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Vecuronium Neuromuscular Blockade at the Diaphragm,

the Orbicularis Oculi, and Adductor Pollicis Muscles

Frangois Donati, Ph.D., M.D., F.R.C.P.C.,* Claude Meistelman, M.D.,t Benoit Plaud, M.D.1

To determine the relationship among diaphragm, orbicularis
oculi, and adductor pollicis blockade, train-of-four stimulation was
applied to the phrenic, facial, and ulnar nerves in 16 adult patients
anesthetized with alfentanil-propofol-oxygen. Vecuronium 0.04 or
0.07 mg/kg was given. The response of the adductor pollicis was
measured with a force transducer, and that of the other muscles by
electromyography (EMG). No statistically significant differences
were detected with either dose in the intensity of maximum blockade
measured at the three muscles. With 0.04 mg/kg, the first response
(T1) in the train-of-four was decreased (mean *+ SEM) 78 8, 62
+ 11, and 84 * 3% for the diaphragm, orbicularis oculi, and adductor
pollicis, respectively. Corresponding values after 0.07 mg/kg were
95 + 3, 82 + 11, and 95 * 2%, respectively. However, onset time
was longer at the adductor pollicis than at the diaphragm, and the
orbicularis oculi onset time approached that of the diaphragm. With
0.04 mg/kg, time to maximum diaphragmatic blockade was 2.9 + 0.3
min, compared with 3.7 = 0.6 min at the orbicularis oculi (no sig-
nificant difference [NS)]) and 6.6 + 0.4 min at the adductor pollicis
(P < 0.001). With vecuronium 0.07 mg/kg the values were 2.2 + 0.3,
3.4 + 0.5 (P = 0.024), and 6.3 + 0.6 (P < 0.001), respectively. Time
to 75% T1 recovery was similar at the diaphragm and the orbicularis
oculi, but significantly longer at the adductor pollicis. The values
were 14.6 + 2.4, 17.8 + 5.2 (NS), and 24.0 * 2.8 min (P = 0.01),
respectively, after 0.04 mg/kg, and were 26.0 = 4.0, 28.7 + 4.1 (NS),
and 35.2 + 4.0 min (P = 0.005), respectively, after 0.07 mg/kg. It is
concluded that the orbicularis oculi response to facial stimulation
reflects the extent of neuromuscular blockade of the diaphragm better
than does the response of the adductor pollicis to ulnar nerve stim-
ulation. (Key words: Monitoring, neuromuscular blockade. Neuro-
muscular relaxants: vecuronium. Skeletal muscle: adductor pollicis;
diaphragm; orbicularis oculi.)

THE RESPONSE of the diaphragm neuromuscular junction
to nondepolarizing relaxants is different from that of the
adductor pollicis muscle, both in intensity and in time
course. The cumulative dose-response curve for the dia-
phragm is shifted to the right compared to that of the
adductor pollicis, for pzmcuronium,l atracurium,? and
vecuronium.”? The dose required for 90% blockade has
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been reported to be 40-100% greater for the diaphragm
than for the adductor pollicis.’~ This difference in sen-
sitivity may explain the earlier recovery of the dia-
phragm.*® However, onset of neuromuscular blockade
occurs earlier at the diaphragm.*® This is believed to be
due to differences in blood flow and early distribution of
the relaxant. Thus, there are wide discrepancies between
adductor pollicis and diaphragm blockade, both in inten-
sity and time course.

Monitoring neuromuscular blockade of the diaphragm
by stimulating the phrenic nerve is not practical clinically.
Thus, a more accessible muscle with similar onset time,
maximum blockade and recovery would be an asset. The
orbicularis oculi muscle has been found to recover more
rapidly from neuromuscular blockade than does the ad-
ductor pollicis.>” However, characteristics of onset of
blockade are not known, and the maximum response to
subparalyzing doses of nondepolarizing relaxants has not
been measured.

The purpose of this study was to examine the relation-
ship among the diaphragm, orbicularis oculi, and adductor
pollicis muscles during onset and recovery after a single
dose of vecuronium. In all cases, the response of the mus-
cle was measured after train-of-four stimulation of the
corresponding nerve. Two doses of vecuronium were
chosen—0.07 mg/kg, which is expected to abolish dia-
phragmatic response in most individuals,?? and 0.04 mg/
kg, which is approximately equal to EDy; for the adductor
pollicis.?

