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Tre need for a potent, portable, non-toxic, non-inflammable and non-
explosive anesthetic agent for use in the armed forces has added im-
petus to the continuous search for such a drug. It is not possible in
any brief statement to evaluate the intrinsie merit of the commonly used
acneral anesthetic agents, nor to mention more than the outstanding
disadvantages of each, regardless of their relative importance. Al-
though nitrous oxide satisfies the criteria of non-explosibility and non-
toxicity, its lack of potency and portability limits its usefulness. The
other gaseous agents, ethylene and cyclopropane, though more potent
than nitrous oxide, are no more portable, and their explosibility makes
them decidedly less suitable for war conditions. Ether, vinethene and
cthyl chloride require no more apparatus than an open drop mask, and
w0 are portable as well as potent, but may be an ever present fire haz-
ard. The latter two agents fail to be sufficiently non-toxic for use in
prolonged or deep anesthesias. There remains one volatile agent,
chloroform, which is not only potent and portable, but also non-in-
flammable. The toxicity to heart and liver, however, is of such severity
and frequency that its advantages are outweighed. The rectal agents
can be used with safety when the dosage is estimated to produce a basal
narcosis and a supplement is planned. When doses calculated for
surgical anesthesia are given, unpredictable variations in absorption
may result in fatal overdoses in some instances, and in others anes-
thetic failure. Avertin, the agent most commonly used by this route,
also has the disadvantages of vasomotor depression and hepatic and
renal toxicity. The intravenous administration of short-acting barbi-
turates for general anesthesia is considered by many to be the nearest
approach to the ideal as we have defined it. The shallow respirations,
mediocre relaxation, narrow margin of safety between surgical anes-
thesia and overdose, and prolonged depression after large doses do not
permit the use of this agent for all varieties of cases, ideal as it may be
for peripheral and superficial procedures of relatively short duration.
For many types of surgery local or regional anesthesia has proved
entirely satisfactory. Situations may arise, however, where none of
these technics is applicable because of the presence of infection, the
site, extent, and duration of the procedure necessary, or the patient’s
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eeneral status. The relief of pain and relaxation may be achieved by
the block, yet, since many war casualties are psychically unfit for local
or regional anesthesia, one of the gencral anesthetics may be needed to
abolish consciousness.

This preliminary study was undertaken to reévaluate the anesthetic
possibilities of tetrachlorethylene, a non-explosive agent known to have
narcotic properties, and known to be one of the least toxic of the halo-
eenated hydrocarbons. 'When halogen groups are substituted in mem-
bers of the aliphatic series, distinct changes in both physical and
pharmacological properties (1, 2, 3, 4) occur. The saturated and un-
saturated series are not strictly comparable. There is evidence that the
unsaturated hydrocarbons are less toxic than the saturated when halo-
genated ; and that whereas toxicity has a direct qualitative relation to
the number of halogen groups in the saturated series, this relation is
inversely proportional in the unsaturated one (4). For example: it
is known that carbon tetrachloride is more toxic than chloroform, while
animal studies suggest that tetrachlorethylene is less toxie than trichlo-
rethylene.

Tetrachlorethylene (5) (CCl:: CCl.) (synonym: perchlorethylene) is
a heavy, colorless liquid (molecular weight 165.83; specific gravity 1.6;
chlorine content 85.5 per cent) with a slightly sweet hydrocarbon odor.
It is non-inflammable as well as non-explosive, and is stable when kept
in amber bottles. After excessive exposure to ultra-violet light and
heat, phosgene and hydrochloric acid may be formed in small amounts.
The vapor of tetrachlorethylene is heavier than air (vapor density
5.72), and vaporization will occur at room temperature, though the vol-
atility of the liquid is limited by its relatively high beiling point
(121 C.). The ratio of the oil-water solubility for this substance is
high, but cannot be expressed in a definite number as is conventionally
done for other anesthetics, since it is miscible with animal, vegetable,
and mineral oils in all proportions. The water solubility is extremely
low (0.4 gram/liter at 30 or 1:2,500). Its present uses are (1) as an
industrial degreasing agent (6), where the above mentioned properties
make it highly efficient, and (2) as an anthelmintic (7, 8), especially for
Necator americanus (9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19). In both uses
a large number of human beings has been exposed to the chemical. In
the industrial group the exposure is by inhalation to low concentrations
over long periods of time. Carpenter (6) reports an average concen-
tration of 47 parts per million (0.32 mg./liter) in two plants with mod-
ern equipment, and a maximum average concentration of 280 p.p.m.
(1.9 mg./liter) in an older plant, where the same operator had been
working for two years. The group treated for helminthiasis is exposed
by ingestion of single doses, or of multiple doses within a few days.
(Adult oral dose 2-6 cc.)

