THE ROLE OF MUSCLE RELAXANTS IN ANESTHESIA DEATHS

RoBerT D. Drirrs, M.D.

“WneN the muscle relaxants enter the situation,
the anesthesia death rate increases nearly six-
fold. . . .” This statement made by Beecher
and Todd in 1955 ! was greeted with violent
objections by anesthesiologists in this and other
countries. Some contrary beliefs were pub-
lished.2 The majority of individuals contended
themselves with opinions expressed heatedly
in private or public. As one views this con-
troversy from a vantage point of four years,
two questions come to mind: Do anesthesiol-
ogists deny that muscle relaxants cause anes-
thetic deaths, or do they object to the quantita-
tive aspects of the Beecher-Todd report, i.e.,
that too much onus was placed on the relax-
antsP? I suspect that the potentialities for harm
of the relaxants are recognized by the majority
of users. It must be the death rate of 1: 370
to which objection is primarily raised.

If then the figures given by Beecher and
Todd are incorrect and exaggerate the role of
the relaxants, what is the true picture? There
has been no answer to this, to my knowledge.
The debate thus continues with emotional over-
tones clouding the issue and facts singularly
lacking.

The Beecher-Todd report analyzed 599,548
anesthetics. It is unlikely that so careful a
study of such large numbers of cases will ever
again be undertaken. There is therefore some
sense in re-examining the data. One hundred
eighteen of the 384 anesthetic deaths were at-
tributed to “curare.” They were grouped as
follows: error in technique . . . 37; error in
choice . . . 20; error in anesthetic manage-
ment . . . 36; no error apparent . . . 25.

It was stated that in the last two categories,
deaths were either “not directly related to
‘curare’ ” or occurred in patients receiving a
relaxant despite the fact that “no error was ap-
parent.” Let us assume that some anesthesiol-
ogists would have excluded these cases. This
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leaves 57 deaths attributed to relaxants in the
44,100 patients to whom the drugs were given
—a death rate of 1:772. The point is that
the relaxants did cause fatalities, and in the ten
hospitals concerned their use was associated
with a mortality rate of sufficient proportion to
suggest inquiry.

It is unfortunate that complete protocols of
all of the deaths labelled anesthetic in this
study could not have been presented. In the
absence of the opportunity to judge, it is im-
possible to know how many of the deaths might
have been regarded as preventable. Stated in
other words, is there a toxicity inherent in the
relaxants such that their use will always be as-
sociated with a mortality which cannot be re-
duced below a minimal figure, or, with skill,
experience and intelligence can these drugs be
used with as much or more safety as any of the
anesthetics or anesthetic adjuvants?

One approach to this is to compare the in-
herent potentials for harm from the relaxants
with those which could be recognized in ad-
vance and might therefore be prevented.

INHERENT ToXxICITY

(1) Idjgsyncrasy, or hypersensitivity, can
probably occur with any drug. Unusual reac-
tivity in the form of prolonged respiratory de-
pression has been reported after 3-5 mg. doses
of d-tubocurarine in a few conscious, non-myas-
thenic subjects. The incidence of this is un-
known but is presumed to be low. On the
basis of present knowledge idiosyncrasy to the
relaxants appears to be no greater than to other
drugs used in anesthesia.

(2) Interfgrence With the Signs of Ge neral
Anesthegia. It is difhicult enough to be certain
of the depth of anesthesia if only one anes-
thetic is being given. It is much less easy
when the patient is paralyzed by a muscle re-
laxant. Over-dosage of general anesthetics has
occurred under these circumstances. Until
more reliable and practical means for determin-
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ing the level of anesthesia become available,
this objection to the relaxants must remain.

(3) Re?irgm‘* Lgpression.  There are not,
nor will there probably ever be muscle relax-
ants which do not depress respiration. Respira-
tory depression or apnea persisting into the
postoperative period has been reported after
the administration of all of the relaxants. The
cause-effect relationship is clear. The theoretic
aspects of this are discussed in this symposium
by Churchill-Davidson. I wish to emphasize
two points. First, this sort of persistent post-
anesthetic respiratory abnormality has never
been seen by us after drugs other than the re-
laxants, i.e., we have not seen this complica-
tion follow thiopental, cyclopropane, or the
opiates, all of whose respiratory depressant ac-
tion is well documented. Second, it would
seem reasonable to predict that postoperative
respiratory tract obstruction would be less ef-
fectively overcome by the patient who is still
partially under the influence of a relaxant.
This is being investigated by Bendixen and co-
workers.* The respiratory depressant actions
of the relaxants, whether exerted at the nerve-
muscle junction or elsewhere, pose a potential
hazard in the postoperative period which is spe-
cific for this group of drugs.

(4) Circulatory Depressign. Certain phar-
macologic data point 10 a direct effect of the
relaxants upon the circulation. Liberation of
histamine,* production of ganglionic block-
ade ™ * and certain, as yet unassessed, actions
on the central nervous system may individually
or in combination alter circulatory homeostasis.
Peiss and co-workers have shown in cats that
d-tubocurarine injected into the carotid artery,
intravenously or directly into the vasomotor
center, depresses the excitability of the vaso-
motor area to electrical stimulation.” Depres-
sion of the vagal nucleus was also demon-
strated. The production of intestinal bleeding *
and of cardiac depression * in the dog by tubo-
curarine are pertinent to the present discussion.
The application of positive pressure to the air-
way for maintenance of ventilation may reduce
blood pressure markedly.