Methods

The protocol was approved by the institution’s Ethics
Committee, and informed consent was obtained from the
subjects. Sixteen adult patients scheduled for diagnostic
laryngeal and pharyngeal endoscopy were included in the
study. Individuals with clinical or radiologic evidence of
upper airway obstruction were excluded, as were those
with previous head and neck surgery, radiotherapy, or
chemotherapy. Patients with cardiac, respiratory, or neu-
romuscular disease also were excluded. Other exclusion
criteria were malnutrition, excessive alcohol intake, and
concurrent administration of any medication known or
suspected to interfere with neuromuscular function. The
patients’ demographic data are presented in table 1. Those
who received the larger dose of vecuronium (0.07 mg/
kg) were slightly taller and heavier than those of the other
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TABLE 1. Demographic Data

VECURONIUM ON DIAPHRAGM AND ORBICULARIS OCULI

Dose Sex Age Weight Height
(mg/kg) (M/F) (yr) (kg) (cm)
0.04 7/1 54+ 4 59+ 5 166 + 3
0.07 8/0 52+ 5 66 + 3 176 + 2

Mean + SEM when applicable.

group (0.04 mg/kg). There was no age difference be-
tween the groups.

The patients received diazepam 5-10 mg 1 h before
the scheduled start of the procedure. On arrival in the
operating room, ECG and noninvasive blood pressure
monitors were attached. Anesthesia was induced with al-
fentanil 20-30 ug/kg and propofol 2-3 mg/kg intrave-
nously. Then, depending of the type of surgery, either a
cricothyroid membrane puncture was performed to per-
mit jet ventilation, or tracheal intubation was performed,
without the use of muscle relaxants. Anesthesia was main-
tained with an infusion of propofol at a rate of approxi-
mately 10 mg-kg™" - h™! and intermittent doses of alfen-
tanil. No muscle relaxant was given during endoscopy.
After endoscopy, tracheal intubation was performed in
the patients who had received jet ventilation. The lungs
of all patients were mechanically ventilated, and 100%
oxygen was administered. The propofol infusion was con-
tinued. End-tidal COy was monitored, and ventilation was
adjusted to maintain normocapnia (35-40 mmHg).

Surface electrodes were applied to the ulnar nerve at
the wrist, to the right phrenic nerve at the base of the
neck,"? and to the temporal branch of the right facial
nerve, anterior to the ear lobe. The force of contraction
of the adductor pollicis muscle was recorded with a Bio-
industry Curametre Module 2 Transducer. Diaphrag-
matic response was evaluated by measuring the size of
the electromyographic (EMG) signal obtained by two sur-
face electrodes located in the eighth or ninth intercostal
space in the anterior and midaxillary lines, respectively.'*
Two surface electrodes were also applied near the medial
border and the central portion of the eyebrow, respec-
tively, to measure the activity of the orbicularis oculi mus-
cle. Both EMG signals were amplified with a Dantec type
I5CO1 EMG amplifier. The responses of all three muscles
were displayed on a Gould V1000 CRT and recorded
simultaneously on paper with a Gould ES1000 chart re-
corder.

Before injection of vecuronium, supramaximal stimu-
lation was obtained with three Bio-industry Curamatre
stimulators, which deliver 0.2-ms impulses, with constant
current of up to 70 mA. The diaphragmatic response was

Jjudged adequate when the EMG signal was maximal, re-
producible, and corresponded to a hiccuping movement.
Currents in the range of 60-70 mA usually were required,
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and brachial plexus movement was avoided. To stimulate
the orbicularis oculi, the electrodes were applied at the
location that produced maximal orbicularis oculi move-
ment with the least movement of other facial muscles.
This location was variable, but was usually 2-3 cm anterior
to the ear lobe. The electrodes were placed 1-2 cm from
each other. Typically, the EMG response was biphasic, its
amplitude was 0.5-1.0 mV and its duration 5-10 ms (fig.
1). Supramaximal stimulation was usually obtained with
currents of 15-25 mA. Confirmation that the EMG signals
obtained corresponded to the mechanical action was ob-
tained by visual inspection. During paralysis, the number
of twitches observed was verified to be the same as the
number of signals obtained on the tracing. Direct muscle
stimulation was ruled out because the response was abol-
ished by large doses of vecuronium.