The narcotie properties of tetrachlorethylene were first investigated
in 1911 and again in 1936 by Lehmann (1, 3) and his associates. Using
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cats as test animals they determined the time in which varying concen-
trations of the drug produced light and deep narcosis. Less than 20
mg./liter (3000 p.p.m.) produced no anesthesia in four hours, and con-
centrations of about 100 mg./liter (14,600 p.p.m.) anesthetized the ani-
mals in one to two hours. The use of the drug as an anthelmintic was
first suggested by Hall and Shillinger in 1925 (9, 10). Because of its
increasing use for this purpose, in 1929 Lamson, Robbins and Ward
(2) studied the pharmacology of tetrachlorethylene extensively. Using
the method of thermal conductivity for analysis of gas samples they
determined that in dogs a concentration in inspired air of 62 mg./liter
(9000 p.p.m) was necessary to produce anesthesin. This concentration
also caused the secretion of large amounts of saliva (300 cc. in five
hours). The usual stages of anesthesia were reproduced, but it was
almost impossible to obtain muscular relaxation with any concentra-
tions except nearly fatal ones. These workers, and also Schlingman
and Gruhzit (20), and others (21, 22), found the drug to causc few
metabolic or physiological changes. All reports agreed that, unlike
the saturated halogen-containing aliphatic hydrocarbons such as chloro-
form and earbon tetrachloride, necrosis of the liver and kidneys does
not occur after exposure to tetrachlorethylene. Lamson (2) reported
a series of approximately 400 animal experiments: 116 animals (pup-
pies, cats, rabbits, and mice) were examined for pathological changes
in liver and kidneys after oral doses up to 25 cc. per kg. or after five
to six hours of inhalation at a depth of surgical anesthesia. In a few
animals, principally puppies and kittens, there was a mild degree of
fatty infiltration of the liver, but necrosis was absent in all instances,
the fatty infiltration being no more than in the control animals on the
same diet. In 10 dogs (5 by oral dosage, 5 by inhalation anesthesia)
exeretion of dye by the liver was essentially normal. In 35 dogs and
8 cats (oral and inhalation) the drug caused no change in icteric index.
After oral doses in 31 dogs the blood fibrin content showed no fall, as is
seen after administration of chloroform and ecarbon tetrachloride.
There was no change in blood sugar or blood guanidine in 4 dogs and
6 cats. Specimens of the urine of 4 dogs (oral doses) were normal in
amount, specifie gravity and reaction, and negative for sugar, albumin,
acetone, bile and cellular elements. Phenolsulfonphthalein tests in 2
dogs showed normal urinary excretion of the dye One hundred and
cighty-five animals (dogs, puppies, cats, rabbits, mice and guinea pigs)
were killed by oral overdosage, and in every instance death was due to
irreversible narcosis and not to any demonstrable pathological change
in the vital organs.

