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Cardiac Arrhythmias

and Aerosol “Sniffing”

Charles F. Reinhardt, M D; Alex Azar, MD: Mary E. Maxfield, PRD;
Paul E. Smith, Jr., MA; and Linda S. Mullin, Wilmington, Del

Aerosol “sniffing,” a variant of glue “snitfing,"”
involves the deliberale inhalation of aerosol
products and propellants. Approximately 65 deaths
have been attributed to this practice. They have
been predominantly sudden and generally lack
conclusive autopsy findings. The cause of death
has not been defined in most cases; however,
various mechanisms have been postulated. The
evidence suggests acute cardiac arrest as a fre-
quent cause, It could resuit from the sudden onset
of ventricular fibrillation due to sensitization of
the hearl lo epinephrine by inhalation of high
concentrations of aerosol contents. Experimental
investigalion revealed that the cammonly used
aerosol propellants, in high concentralions, are
capable ot sensitizing the hearl to epinephrine
resulting in serious cardiac arrhythmias. There-
lere, it is concluded that cardiac sensitization is
3 likely mechanism of death In many of the
serosol-sniffing fatalities.

P EOPLE, and especially teen-agers, have

been “sniffing” glue, paint thinner, gasoline,”

and other volatile solvents for years in an
attempt o get “high” or for “kicks.” More
recently the practice has been extended to
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(Dr. Reinhardt), :

the “sniffing” of aerosol products or aerosol
product propellants for the same purpose.
“Sniffine,"” incidentally, is a misnomer, since
the practice involves the dcliberate, deep
inhalation of highly concentrated vapors,
but the term has received popular usage.

Occasional fatalities have resulted from.

the various forms of solvent snifling. That
fatalities could also oceur from the snifling
of aerosol products and aerosol product pro-
pellants was somewhat of a surprise, since
these have been noted for their low toxicity.
Thus far, approximately 65 deaths have
been attributed to this fad. The first were
reported in early 1967. In that year scven
deaths occurred and all followed the sniffing
of a product used to chill cocktail glasses. In
1968 and 1969 there were 31 and 27 deaths,
respectively. During these two years, the
practice encompassed numerous aerosol
products including fry pan lubricant, hair
spray, deodorant, antiseptic, and others.

The principal technique used in sniffing
aernanls js to spray an derosol product into
a balloon or bag and then deeply inhale the
contents, This procedure results in the inha-
lation of a high concentration of gas and
vaporized liquid f{rom the aerosol. The
“gas,” in most cases, would consist of a high
proportion of aerosol propellant, Propellants
used widely in aerosol products include such
halocarbons and hydrocarbons as fluorocar-
bon 12, fluorocarbon 11, fluorocarbon 114,
isobutane, propane, and vinyl chloride.

The aerosol sniffing deaths have been pre-
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A. Thon Consldered Most Active

{siliza- ? ' Table 1.—Compounds Tesled for Cardiac Sensilization Properties
l W Benzena Potent sensitizer in animals and Iz even active without ¢pinephrine’.$; cases of sudden

death in industry where mechanism could be ventriculsr fibrillation?-1e

KLUAHJ

on
L ‘- \/Heplanq Similar to benzene in potency in animals’: no deaths reported in industry but industrial
‘zation ( usa Is limited B .
L some ¢ F-/"/-o'cg‘
lrocar-
shloro- v Chioroform Similar to benzene in potency in animals).4!t: known to be a cause of sudden death in
i, oCan R man due to ventricular fibrillation; this experience comes from ils use as an
Hy re- b /v - anesthetic; acute mortality is reported to be about 1:3,500 when the agent is used
YT a3 the sole anesthetic agent in a concentration of 1.0%-1.65%!2
lting ( .
hmias A
1 may .
L/Trlghloroethzlene N Little animal data are available but sensitization has been shown to ocgurtdss sudden
emon- vl deaths have occurred in industry following exposure to high concentrations of this
f thi kf -2 S 2O ¥ 'L agent and these deaths are compatible with ventricular fibrillation!3:t4; perhags
2 18 because of its wider use, more deaths are recordad for this agent than any
ts the of the others
of epi- | :
wrdous ]
use [
@ /B. Thosa Considared intermediate (n Potency H .
Frow- Carbon tetrachloride Because of a sparsity of animal data it is :mrcuu. to classify this compound“‘ ' '
genat- N it has caused sudden death in man®; but considering its earlier wide use, .
h sen- K)_ i b 4\ experience would suggest that it is not as active as trichloroethylene h
N . . IR
ng n — i1
ias. ! . .k
isive) Halothan - Shawn to cause sensitization in animals? .22 and in humans in the 0.5%.1.0% rangel?; R .
cature (or l’-luothnne) 3 not used in industry; should perhaps be ciassitied in group A but because of close . .
oduc- o supervision during snesthesia untoward resuits are rare . e
» K 447 q 3 . ) b |
ble : -
ha
. "
usin hau Cansidered Waak Scnsigziuq Aqu(; ar \Whare Data Make Classification Difficult 'v. .,,3
2 . . .
more ethv' chioriden 72 Sz £V 5 sopropyl chiorides K 4587~ Lafethyl bromiden K¢ &/14 7
been J Methylene chloridet? K7 " L GPrimary butyl chiarider® £ woe7ol LEfhyl bromide &7 g 3"" s .
tron 1 Ethylchioriders K aSaz i = ' Secondary buty! chiorider {Methyl iodider 1250 r, .
ong ’ Ethylene chloridetr (< (495 1sobutyl chioride!? . Hhyliodide™  j 3 €3 3) .
d. If (,P'f pyl chiorider® K'J‘[ e\ V*‘l'zm'ary butyl ehiorides® o . :
n ex- ( R aﬂt’-‘ 30997 > obytane* DD |48l lopentanes S UG0 T ‘
; also Dﬂﬂt“" Fixoe s cls- or trans-butene.21s+ 324 UJ‘: entanesss DD 338 7 B
i a ovylenem Kra Sel” Cyclobuteneiss 2,2-dimethyl-butanes* - ¢con)3z
utane-'-" E3e72i - Cyzlabutanet’* ) :
e in tylene“ FaSed .- Alinyl chioridess K711 Mathyl cyclabutaners
- Spiropentanes b“g!\ isopropenyl chloridess . ..
t the Trifiuarochlor-ethylenezre K 13 - Trichloromunoﬂuuroqthymngn-‘{”b;g:..:n_n-dkhlomthyleneﬂ' kq 187 i
17%
oCUTS l Manochiarodifivorgethylene Cyag177 cu—dcchloroethylencﬂ kazeg. -
;. In i
Da
and
soci !
1 D. Compounds Which Did Mot Cause Sensitizatian T
aths, ) lcne“ KaSorT e o 772 f/\__,
o -~ Ké&78
‘fiza- L aﬂuoroethytqnev K21725¢C yuoroethylencl’ o
gen- .hyiene oxideis Eijof .~ . topylene oxidets & 1704
W
1 as Alcohol (very weak)s KLS."“"L" - l}{gtonq (very weak¥sr gr o £ 4 w
e of ‘
om- * Compound given in high concentration (15% to 90%) and arrhythmias produced In 100% of dogs tested. ,
Al
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dominantly sudden and only in two cases
has an explanation for the deaths been dem-
onstrated at autopsy. Although the cause of
death has not been defined in most cases,
various mechanisms have been postulated.
These include anoxia, narcosis, oxypgen dis-

