
PPuurrppoossee::  Muscle relaxants and anesthetics are usually associated
during intubation. However, their relative role to facilitate the
process is not clearly defined. This study was designed to deter-
mine, during intubation: i) the relative role of anesthetics and
atracurium-induced neuromuscular block and; ii) the effect of dif-
ferent doses of propofol in the presence of complete muscle block.
MMeetthhooddss::  Patients were randomized to four groups and received
fentanyl and a standardized anesthetic procedure. Patients from
groups high (H; n = 45), medium (M; n = 48) and low (L; n = 47)
received 2.5 mg·kg–1, 2.0 mg·kg–1 , and 1.5 mg·kg–1 of propofol
respectively. Atracurium (0.5 mg·kg–1) was then injected and tra-
cheal intubation performed once complete block was achieved at
the orbicularis oculi. Patients from group without atracurium (WA;
n = 20) received propofol as in group H. Intubation was per-
formed at the expected onset time of action of atracurium.
RReessuullttss::  Using the same dose of propofol, the incidence of good
or excellent intubating conditions was 35% without atracurium and
95% with atracurium (P < 0.0001). In patients receiving atracuri-
um, clinically acceptable intubating conditions were more frequent-
ly achieved in groups receiving the highest propofol doses (group H
or M vs group L; P < 0.03).
CCoonncclluussiioonn::  Our study confirms the interaction between anes-
thesia and muscle relaxation to produce adequate intubating condi-
tions. In the conditions described, intubating conditions were more
dependent on atracurium-induced neuromuscular blockade than
on anesthetics, but both atracurium and propofol improved intu-
bating conditions.

Objectif : Agents d’anesthésie et curares sont souvent associés pour
l’intubation. Cependant, leurs rôles respectifs pendant l’intubation ne
sont pas clairement définis. Cette étude a pour objectif de différencier
pour l’intubation i) l’effet des agents d’anesthésie de ceux du bloc
moteur induit par l’atracurium et ii) le rôle de différentes doses de
propofol couplées à un bloc moteur complet induit par l’atracurium. 

Méthode : Les patients étaient randomisés en quatre groupes. Tous
recevaient du fentanyl et une procédure d’anesthésie standardisée.
Les patients des groupes high (H; n = 45), medium (M; n = 48), et
low (L; n = 47) recevaient respectivement 2,5 mg·kg–1, 2,0 mg·kg–1

et 1,5 mg·kg–1 de propofol puis atracurium 0,5 mg·kg–1. L’intubation
était réalisée et cotée après qu’un bloc complet avait été obtenu à
l’orbiculaire de l’œil. Les patients du groupe n’ayant pas reçu l’a-
tracurium (WA) recevaient le propofol comme dans le groupe H, et
étaient intubés après un intervalle de temps correspondant à celui du
délai d’action supposé de l’atracurium. 

Résultats : Chez les patients recevant des doses d’anesthésie équiva-
lentes, les conditions d’intubation étaient significativement meilleures
chez ceux recevant l’atracurium (groupe H) par rapport aux patients
WA (P < 0,0001). Pour les patients recevant de l’atracurium, les con-
ditions d’intubation étaient significativement meilleures chez les patients
du groupe H ou M par rapport aux patients du groupe L (P < 0,03). 

Conclusion : Les conditions d’intubation dépendent plus du bloc
neuromusculaire que des agents d’anesthésie lorsque l’on attend l’in-
stallation complète du bloc. Cependant, les conditions d’intubation
dépendent aussi du rôle des agents d’anesthésie lors de l’intubation
avec une curarisation complète.

