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Onset time of neuromuscular block and intubating
conditions : influence of different stimulation patterns
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BACKGROUND

The onset time of a given drug adminis-

tered intravenously (IV) is defined as the time
elapsed ‘between end. of injection and: peak

effect. :Ideally, the onset. time-should be.as
short as possible to avoid the physician for.

waiting before the drug effect becomes effective
and-to .prevent him from injecting an addi-

tional - dose, and thus possibly exposing -the.

patient: to overdosage. In the case of muscle

relaxants, a short onset time is also highly

desirable to reduce the time between induction
of -anesthesia. and  tracheal intubation,. and
hence:the risk of aspiration of gastric contents
and the possibility of awareness. Basically, the
onset- of “action - of non-depolarising muscle
relaxants depends on the arrival at the motor
end-plate of molecules in suffcient amount to

prevent acetylcholine from reaching enough.

receptors to cause neuromuscular transmis-
sion.: The speed ‘of onset of neuromuscular
block may be affected by. different factors
related to the patlent or to the muscle relaxant
itself: _ ~ .

. .-Factors Wthh are patlent charactenstlcs
include cardiac output, circulation time and
muscle blood flow (1). The onset of non-

depolarising relaxants is shorter in . infants,
who have -a relatively large cardiac .output,
than in older: children, as well as in young
subjects than in older individuals who have,
a decreased cardiac output (2, 3). Considering
the circulation time between heart and the
target organ, muscles of the larynx and res-
piratory system have a faster onset of block
than peripheral muscles like the adductor
pollicis which is frequently used in clinical
practice for monitoring neuromuscular- func-
tion (4, 5). Finally, access of drug.at.the
receptor site depends also on the muscle blood
flow, which can be modified by . metabolic.
activity and evoked contractions (7).

- Other factors which may affect.onset are
directly related to the muscle relaxant itself,-
such as organ affinity, potency, clearance and
dose administered (1). Organ affinity depends
on the ratio of muscle to blood relaxant
concentrations - at equilibrium. The effect of
potency is related. to the high proportion of
receptors which need to be occupied . by re-
laxant  molecules to inhibit - -neuromuscular.
transmission. In case of potent relaxants, small
doses: are required to produce a given level
of block. As small doses are associated with
low plasma concentrations, the time needed
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to block the critical number of receptors will

be longer. Consequently, high potency relax-
ants are expected to have longer onset
times (8). A high clearance is associated with
a more rapid decrease in plasma concentra-
tions ; therefore, the peak concentration of the
drug at the effect site occurs more early,
resulting in a rapid onset. Finally, the onset
time is independent of -the dose if less than
100% block is attained. However, if paralysing
doses are given, the time interval between
injection and peak concentration at the effect
site does not change but the concentration at
the neuromuscular junction necessary to abo-
lish transmission is reached before the peak
concentration is achieved. Therefore, the onset
time decreases with increasing doses of rnuscle
relaxants (8).

INTRODUCTION

Beside patient characteristics and drug
properties, the onset time of action of non-
depolarising muscle relaxants may- also be
affected by technical factors related to the
monitoring of neuromuscular function : the
method of assessing the evoked muscle re-
sponses, the stimulation pattern, and the du-
ration of stimulation prior to the administra-
tion of the relaxant drug.

The evoked responses to nerve stimula-
tion can be monitored by mechanomyography,
electromyography and acceleromyography. Ac-
celeromyography has been compared with
‘mechanomyography ; although both methods
are reliable, they present some discrepancies
and cannot necessarily be used interchangea-
bly (9). On the other hand, neuromuscular
transmission may be assessed using different
patterns of stimulation among which the train
of four (TOF) sequence is certainly the most
commonly used. Increasing periods of control
stimulation prior to the administration of
atracurium, vecuronium and mivacurium has
been 'shown to decrease the time to onset of

block at the adductor pollicis (10). Finally,
several studies have established that the onset
time is also affected by the mode of stimu-
lation, the neuromuscular function disappear-
ing earlier with a high than with a slow
frequency pattern (11, 12, 13).

In the present study, we decided to in-
vestigate the effect of three different patterns
of stimulation, applied during a 2 minutes
period, on the onset time of rocuronium, the
speed of onset of block, and the conditions
of intubation performed at 90% block at the
adductor pollicis.