placement from the lungs, freezing injury lo .

the respiratory cpithelium, laryngeal spasm
or eddema, and acule eardiac arrest (ventric-
ular fibrillation). The latter four are listed
among possible mechanisms of death in the
National Clearinghouse for Poison Control
Centers Bulletin

Under the conditions in which these aero-

"sols are inhaled, ie, taking scveral deep

breaths of a highly concentrated compaund
from a bag or balloon, it is easy to see that
anoxia and narcosis with their accompany-
ing symptoms could occur, However, should
these conditions progress to the point that
the individual would become incapacitated,
the bag or balloon should fall free from the
breathing zone and the person would resume
breathing (resh air and regain complete con-
sciousness. In addition, the fact that some of
these subjects were walking or running im-
mediately before death occurred is evidence
that anoxia ot natcosis wete not causes of
death in these instances. For both reasons, it
seems that anoxia or narcosis could not
account for more than a small percentage of
these deaths.

Since previous animal experiments® with
sulfur hexafluoride did not demonstrate that
this heavy gas displaced air from the lungs,
it js doubtful that the gases inhaled in the
aerosol-sniffing cases would have had this
effect, In regard to damage of the re-
spiratory epithelium by freezing, there has
been no evidence that this was a causal
factor in the aerosol-sniffing deaths.

Laryngeal spasm or edema could result
from aspiration of yet unvaporized droplets
of the aerosol product or propellant causing
shock to or freezing of the larynx sufficient
to produce laryngeal edema or spasm and,
thus, cause death by blocking the flow of air
in and out of the lungs. This has reportedly
been shown to have occurred in two cases as
indicated by ihe autopsy findings.

The elinieal picture plus the general lack
of autopsy findings suggests that an acute
cardiac arrest such as would eccur in ven-
tricular fibrillation may be a frequent cause

NI L LN AN AL el AL

of death. This could be caused by sensitiza.
tion of the heart to cpinephrine with the
sudden onsct of cardiac arrhythmias result-
ing from the inhalation of high concentra.
tions of propellant compounds in the pres-
cnce of clevated levels of epinephrine. This
phenomenon is referred to ns cardiac sensiti-
zation. ’

The phenomenon of cardiac sensitization
is not new. It has been known [rom same
time that the inhalation of certain hydrocar-
bons, for example cyclopropane and chloro-
form among inhalation anesthetics, can
make the mammalian heart abnormally re-
active or sensitive to epinephrine, resulling
in cardiac arrhythmias, These arrhythmias
are usually ventricular in origin and may
result in sudden death.

Cardiac sensitization was first demon-
strated by Levy*$ in the carly years of this
century when he showed that in cats the
intravenous injection of an amount of epi.
nephrine that alone was nonhazardous

would, during chloroform inhalation, cause .

ventricular fibrillation. Since then, a grow-
ing number of unsubstituted and halogenat.
ed hydrocarbons have been found which sen-
sitize the heart to epinephrine, resulting in
the production of ventricular arrhythmias.

A list of chemicals (not all inclusive)
which have been reported in the literature
as being capable, experimentally, of produc-
ing cardiac sensitization is found in Table 1.
The majority of these compounds have
merely been rated as causing or not causing
sensitization. A few studies have been more
quantitative and where a2 judgment has been
made as to whether a ¢compound is a strong
or weak sensitizer, this has been noted. If
there is relevant information on human ex-
perience with the test compound, this is also
noted.

As indicated in Table 1, experience in
medicine and industry has shown that the
phenomenon of cardiac sensitization ‘occurs
in man as well as laboratory animals. In
view of this plus the clinical picture and
nondiagnoestic pathological findings associ-
ated with most of the ncrosol-snifling deaths,
it was decided to study Lhe cardiac sensitiza-
tion potential of the acrosol propellants gen-
erally involved in these deaths as well as
other aerosol propellants. The purpose of
this study was to determine if these com-
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Table 2,—Materials Used lor the Screening Experiment and Their Sources

Designation

Chemical Name Source

floorocarbon 11}

Trichlorofiuoromcthane E. I du Pont Jde Nemaours & Co.