NTUBATION of the trachea using direct laryn-
goscopy can be performed without any neuro-
muscular blocking drug.1 Intubating conditions
then depend on the depth of anesthesia (i.e., the

type, the dose or the combination of anesthetics) and
are related to the time interval between the injection of
anesthetics and laryngoscopy.2–4

Muscle relaxants are widely used to facilitate tra-
cheal intubation but are never used without anesthet-
ics. In this case, the quality of tracheal intubation
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depends on the relaxation induced by the abolition of
upper airway reflexes related to central nervous system
depression induced by iv or inhaled anesthetics, and
by paralysis of the laryngeal muscles induced by mus-
cle relaxants. The onset time of paralysis is different
from a muscle relaxant to another and from one mus-
cle group to another (adductor pollicis vs laryngeal
adductor muscles). This onset time is directly related
to the dose and inversely related to potency for non-
depolarizing relaxants. It is # 60 sec for succinyl-
choline5 rapacuronium6 and rocuronium with a dose
superior to 1.0 mg·kg–1,7 and it is superior to two min-
utes for vecuronium, atracurium and rocuronium with
a dose of twice the ED95.

The longer the onset time of the muscle relaxant,
the longer the time interval between the administra-
tion of anesthetics and tracheal intubation if intuba-
tion is performed with respect to muscle paralysis. The
clinical consequence of this delay is a decrease in the
depth of anesthesia at the time of laryngoscopy.

To date, the literature can be summarized as fol-
lows: 1) following the administration of short-onset
neuromuscular relaxants such as succinylcholine, intu-
bating conditions are similar to those obtained with
anesthetic combinations such as propofol (2–2.5
mg·kg–1) and alfentanyl (30 µg·kg–1).8–12 These results
confirm that anesthetics have a major impact on intu-
bating conditions when intubation is performed rapid-
ly after induction of anesthesia; 2) following the
administration of non-depolarizing muscle relaxants,
intubating conditions are always better than those
obtained in the absence of relaxants.13–18

As a result, the longer the time interval between the
induction of anesthesia and intubation, the more
important is muscle paralysis to obtain clinically accept-
able intubating conditions. However, the interaction
between various doses of an induction drug and a mus-
cle relaxant of intermediate-onset time of action on
intubating conditions in the clinical setting remains
unclear. To test this interaction, we performed a two-
step controlled randomized study to compare: i) the
effect of atracurium in patients receiving the same doses
of anesthetics, and ii) the effect of three different doses
of anesthetic in patients receiving the same dose of
atracurium, on intubating conditions.

MMaatteerriiaallss  aanndd  mmeetthhooddss
Selection of patients
After obtaining approval from our local Ethics
Committee, a written informed consent was obtained
from 170 ASA physical status I or II patients (18–65 yr),
scheduled for abdominal or breast surgery. Exclusion cri-
teria included the presence of an abnormal airway,19 sig-

nificant cardiovascular, respiratory, hepatic, neuromuscu-
lar or renal disease, or the administration of any drug
known or suspected to interact with neuromuscular
transmission. On arrival in the operating room, standard
monitors were applied and patients were randomly
assigned to one of four groups high (H), medium (M),
low (L) or without atracurium (WA). 

Anesthesia procedure
The protocol is summarized in Figure 1. All patients
received fentanyl 3 µg·kg–1 over ten seconds. Time T0
corresponded to the end of fentanyl injection. Thirty
seconds later, propofol was injected over 20 sec: 2.5
mg·kg–1 in groups H (n = 50) and WA (n = 20), 2.0
mg·kg–1 in group M (n = 50) and 1.5 mg·kg–1 in group
L (n = 50). Sixty seconds later, atracurium 0.5 mg·kg–1

was injected in groups H, M and L over ten seconds.
Atracurium was not used in group WA. After loss of
consciousness, supramaximal train-of-four (TOF) stim-
ulations (30 mA) were applied on the temporal branch
of the facial nerve every ten seconds, as described pre-
viously,20 atracurium was injected thereafter. In all
patients, the same observer visually assessed the evoked
responses at the orbicularis oculi. Bag-mask ventilation
was used until tracheal intubation was performed.
Onset of action of atracurium was defined as the inter-
val between the end of atracurium injection and disap-
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FIGURE 1 Time sequence of drug injections and intubation.
Patients received fentanyl (F = 3 µg·kg–1), propofol (P = 2.5, 2.0
or 1.5 mg·kg–1) and atracurium (A = 0.5 mg·kg–1) whereas in the
group without atracurium (WA), patients only received F (3
µg·kg–1) and P (2.5 mg·kg–1). Laryngoscopy and intubation were
performed when all train-of-four responses were abolished at the
orbicularis oculi in groups high (H), medium (M) and low (L). In
the group without atracurium (WA), patients were intubated 240
sec and 190 sec after the injection of F and P respectively.



