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The effects of successive one-mg doses of d-
tubocurarine on twitch tension before and after
tetanus, and fatigue of tension during tetanus,
were examined in 28 patients during anesthesia
provided by either nitrous oxide-oxygen or meth-
oxyflurane~-nitrous oxide—oxygen. Axillary and ul-
nar block permitted study of awake man and
1, d dL(LI i i 0‘ cheth -llll‘ d i con-
ducti ffected the Dep of
twitch tension by d-tubocurarine was greater dur-
ing methoxyflurane than during nitrous exide an-
esthesia. Ability to sustain tetanus was better re-
lated to the stimulating frequency than to the
total of d-tub ine given. Enh
ment of posttetanic twitch tension remained con-
stant regardless of the dose of d-tubocurarine
or the degree of ncuromuscular blockade. Anti-
dromic conduction of the electrical stimulus did
not affect mechanical response. The measure-
ment of twitch tension fumnishes a rational, objec-
tive, and reasonably sensitive guide to the effect
of d-tubscurarine.

DuRING ADMINISTRATION of d-tubocurarine the
mechanical response of muscle to electrical
stimulation of a peripheral nerve provides one
index of drug effect. A characteristic pattern of
decreased twitch tension, inability to maintain
tension during tetanic stimulation (fade), and
the appearance of posttetanic facilitation has
been described.r We have made observations
during the initial stages of curarization in or-
der to evaluate these measurements.
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Our data suggest that: (1) changes in t}1$
three mechanical events do not occur simuli)
taneously; (2) ability to sustain tetanus is bet=
ter related to frequency of stimulation than tm
the total amount of d-tubocurarine given; (3)m
increased posttetanic twitch tension is presentg
prior to and is not enhanced by the adminis3
tration of d-tubocurarine; (4) antidromic con3
duction of the electrical stimulus plays no role2
in determining muscle response; (5) althoughd
the response of twitch tension to d-tubocura-
rine was modified by the general anesthetic ad4
ministered, this measurement offers a sensitive, g
rational, and objective gauge of the effect ofG
d-tubocurarine.
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e studied 28 patients (ASA physical status
I) aged 20 to 58 years who were scheduled forS
lower abdominal or lower extremity surgery.
The 22 female and six male patients were frec ®
of neuromuscular disease. Informed mnsentm
for performance of the investigation was ob-
tained the day before operation.

One or both arms were placed in specially
constructed armboards ® so that the contrac-
tions of the adductor pollicis muscle could be
monitored with a force transducer (Grass FT-
10 or one of our own construction). Insulated
needle electrodes (18-gauge Jelco LV. cathe-
ter) were placed subcutaneously at one or
both wrists. The ulnar nerve was stimulated
supramaximally at a rate of 0.3 Hz with single
pulses of 0.15 msec duration delivered from a
square-wave generator (American Electronics
Laboratory #104A). A three-sec tetanus of 30
Hz was delivered every five minutes. Five pa-
tents receiving methoxyflurane and six pa-
tients anesthetized with nitrous oxide were
tested with 100-Hz, as well as 30-Hz, tetanus.
When both the right and the left hand were
being monitored, the nerves were stimulated

° Fabricated by the Cardiovascular Clinical Re-
search Center.
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for alternate five-minute periods. The output
of the transducers was recorded with a Grass
Model 5 Polygraph and pen writer.

Patients received intramuscular premedica-
tion consisting of secobarbital (Seconal) (100
mg) and either atropine or scopolamine (0.4—
0.5 mg); some patients were given meperidine
(Demerol) (75-100 mg) as well.

After induction with a sleep dose of thio-
pental, anesthesia was maintained in one of
two ways: (1) 12 patients were studied dur-
ing anesthesia with nitrous oxide (5 l/min)
and oxygen (2 }/min) supplemented with me-
peridine and thiopental (henceforth termed
nitrous oxide); (2) 16 patients were studied
while inhaling nitrous oxide (4 1/min), oxy-
gen (2 1/min), and methoxyflurane delivered
from an in-circle #8 Ohio vaporizer (hence-
forth termed methoxyflurane).

Respiration was assisted or controlled as
necessary. Anesthetic depth was adjusted to
provide satisfactory operating conditions. The
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only neuromuscular blocker administered \v.xso
d-tubocurarine.