4

flyorocarbon 12

Dichloradiftuoromethane E. l. du Pont de Nemours & Co,

‘.
it St ooy, o

fluorocarbon 22

Chigrodifiuoromethane E. I. du Pont e Nemours & Co,

orocarhon 114

1.2-dichtarotetrativoroethane E. |. du Pnnt da Nemours & Co.

arocarbon 115

.

Chtoropentativaroethane E. I. du Pont de Nemours & Co.

fluarocarbon C.318

Qctafluorocyciobutane E. I. du Pant de Nemours & Go,

.

,Fluarocarbon 152a

1.1-difiuoroethane E. l. du Pont de Nemours 4 Co.

Fluarocarbon 1420

1-¢hloro-1.1 . ditivoroethane E. l. du Pont de Nemours &4 Co.

Fluorocarbon 502

Azeotrope: 48.5%
Chlorodifijucromethane/
51.5% ehloropentaliuoraethane by weight

E. I. dy Pont de Nemours & Co.

sy tnics? e

Isobutane 2-methyl propane Phillips Petroleum Co.

Propane Dimethylmethane Phillips Petroleumn Co,
1 Dimethyl ether Methoxymethane Matheson Scientific

vinyl chioride Chioroethens Matheson Scientific

]
>

Table 3.—General Protocol

e et L o, oo b, et A ] ptmmaton g i,
Control q
Perlod .
1

Alr -
e LA |
c -
= -
2 Air . -
= 3 and -—
= o, Compound -

1
k] . -
£ -
L iy §

e, Lot ol o, &
4
1

Standard Expasure

0 mim: Start i o

2 min; Administer ¢pinephrine intravenously; the total dosa (0.008 mg/kg)
iz contained In | ml of nacmal salina and i3 injected In @ sec
by an sutomatic infusion pump

7 min: Administer tomp(;und ‘

12 min: Administer epinephrine (challenge injection)

17 min: 5top compound administration: end experiment

Short-Term Exposure

0 min: Start

2 min: Administer epinephrine intravenously; the total dose (0.008 mg/kg)
is contained in 1 ml of normal saline and ig injected in 9 sec
by an automatic infusion pump .

12 min: Administer compound; administer epinephrina (challange injection)
12.5 min: Discontinue vapor exposurae

15 min: End exparimant

* Yapor administration period, air and compound.

o |
o ) -
L -
Y 5 -
a
- Air -
[ 3 :
€ —
5 —_—
2 § :
Y -t
VAP*
AtE e
{ Alr -
| g e |
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pounds possess this property and thus at-
tempt, cxperimentally, to verify the hypoth-
esis that cardiac sensitization is a probable
cause of death in acrosol-sniffing {atalitics.

Malerials and Mcthods

Two types of experiments were performed.
The first, a serics of sctecning experiments,
involved exposure of dozs to various unsubsti-
tuted and halogenated hydrocarhons at several
concentrittions for a duration of five minutesa
This was followed by administration of a chal-
lenge injection of epinephrine and the record-
ing of an electrocardiogram to determine the
effect of this procedure on the cardine rhythm.
In the case of dichlorodifluoromethane, the
duration of exposure was varied to examine the
effect of this factor upon cardiac sensitization.

Following the initial screening experiments,
it was decided to ecarry out an experiment
which might closely simulate what actually
happens in aerosol snifling. It dealt primarily
with those compounds most frequently used as
aerosol propellants and involved the adminis-
tration of a high concentration of compound for
a duration of 30 seconds, accompanied by a
stimulus intended to frighten the animals and
thercby cause the endogenous rclease of epi-
nephrine.

Screening Experiment

Materials—The materials studied and their
source are listed in Table 2. All of the com-
pounds studied were commercial materials
which were analyzed and found to meet speci-
fications required for aetosol use’ .

Epinephrine (adrenaline) hydrochloride,
1:1,000, was obtained from a commercial phar-
maceutical company.

Experimental Animals—Healthy, male, bea-
gle dogs, 13 to 26 months old, weighing 7 to 14
kg (15.4 to 30.9 1b) were used in this study.
The dogs were kept in a laboratory kennel
environment for several wevks prior to their
use. They were trained to maintain a standing
position while lightly supported by a cloth

-sling, to wear a mask over their nose and

mouth, and to accept a venipuncture (Fig 1
and 2).

Generation and Administration of Com-
pound.—Except for fluorocarbon 11, all of the
compounds studied exist in the vapor or gase-
ous phase at normal ambient temperature and
pressure and, therefore, wete stored in pressure
cylinders. The desired concentrations (calculat-
ed conrentrations) were achieved by delivering

NI ING — I EINUHAKDT & AL

a metered volume of the gas from the cylinder
and diluting it with a known volume of air (Fig
3 [gases]). The diluting airflow was fed
through a flowmeter fitled with a feedback
differential pressure regulator zo that the flow
downstream from the rezulator remained con-
stant despite changes in the upstream pressure,
The diluting flow was maintained at a level of
10 to 20 liter/min except in the cnsc of expo-
sure to 50,07, fluorocarhon C-318 where the
flow was 8 liter/min.

Where necessary, o heating tape was
wrapped around the copper tubing leading di-
rectly from the cylinder to cnsure complete
vaporization of the material.

The flowmeters used for monitering the val-
ume of test material were calibrated with each
compound using a dry test meter, The flow.
meter used for monitoring the diluting air was
calibrated in a similar- manner.

The final compound-air mixture then passed
into a l-inch bore copper tubc ahout 3 feet in
length and was carried to the dog mask.