The narcotic action in humans has been observed by several indus-
trial workers (6, 23), while studying the toxic effects of the drugs used
in cleaning industries. We have not found any reports of the clinical
use of tetrachlorethylene as a narcotic or anesthetic'agent. The recent
report most pertinent to our study is that of Carpenter (6), in 1937.
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He and three co-workers exposed themselves to four different concen-
trations of the vapor in a 210 cu. ft. chamber and observed their sub-
jective responses. At all concentrations pulse rates remained normal
and examinations of the urine were uniformly negative. At 50 parts
per million (0.36 mg./liter) the odor of the drug was detectable. At
100 p.p.m. (0.68 mg./liter) increased sahvatlon, lacrimation, and in-
creased perspimtion were noted, appetite usually seemed to be in-
creased but occasional nausea oceurred, and in one subject a feeling of
inebriation was present. At 1000 p.p.m. (6.8 mg./liter) mental foggi-
ness and lassitude were added to the above symptoms. At this con-
centration the only circulatory change found in this study occurred:
one sub]ect showed a moderate but deﬁmte drop in blood pressure with-
out any rise in pulse rate. At 2000 p.p.m. (13.4 mg./liter) faintness
was present within five to seven minutes, after w, ]li(.h time the subjeets
left the chamber lest they lose consciousness. These responses coincide
with the subjective sensations of any first stage anesthesia. The con-
centration for beginning loss of consciousness here is slightly lower
than that producing plompt light anesthesia in the cats of Lehmann's
series (1, 3) (3000 p.p.m.), and much less than the concentration Lam-
son reports for dogs (9000 p.p.m.). For several hours after Carpen-
ter’s experiment d\ spnea was present on exertion in all subjeets. In
one case, the odor persisted on the breath for twenty-four hours.

During the use of tetrachlorethylene in over 50,000 human beings
. as an anthelmintie (7, 8, 11, 12, 13, 15, 16, 18, 24), most of the ‘“‘toxic re-
actions’’ reported are manifestations of its narcotic properties. Many
clinical investigators mention giddiness and drowsiness as the charac-
teristic minor toxic symptoms (7, 12, 13, 14, 18, 19, 23, 24, 25, 26, 27).
These symptoms are more likely to be accentuated in children becanse
the intestinal absorption of the drug is apparently greater in them than
in adults. The only reactions reported besides this narcotic effect were
nausea and occasional vomiting, which may have resulted from the irri-
tating action of the drug on the gastric mucous membrane. A group
of patients reported by Gunewardne (28) showed a gencralized reac-
tion to the oral use of the drug from a single bottle, which was char-
acterized by a rapid pulse, fast shallow respirations, and pale cold skin,
Two children required supportive treatment with caffeine, eamphor
and pituitrin, but no fatalities occurred. The author attributed this
reaction to an impurity in the drug rather than to the drug itsclf, be-
cause when a sample from the bottle used was submitted to the Indian
Government Laboratory for analysis, the presenee of phosgene was re-
ported.

PresexTt StUDY

Animals—Since the toxicology of tetrachlorethylene in animals has
been so thoroughly investigated by Lamson, Robbins, and Ward, no at-
tempt was made here to duplicate their excellent series. All reports
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available in the literature indicate that this drug in its pure state does
not exert the same toxic effects on parenchymatous organs that are seen
with the chlorinated members of the saturated hydrocarbon series.
The tetrachlorethylene (‘‘perchlorethylene’) used in this study was
senerously supplied by the DuPont Chemieal Company in a highly
purified form, and was stored in 250 cc. brown glass hottles with serew
caps of plastic material. The produet had already been investigated
in the Haskell Laboratories of this company in a series of experiments
for chronie toxicity on dogs, with results agreeing with those reported
by others. We re-checked the drug for anesthetic poteney and toxicity
in a small series of 18 acute experiments with guinea pigs. This spe-
cies is reported by Smyth, Smyth and Carpenter (29) to be peculiarly
susceptible to hepatic and renal damage from chlorinated hydrocarbons,
and to be prone to a high incidence of pulmonary discase when used in
the study of such drugs. Despite these tendencies our animal group
survived the anesthesias without impairment of appetite or activity,
and those given daily exposures remained lively throughout the test
period. During none of the inductions was there evidence of general-
ized collapse such as was seen in Gunewardne’s patients when partially
decomposed tetrachlorethylene was administered. The animals strug-
uled briskly at first, then gradually progressed to surgical anesthesia
with abolition of reflexes and respouse to pain stimulation, and depres-
ston of muscle tone. Recovery was in the reverse order with transient
ataxia as the final symptom. The sequence of signs of anesthesin dif-
fered in no way from that seen when ether is given to the same species.
In all the anesthetized animals, because of the accumulation of mucus,
anoxia was a possible toxie factor. This would be expected to exagger-
ate any tendency toward liver damage if the situation is comparable
to the production of liver necrosis by anoxia during nitrous oxide (30)
or vinethene anesthesia (31).

