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In human volunteers, Forane failed to alter
twitch height, but increased average neuromuscu-
lar refractory period and prevented a sustained
r to stimulation at higher fr ies of
tetanus. These cffects were dose-related. Surgi-
cal patients anesthetized with 1.25 MAC Forane
were unable to sustain tetanus at more than 120
Hz. In contrast, patients anesthetized with 1.25
MAC halothane were able to sustain tetanus at
200 Hz. In 15 patients anesthetized with 1.25
MAC Forane, the median effective dose of d-tubo-
curarine needed to produce a 50 per cent depres-
sion of twitch height (ED.) was L70 mg/m?
In contrast, the ED. of d-tubocurarine in 17 pa-
tients anesthetized with 1.25 MAC halothane was
5.60 mg/m* Thus, 3.3 times as much d-tubo-
curarine was needed to produce a 50 per cent
depression of twitch height with halothane. (Key
words: Forane; Halothane; d-tubocurarine; ED.s;
Tetanus; Average refractory period.)

BeFORE 1NTRODUCTION of a new anesthetic into
clinical practice, Jmowledge of its neuromus-
cular effects and its interaction with commonly
used muscle relaxants is important. Initial
clinical investigations of a new inhalation
agent (Forane) (1-chloro, 2-2-2-trifluoroethyl
difluoromethyl ether, or compound 469) sug-
gested that it produced greater skeletal mus-
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cular relaxation than halothane when adminis-
tered by itself or in combination with d-tubo-
curarine (dTC). To quantify these impressions
we studied the neuromuscular effects of Forane
in human volunteers, and compared the neu-
romuscular depressant actions of equivalent
doses of Forane and halothane with and with-
out dTC in surgical patients.

Methods
Stupies 1N HunaN VOLUNTEERS

Seven unpremedicated human volunteers
were informed of the experimental procedure
and their consents obtained. The procedures
and consent form were approved by the Com-
mittee on Human Experimentation of this in-
stitution. Anesthesia was induced by inhala-
tion of Forane in 70 per cent nitrous oxide
and oxygen until the depth was sufficient for
intubation of the trachea without muscle re-
laxants. Ventilation was controlled to main-
tain Paco, between 37 and 43 torr. Esopha-
geal temperature was maintained between 36
and 37.5 C.

The ulnar nerve was stimulated with a
Grass S-44 stimulator at the wrist through 22-
gauge thin-wall needle electrodes, using single
stimulj of 0.1-msec duration, which were
chosen to avoid repetitive nerve excitation.?
A voltage at least two times that necessary to
evoke a maximal twitch response was used.
Force of thumb adduction was measured with
a Grass (FT 0.03) force-displacement trans-
ducer ? and recorded with a Grass polygraph.

Control twitch height and average neuro-
muscular refractory period were determined
while the subjects were awake. The average
refractory period was calculated from twitch
heights resulting from paired pulses separated
by intervals of 0.5 to 6.0 msec.! Twitch
height, average refractory period, and the
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TasLe 1. Effects of Forane on the Avemge Neuromuscular Refractory Period
in Seven Human Volunteers and Their Ability to Sustain Tetanus

5 N Per Cent of Subjects Able to Sustain Tetanus
End.tidal Forane Average Refractary
Per Cent]

(Msec)* s0Hz 120 Hz 160 Iz 200 1z

Awakef 1.83 2= 0.12 —_ —_ —_ —_

0.60 1.96 £ 0.11 100 100 100 57

1.30 218 £ 0.11 100 100 43 11
1.90 230 £ 0.13 100 86 14 None

* Mean == SE.

1 Ability to sustain tetanus was not determined in awake volunteers.

ability to sustain tetanus at 40, 80, 120, 160,
and 200 Hz were determined 34 after at least
15 minutes at 0.60, 1.30, and 1.90 per cent
end-tidal Forane with 70 per cent nitrous
oxide, Tetanus was defined as unsustained
when tetanus height fell more than 2 mm.

STUDIES IN SURGICAL PATIENTS

Thirty-four unpremedicated consenting sur-
gical patients aged 20 to 64 years were studied.
Anesthesia was induced and maintained with
Forane or halothane without use of other
drugs. The trachea was intubated without neu-
romuscular blocking drugs. End-tidal concen-
trations were determined by infrared (Forane)
and ultraviolet (halothane) analysis and held
at 1.5 to 1.6 and 0.95 to 1.05 per cent, re-
spectively. These concentrations are approx-
mately 1.25 MAC for the two agents.> ¢ Ven-
tilation was controlled to maintain Pago, be-
tween 33 and 43 torr.