Since the concentrated and diluting flows
entered this tubing within a fow centimeters of
each other, mixing of the two flows occurred
rapidly. The compound-air mixture was ex-
hausted to the outside atmosphere by means of
an exhaust fan, A 20.5-gal drum with an open.
ing to the laboratory atmosphere was placed in
the exhaust line to absorb changes in flow rates
due to the dog's respiration. The relatively high
rate of the combined vapor (gas) and airflow,
coupled with a slight negative pressure applied
to the exhaust tube from the mask, assured an
adequate air supply to the dog and rapid re.
moval of the expired air,

The vapor of fluorocarbon 11 was gencrated
by passing air through the compound which
was contained in a gas-washing hottle (Fig 3
[liquids]). The bottle was partially immersed
in a waler bath maintained at the optimum
temperature for generation of the desired con.
centration. The water bath was heated by an
electric heater for immersion, agitated by an
electric stirrer, and the temperature was main-
tained by a temperature controller. Once the
optimum bath temperature was established, the
concentration of vapor being generated was
controlled by varying the airflow through the
test compound. A heating tape was wrapped
around the stainless steel tubing just beyond
the vaporizer to overcome evaporative cooling
and, thus, prevent condensation of the vapor.

A short distance beyond the vaporizer, a tube
fitted with a toggle valve led to the exhaust
reservoir. This enabled the airflow from the
vaporizer to bypass the dog and thus permitted
only fresh air to pasa through the dog mask at

Arch Enuviron FHealth—Vol 22, Feb 1971
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from a standard size 7 sur-
reon's glove. All parts of the

DILUTING FLOW

GASES

SAMPLING
PROAEC

HE ATING
TAPE

EXHAUST FAN

—

mask were coated with a
heavy layer of epoxy resin,
and the mask, although held
in place by an external cloth
cover, wis supportidd by hand,

Mensurement  of  Vapor
Concentration.—A small por-
tion of the compound-air
mixture was withdrawn con-
tinuously for analysis at a
point just before the mixture
entered the mask. For all
compounds except fluorocar-
hon 11, the concentration was
calculated from the gas and
airflows and monitored hy a
Haskell Laboratory thermal
conductivity gas nnalyzer so
that any significant changes

DHUTING FLOW

LIQUIDS

SAMPLING
PROBE

HEATING TAPE

- 8

in concentration could be de-
tected. For fluorocarbon 11
and for the one-half- and one-
hour fluorocarbon 12 expo-
sures, a gas chromatograph,
incorporating a hydrogen
flame ionization deteclor
with nitrogen serving as the
carrier gas, was used to mea-
sure the vapor concentration.
The column used was stain-
less steel, 5 feet in length
with an outside diameter of

EXHAYST FAN

—0

7; differential pressure regulator, 8.

Fig 3.—Diagrams of apparatus used for administration of com-
pounds. ODog mask, 1; exhaust reservair, 2; flowmeter, 3; toggle valve,
4; pressure reducing vaive, 5; cylinder, 6; vaponzer and water bath,

one eighth-inch. The column
material was 5% SE-3Q0 on
a celite base chromatograph
column packing material
{Chromasorb W), The column
temperature was 110 to 115
C; the hydrogen flow rate, 20
ml/min; and a 0.5-ml sample
loop was attached to the

those times when it was necessary for the mask
to remain in place without the animal being
exposed to the vapor. This arrangement also
provided a means of uninterrupted vaporization
and thus ensured that the desired vapor con-
ceniration could be immediately supplied to the
animal by moving the toggle valves.

The diluting airflow and the rest “of the
delivery and exhaust system were the same as
those described above,

Dog Mask.—~The dog mask (Fig 4) was con-
structed {rom a standard 8-0z paper cup, fitted
with intake and exhaust ports without valves,
and a rubber sleeve for a tight fit over the dog’s
nose and mouth. The rubber sleeve was the cuff

chromatograph and used to

introduce samples for analysis every 114 to 2

minutes during the exposure. A 10-inch, linear,

l1-mv range, strip chart recorder was coupled
to the gas chromatograph.

Admuustrauon of Epinephrine~The epi-
nephrine was administered intravenously into
the cephalic vein of the foreleg of the dog. The
injection was made by an automatic infusion-
withdrawal pump set to deliver the total epi-
nephrine dosage of 0.008 mg/kg in a volume of
1 ml of normal zaline in nine seconda

Electrocardiograms—An ECG was recorded
continuously during each experimental run us-
ing a standard electrocardiograph in association
with an oscilloscope having a low-level type

Arch Environ Health~-Vaol 22, Fed 1971
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Fig l.—Expenmental equipment showing cloth sling, deg mask, and infusion pump.

Fig 2.—Experimental run shwmq position of dog with mask in place and injection of epmcphrlne
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that occurred after the second Injection of
epinephrine as compared to the first. There-
fore, in order to evaluite the effect on car-
diac rhythm of the second injection of epi-
nephrine alone, an experiment was done in
which the usual protocol was followed ex-
cept that the animals breathed only fresh air
the entire time. The results of 13 dog expo-
sures show that although no marked re-
sponses occurred, a significant number of
mild responses (6[46.29]) resulted from
the second injection of epinephrine in an ex-
posure to air alone. In view of this, only
marked responses were considered to repre-
sent a significant eardiac sensitization effect
in the screening experiments. There is little
doubt that the marked responses which fol-
lowed the challenge injection of epinephrine
resulted from exposure to the test material
since no serious arrhythmias followed any
control injection of epinephrine and none
occurred [ollowing the challenge injection in
the control experiment with air alone.