Supramaximal train-of-four stimulation was applied
every 10 s at all three nerves and baseline response re-
corded for 2-3 min. Then, vecuronium 0.04 or 0.07 mg/
kg was administered as a rapid bolus. Eight patients re-
ceived each dose. The interval between train-of-four
stimulation was increased to 20 s after maximum blockade
was observed. Neuromuscular blockade was measured as
the decrement in contractile response or amplitude of
EMG response of the first response to train-of-four stim-
ulation (T1), relative to control, Similarly, the train-of-
four ratio (T4/T1), the ratio of the fourth to the first
response, was measured. These measurements were made

]M'\Mﬁv\’ﬁ
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F1G. 1. EMG tracings of train-of-four responses at the orbicularis
oculi (top) and at the diaphragm (middle). Force of contraction of the
adductor pollicis is also shown (botton). No vecuronium given. Time
scale = 200 ms; EMG (top and middle) = 500 uV; force of contraction
=500g.



872

until at least 70% recovery of T4/T1 was reached at all
three muscles. Also measured were the following: the
times to 5%, 50%, and maximum T1 blockade; the in-
tensity of maximal blockade; and the times from injection
to 25 and 75% T1 recovery.

To determine the extent to which the orbicularis oculi
and adductor pollicis blockade correlated with diaphrag-
matic paralysis, the T1 response of each muscle was plot-
ted against T1 of the diaphragm, for each patient, both
for onset and recovery. The area between the onset and
recovery curves was considered to be a measure of the
discrepancy between the two responses. The same analysis
was performed for the T4/T1 response.

Unless otherwise specified, the results are presented as
means + standard error of the mean (SEM). Paired com-
parisons were made between the diaphragm response and
either the orbicularis oculi or the adductor pollicis. Stu-
dent’s ¢ test for paired data was used, with Bonferroni
correction for multiple comparisons. A P value of less
than 0.05 was considered to indicate a statistically signif-
icant difference.

Results

In both study groups, both onset and recovery were
statistically more rapid at the diaphragm than at the ad-
ductor pollicis (tables 2 and 3 and figs. 2 and 3). Maximum
blockade was not statistically different when both muscles
were compared (table 2). With the vecuronium dose of
0.07 mg/kg, 100% diaphragmatic blockade occurred in
five of eight patients. The same dose produced complete
adductor pollicis blockade in only two patients. With 0.04
mg/kg, no patient exhibited 100% blockade at either
muscle.

Blockade at the orbicularis oculi muscle appeared to
be only slightly slower than at the diaphragm, and statis-
tical significance was achieved only for maximum blockade
after a 0.07 mg/kg dose (table 2). Maximum blockade
was not statistically different between the two muscles (ta-
ble 2). Complete neuromuscular blockade was found in
none of the patients who received 0.04 mg/kg and in

TABLE 2. Onset Characteristics for T1

Maximum
Dose Blockade Time to Maximum
(mg/kg) Muscle (% of control) Blockade (min)
0.04 Diaphragm 77 9 2.9 + 0.6
Orbicularis 63 + 13 3.8+0.6
Adductor 83+ 4 6.8 + 0.5%
0.07 Diaphragm 95+ 3 22+0.3
Orbicularis 82 x 11 3.4 £0.5%
Adductor 95+ 2 6.3 + 0.6*
Mean + SEM.
* P < 0.05.
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TABLE 3. Recovery Characteristics for T1

Dose Time to 25% Time to 75%
(mg/kg) Muscle (min) {min)
0.04 Diaphragm T 14.8 + 3.0
Orbicularis T 17.6 £ 8.0
Adductor T 24.5 £ 5.0*
0.07 Diaphragm 15.6 £ 2.5 26.0 + 4.0
Orbicularis 18.0 £ 2.7 28.7 + 4.1
Adductor 20.6 = 2.6* 35.2 + 4.0*
Mean + SEM.

* P < 0.05 when compared with the diaphragam.
+ Many patients did not reach 76% blockade.

three of the patients who received 0.07 mg/kg. Recovery
characteristics at the orbicularis oculi were similar to those
of the diaphragm (table 3 and figures 2 and 3).

When the T1 response of the adductor pollicis was
plotted against the T1 response of the diaphragm, a large
hysteresis was found (fig. 4), because at the same intensity
of diaphragmatic blockade, the adductor pollicis twitch
height was much greater during onset than during re-
covery. This hysteresis was much less (P < 0.001 for both
doses of vecuronium) when the orbicularis oculi T1 was
plotted against diaphragmatic blockade (fig. 5).