After suitable control recordings had beenU‘
obtained, one-mg increments of d-tubocurarine®
were given intravenously at five-minute mter—
vals. Twitch response was recorded contmu-o
ally, a three-sec tetanus (30 Hz) was dehv—O
ered prior to each injection of d-tubocurarine. g
Recordings were made prior to, during, orS
after operation as individual requirements de-g
manded. g

Nine individuals received axillary and uInnru-
block of one arm using 2 per cent Ilducmnaa
(Xylocaine) and epinephrine (1:200,000) tom
produce both motor and sensory block; tluso
prevented antidromic conduction of the elec->.
trical stimulus and also allowed some patientsQ
to be studied prior to induction of anesthesiaS
In five of these patients the response of then
blocked arm was examined after injection of§
thiopental, during a ten-minute administration
of nitrous oxide, and during ten minutes of
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Fic. 2. Effect of mcremental 1-mg doses of d-
tul ine on 1 twitch tension before
and after tetanic stimulation during nitrous oxide
anesthesia.

methoxyflurane, but prior to administration of
d-tubocurarine.  (In three of these the re-
sponse was measured prior to induction of an-
esthesia as well). In the remaining four pa-
tients with axillary block, measurements were
obtained during either nitrous oxide or meth-
oxyflurane.

Bilateral stimulation and recording were per-
formed in two patients who had not received
axillary or ulnar block to evaluate the uni-
formity of mechanical response in both arms.
There was no observed difference between
arms during administration of d-tubocurarine.

Results

In this study, we have related all measure-
ments of pre- and posttetanic ® twitch tension
to the control (no d-tubocurarine given) pre-
tetanic twitch tension. Figure 1 illustrates the
effect of d-tubocurarine on mechanical twitch
tension during anesthesia with either nitrous

HEISTERKAMP, SKOVSTED, AND COHEN

Anesthesiology

May 1969
oxide or methoxyflurane. The depression of
twitch tension produced by all doses of the
neuromuscular blocker was greater during
methoxyflurane anesthesia. Figures 2 and 3
show the parallel responses of pre- and post-
tetanic twitch tension when d-tubocurarine
was administered during inhalation of either
nitrous oxide or methoxyflurane.

The ability to sustain tetanus, as evidenced
by mechanical tension, was best related to fre-
quency of stimulation. The mean twitch ten-
sion in patients anesthetized with methoxy-
flurane was reduced to 35 per cent of control
after the fifth mg of d-tubocurarine; yet, at
the same time, 63 per cent of these patients
failed to demonstrate fade when stimulated at
30 Hz. In those patients in whom a total of
5 mg of d-tubocurarine given over 25 minutes
had reduced twitch tension to less than 10 per
cent of control, the majority still did not evi-
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Fic. 3. Effect of mcremcntnl 1-mg doses of d-

° The highest twitch tension recorded in the
ten-sec period following the end of tetanus.

ine on I twitch tension before
and after tetanic during meth
anesthesia.
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dence fade with a 30-Hz tetanus. Conversely,
all patients stimulated at 100 Hz showed fade
after the third mg of curare, regardless of the
anesthetic agent or the reduction of twitch
tension. Fade was not seen in tetanus pro-
duced by the 100-Hz stimulus during the con-
trol periods.

In patients with axillary block, the induc-
tion and maintenance of anesthesia (either ni-
trous oxide or methoxyflurane) produced no
changes in twitch tension in the blocked arm.
The effects of d-tubocurarine on all parame-
ters measured were equal in the blocked and
unblocked arms. The enhanced twitch tension
following tetanus persisted in the blocked arm;
therefore, enhancement does not depend on
events occurring at a spinal level.

D-TUBOCURARINE EFFECTS ON

Discussion

The schedule of drug administration (1 mg/
5 min) was chosen deliberately to permit mea-
surement of twitch tension and response to
tetanus in man during varying degrees of cu-
rarization. Figures 1, 2, and 3 indicate the
effect of each dose on the mechanical response
of muscle and illustrate the sensitivity of this
approach. Other workers have used a single
weight-related, rather than a cumulative-dose,
technique.>2 We felt that the goals of the
present investigation were best met by obtain-
ing a dose-response relationship. Since tre-
mendous variability in response of man to
d-tubocurarine has been demonstrated,* we
elected to express all data in terms of absolute
rather than weight-related doses of d-tubocu-
rarine. Regression analysis showed no statis-
tically significant relationship between the ef-
fect of a given dose of d-tubocurarine and the
patient’s weight in any group studied.