The results for the various compounds
sludied in the screening cxperimentis were
tabulated as shown in Table 4 and those for
the variable exposure durations using fluoro-
carbon 12 in Table 5. Using marked re-
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D Muluple ventricular beats preceding ventricular hibediation

Fig 5.—~Examples of elecirocardiographic pattems recorded following challenge injection of epinephrine.

sponses as the indicator, the resulis show
that all of the compounds studied are capa-
ble of sensitizing the mammalian heart to
epinephrine. Of this group of compounds,
fluorocarbon 11 has the greatest cardiac sen-
sitization potential since it produced this
phenomenon in 8.3% and 41.7% of the dogs
at concentrations of 0.59, and 1.0%%, while
fluorocarbon C-318 which produced this
effect in 16.7% and 83.39 of the animals at
concentrations of 25.09;, and 50.0%; was at
the opposite end of the spectrum. Most of
the remaining compounds caused sensitiza-
tion to epinephrine at concentrations in the
range of 5.0% to 20.0%.

The results obtained with fluorocarbon
502, an azeotrope of fluorocarbon 22 and
fluorocarbon 15 (Table 2), suggest that
there may be a potentiating eflect when
sensitizing compounds are administered si-
multaneously.

The sensitization potential of a compound
apparently depends partly on the degreo
and type of halogenation, Those compounds
containing chlorine atoms produced the
greatest degree of sensitization while those
containing only fluorine atoms were among
compound in the presence of a relatively
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differential amplifier input for base-line stabili-
zation. The clectrodes were held in place an
the dog by a rubber strap extending around the
boady and were positioned over shaved arcas as
follows: (1) two active electrades—one on eich
side of the chest just bohind the foreleg: and
{(2) one indifferent cle¢trode—over the ster-
num.

General Protocol—A so-called standard ex-
posure which was similar to these done in the
past by other investigntors in thia ficld was
given for ench compound (Table 3). For fluoro-
carbon 12 only, addition:l cxposurea of 30 sce-
onds (Table 3) and one-half and one hour were
carried out to determine what ofTect duration of
exposure might have on the cardiac¢ sensitiza-
tion potential of a compound.

Since the experimental procedure required
relatively quiet and cooperative animals, the
maximum concentration®of cach agent used in
these siudies was that which the animals would
tolerate for about ten minutes without undue
struggling or incoordination. The lower teat
levels studied were chosen to determine a con-
centration at or near which no significant car-
diac arrhythmias developed.

Endogenous Epinephrine Experiment

The compounds studied in this experiment
included fluorocarbon 11, fluorocarbon 12, and
fluorocarbon 114 which atre commonly used acr-
osol propellants, Fluorocarbon 142b was also
tested for comparison purposecs since it, in the
presence of epinephrine, produced a high per-
centage of serious cardiac arrhythmias in the
screening experiment. Generation and adminis.
tration of the desired vapor or gas concentra-
tions was carried out in essentially the same
manner as described above, However, in the
case of fluorocarbon 11, the vapor was gener-
ated from a I-liter, high-pressure cylinder
which was fitted with a pressure relief valve
{60 pounds per square inch [psi]) and
wrapped with a heating tape maintained at a
temperature sufficient to produce adequate va-
porization of the material. The dogs were ex-
posed to a mixture of 80, compound and 207
oxygen for 30 seconds while simultaneously
being frightened by a loud noise provided by an
amplified sound-effects tape recording having

" sounds of sirens, gongs, jet takeofls, etc. Moni.

toring of the compound concentration was car-
ried out indirectly by maintaining the oxygen
concentration at 207 uring an oxyfen analyz-
er. Since the fright was intended to stimulato
the release of endopenous epinephrine, no epi-
nephrine was administered exogenously. Elec-
trocardiograms were obtained in the same man-
ner as described above.
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Fig 4.-——Dog mask showing intake and exhaust ports.

Results

The first step in assessing and tabulating
the results in the screening experiments was
to establish response criteria. Based upon
the ECG recorded during each experimental
run, a “mild response” was recorded when
there was an increase in the number of
isolated, abnormal beats (abnormal com-
plexes) iollowing the second or challenge
injection of epinephrine as compared to the
control injection (Fig 5,B). A “marked re-
sponse” was recorded when an arrhvthmia
developed which was considered to pose a
serious threat to life (multiple consecutive
ventricular beats) or which ended in cardiac
arrest (ventricular fibrillation) (Fig 5,C and
D). The ECG shown in Fig 5,4, illustrates
a frequent pattern observed after the chal-
lenge injection of epinephrine and would
not constitute a response. No serious ar-
rhythmias were observed to follow any of
the conlrol injections of epinephrine,

In the screening experiments, many of the
responses were mild, consisting of only a
slight increase in the number of isolated
abnormal beats (frequently by one or two)
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Table 5.—Cardiac Sensitizalion: Results of Yaciabla Duration
of Exposure to Fluorocarbon 12

Quration of 0.5 Min 5 Min .
Exposure —_ 2 A, 0.5 Hr 1 Hr

Concentration,

o vV , 7.0 7.0 13.5 2.5 5.0 {2.48.-2.58) (2.48-2.50)
No. of dog .

exXposyres 6 7 7 12 12 . ] [
Mo, of marked

responses 1 ) 21t 0 5(13t 0 0
Percent marked

responses 16.7 0.0 28.5 Q.0 41,7 0.0 0.0

t Anaiytic concentration,
{1 Numbers in parenthesas indicate number
arrest included in marked responses,

Table 6.—Cardiac Sensitization: Results

* Oxygen concentration reduced to approximately 8.0%.

of cases of ventricular fibrillation and cardiac

of Eadogenous Epinephrine Experiment

80% Compaund/20% Oxygen for 30 Seconds With Noise

No. of No. of No. of Percent Responses
Dog Mild Marked ~ No, of Percent
Compound Exposures Responses Responses Miid Marked Convulsions  Convuisions

fluoracarbon 11 12 -9 2+ 75.0 16.7 . 0 0.0
flyorocarbon 114 12 1 1* 8.3 8.3 5 41.7
Fluorocarban 12 12 2 [} 16.7 0.0 9 75.0
Fluorocarbon 142b .