In 17 patients anesthetized with Forane for
at least 60 minutes, we measured the ability
to sustain tetanus at 40, 80, 120, 160, and 200
Hz.? The patients were then given d-tubo-
curarine chloride, 0.75, 1.50, 3.0, or 6.0 mg/
m?, intravenously. Maximum depression of
twitch tension, time from administration of re-
laxant to maximum depression of twitch ten-
sion (onset of neuromuscular block), and time
to 10 per cent recovery of twitch height were
determined. The other 17 patients anesthe-
tized with halothane were studied in an identi-
cal manner except that the dose of dTC was
3.0, 6.0, or 7.3 mg/m% Only one dose of
JdTC was given to each patient.

The median effective dose (ED;,) of dTC
(dose of dTC which resulted in 50 per cent
depression of twitch tension) during halothane

or Forane anesthesia was estimated by the
method of Litchfield and Wilcoxon.” This
method allowed quantitative comparison of
the effects of Forane and halothane on the
neuromuscular blockade by dTC with deter-
mination of 95 per cent confidence limits of
the EDg, and tests of goodness of fit and
parallelism of the two dose-response curves.

Results

Stupies 1N HunaN VOLUNTEERS

In volunteers, twitch height was not altered
by Forane, but the average refractory period
increased with increasing end-tidal concentra-
tions (table 1). The ability to sustain tetanus

nuuq\« mﬂm il |

tetanus (Hz)

FORANE

0.6 percent

Fic. 1. Relationship between end-tidal concen-
tration of Forane and the ability of human volun-
teers to sustain tetanus five seconds in duration.
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FORANE
(125 MAC)
HALOTHANE
{1.25 MAC)
80 120 160 200
tetanus ({Hz)
Fic. 2. Comparative abilities of patients to sus-

tain tetenus while anesthetized with 125 MAC
Forane and 125 MAC halothane. With the
Fo thetized patient was not sus-
tained at 160 and 200 Hz. Unsustained tetanus
was defined as a decrease of more than 2 mm in
tetanus height. Only two of 17 patients anesthe-
tized with halothanc were unable to sustain teta-
nus at 200 Hz, of which the above is an example.

at higher Hz decreased at higher Forane con-
centrations (table 1; fig. 1}.

StupiEs IN SunGICAL PATIENTS

In surgical patients, tetanus was not sus-
tuined at 1.25 MAC Forane, but was well
maintained at 1.25 MAC halothane (fig. 2).
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Percent Depression of Twitch Height
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With Forane all patients stimulated at 200 Hz,
12 of 17 stimulated at 160 Hz, and five of 17
patients stimulated at 120 Hz were unable to
sustain tetanus. In contrast, all patients anes-
thetized with halothane were able to sustain
tetanus except two stimulated at 200 Hz.

During halothane anesthesia, 3.3 times as
much dTC was necessary to produce a 50 per
cent reduction in twitch height as during
Forane anesthesia. The EDjy of dTC during
halothane anesthesia was 5.60 mg/m?, com-
pared with 1.70 mg/m? during Forane anes-
thesia giving a potency ratio of 5.60/1.70, or
3.3 (fig. 3). The difference between EDj,
values was significant (P < 0.05). Deviation
from parallelism of the two curves was not
significant.

All doses of dTC had shorter onsets and
Jonger durations (time to 10 per cent recov-
ery) during Forane than during halothane an-
esthesia (P < 0.01) (fig. 4; tables 2 and 3).

Discussion

The study in surgical patients demonstrated
that Forane has greater neuromuscular depres-
sant effects alone and in combination with
dTC than equivalent doses of halothane. The
inability of patients to sustain tetanus at higher

HALOTHANE

Fic. 3. Dose-response curves
for d-tubocurarine in patients
anesthetized with Forane and
halothane plotted on log-probit
paper using the method of
Litchfield and Wilcoxon.* The
horizontal brackets represent
95 per cent confidence limits
for the ED: of d-tubocurarine.
The vertical brackets represent
=+ one standard error of the re-

onse of twitch to a given

ose of d-tubocurarine. The
Forane curve does not include
the two patients who received
6 mg/m* of dTC.

d-tubocurarine (mg/mz)
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FORANE

(125 MAC) A

/L 1 min. T
" Ldnbomrarine . . e
d-tubocurarine (3mg/m2) 23 minutes

HALOTHANE

{125 MACQ)

—

(6mg/m2)

Fic. 4. The elfect of d-tubocurarine on twitch height in paticnts anesthetized with 1.25
MAC Forane and 1.25 MAC halothane. In the paticnt anesthetized with Forane, 3 mg/m*® of
d-tubocurarine resulted in a greater depression of twitch height and longer duration than did
6 mg/m® in a patient anesthetized with halothane.