PATIENTS AND METHODS

The design of the study was approved by
the Ethics Committee of the local University
Hospital and informed consent was obtained
from each patient.

Thirty adult, ASA class I or 11 patlents
scheduled to undergo elective surgery requiring
tracheal intubation, were randomly enrolled:
in the study. Exclusion criteria included a
history of renal, hepatic, cardiovascular, pul-
monary or neuromuscular disease and - an
abnormal sensitivity to neuromuscular block-
ing agents. Patients with alcohol or narcotic
addiction were also excluded from the study
as well as patients outside 30% of their ideal
body weight. Premedication consisted of hydro-
xyzine 1 mg kg! body weight, alprazolam
0.5 mg and atropine 0.5 mg given orally 1 h
before the start of the procedure.

Upon arrival in the operating room, all
patients were monitored with an electrocar-
diograph, a non-invasive blood pressure device
(Dinamap) placed on the right arm, a pulse
oximeter and 2 temperature probes. Neuro-
muscular transmission was assessed. using a
Biometer accelograph TOF-GUARDR moni-
tor connected to the patient by 2 electrodes
used to stimulate indirectly the left ulnar nerve
at the wrist, while a piezo-electric transducer
was fastened to the thumb. Rectal temperature
was maintained above 35°C, and palmer skin
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temperature measured at the left hand using
a cutaneous probe was kept at more than
32°C throughout the study. Sufentanil 0.3 pg
kg! was given IV 5 minutes before induction
of anesthesia. Anesthesia was induced with a
bolus of propofol 2 mg kg! 1V, immediately
followed by a continuous infusion at 6-8 mg
kghl,

Once the patients were asleep, the ulnar
nerve was stimulated for a 2 min period prior
to the administration of rocuronium 0.6 mg
kg1 IV over 5 s in an antecubital vein through
a rapidly running infusion. Ten patients each
were randomly allocated to one of three
groups according to the pattern of stimulation
delivered throughout the study : supramaxi-
mum stimuli of 0.2 ms duration were applied
in a single twitch mode at 1Hz in group 1
(ST1), in a single twitch mode every 10.sec
(0.1 Hz) in group II (ST0.1), and in a TOF
mode at 2 Hz every 15 s in group 111 (TOF).
Patients were given oxygen by mask, intubated
by an experienced anesthetist at 909 block
at the adductor pollicis, and then mechanically
ventilated with an-air/oxygen mixture. The
anesthetist who intubated the patient was not
aware of the stimulation pattern. The variables
recorded were the onset time, the decrease in
single or first twitch height value as a function
of time, and the intubating conditions. Onset
time was defined as time from the end of
rocuronium injection until occurrence of 10%
single or first twitch height (90% block).
Intubating conditions were assessed according
to the following scoring system: excellent
(good jaw relaxation, vocal cords open, no
response to intubation), good (good jaw re-
laxation, vocal cords open but minimal reac-
tion to intubation), poor.(moderate jaw relaxa-
tion, moving vocal cords, coughing and/or
bucking), and inadequate (intubation impos-
sible due to poor jaw relaxation or closed
cords). For statistical analysis, intubating con-
ditions were classified as clinically acceptable
(excellent or good) or not (poor or inade-
quate).

STATISTICAL ANALYSIS

- Results were expressed as means =+ SD.
A log transform was used for the onset time
to normalize the distribution, whereas a logit

- transform was applied to single or first twitch

height values (expressed as % of control) to
linearize their relationship with time, i.e. log
{Y/(100 - Y)} = a +b.t. Thus, the slope «b»
represents the speed of the onset of block and
the intercept «a» may be viewed as the lag time
between end' of rocuronium injection and
occurrence of a decrease in twitch height.

Treatment groups were compared by one.
way analysis of variance followed by multiple
comparisons (Scheffe’s method) for continuous
variables and by a chi-square test for intubat-
ing conditions. To compare the speed of onset
of neuromuscular block in the three groups,
a generalized linear mixed model with random
effects (SAS PROC MIXED) was applied to
logits of twitch height values. observed as a
function of time.

All results were considered to be signifi-
cant at the 5% critical level (p < 0.05). Statis-
tical calculations were carried out using SAS
(SAS Institute Inc., Cary, North Carolina,
USA) and S-Plus (StatSc1 Europe Oxford
U.K.) software packages.