Compound & noise 12 4 s 33.3 41,7 9 v 75.0

Compound alone 12 3 1 25.0 8.3 S 41.7

Noise alone 6 1 Q 16,7 0.0 o 0.0

* Bigeminal rhythm with areas suggestive of muitiple ventricular beats,

normal oxygen concentration, The results,
which are included in Table 5, suggest that
the combination of hypoxia and exposure to
the compound makes the heart more sensi-
tive to epinephrine. ’

An autopsy was performed in all cases
which ended in sudden death. The heart was
examnined grossly and microscopically and in
each instance appeared to be normal, thus
giving no indication that a pathological con-
dition existed which might have made these
animals more susceptible to cardiac arrhyth-
mias.

The results of the fright experiment are
presented in Table 6. In this experiment, the
severity of the response was categorized in
the same manner as in the screening experi-
ments. Fluorocarbon 142b was the most po-
tent compound tested, resulting in 41.79
marked responses. Of the three compounds
mast frequently used as acrosol propellants,
fluorocarbon 11 resulted in two cases of
qucstionable marked responses and fluoro-
carbon 114 in one. No marked responses were
seen with fluorocarbon 12. The questionable
marked responses observed with fluorocarbon

11 and fluorocarbon 114 were not the classi-
cal multiple consecutive ventricular beats
seen in the screening experiments but consist-
ed mainly of a bigeminal rhythm with some
areas highly suggestive of multiple ventricu-
lar beats. A marked tachycardia (300 to 350
beats per minute) was frequently observed
with exposure to fluorocarbon 12 and fluoro-
carbon 114,

The effect of the noise was studied using
fluorocarbon 142b, It was apparent that noise
was a contributing factor since in combina-
tion with fluorocarbon 142b it resulted in
41.7% marked responses as compared to
8.3%, with compound alope and none with
the noise alone (Table 6).

The convulsions observed with fluorocar-
bon 142b and fluorocarbon 12 were severe,
generalized clonic, tonic seizures, occasional-
ly associated with fecal and urinary incon-
tinence. Those seen with fluorocarbon 114
were mild and characterized by spasticity of
the extremities. Although fluorocarbon 11
did not result in convulsions, the dogs did
not tolerate the compound and struggled vio-
lently.

Arch Environ Health—Vol 22, If‘eb 1971
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Table 4.-—Cardiac Sensitization: Results of Screening Experiments®
Ouration of No. of Dog Mo, of Marked Percenl Marked
Test Compound Concentration, % V/VY Exposure (min) Exposures Responses Responses
Fluorocarbon 11 (0.09-0.13)¢ 5 12 o} Q.0
(0.35.0.61) 5 12 1(1)3 8.3
(0.96-1.21) 5 12 5(3) 41.7
Fluorocarbon 12 2.5 5 12 0 0.0
5.0 5 12 5(1) 41.7
Fluoraocarbon 22 . 2.5 5 12 [} 0.0
. 5.0 5 12 2 16.7
Fluorocarbon 114 2.5 - 12 1 8.3
5.0 5 12 7(2) 58.3
Fluorocarbon 115 15.0 5 13 1 7.7
25.0 5 12 4 33.3
fluorocarbon C-318 10.0 5 12 1 3.3
25.0 5 12 2 . 16.7
50.0% 5 6 5(1) 83.3
50.01 5 [ 5 83.3
Fluorocarbon 152a 5.0 5 12 0 Q.0
15.0 s 12 3 25.0
Fluorocarbon 142b 2.5 5 [ [] 0.0
5.0 ; 5 12 5 41.7
10.0 5 12 12 100.0
Fluorocarbon 502 5.07 5 6 0. 0.0
10.0 5 12 5 . 407
20.0 5 12 12 100.0
isobutane 2.5 5 12 1] " 0.0
. 5.0 5 12 4(1) 33.3
10.0.20.0 5 6 6(3) 100.0
Prapane < 5.0 5 [ ] : Q.0
10,0 5 12 2 16.7
20.0 E 12 7(1) 58.3
Vinyl ¢chioride . 2.5 5 12 [+] ' Q.0
5.0 H 12 6 50.0
10.0 5 6 6 (1) 100.0
Dimethyl ether 10.0 5 & ] - 0.0
20.0 5 12 2 16.7 .
30.0 5 & 2 33.3

* The duration of all expasures prior to challenge injection of epinephrine is five minotes,

t Concentrations in parentheses are analytical,

t Numbers in parentheses indicate number of cases of ventricular fibrillation and cardiac arrest included in

marked responses.

{Oxygen concentration reduced to aporoximately 10%.

1 Oxygen concentration enriched to 20%.
* Reprasents concentration of azeotropic mixture.

the weaker sensitizers, However, halogena-
tion is not necessary for the production of
cardiac sensitization since propane and iso-
butane produced a similar measure of sensit-
ization as compared to many of the halogen-
ated compounds.

Using fluorocarbon 12, it was demonstrat-
ed that an exposure of only 30 seconds was
sufficient to produce cardiac sensitization;
however, the concentration of the compound
.had to be somewhat higher to produce the
same effect as that observed after the stan-

dard five-minute exposure (Table 5). On the
other hand, increasing the duration of expo-
sure to one-half and one hour did not pro-
duce a sensitization effect at a concentration
of 2.5%,.