T4/T1 decreased more slowly than did T1 at ali three
muscles during onset and took more time to recover.
Again, the orbicularis oculi response was a better reflec-
tion of diaphragmatic paralysis than was the adductor
pollicis. The curves of orbicularis oculi versus diaphragm
T4/T1 showed less hysteresis than did those of adductor
pollicis versus T4/T1 (P < 0.001 for both doses).

Discussion

This study showed that after the injection of vecuron-
ium 0.04 or 0.07 mg/kg the orbicularis oculi was a better

T1 (% control )
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FIG. 2. T1 in the train-of-four obtained at the three muscles after
vecuronium 0.04 mg/kg. Standard errors omitted for the sake of
clarity.
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F1G. 3. T1 in the train-of-four obtained at the three muscles after
vecuronium 0.07 mg/kg. Standard errors omitted for the sake of
clarity.

reflection of diaphragmatic paralysis than was the adduc-
tor pollicis, both during onset of blockade and recovery.
No statistically significant difference among the three
muscles was found in the maximum intensity of blockade.
However, onset occurred later at the adductor pollicis
(6-7 min) than at either the diaphragm (2-3 min) or the
orbicularis oculi (3—4 min). Neither inhalational agents
nor nitrous oxide were given.

These results support the previous findings that dia-
phragmatic paralysis occurs sooner than does adductor
pollicis blockade.*® In the current study, maximum dia-
phragmatic blockade occurred later (2-3 min) than it did
in the previous study (1-2 min),* because of the smaller
dose given. Recovery from diaphragmatic blockade oc-
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FIG. 4. T1 of the adductor pollicis versus T1 of the diaphragm, after
vecuronium 0.07 mg/kg. Bars represent SEM.
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F1G. 5. T1 of the orbicularis oculi versus T1 of the diaphragm, after
vecuronium 0.07 mg/kg. Bars represent SEM.

curred sooner than did adductor pollicis recovery; this
finding is in agreement with previous studies.** Since
termination of effect is governed largely by the rate of
decrease in plasma concentrations,”® the vecuronium con-
centrations associated with a given degree of blockade
are probably larger for the diaphragm than for the ad-
ductor pollicis. This different concentration-response re-
lationship accounts for the “diaphragm sparing.”!-%10-12
The similarity between orbicularis oculi and diaphragm
blockades suggests that these muscles have nearly identical
responses to the same concentration of vecuronium.

In contrast to recovery data, when diaphragmatic
blockade was markedly less than adductor pollicis block-
ade, no difference was demonstrated in the maximum
neuromuscular blockade between these muscles. This ef-
fect may be related to the faster onset of blockade at the
diaphragm, which is due to a greater muscle blood
flow.*>? As a result, more drug is allowed to reach the
diaphragm, leading to higher peak concentrations at the
neuromuscular junction, as compared to the adductor
pollicis. This preferential delivery of drug would com-
pensate for the greater vecuronium concentration re-
quired by the diaphragm for a given degree of blockade.

The data suggest that dose-response relationships ob-
tained with single doses of vecuronium would be similar
at the diaphragm and at the adductor pollicis. When two
muscles with different onset times are studied, dose—re-
sponse curves constructed with single doses are probably
more accurate than are cumulative dose-response curves
in predicting the maximal effect of one dose. In contrast,
clear differences between diaphragm and adductor pollicis
responses have been shown by studies on cumulative dose—
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response.'~® These differences were found also during
recovery in the current and in previous*™® studies, sug-
gesting that cumulative dose-response curves are good
predictors of steady state or pseudo-steady state behavior.

The onset of neuromuscular blockade is affected also
by the duration and type of stimulation used, probably
through induced changes in blood flow.'® In the current
study, the stimulation pattern was the same for all three
muscles tested. Therefore, although the measured onset
time probably would have been longer in unstimulated
muscle, the direction of change was likely to be the same
in all muscles.

A force transducer was used to measure the effect of
vecuronium on the adductor pollicis muscle because the
transducer is considered the standard means for assess-
ment of the effect of muscle relaxants. EMG was preferred
for the other muscles because of convenience. The force
of contraction of the diaphragm is normally assessed by
measuring transdiaphragmatic pressure; this involves the
careful positioning of a gastric tube with two pressure
ports. In addition, these measurements depend on func-
tional residual capacity (FRC)'* and must ideally be made
with a closed airway during apneic conditions. In this re-
spect, EMG recordings are more convenient and less in-
vasive. The EMG signal has been found to correlate well
with the transdiaphragmatic pressure change in two dif-
ferent settings.>'®

The activity of the orbicularis oculi muscle was mea-
sured also by EMG. A force transducer has been used
previously to make these measurements,” but the device
was not available to us. The upper portion of the orbi-
cularis oculi muscle lies over the lower edge of the frontal
bone. Two electrodes were placed near the mid-portion
of the muscle and close to its insertion, respectively, as is
customary in EMG. Other muscles of facial expression
probably contributed only insignificantly to the signal,
because stimulation was made as selectively as possible,
and the recording electrodes were located close to each
other.