Data obtained from patients with axillary
block prior to induction of anesthesia showed
that neither thiopental, nitrous oxide, nor meth-
oxyflurane depressed twitch tension. Other
studies have also demonstrated no change in
twitch tension during anesthesia with halo-
thane or diethyl ether, although awake control
recordings were not obtained.>3 On the other
hand, a direct effect of inhalation anesthetics
on neuromuscular transmission has been shown
in vitro57 Furthermore, diethyl ether is
known to decrease twitch tension ir vivo, both
in cats when intra-arterial injection was used
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to obtain high concentrations of the agent a5
the neuromuscular junction, and in deeply ans
esthetized man.® Thus, although neither m@
trous oxide nor methoxyflurane by t.hemselvesg
decreased twitch tension, the differences in re
sponse of the two anesthetized groups prob-a
ably represent a direct anesthetic effect ong
either the neuromuscular junction or muscleZ
which becomes evident only after injection of}
d-tubocurarine (vide infra).

EfFECT OF D-TUBOCURARINE ON
Twitcu TENsION

The effect of d-tubocurarine on mechanical?
response to electrical stimulation was greaterS
during anesthesia with methoxyflurane t]umm
during nitrous oxide. Similar effects of halo-(I>
thane and diethyl ether have been described.>3
35 Surgical relaxation produced by geneml%
anesthesia results from suppression of spinalg
reflex activity rather than from a direct effects:
of the drug upon the neuromuscular )unc-"-‘
tion.%® It is important, therefore, to knuwn:
whether the observed enhancement of d- tubo-%
curarine’s effect by methoxyflurane deriv&sg
from a central or peripheral effect of this an-Gi
esthetic. Antidromic propagation of the ele(.»o
trical stimulus applied to the peripheral nerves
may activate spinal reflexes. If spinal reﬂz\oo
pathways play a role in altering the mecham-
cal twitch tension, one would expect a dlﬂ'er—
ence in response when antidromic conductmno
is prevented by axillary block. However, in all»
patients investigated, the behavior patterns of >
the blocked and unblocked arms were similar. o
We conclude, therefore, that changes in spmalo
reflex activity cannot explain differences in re—o
sponse to d-tubocurarine when methowﬂumneo
is compared with nitrous oxide anesthesia.3
These differences very likely represent inter-&
action of d-tubocurarine and the anesthetic atg
the neuromuscular junction. These findingsZ
apply only to antidromic conduction elicitedg
by a supramaximal externally-supplied elec-§
trical stimulus, and do not obviate the i impor-g
tance of spinal reflex pathways in provxdmg-u
surgical relaxation.
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EFFECT OF D-TUBOCURARINE ON POSTTETANIC
Twitcn TeENsioN

The enhanced mechanical response seen in

normal uncurarized man after tetanic stimula-
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tion * is a different phenomenon from that ob-
served in the partially curarized muscle. The
former is not accompanied by an increase in
the compound muscle action potential, and re-
flects a change in the contractile mechanism.
In the partially curarized muscle, however, the
increased response is accompanied by an in-
crease in the compound muscle action poten-
tial when compared with the immediate pre-
tetanus control. The change seen in normal
muscle is properly called posttetanic potentia-
tion. Any changes in mechanical achivity asso-
ciated with a changed action potential (as
seen in a curarized muscle) is referred to as
posttetanic facilitation. Thus, complete infor-
mation cannot be obtained unless both electri-
cal and mechanical recordings are obtained.