pearance of the four muscular responses at the orbicu-
laris oculi. In groups H, M and L trachea was intubat-
ed at that time. In group WA, trachea was intubated
240 sec after the end of fentanyl injection i.e., 190 sec
after propofol injection, a delay corresponding to the
expected onset time of atracurium.

The same physician, blinded to the anesthetic pro-
cedure, performed all intubations. Intubating condi-
tions were graded using the scoring scale initially
described by Krieg et al.21 (Table I). This scale dis-
tributes intubating conditions into four classes (excel-
lent, good, poor, impossible). In groups H, M and L,
intubating conditions were then pooled as “clinically
acceptable” (excellent or good) or “not clinically
acceptable” (poor or impossible).22

When laryngoscopy was scored as “impossible”,
patients were not evaluated for vocal cords position or
severity of cough, and intubating conditions were clas-
sified as “impossible”. When vocal cords were “closed”,
intubating conditions were also scored as “impossible”.
In these patients, intubation was performed after an
injection of additional propofol (20–50 mg) and
atracurium (0.5 mg·kg–1; only in group WA).

When complete blockade at the orbicularis oculi
was not achieved 300 sec after atracurium injection,
direct laryngoscopy was not attempted and the patient
was excluded from the study. In these patients, intu-
bation was performed once complete neuromuscular

blockade was obtained with an incremental dose of
atracurium (0.2 mg·kg–1) in combination with propo-
fol (50–100 mg) to avoid awareness.

All patients were interviewed the day after surgery
and questioned about awareness. None reported recall
of awareness during anesthesia and surgery.

Statistical analysis
The table of randomization (four groups) was designed
to assign two patients in each group every eight inclu-
sions. The allocation of the patient was sealed in an
opaque envelope, which was opened at the arrival in the
operating room. Intermediate analysis was planned after
every 80 patients. Statistical analyses were performed
using ANOVA, a Chi-square or an exact Chi-square test
as appropriate. Results are expressed as mean ± SD. A P
value of 0.05 or less was considered to indicate a statis-
tically significant difference. We expected that intubat-
ing conditions would be optimal in 40% of patients in
groups WA, and in 80% of patients in group H. Thus,
40 patients in each group would be sufficient to detect
a difference of 40% between group WA and H with a
power of 80–90% at P < 0.05. As we planned to per-
form an intermediate analysis, 50 patients in each group
were studied.

RReessuullttss
Groups were similar with respect to age, sex and body
mass index (Table II). Ten patients were excluded from
the study because the onset time of atracurium-induced
neuromuscular block was over 300 sec at the orbicularis
oculi (group H: five patients; group M: two patients;
group L: three patients; no statistical difference).
Complete block at the orbicularis oculi was achieved
subsequently in all cases after the administration of an
extra bolus of atracurium (0.2 mg·kg–1). All these
patients had intubation classified as clinically acceptable.