REsuLts

The 3 groups of patients did not differ
significantly with respect to age, weight, height
and gender (Table I). The onset times for the
3 groups are shown in Table II. Mean
time = SD to 90% block was 37.7 + 8.9 s for
STI, 123 % 60.2 s for STO.1, and 84.5 *-22.8
s for TOF. Analysis of variance applied to log
values of onset times revealed to be highly
significant (P < 0.0001). Multiple comparisons
showed that onset time was significantly shor-
ter in group I than in groups II and III, but
did not significantly differ between the latter.

The average decrease in single or first
twitch height values as a function of time in
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Table 1
Patient characteristics (mean, SD) in the 3 groups defined according to the stimulation mode
. ’ .
Variable ST1 STO.1 : TOF
= =10
n=10 n=10 n
41.6 (22) 0.93
: 420(2.2) 42.8 (2.2) 093
%?g(})l,:)(kg) 66.7 (3.6) 69.4 (3.6) 1679160 (32.63) a2
Height (cm) 169.5 (2.4) 169.7 (2.4) e 050 |
Sex (mﬂ) 6/4~ . ‘ ‘
Table I1
Mean and SD onset times and their log Values in the 3 patient groups
Variable ST'1 STO.1 TOF P
22.8
ime (sec) 37.7 (8.8) 123 (60.2) 84.5 ( - ) .
el 3.60.2) 4.7 (0.5) 4402 )
Log onset .6 (0.

F =22.5(2 and 27 df).

Table 11T
Intubating conditions at 90% block at the adductor pollicis according to stimulation nﬁ10dc
| TOF
Conditions ST1 STO0.1 :
9 . -

Clinically acceptable 4 |
(excellent + good) 1 -
Clinically not acceptable 6 :
(poor + inadequate) .

y2=8.85(2df) p=0.012.

the three patient groups is illustrated 1n Fig,ure
1. The slopes of the linear regression lines
(b =-0.238 for ST1, b =-0.0259 for STO. 1,
and b = —0.0464 for TOF, respectively) were
significantly different (P < 0.00I) between the
3 groups, reflecting the highest speed of onset
of block in group 1 and the lowest speed in
group IL The intercept, assimilated to the lag
time, revealed to be significantly higher
(P<0.001) in group I (a=7.10) than in
group I (a=1.16) and i in group III (a = 1.76)
but did not dxffer significantly between the last
2 groups.
" The results related to the assessment of
intubating conditions are presented in Table
I11. The proportions of patients with excellent
or good intubating conditions were signifi-
cantly higher (P = 0.012) for ST0.1 and TOF

than for STI1.

— sT1
---= §T0.4
- - = TOF

Twitch height (% control)

100 150 200

Time (s)

Fig. 1. — Average time response of single or first twitch
height (% of control) in the three patient groups.

DiscussioN

The results of the study demonstrate t}.lat
the pattern of nerve stimulation applied during
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a 2 min period prior to rocuronium adminis-
tration can significantly affect the onset time,
the speed of onset of block, and the conditions
of intubation performed at 90% block at the
adductor pollicis.

First, the onset time was more rapid when
nerve stimulation was applied more frequently,
since the number of impulses applied during
the period of control stimulation was 12 in
STO.1 patients, 120 in ST1, and 32 in TOF.
Thus, for the same stimulation duration, the
higher the number of impulses, the shorter the
onset time. The onset time was the most rapid
in group I, but did not differ significantly
between the last two groups, due to a larger
variability in group II. The effect of stimulation
pattern on onset time has already been inves-
tigated by comparing two modes of stimula-
tion. After atracurium administration to pa-
tients who received, every ‘12 s, single twitch
stimulation in one arm and tetanic stimulation
for 1's in the other, it has been demonstrated
by HugHEs and PaynE that the neuromuscular
function disappeared earlier with tetanic stim-
ulation than with single twitch (11). According
to CURRAN et al., onset of atracurium and
suxamethonium is more rapid with TOF than
with single twitch stimulation applied at 0.08
Hz (12). Finally, FeLbmMaN and Kuaw showed
that increasing the rate of ulnar nerve stimu-
lation from 0.1 Hz to 1 Hz results in an
approximately 50% reduction in onset time of
rocuronium (13). There is today a considerable
body of evidence indicating that the onset of
block is far more dependent on patient charac-
teristics such as cardiac output, circulation
time and muscle blood flow, than on properties
of the muscle relaxants (1). Blood flow muscle
is known to be affected by metabolic activity
and can be markedly increased by evoked
contractions due to mnerve stimulation (7).
Therefore, it is likely that the decrease in onset
time observed with increasing stimulation rates
is related to an increase in muscle blood flow
resulting in a quicker delivery of drug to the
stimulated muscle. Alternatively, it is also