Figures 2 and 3 show parallel responses of
pre- and posttetanic twitch tension (elicited
by a single square-wave stimulus) as neuro-
muscular blockade is increased. Thus, both in
the normal muscle and during all stages of cu-
rarization, there was a constant absolute in-
crease in twitch tension following tetanus.
During clinical anesthesia, increased twitch
tension following tetanus becomes apparent
when it is superimposed upon a sufficiently
small pretetanic response. For example, when
pretetanic tension is ten arbitrary units and
posttetanic tension is 13, a visual difference
may not be observed. After a sufficient dose
of curare has been administered, a posttetanic
tension of 5 units following a pretetanic ten-
sion of two will be obvious although the ab-
solute magnitude to change (three units) has
remained constant.  Similar changes were
found by de Jong and Freund, who stated
that during the administration of depolarizing
blockers, “posttetanic facilitation becomes more
apparent as the neuromuscular block is made
more profound.” 1t

De Jong and Freund ™' considered postteta-
nic facilitation “meaningful” only when the
posttetanic response was 200 per cent greater
than that appearing before tetanus. Visual in-
spection of a stimulated muscle group may re-
sult in what appears to be the sudden appear-
ance of posttetanic facilitation. However, since
the enhancement of twitch tension following
tetanus remains constant in the face of an in-
creasing neuromuscular blockade (ie., fewer
muscles are contributing to an unchanging re-
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sponse), the phenomenon is continuous. Thus,

- el
enhanced response following tetanus is “sig-S
nificant” the moment neuromuscular blockadeg
is evidenced by decreased pretetanic twitch 8 2
tension. 2

Finally, enhanced posttetanic twitch tension 3
depends on the stimulating waveform* and 3
may not even be observed when the Block-Aid &
monitor provides the stimulus (see illustration <
in reference 13). We therefore believe thatw
to insist that the response be obvious to visual > N
inspection, or demand that posttetanic exceed E
pretetanic tension by 200 per cent before cura-
rization is termed “significant,” is without justi-
fication.

ErrFect oF D-TUBOCURARINE ON FADE

1S8uB/WOo9" JIeydIs.

The degree of curarization is not the sole &
determinant of the occurrence of mechanical 3 2
fade during tetanic stimulation. The fre- o o
quency and duration of the stimulus are of &
major importance.’ In the absence of d»mbo-:
curarine, neither awake nor anesthetized man 3 o
showed fade when stimulated at either 30 or
100 Hz. The presence or absence of fade dur-
ing clinical anesthesia is commonly evaluated
in this country during a tetanus of 30 Hz. The
majority of patients anesthetized with either
nitrous oxide or methoxyflurane showed no
fade at 30 Hz at a time when twitch tension
had been significantly decreased by d-tubocu-
rarine; this has been observed by Katz with
other anesthetics.'> However, in all patients
receiving a total of 3 mg of d-tubocurarine
within 15 minutes, fade could be demonstrated
when a stimulus of 100 Hz was used. Some
patients showed fade after as little as 1 mg of
d-tubocurarine. Thus, a stimulus of 30 Hz
will not consistently elicit fade, although
twitch height has been significantly reduced.
On the other hand, stimulation at 100 Hz pro-
duces fade when twitch tension is totally un-
affected. If tetanus is used as a gauge of cu-
rarization, it becomes incumbent upon the an-
esthetist to select a stimulating frequency pro-
viding the required sensitivity, and to ensure
that the apparatus delivers tetanus at this
rate.’?

Clinical Implications

The use of electrical stimulation can give
reliable and useful clinical information to the
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anesthetist. Of the three parameters we have
discussed, twitch tension appears to be the
most useful single index of the action of d-
tubocurarine.. (The effect of even one-mg
doses could be detected in our study.) The
ability to sustain tetanus and visual examina-
tion of posttetanic twitch tension are consid-
erably less important, for reasons we have
discussed.
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pathologic conference from Washington University School of Medicine. A 67-year-
old woman underwent percutaneous translumbar aortography, followed seven days
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halothane, nitrous oxide, oxygen and thiopental. Four days after the third opera-
tion, the patient became jaundiced. Despite treatment, the jaundice deepened; she
became obtunded, oliguric, and hypotensive, and died 24 days later. Autopsy re-
vealed Iobar pneumonia, acute massive hepatic necrosis, renal tubular necrosis, and
pneumococcal meningitis. The admonition is made to avoid a second use of halo-
thane anesthesia in any patient exhibiting fever and jaundice after one exposure to
halothane. In addition, repeated frequent exposure to halothane is not recom-
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