L dtubocurarine 11 minutes

frequencies of stimulation during Forane anes-
thesia suggests a greater neuromuscular de-
pressant effect of 1.25 MAC Forane compared
with 1.25 MAC halothane. Most halothane-
anesthetized patients were able to sustain teta-
nus at 200 Hz. The ability of Forane-anes-
thetized patients to maintain control twitch
heights when they were unable to sustain teta-
nus emphasizes the greater sensitivity of re-
sponse to tetanus in evaluating depression of
neuromuscular transmission.®

Forane appears to potentiate dTC more
than any other inhalation agent, including di-
ethyl cther.s Walts et al® gave 8 mg/m* of
dTC to patients anesthetized with diethyl
ether and nitrous oxide and found a 100 per
cent depression of twitch height, with a 10
per cent recovery time of 30 minutes in 66 per
cent of these patients. Sixty per cent of our
Forane-anesthetized patients had depressions
of twitch height of 95 per cent or more and
a mean 10 per cent recovery time of 25.6 min-
utes with only 3 mg/m? of dTC. However,
the above comparison may not be completely
valid because anesthetic depths in the two
studies probably were different.

Results of studies in volunteers suggest that
Forane has neuromuscular effects qualitatively
similar to those of other inhaled anesthetics.
Twitch height was not altered. However, the
average neuromuscular refractory period in-
creased and the ability to sustain tetanus de-
creased with higher Forane concentrations.
Whether Forane alters the average neuromus-
cular refractory period and the ability to sus-
tain tetanus to a greater or lesser extent than
those anesthetics evaluated by Epstein® and
Cohen + cannot be determined because of dif-
ferences in measuring anesthetic dose.

There are some possible deficiencies in our
data. Although 1.25 MAC of Forane is clearly
different from 1.25 MAC of halothane in neu-
romuscular effect or interaction with dTC, this
does not mean that the same relationship will
hold at higher or lower anesthetic doses. Com-
plete dose (MAC)-response (neuromuscular
effect) curves for each agent are needed to
answer this criticism,

Zero or 100 per cent responses may skew a
dose-response curve. This is because a 100
per cent response is the limit of response; a
higher or lower dose might cause the same re-
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Tanie 2. Interaction of d-Tubocurarine (/TC) with Forane (1.25 MAC)
No. Patients o Pati,
g Body Surface | Ver Cent . 10 Per Cent | with 100 Per | N Datients
Dose of No. A Depressi g Onset Time | p cery Ti Cent De with No De-
HS [ A | e | TSt | Regiiiee ) SOUTIRS | oein el
eight
5 154 £ 0.06] 23.0 7.2 |3.17£096| 10.1 £3.10 None None
5 1.72 £ 007 | 70.0 == 14.8 {3.82 £ 0.63 | 12.2 &= 1.90 1 None
3 1.64 £ 0.18| S6.0 £ 9.0 |2.94 = 141 2 None
6.0 mg/m* 2 1.51 100 2.1 57.85 2 None
* Mean + SE.
Taste 3. Interaction of d-Tubocurarine (dTC) with Halothane (1.25 MAC)
No. Patients - -
Body, Surface | _Per Cent 10 Per Cent | with 100 Per | o Fatients
Dose of No. A Depression of | Onset Time | Recovery Time Cent Depres- reasion of
dTC Patients (sq m)* ‘Twitch Height*| (Min)* (Min)* sionltl)i.'l'lw'.ilch Tvprilch Height
eigh
3 mg/m* 7 1.66 = 0.08 | 17.6 = 6.5 |4.20 = 0.94| 840081 None 4
6 mg/m? 3 1.75 2 0.07 [ 54.2 £ 124362 £ 055 | 17.14 £ 6.1 None None
7.5 mg/m* 5 1.75 2 0.09]97.0 =20 [3.18 =10 | 3888 £6.1 3 None
* Mean == SE.
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3 to 5 mg of dTC produce sufficient skeletal
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