Two guinca pigs were anesthetized by the open drop method to a
deep plane of anesthesin for twenty minutes, daily, for seven days.
They were given no premedication, and were allowed their usual diet
when returned to their cages on recovery. After a seven day interval
they were killed by bleeding. Another group of unpremedieated guinea
pigs was anesthetized deeply by the same method, and kept in deep
surgical anesthesia for one hour. They were returned to their cages
on recovery, and 1 was killed by bleeding after each of the following
survival periods: twenty-four, forty-eight, seventy-two and ninety-six
hours. Postmortem examinations were done on all of the animals, and
no gross pathological changes were present. Sections of myocardium,
lung, spleen, kidney, and liver were submitted to Dr. James W. Job-
ling, who found the specimens of myocardium, lung, spleen, and kidney
entirely normal. There was slight fatty infiltration of the liver, though
this was present to the same degree in 4 unanesthetized control animals
on the same diet.
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ITumans.—Four healthy adult volunteers were lightly anesthetized
(I stage, or 1st plane III stage) with tetrachlorethylene, 1 of these
having received it three times. Recovery was prompt and uneventful
in all instances, except for the burn at the canthus of the eye mentioned
below. It was subsequently administered to a depth of surgieal anes-
thesia to 14 patients (see table). Only those patients were chosen who
presented an entirely healthy preoperative status and in whom the sur-
eical procedure planned demanded no greater depth of anesthesian than
loss of consciousness. None was carried deeper than second plane of
the third stage of anesthesia. Infants and elderly individuals were not
included in the series, the range in age being 2 to 48 ycars. The open
drop method, oropharyngeal insufflation with oxygen, and the circle

absorption technics were used. All subjects agreed that the odor was-

not objectionable if the concentration was not inereased too rapidly.
Tixeessive laerimation and salivation were a constant accompaniment of
anesthesia, but could be prevented by appropriate doses of atropine or
scopolamine. Loss of consciousness was quick, but considerable time
was needed to deepen the anesthesia. Fven after forty-five minutes
with a closed absorption system, a subject could not be anesthetized be-
low the seccond plane, because the active cough reflex prevented the
assimilation of higher concentrations. The actual concentration of
tetrachlorethylene in inspired air was not determined in this prelimi-
nary series. Surgical anesthesia was induced after 5-15 ee. had been
dropped slowly on an open mask, but since the liquid volatilized much
less rapidly than the same amount of ether or chloroform, this quantity
was far in excess of that inhaled by the patient. The absorption of the
vapor by the lungs is greater than the absorption of the liquid by the
eastrointestinal traet; therefore it is not surprising that, while 2-6 ecec.
by mouth only occasionally resulted in drowsiness, the inhalation of
the vapor from approximately 5 ce. produced anesthesia. Nitrous ox-
ide was added twice (see table) as a supplemental agent because of the
time-consuming induction below the second stage. Good surgical re-
laxation was not obtained in the third stage. In 2 cases open drop ether
(see table) was administered for a few minutes after second plane, third
stage had been reached with tetrachlorethylene, and the latter drug was
resumed after relaxation had been produced. This relaxation, how-
ever, was transient despite maintenance at the same depth of anes-
thesia. In some instances, both with human and animal subjeets, the
incomplete relaxation may in part have been due to hypoxia and reten-
tion of carbon dioxide resulting from the accumulation of secretions.
It is possible that the same situation obtained when other workers
(Lamson, et al.) (2) found relaxation inadequate in animal experi-
ments. The drug was noted to be a definite respiratory stimulant even
with a patent airway. All cases exhibited an increase in respiratory
rate (see table) which became more pronounced as the anesthetic depth
increased. The rapid respiratory rate was not correlated with the
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presence or absence of mucus in the respiratory passages, nor with low
or high concentrations of oxygen in the inspired mixture. The fastest
respirations recorded oceurred in patient No. 11 (see table) who was
anesthetized by oropharyngeal insufflation of the vapor with oxygen
throughout. Recovery from the anesthesia in each instance was as
prompt as would be expected after an ether anesthesin of comparable
depth and duration. There were no postanesthetic complications in
this small group referable to the gastrointestinal or circulatory systems,
nor {o the respiratory tract, despite the excessive seeretions eaused by
the drug.