A series of 30-second exposures to fluoro-
carbon 12 was conducted in which the oxy-
gen concentration was reduced to a level of
about 8% to determine whether hypoxia
combined with exposure to the compound
would make the heart more sensitive to
epinephrine than would exposure to the

Arch Environ Health—Vol 22, Feb 1971
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Table' 7.—Epinephrine Dosage

Epinephrine Dose Vehicle Rate of Injection Author
0.03 mg/hg Not stated *Rapicly Hermann & Vialte
0.01 mg/kg 5 ¢c narrmal 1 ee/10 sec Meek et aim
saline
‘0.01-0.04 mg/kg Oilute HCI **Made as rapidly Chenoweth?
. as possible™
0.01:0.04 mg/kg Not stated Nat stated Philips et alty
Q.01 mg/kg Not stated “Made during 25- Krantz et ais
40 sec”
0.004.0.017 mg/kg 5 ¢c narmal 1 ce/l0 sec Raventos?
saline L
0.01-0.05 mg/kg 5 ¢c narmal 1 ¢e/10 sec Bamforth et aim

saline

sures suggest that there is a threshold con-

" centration independent of the duration of
. exposure which must be reached bct‘ore an

effect will be produced.

Limitations of Protocol.—The protocol
.adopted is considered to provide a sensitive
and rigorous screening test for determining
the cardiac scnsitization potential of a com-

lar arrhythmias, thus demonstrating the ne-
cessity for the concurrent "presence of epi-
nephrine or norepinephrine to achiéve this
phenomenon.
Price™ states,

the term cardiac “sensitization” (to the actions
of catecholamines) is unfortunate because there
i3 no aspeet of the intrinsic cardiae response to

pound and as such is intended mainly to\,hcatecholammcs which is actually increased by

identify compounds which are capable of
producing cardiac  sensitization. Even
though it does permit a rank order of the
sensitization potential of the compounds
tested, its limitations should be considered
in attempling. to establish significant effect
levels on the basis of the results obtained.
The demonstration of catdiac scnsitization
without the use of injected epincphrine in
the fright experiment lends support to the
validity of the standard exposure as a
screening tool. .

Mechanism of Cardiac Sensitization.—
Even though a precise explanation cannot
be given for cardiac sensitization, it seems
apparent that the underlying mechanism in-
volves a disturbance in the normal conduc-
tion of the electrical impulse through the
heart, probably due to a local disturbance in
the electrical potentlal across the cell mem-
brane.

As suggested by Garb and Chenoweth,*3
during the inhalation of hydrocarbons,
which markedly reduce myocardial irritabil-
ity, some portions of the myocardium are
less irritable than others, and, therefore,
small, temporary blocks may be produced
which could result in a conduction disturb-
ance giving rise. to cardiac arrhythmia,
Their work showed no evidence that the
hydrocarbons themselves induced ventricu-

the administration of a “sensitizing” anacsthet-
ic. Instead, the functional parameters thus far
measured have been found to be depressed.

He bases his conclusion upon the work of
Smith et al? which demonstrates that in the
myocardium the threshold to electrical stim-
ulation is increased, conduction velocity re-
duced, and latency increased by most ancs-
thetics, and the reports of Riker et al®¢ and
Vick®® These reports indicate that the im-
portant feature of the action of the sensitiz-

ing agents is that they somehow suppress

the ability of the sinus and atrioventricular
nodes and the ventricular conducting system
to respond to a primary increase in cardiac
rate and automaticity, thus permitting the
emergence of other ectopic foci of pacemak-
er activity.

* Significance of Cardiac Sensitization.—As
indicated in Table 1, there is ample evidence
which indicates that cardiac sensitization is
not simply an interesting laboratory finding,
but that it can and has occurred in humans
during periods of stress while being exposaed
to certain unsubstituted and halogenated hy-
drocarbons. Many unexpected deaths due to
the sudden onset of ventricular fibrllation
have occurred in humans dwring the admin-
istration of certain volatile, hydrocarbon
anesthetic agents such as chloroform. There
are also case histories of sudden deaths in

Arch Environ Health—Vol 22, Feb 1971
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\Whether the loud noise by itself resulted
in sufficient endogenous epinephrine to pro-
duce cardiac sensitization is questionable. It
is probable that the convulsions and strug-
gling which occurred at these high concen-
trations also resulted in an increase In the
level of endogenous epinephrine. Thus, it is
felt that most likely a combination of these
factors was involved and that the noise in-
crensed the severity of the struggling and
convulsions. This reasoning is supported by
the finding that the number and severity of
the convulsions seen with fluorocarbon 142b
and noisc together were greater than those
with either noise or compound alone.

Comment

Design of Protocol—In considering the
experimental investigation of cardiac sensiti-
zation, a number of somewhat arbitrary de-
cisions must be made in designing a suitable
protocol. Three of these which are of some
importance are (1) the animals used; (2)
the dosage of epinephrine used; and (3) the
duration of exposure.

Animals.—For a variety of praclical and
pharmacological reasons, large animals are
preferred for this type of -experiment and
traditionally two species have been used al-
most exclusively. Earlier work was done
with cats, but recent work utilized the dog.
Meek et all! state that “all the evidence
with which we are familiar indicates that
conclusions from experiments with anesthet-
ics on the dog may be applied to man with
much more certainty than those from the
mt‘"

Dose of Epinephrine.—Since epinephrine
can cause ventricular fibrillation when in-
jected alone in sufficient quantity, it is nec-
essary to use a smaller dose when looking
for possible synergistic effects, Representa-
tive amounts of epinephrine used by other
investigators studying cardiac sensitization
are given in Table 7. As ecan be seen, the
majority of investigators have used an intra-
venous dose of 0.01 mg/kg or greater given
over a period ranging from “as rapidly as
possible” to about one minute,

The dosage of epinephrine used in the
screening experiments reported herein was
0.008 mg/kg which is similar to that used by
other investigators, As mentioned under

TOUNNULEING e NEINHARDT ET AL

“Materials and Methods,” the total dosage
was contained in 1 ml of normal saline and
was injected in nine seconds,

In extending these experimental resulls to
human exposures, there would be some ad-
vantage in using dosages of cpinephrine that
would yicld blood concentrations similar to
those resulting from adrenal gland secrction,
In practice, however, it has been technically
very difficult to assay naturally occurring
epincphrine, and this difficulty has been
compounded when attempting to measure
peaks of epinephrine output such as occur in
emotional states.

