION. (For clanty of illustration
the cvamide concentrations are plotted on the verucal axis on a loganthmuc
scale.)

h

carhoxyhaemogiobin and cyanide (sector B). Only 3 patients
with raised carboxyhaemoglobin levels had normal cvanide
levels (sector D i ]

haemoglobin concentration had a cvanide level above normal *

>l

From the interval between smoke exposure and time of

blood sampling apd assuming the haif-life of carboxy-
haemoglobin to hen the subject was breathing air,’
we calculated the Tpproximate carboxyhaemoglobin level at
the time of exposure in our patents. No patient with values
within the normal range on admission would have had raised
carboxyhaemoglobin levels consistent with significant smoke

inhalation at the time of exposure. Fig. 2 shows the blood

TABLE 1l-WHOLE BLOOD CYANIDE AND CARBOXYHAEMOGLOBIN
CONCENTRATIONS IN 53 HOUSE-FIRE SU RVIVORS

Cyamde Carboxyhaemogiobin
(umol/l) {70}

No smoke inhalation (n=17) 5-0(0-5=-13) 3-8(0-8=9-6)
Smokersin=11) 6-6(2:2=13) 4:7(2-9-9-6)
Non-smokers (n=6) 2-1(0-5-3-9) 2-1(0-8-3-2)

Smoke inhalation (n= 36) 25-8(2-0—126) 14-5(0-3-45)

Results are given as mean and range.

The upper ranges of normal cvamude 1 smokers and non-smokers are 20
umol/] and 10 umol/ 1, respecuively.’ Those for carboxyhaemogiobin are 0%
ind 5%, respectively. '
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Fig. 2—Blood carbexyhsemegisbim levels and time of sampling after
cxposure in the 13 patients with raised admissien lsveis.

The interrupred lines indicate carboxyhsemogiobin decay wuh time,
assumung a half-life of four hours. (The carboxyhsemogiobin concentrauons
dispiayed on the verncal axis are on a loganthmic scale.)

carboxyhaemogiobin concentration of the 13 patents with
raised admission levels plotted against the time after exposure
that sampling was done. It shows that there were several
patients with severe smoke inhalation in whom a delay in
sampling of 2 h or more resulted in lower levels than seen in
other patients with similar degrees of exposure.

Arterial blood gas analysis was not routinely dome in
patients who clearly had no clinical evidence of smoke
inhalation. A few of the patients with minor smoke inhalation
showed changes consistent with hyperventilation. None of
these patients showed arterial oxygen desaturation. In
patients with raised blood carboxyhaemogiobin and cyanide
concentrations metabolic acidosis of variable severity was
very common; so was hypoxaemia and hypocapnia (pH range
7-23—-7-35; base excess range — 16 to — 3). Methaemoglobin
concentrations, measured in all patients, were not
significantly raised.

Discussion

Three points cmerge from this study. One is the
importance of as complete a clinical history as possible (which
includes information on the circumstances of the fire). Smoke
inhalation is often not diagnosed because of the heterogeneity
of the effects of fumes produced by combustion; because the
patient may be assessed during a quiescent period after
rernoval from exposure, so the extent of inhalation may be
underestimated;'° and because at the time of clinical assess-
ment in the casuaity department accurate details of the extent
of exposure and other facts relating to the fire may be unavail-
able. Qur questionnaire case-sheet asked for specific features
apart from those usually noted routinely at a clinical assess-
ment, and we had an arrangement with the fire services so
that they provided the information when the patient was
unable to. We suggest that our practice be adopted in the
routine evaluation of patients surviving domestic fires.
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Fig. 3—Nomogram for calculating carbesyhsemegiobis
tration at time of exposure.
The time since exposure is given on two scaies in order to allow for
of previous oxygen sdministration on the haliFlife of carboxryhsemo:
hand scale sssumes a half-life of 3 h).

The second point relates to carboxyhsemoglob:
which should be measured wirhin a few honzs of the
sl
inhalation, They should be messured to substantiat
evidence of smoke inhalation, to provide evidence ir
which the clinical data may be incompilete, and to =
the use of oxygen therapy in patients in whom rais
are found. To ease interpretation of carboxyhaes
levels obtained on admission, we have prepared anc
(fig. 3) from which likely carboxyhsemogiobin
exposure can be calculated from levels on admissio:
interval between exposure and sampling. The n.
assumes a half-life of carboxyhsemogilobin of 4 h in
hreathing room air. Most patients will not have
supplementary oxygen before admission, and at bes
have been administered via a face mask, giving a i
fractional inspired oxygen concentration of 50—6(
has lirtle effect on carboxyhaemoglobin eliminm
scale on the left hand side of the time colum
nomogram makes an allowance for prior oxygen sug
by assuming a shorter haif-lifeof 3 h. Thisnomogra:
hope, help burns units to decide quickly wheth
smoke inhalation is likely to have occurred. It has
in the Regionai Burns Unit at the Royal Infirmary,
to select patients at high risk of pulmonary compiic
early management in the intensive-care unit.