The chief difficultics encountered were those of a technieal nature.
It was impossible to secure rapid, efficient vaporization of the drug, as
might be suspected from its boiling point. (Lamson also states this
difficulty in his report of animal anesthesins.) In using the open
drop technic it was noted that: a mask saturated with the liquid drag
remained wet for four to five hours; the tidal volume of a normal adult
was not great enough to vaporize the drug on the gauze mask; and addi-
tional heat, in the form of hot towels around the mask, was ineffectual
in increasing vaporization. Considerable practice was found neces-
sary to perfect a satisfactorily smooth insufflation technie where large
volumes of air or oxygen are passed through the drug to vaporize it.
In a cirele absorption system in which the drug is added from a drop-
cup, a truly closed system could not be achieved sinece such a rapid flow
of oxygen was needed for vaporization of the drug that the exhalation
valve had to remain open throughout. The vapor was potent enough,
however, to maintain second plane anesthesia despite the high dilution
with oxygen. The canister, bag, tubing and mask of the machine thus
used retained a distinet odor of tetrachlorethylene for long periods
after the drop-cup was emptied, indieating that lightening of the anes-
thesia might be considerably impeded if a closed system were main-
tained. The slow vaporization, therefore, deprives the drug of the
outstanding advantage of most inhalation agents, namely “*moment to
moment’’ control of the depth of anesthesia.

This slow vaporization was also the cause of a distressing complica-
tion in 4 of the 20 administrations: various types of face burns resulted
from contact with the vapor. It is certain that no liquid drug caused
the burn in any case, but all instances occurred when prompt dissipa-
tion of the vapor was prevented by the covering of an areca after ex-
posing it to the vapor. In one volunteer, a sccond-degree burn oc-
curred at the outer canthus of the eye which had shown excessive
lacrimation during induetion, the area burned having been covered by
a film of moisture. One patient (case No. 2) was burned under an area
of saliva which had not been removed quickly enough. In another pa-
tient (case No. 9), a first-degree burn which persisted for two days after
anesthesia developed in the area which had been covered by the anes-
thetist’s left hand in holding the mask on the face. In the fourth in-
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stance (case No. 10), the subject suffered a conjunetivitis in the eye
which had been inspected most frequently during anesthesia, the lid
having been closed between observations. The face of this patient was
washed with soap and water at the termination of anesthesia, which may
have prevented the development of a skin burn around the eye involved.
The high incidence of this complication alone is a strong contraindica-
tion to the administration of tetrachlorethylene by the open drop, and
possibly also by the elosed technie.

SuMMARY AND CONCLUSIONS

Tetrachlorethylene is a non-inflammable, noun-explosive anesthetie
agent, capable of producing in human beings a moderate depth of surgi-
cal anesthesia, thongh not marked surgical relaxation. It is probable
that it has considerable poteney sinee ample oxygenation of the subject
does not lighten the plane of anesthesia.  Available data on studies on
animals and human beings indicate that it is non-toxie. After use of
the drug as an anesthetic agent no systemie reactions were evident elini-
cally in a small series of human subjeets, but several superficial burns
of the face occurred. Beeause of its irritant effect on mucous mem-
hranes, it is not likely that postanesthetic pulmonary complications
would be reduced by the use of this drug. The difficulties of vapori-
zation present an almost insurmountable problem. It seems unjustifi-
able to continue the use of tetrachlorethylene for anesthesia in human
subjects, since the chief advantages of portability, non-inflammability
and non-explosibility do not outweigh the disadvantages of the drug.
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