In Starling and Evans’ textbook, Princi-
ples of Human Physiology ! it is stated that
the rate of cpinephrine secretion from the
adrenal gland in time of stress may reach a
level of 0.004 mg/kg/min. Also, Cannon??
estimated that the reflex secretion of epi-
nephrine might reach the level of 0.005 muy/
keg/min. The rate at which the dose of
0.008 mg/kg was given In our experiments
would provide a dose of about 0.050 mg/
kg/min. Even though this dosage of epi-
nephrine probably exceeds by a number of
times the maximum rate of human secretion
under stress, it is, as mentioned above, simi.
lar to dosages used in other experiments in
which those compounds proven to be the
most potent cardiac sensitizers clinically
have also been identified as such experimen-
tally. Similarly, compounds which have pro-
duced little or no cardiac sensitization clini-
cally have been found to be weak sensitizers
in the laboratory. However, it should be
pointed out that for many compounds there
is still no relevant information en human
experience.

Furthermore, too much emphasis proba-
bly need not be placed on the exact epineph-
rine dosage since, as Price et al® suggest,
the circulating level of epinephrine may not
be as important as the catecholamines re-
leased from sympathetic nerve endings with-
in the myocardium. )

Duration of Exposure—An additional
variable that was examined was the eflect of
duration of exposure. Using fluorocarbon 12,
it was demonstrated that the length of expo-
sure Is an important variable and that car-
diac sensitization can occur even with very
brief exposures (Table 5). The results ob-
served in the one-half- and one-hour expo-
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ilustry  following exposure to such com-
pounds as benzene and trichlorocthylene in
which ventricular fibrillation was suspected
as the mechanism of death.

The resulls of the screening and fright
experiments indicate that all of the acrosol

" propellants studied are capable of sensiliz-

ing the mammalian heart to cpincphrine,
resulting in serious cardiac arrhythmias
The fright experiment is particularly signif-
icint in that the cardiac arthythmias de-
veloped without the administration of exo-
genous cpinephrine:

On the basis of (1) the positive experi-
mental results; (2) the historical evidence
cited above; (3) the presence of the neces-
sary requisites for cardiac sensitization, (a)
exposure to high concentration of compound
and (&) presence of a high circulating level
of epinephrine; and (4) the lack of clinjcal
and pathological findings associated with
many of the acrosol-sniffing deaths, it is
concluded that cardiac sensitization to epi-
nephrine is a likely mechanism of death in
many of the derosol-sniffing fatalities.

It is quite probable that such factors as
hypoxia and hypercarbia could be contribut-
ing elements in cardiac sensitization. Stand-
ard exposures to a 50.0%, concentration of
fluorocarbon  C-318 (oxygen reduced to
about 109;) produced 83.39, marked re-
sponscs (one death included), while a simi-
lar exposure with the oxygen enriched to
209, also yielded 83.3% marked responses
but no deaths (Table 4). In the case of
fluorocarbon 12, a 30-second exposure to a
7.0%, concentration of the compound in the
presence of a normal oxygen concentration
resulted in no marked responses, while a
similar exposure to the same concentration
with oxygen concentration reduced to about
897, resulted in 16.7% marked responses,
The results of these experiments, although
not conclusive, suggest that hypoxia en-
hances to a slight degree the cardiac sensiti-
zation potential of a compound. Some de-
gree of hypercarbia would be expected in
aerosol sniffing because of breath holding
and rebreathing from a bag or balloon. Price
ct al¥ believe that hypercarbia is o key
factor in the production of cardiac sensitiza-
tion.

The question of whether components of
the aerosol, other than the propellant, play

ARRHYTHAIIAS AND AEROSOL “SNIFFING"—REINIIARDT ET AL

a role in these deaths should be considered.
When the acrosol is sprayed infto a bag or
balloon for sniffing, much of any solvent
present would be vaporized and, therefore,
would be inhaled with the propellant and,
thus, might produce a toxic cffect. This fac-
for was not explored In these experiments,
However, where unvaporized liquids (drop-
lets) from the acrosol are inhaled, they may
be a factor in producing laryngeal spasm or
edema. .

In making a judgment about the signif.
icance of the cardiae sensitization property
of a compound as it relates to humans, the
following factors should be considered:

1. Translation of animal data to humans,
Past experience in the field of anesthesiolo-
gy indicates that compounds found to pro-
duce cardiac sensitization in dogs also pro-
duce it in humans.

2. Individual susceptibility.

3. Variations in individual health.

4, Effect of combination of these com-
pounds with caffeine, drugs, exercise, and a
stress such as acute or chronic anxiety.

Qvercoming the Problem of Aerosol Snif-
fing.—There is a special danger attending
the sniffing of aerosol propellants. It is a
{alse sense of security which is derived from
the fact that numerous episodes of inhaling
these materinls may be carried out safely
and then suddenly a fatality occurs. It can
be likened to playing Russian roulette. This
factor may be attributed to such things as
individual susceptibility and circumstances

" surrounding the sniffing which may or may

not give rise to increased levels of epineph-
rine. :
‘The answer to this problem seems to be

one of education of the public, especially -

teen-agers, of the potential danger associ-
ated with misuse of these materials, It is
hoped that an understanding of the nature
of this problem on the part of the public will
lead to a better appreciation of the hazard
of deliberate inhalation of aerssol products
or propellants which in turn might lead to a
decrease in the practice.

The experimental results reporicd herein
in no way indicate that cardiac sensitization
poses a risk when aerosol products and pro-
pellants are handled properly and used for
the purpoeses and in the manner intended.
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