The current study examined the effects of train-of-four
stimulation. In all three muscles studied, fade was more
pronounced during recovery than during onset, and dur-
ing onset higher doses produced less fade for an identical
degree of first-twitch depression. In this respect, the dia-
phragm and the orbicularis oculi were qualitatively similar
to the adductor pollicis.'®!?

The current study suggests that monitoring orbicularis
oculi may have a role in clinical practice. Since response
of the orbicularis oculi is a good reflection of diaphrag-
matic paralysis, it appears to be preferable to the adductor
pollicis in predicting the possibility of hiccups and in
pushing the abdominal contents. In addition, since the
diaphragm is probably the muscle of respiration that is
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most resistant to muscle relaxants, blockade of the dia-
phragm probably implies blockade of abdominal and in-
tercostal muscles.!®!® Thus, because train-of-four stim-
ulation can be repeated every 10 s, facial nerve stimulation
appears preferable to the use of post-tetanic count (PTC)
at the adductor pollicis for the assessment of profound
blockade.2>*! The major drawback of the technique is
that PTC cannot be repeated more often than every
5 min.

The onset characteristics of the orbicularis oculi block-
ade suggest that facial nerve stimulation can also be used
to determine the optimal time to intubation. Ideal intu-
bating conditions depend on adequate relaxation of re-
spiratory and upper airway muscles. Onset of blockade
has been measured in the masseter,?? the laryngeal mus-
cles,?® and the diaphragm, and has been found to be of
shorter duration in these muscles than in the adductor
pollicis. Since the time course of orbicularis oculi blockade
approaches that of the diaphragm, it is probably a good
reflection of the time course of paralysis of other respi-
ratory and upper airway muscles as well. Since the sen-
sitivity of the diaphragm to relaxants is probably less than
that of other muscles,'3'® paralysis of the orbicularis oculi
probably indicates complete blockade of all muscles the
relaxation of which is required for adequate intubating
conditions. This hypothesis needs confirmation in the
clinical setting, with special emphasis on the correlation
between visual and EMG assessment of orbicularis oculi
responses.

Although orbicularis oculi monitoring may be valuable
for monitoring the onset of relaxation and for mainte-
nance of profound blockade, the adductor pollicis prob-
ably is preferable for the management of recovery. Re-
spiratory variables have been correlated with adductor
pollicis response.?* The earlier recovery of the orbicularis
oculi suggests that even with a T4/T1 of 100% at that
muscle, residual weakness may be present, because re-
spiratory function also depends on muscles other than the
diaphragm, and these muscles may be more sensitive to
the effects of neuromuscular blocking drugs.'®*?

The close relationship between orbicularis oculi and
diaphragm blockade, both in intensity and time course,
suggests that the monitoring of the former may be a good
guide of diaphragmatic blockade. Its monitoring is easy
to perform clinically and should be considered whenever
profound neuromuscular blockade is desired.

References

1. Donati F, Antzaka C, Bevan DR: Potency of pancuronium at the
diaphragm and the adductor pollicis muscle in humans. ANES-
THESIOLOGY 65:1-5, 1986

2. Laycock JRD, Donati F, Smith CE, Bevan DR: Potency of atra-
curium and vecuronium at the diaphragm and the adductor
pollicis muscle. Br ] Anaesth 61:286-291, 1988

20z ludy 0z uo 3senb Aq ypd°€1.000-0001 L 066 1-Z¥S0000/0EELEY/0L8/S/E L/}Pd-01o1n1e/ABO|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V 73, No 5, Nov 1990

3.

10.

11.