We scored 160 intubations (group H: n = 45; group
M: n = 48; group L: n = 47; group WA: n = 20). The
study was discontinued in group WA after the first inter-
mediate analysis because the incidence of “clinically not
acceptable” (poor and impossible) intubating condi-
tions was unacceptable (13 of 20 patients, 65%).
Intubating conditions are summarized in Figure 2.
Intubating conditions did not differ in groups H, M
and L, and were significantly better than in group WA
(P < 0.0001) when they were scored on a four-class
scale. Intubating conditions scored as “not clinically
acceptable” were significantly more frequent in group L
(14.9%) than in groups H (4.4%) or M (2.1%; P < 0.03).
Laryngoscopy was scored as impossible on the first
attempt in 19 patients (14 in group WA, five in group
L, none in groups M and H; P < 0.001 group WA vs

Lieutaud et al.: PROPOFOL AND ATRACURIUM FOR INTUBATION 123

FIGURE 2 Intubating condition scores in each group (expressed
in percentage, %). Intubating conditions were scored as excellent,
good, poor or impossible in patients receiving high (H), medium
(M) or low (L) doses of propofol. *P < 0.03 between groups H
and M vs group L; **P < 0.0001 between group H vs group with-
out atracurium (WA).



other groups). All these patients were intubated suc-
cessfully after receiving additional propofol/atracurium.
Results concerning vocal cord position, ease of laryn-
goscopy, or reaction to insertion of the tracheal tube
and/or cuff inflation are summarized in Tables III, IV
and V. The mean onset time of atracurium-induced
neuromuscular block at the orbicularis oculi was 166 ±
62 sec. Mean onset time of action among patients in
groups H, M and L was not different (167 ± 66, 151 ±
54 and 177 ± 65 sec respectively). Onset time was
longer than the theoretical onset time (120 sec) used
for the group not receiving atracurium (P < 0.05).

DDiissccuussssiioonn
In the conditions of our study, we confirmed the
interaction of anesthetics and muscle relaxants on

intubating conditions and differentiated their relative
effects. This study first showed that, in patients receiv-
ing the same dose of anesthetics, with or without
atracurium, intubating conditions depend much more
on neuromuscular blockade than on depression of the
central nervous system induced by anesthetics (95% vs
35% of good or excellent intubating conditions in
group H vs group WA; P < 0.0001). Second, this
study showed that intubating conditions were signifi-
cantly influenced by the dose of anesthetic adminis-
tered in combination with atracurium when
intubation is performed once complete muscle block-
ade is achieved at the orbicularis oculi (group H or M
vs group L; P < 0.03). 

In the first part of this study, we evaluated the rel-
ative role of muscle relaxants and anesthetics on intu-
bating conditions. The high incidence of poor
intubating conditions (65%) obtained in the group
not receiving atracurium was far different from the
results reported in the literature on intubation with-
out muscle relaxants. We suspect this is mainly due to
the longer time interval used in our study between
anesthetic injection and intubation (190 and 240 sec
for propofol and fentanyl respectively in comparison
with the interval of 45–90 sec time usually reported in
the literature). This long time interval was introduced
in group WA to parallel the expected onset time of
action of atracurium in group H. This long time inter-
val explains also why fentanyl was chosen instead of
alfentanil.23 The delayed peak effect of fentanyl, as
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TABLE I Intubating condition scores adapted from references
21 and 22

Assessment
Laryngoscopy Easy Fair Difficult Impossible
Vocal cords Open Moving Closing Closed
Coughing None Slight Clear Severe

Points 1 2 3 4

Classes Excellent Good Poor Impossible
Points 3–4 5–7 8–10 11–12

Intubating — — — —-
conditions Clinically acceptable Clinically not acceptable

TABLE II Demographic characteristics of the study population

Groups H M L WA
n 45 48 47 20

BMI 23.3 (3.9) 23.7 (3.2) 23.1 (3.2) 23.6 (3.4)
Age 50.4 (10.7) 52.9 (11.8) 51.3 (12.6) 56.3 (11.9)
Sex-ratio (F/M) 42/3 41/7 39/8 18/2

Data are expressed as mean (± SD). H = high; M = medium; L =
low; WA = without atracurium; BMI = body mass index; F =
female; M = male.

TABLE III Laryngoscopy scores

Groups H M L WA*
n (%) 45 48 47 20

Easy 39 (87) 42 (88) 35 (73) 13 (65)
Fair 4 (9) 5 (10) 8 (17) 1 (5)
Difficult 2 (4) 1 (2) 0 2 (10)
Impossible 0 0 4 (8) 4 (20)

*P < 0.001 vs other three groups. H = high; M = medium; L =
low; WA = without atracurium.