reasonable to speculate that the decrease in
onset time according -to the frequency of
stimulation, as well as in case of prolonged
stimulation, could result from a depletion of
neurotransmitter at the motor end-plate (10).
Indeed, if the number of acetylcholine mole-
cules is decreased, the proportion or receptors
which need to be occupied by the relaxant to
inhibit neuromuscular transmission will be
reached more rapidly. It has been previously
shown that tetanic stimulation at 200-300 Hz
in -the presence of volatile anesthetics may
provoke muscle  fading without the use of
muscle relaxants (14). -

The “logit” transformation of single or
twitch height values monitored as a function
of time yielded a linear relationship in the
three modes of stimulation. In these condi-
tions, the slope- of the linear - relationship
represents the speed of onset of the muscular
block, and the intercept represents the time
elapsed before a decrease in'the twitch height
was observed. Comparison of the slopes
showed a significant difference between the
three patient groups, indicating that the speed
of onset was the most rapid for ST 1 and the
lowest for STO.1. These results may also be
explained by the differences in drug delivery
to the muscle and in reaching a critical
concentration at the receptor site. Comparison
of the intercepts indicated that the “lag time”
was significantly longer for STI than for
ST0.1 and TOF, but did not differ significantly
between the last 2 groups. Although not
explicitly mentioned, no significant difference
in the lag time was reported by CurRAN et
al., when they compared single twitch and
TOF stimulation, delivered every 12 s, on the
onset of action of atracurium and suxametho-
nium (12). Neither, McCoy et al. did not find
any difference in the lag time when studying
the influence of the duration of control stimu-
lation on the onset and recovery of neuromus-
cular block (10). The longer “lag time” in
group I patients in the present study might
be related to the high frequency of stimulation
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and the release of acetylcholine in great
amounts at the motor endplate before hydroly-
sis by acetylcholinesterase. Indeed, it is sup-
posed that some of the released acetylcholine
acts back on the prejunctional receptors of
nerve endings to stimulate mobilisation of
available transmitter and such a feedback
control mechanism becomes more .important
as the frequency of nerve impulses in-
creases (15).. - , .

Finally, the results of this study also
showed a significance difference between
groups regarding the intubating conditions.
The higher proportion of clinically not accep-
table intubating conditions in ST1 patients as
compared with the 2 other groups is absolutely
not surprising. The delay between end of
rocuronium injection and tracheal intubation
was 37.7 s on average in group I patients, 123 s
in group II and 84.5 s in group II1. The onset
time of rocuronium measured in group I is
artificially short when compared to that mea-
sured at the same muscle using more conven-
tional patterns of stimulation. Using supra-
maximal stimuli of 0.2 ms duration delivered
at the adductor pollicis either in a TOF
sequence every 12 s, or in a single twitch mode
at 0.1 Hz, it has been shown that. clinically
acceptable intubating conditions can  be
achieved 60 s following administration of a
2 x EDys of rocuronium (16, 17). In group I
patients, a 90% block at the adductor pollicis
is absolutely not indicative of relaxation of all
muscles nor of adequate intubating conditions.
In addition, -the laryngeal adductors, which
must be relaxed for intubation, are more
resistant to the action of rocuronium than is
the adductor pollicis (18, 19). Reviewing this
problem, AcostoN concluded recently that
the onset time of neuromuscular block at the
adductor pollicis should not be considered as
a meaningful, quantifiable endpoint, defining
optimal intubating conditions (20).

In conclusion, the onset time of rocuro-
nium and the speed of onset of neuromuscular
block at the adductor pollicis are affected by

the pattern of nerve stimulation prior to drug
administration ; both are more rapid -when
nerve stimulation is applied more frequently.
Adductor pollicis monitoring using single
twitch stimulation at 1 Hz frequency may not
be used as a guide of muscle relaxation to
perform tracheal intubation. Comparisons in
onset times and intubating conditions should
be considered only when the pattern of nerve
stimulation used for assessing neuromuscular
transmission is standardised and accurately
defined.
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