12,

14,

Lebreault C, Chauvin M, Guirimand F, Duvaldestin P: Relative
potency of vecuronium on the diaphragm and the adductor
pollicis, Br J Anaesth 63:389-392, 1989

. Chauvin M, Lebreault C, Duvaldestin P: The neuromuscular effect

of vecuronium on the human diaphragm. Anesth Analg 66:
117-122, 1987

. Pansard JL, Chauvin M, Lebreault C, Gauneau P, Duvaldestin P:

Effect of an intubating dose of succinylcholine and atracurium
on the diaphragm and adductor pollicis muscle in humans.
ANESTHESIOLOGY 67:326-330, 1987

. Stiffel P, Hameroff SR, Blitt CD, Cork RC: Variability in assessment

of neuromuscular blockade. ANESTHESIOLOGY 52:436-437,
1980

. Caffrey RR, Warren ML, Becker KE: Neuromuscular blockade

monitoring comparing the orbicularis oculi and adductor pollicis
muscles, ANESTHESIOLOGY 65:95-97, 1986

. Shanks CA: Pharmacokinetics of the non-depolarizing neuro-

muscular relaxants applied to the calculation of bolus and in-
fusion dosage regimens. ANESTHESIOLOGY 64:72-86, 1986

. Swerdlow BN, Holley FO: Intravenous anaesthetic agents: Phar-

macokinetic-pharmacodynamic relationships. Clin Pharma-
cokinet 12:79-110, 1987

Gal TJ, Goldberg SK: Diaphragm function in healthy subjects
during partial curarization. ] Appl Physiol 48:921-926, 1980

Wymore ML, Eisele JH: Differential effects of d-tubocurarine on
inspiratory muscles and two peripheral muscle groups in anes-
thetized man. ANESTHESIOLOGY 48:360-362, 1978

Derrington MC, Hintocha N: Comparison of neuromuscular
blockade in the diaphragm and the hand. Br ] Anaesth 61:279~
285, 1988

. Curran M], Donati F, Bevan DR: Onset and recovery of atracurium

and suxamethonium-induced neuromuscular blockade with si-
multaneous train-of-four and single twitch stimulation. Br ] An-
aesth 59:989-994, 1987

Smith ], Bellemare F: Effect of lung volume on in vivo contraction

VECURONIUM ON DIAPHRAGM AND ORBICULARIS OCULI

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

875

characteristics of human diaphragm. J Appl Physiol 62:1893-
1900, 1987

McKenzie DK, Gandevia SC: Phrenic nerve conduction times and
twitch pressures of the human diaphragm. J Appl Physiol 58:
1496-1504, 1985

Graham GG, Morris R, Pybus DA, Torda TA, Woodey A: Re-
lationship of train-of-four ratio to twitch depression during
pancuronium-induced neuromuscular blockade. ANESTHE-
SIOLOGY 65:579-583, 1986

Pearce AC, Casson WR, Jones RM: Factors affecting train-of-four
fade. Br J Anaesth 57:602-606, 1985

DeTroyer A, Bastenier ], Delhez L: Function of respiratory muscles
during partial curarization in humans. ] Appl Physiol 49:1049~
1056, 1980

Gal T]J, Smith TC: Partial paralysis with d-tubocurarine and the
ventilatory response to CO,: An example of respiratory sparing?
ANESTHESIOLOGY 45:22-28, 1976

Viby-Mogensen J, Howardy-Hansen P, Chraemmer-Jorgensen B,
Ording H, Engbaek J, Neilsen AA: Post-tetanic count (PTC):
A new method of evaluating intense neuromuscular blockade.
ANESTHESIOLOGY 55:458-461, 1981

Muchhal KK, Viby-Mogensen J, Fernando PUE, Tamilarasen A,
Bonsu AK, Lambourne A: Evaluation of intense neuromuscular
blockade caused by vecuronium using post-tetanic count (PTC).
ANESTHESIOLOGY 66:846-849, 1987

Smith CE, Donati F, Bevan DR: Differential effects of pancuronium
on masseter and adductor pollicis muscles in humans. ANES-
THESIOLOGY 71:57-61, 1989

Gilly H, Redl G, Werba A, Streinzer W, Draxler V, Spiss CK:
Pharmacodynamics of vecuronium in two muscle groups: Vocal
cord versus thenar neuromuscular blockade in man (abstract).
ANESTHESIOLOGY 67:A614, 1987

Ali HH, Wilson RS, Savarese J], Kitz RI: The effect of tubocurarine
on indirectly elicited train-of-four muscle response and respi-
ratory measurements in humans. Br J Anaesth 47: 570-574,
1975

20z ludy 0z uo 3senb Aq ypd°€1.000-0001 L 066 1-Z¥S0000/0EELEY/0L8/S/E L/}Pd-01o1n1e/ABO|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