The third point to emerge from our study cor
raised blood cyanide levels. Cyanide is a potent
poison that inhibits cellular respiration.!' Let
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ide levels' have been found in necropsy studies of fire
ities.> The source of cyanide is the hydrogen cyanide gas
luced by thermal degradation of compiex nitrogen
mers found in modern piastic furnishings and in natural
ics such as wool and silk. The massive growth of the
rmer industry makes it likely that hydrogen cyamde will
acountered with increasing frequency in fires.'?
'e found that fire survivors without clinical evidence of
ke exposure did not have raised cyanide levels when the
‘ects’ smoking habits were raken into account. However,
ral of the survivors who had inhaled a considerable
yunt of smoke had high blood cyanide concentrations,
wmthaxcytnid:inhahtinnnmdnotnmﬂybe
sciated with fatalities only. The dependence of hydrogen
aide production in fires on a variety of factors, such =
erigis combusted and temperature of the environment,
ins that cyanide inhalation in domesnc fires could bea
y variable occurrence.
everal of our patients had near-lethal cyanide levels and
st had levels liable to produce serious toxicity.* Since the
1its of our work still in progress agree with those of Ansell
| Lewis'! that the haif-life for cyanide elimination is very
rt (approximarely i h) the initial exposure levels in our
vivors were probably considerably higher than the levels
asured on admission.
jeveral of the patents with high cyanide levels were
1oeic and moribund on arrival and required emergency
uscitation followed promptly by assisted ventilation and
ensive care, including trearment of metabolic acidosis. In
.oke inhalation metabolic acidosis is usually atrributed to
sue anoxis due 10 environmental oxygen deprivation,

rravared by interference of carboxyhaemoglobin with

ygen transport to the tissues.'* Cyanide poisoning also.
sduces lactic acidosis by causing a change from aerobic to
\erobic metabolism—a change which occurs at much lower
wod cyanide levels than those seen in our patients.'’
anide toxicity is therefore likely to be an important
\ributory: cause of tissue hypoxia in severe smoke
alation injury. We were unable to cvaiuate the. specific
\ribution of cyznide poisoning to mortality in the 5 with
ere smoke inhalation who died after admission, but their
ths were undoubtedly influenced by a variety of factors
luding the presence and severiry of concomitant burns, of
_existing cardiorespiratory disease, and of complications
seiated with assisted ventlation in severely injured
ients. Several of our patients had cardiac dysrhythmias,

o
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other toxic products of combustion has been suggested in
sgeneral terms previously,'? but our findings are the first 0
show its use in a specific (cyamde) poisoning.

We thank the Scomish Home and Health Department [ref._
iy MRS/S0/C267) for its support; Dr R. Warson, University Department of
Ansesthesa at Glasgow Royal Infirmary, for his help with the chemical
Fanatyses; and Assistant Firemaster W. Kelly of the Strathelyde Fire Brigade for
~his valuabie co-operanion.

+ Requests for reprints should be addressed to D. 'C.,. Department of
Ansesthesia, Royal Infirmary, Glasgow G4 OSF.
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TRANSMISSION OF IN-VITRO
RADIORESISTANCE IN A CANCER-PRONE
FAMILY

N. TORBEN BECH-HANSEN  WILLIAM A. BLATTNER

BRENDA M. SELL ELISABETH A. MCKEEN
BEATRICE C. LAMPKIN JosePH F. FRAUMENI, JR
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al failure, neurological sequelse, and subsequent " Health Sciences Division, Atomsc Energy of Canada Limited, Chaik

chiatric sequelae known to be asmsociated with carbon
aoxide poisoning alone'® or in combination with cyanide
_dq'n

‘hese observations have important therapeutic
Jlications. There is no rapid screening test for cyanide
soning since it takes about 2 h to extract cyanide from

»d for analysis. None of the cyanide antidotes is free from i

—effects,'® so they cannot be given empirically to all house-

survivors. However, carbo: jobin _can be
sured quickly and easily, and patients most likely to have

1 ide levels are those with hi haemogiobin
ls. Had cvanide antidotes been used in ¢
ents with carboxvhaemoglobin levels above an arbi

_entration of 15%, the measure would have Emved

outtheuscofthenomgggminthhpuﬁcuhneria. The
»f carboxyhaemoglobin level as a marker of inhalation of

River, Ontaria, Canada; Ervironmental Epidemiology and Clinical
Epidemiology Branches, National Cancer Instituze, National
Instisutes of Health, Bethesda, Maryland, U.5.4.; and
HemarologwOncology Department, Children's Hospital Medical
Center, Cincirmari, Ohio, U.S.A.

Summary Neoplasms of possible radiogenic origin
developed in two members of a family prone
to a diversity of cancers, including bone and soft-tissue
sarcoma, brain and breast cancers, and leukaemia. Gamma-
irradiation survival studies in these two patients and three
other relatives, but not their spouses, over three generations
demonstrated resistance to cell killing. The D, value
(radiation dose required to reduce survival to 10%) was
significantly higher for the five radioresistant strains (49130
rad) than for control culrures (40518 rad). There was a
significant correlation between individual D, values and D,
survival-curve parameters, indicating that changes in the
exponential slope of the survival curves accounted for much