The protocols of curarized patients who die
during perjods of postoperative apnea contain
many references to the development of intract-
able hypotension. The causes for this may in-
clude the factors listed above. There are prob-
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ably other disruptions of cell function remain-
ing to be explained. The fact remains that ir-

_reversible collapse of the circulation appears

under some circumstances to be associated with
use of the muscle relaxants.

This is not to say that all patients who man-
ifest an idiosyncrasy, whose depth of anesthe-
sia is difficult to assess, or who have respiratory
or circulatory depression as the result of relax-
ants will die. It is only to emphasize that there
are certain threats to a patient which are poten-
tial each time a muscle relaxant is injected.

UNDESIRABLE ReEacTiIONS WHicH MicHT BE
ANTICIPATED AND THEREFORE MINIMIZED
OR PREVENTED

(1) Synergism between certain of the re-
laxants anq streptomyecin, neomyecin, histamine,
trimetaphan (Arfonad), homatropinium (Tro-
phenium), hexamethonium, opiates, large doses
of neostigmine, ether, halothane and thiopental
have been demonstrated experimentally or clin-
ically. Failure to recognize this synergy has
resulted in the death of anesthetized patients.

(2) Increased Action of the Muscle Relax-
ants Secondary to Disease or Altered Function.
In the presence of electrolyte imbalance, change
in skeletal muscle temperature, reduced muscle
blood flow, carcinoma (particularly of the
lung), myasthenia gravis, decreased serum
cholinesterase (congenital or acquired), renal
and hepatic disease, the action of certain of the
muscle relaxants may be prolonged and in-
tensified. The literature contains reports of
deaths explainable on the basis of some of these
relationships.

These lists are unquestionably incomplete.
For details the reader is referred to the paper
by Foldes in this symposium. Much of the in-
formation cited has become available only re-
cently, and was not known to the early users
of muscle relaxants. The impressive thing is
the long list of circumstances under which for
the unwary, unexpected and marked reactions
to the relaxants may occur.

There remains an additional category which
might be called Gross Misuse or Abuse of the
Relaxants. The following is a list of gross
errors which have been described in the litera-
ture, or have been reported to me: failure to
provide adequate pulmonary ventilation during
anesthesia and in the immediate postoperative
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period; failure to recognize a patient’s intoler-
ance to positive airway pressure as manifest by
hypotension; administering intravenously a
fluid containing succinylcholine when only glu-
cose in water was thought to be in the con-
tainer; failure to stop an intravenous drip of
succinylcholine at the end of operation; use of
relaxants during open drop ether; and, con-
fusing the dosage of one relaxant with that of
another. This list also must be regarded as
only partial, and yet once again one has to
point out that fatalities have resulted from such
errors. The relaxants are powerful drugs.
Their use by the untutored and unskilled can
be disastrous.

APPRAISAL

Anesthesiologists can be divided into three
groups so far as their thoughts on the dangers
of the muscle relaxants are concerned.

(1) There are those who maintain that the
relaxants are among the safest of the adjuvants
used in anesthesia. Their reasoning is some-
what as follows: The relaxants permit a desir-
able reduction in the depth of general anes-
thesia. The only side action is the production
of diminished pulmonary ventilation or apnea.
The ancsthesiologist, however, is accustomed
to “supporting respiration” and has confidence
in his ability to do so until the nerve-muscle
blockade has worn off. One need merely main-
tain alveolar ventilation artificially until ade-
quate spontaneous respiration returns.

(2) In a second group are those who regard
relaxants with such respect that they select
doses which fall short of producing apnea. To
these individuals safety is relative and is in-
creased by having some degree of spontaneous
respiration present at all times. Respirations
are “assisted” but not “controlled.”

(3) An entirely different viewpoint is that
relaxants are inherently toxic agents, use of
which is associated with “an appreciable in-
crease in the anesthesia death rate”! Pro-
ponents of this concept draw an analogy with
the administration of arsenic, pointing out that
no matter how skillfully arsenic is administered,
beyond a certain dose it kills. Emphasis here
does not rest entirely on the respiratory de-
pressant action of the relaxants, but stresses
additional potentially harmful consequences.
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Without controlled series of patients from
which firm conclusions might be drawn, it
seems reasonable to adopt a middle of the road
viewpoint along the following lines. The mus-
cle relaxants have unquestionably caused some
fatalities. But so have local anesthetics, ether,
nitrous oxide, cyclopropane, thiopental and
halothane, for example. 1 believe that from
the quantitative standpoint the Beecher-Todd
report paints too black a picture, but I cannot
prove this with available information.

When prolonged postoperative apnea is fol-
lowed by intractable hypotension and death,
the relaxants must be implicated until proven
jnnocent. When the relaxants are used in er-
ror, they must be blamed, however, unfairly.
The great area of uncertainty is the contribu-
tion of the relaxants when they are part of a
plan of management, apparently carried out
faultlessly, yet the patient—usually seriously ill
before operation—dies during operation, or in
the postoperative period and no obvious reason
for death is found other than the patient’s dis-
case. Would death have been prevented had
the relaxants not been used? Here is a chal-
lenge worthy of the best clinician and in-
vestigator.

Much has been learned about the relaxants
as this symposium attests. Their future in an-
esthesia seems assured. It is reasonable to
hope that the price for this use will soon be
determined. My opinion is that it will almost
certainly be sufficiently low to warrant their
present widespread use.
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