TABLE IV Position of vocal cords

Groups H M L WA*
n (%) 45 48 43 16

Open 38 (84) 39 (81) 29 (68) 5 (30)
Moving 5 (11) 4 (8) 11 (26) 1 (5)
Closing 2 (4) 5 (11) 2 (4) 0
Closed 0 0 1 (2) 10 (65)

*P < 0.001 vs other three groups. H = high; M = medium; L =
low; WA = without atracurium.

TABLE V Cough scores

Groups H M L WA*
n (%) 45 48 42 6

None 21 (47) 24 (50) 15 (36) 2 (33)
Slight 16 (35) 17 (35) 16 (39) 0
Clear 8 (18) 7 (15) 8 (18) 1 (17)
Severe 0 0 3 (7) 3 (50)

*P < 0.001 vs other three groups. H = high; M = medium; L =
low; WA = without atracurium.



compared to that of alfentanil, was expected to corre-
spond to the interval between fentanyl administration
and laryngoscopy (240 sec). 

Atracurium was chosen because its onset of action at
the laryngeal and orbicularis oculi muscles had already
been documented.24 This value was considered to be
similar between both muscle groups when it was
reviewed recently.25 Mean onset time after atracurium
0.5 mg·kg–1 observed in our study (166 ± 62 sec) was
similar to that obtained in previous studies: 146 ± 55
sec,24 141 ± 7 sec26 and 129 ± 33 sec27 after the same
dose of atracurium. A similar value (120 sec) was used to
determine the moment of laryngoscopy in group WA.

Ten patients were excluded because the evoked
muscular responses of the orbicularis oculi were still
present five minutes after atracurium injection. Direct
stimulation of the orbicularis oculi can be excluded
since complete blockade was obtained after the injec-
tion of an extra dose of atracurium in all these patients
and the airway secured under excellent conditions in
all patients. Moreover, whatever the relaxant of inter-
mediate onset of action used, orbicularis oculi moni-
toring is considered very acceptable.27

The second part of our study was designed to com-
pare different levels of anesthesia during intubation
with atracurium. Pharmacologically, the depth of
anesthesia induced by propofol decreases from the
time of bolus administration until laryngoscopy.
Currently, the models used to induce different depths
of anesthesia involve either a variation of the time
interval from drug injection to intubation4 or a varia-
tion of the dose of anesthetics (opioids and/or nar-
cotics) with a fixed time interval between drug
injection and intubation.3,8,10,28 We used this second
model in which the predetermined time interval gov-
erning intubation was dependent of the inter-individ-
ual variability of onset of action of atracurium at the
orbicularis oculi.

Nevertheless, mean onset time of atracurium-
induced neuromuscular block was not different in
groups H, M and L. The difference in intubating con-
ditions was, thus, postulated to be due to the differ-
ence of the anesthesia depth obtained with the three
propofol doses.

In our study, the decrease in the dose of propofol
(to 1.5 mg·kg–1) resulted in a significant decrease in
the incidence of clinically acceptable intubating condi-
tions while the patient’s orbicularis oculi was com-
pletely paralyzed. From a clinical point of view, we
advise to maintain a sufficient depth of anesthesia to
avoid clinically unacceptable intubating conditions
when intubation is delayed until complete muscle
blockade is obtained.

In conclusion, this study confirmed the interaction
between anesthetics and muscle relaxants to produce
adequate intubating conditions. Propofol (1.5–2.5
mg·kg–1) and fentanyl (3 µg·kg–1) have a limited influ-
ence on the quality of intubating conditions in compar-
ison with non-depolarizing muscle relaxants of
intermediate-onset of action when intubation is per-
formed once complete block, as monitored at the orbic-
ularis oculi, is achieved. Both atracurium and increasing
doses of propofol improve intubating conditions.
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