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Abstract : Volatile anesthetics potentiate the effects of
non-depolarizing agents. This study investigated the
interaction between the inhalational anesthetic desflu-
rane and rocuronium. Forty ASA I and II patients ran-
domly received desflurane/N2O/fentanyl, or propofol/
N2O/fentanyl anesthesia, and rocuronium 0.6 mg/kg.
Neuromuscular block was assessed at the adductor polli-
cis muscle. Block onset and clinical duration times were
measured ; a rocuronium infusion was started when the
first twitch on train-of-four returned to 10% of control
(T10%). Maintenance infusion requirements and recovery
profiles (spontaneous and after reversal) were recorded
until recovery of twitch to 90% of control (T90%).
Rocuronium onset was prolonged by 67% (p = 0.034),
clinical duration by 30% (p = NS), and infusion require-
ments were lower in the desflurane group (4.5 vs.
7.1 mg/kg/min, p = 0.003). Recovery times were not sta-
tistically different. Desflurane significantly delays the
onset of neuromuscular block, potentiates rocuronium
during maintenance infusion, but does not affect clinical
duration or recovery. 

Key words : Inhalational anesthetics, desflurane ;
muscle relaxants, rocuronium ; neuromuscular block,
monitoring.

INTRODUCTION

All volatile anesthetic agents are known to
alter the pharmacodynamics of nondepolarizing
neuromuscular blocking drugs. This study was
undertaken to compare the effects of desflurane to
those of propofol on rocuronium pharmacodynam-
ics. Anesthesiologists seeking a relatively rapid
onset of neuromuscular block, facile maintenance
of neuromuscular relaxation, and fast emergence
from general anesthesia and reversal of neuromus-
cular block use the desflurane/rocuronium drug
combination frequently. It is important, therefore,
to determine the extent to which desflurane affects
rocuronium’s onset, duration, maintenance and
recovery profiles.

METHODS

This open-label, parallel group, randomized,
two-center study was approved by the hospital
Human Investigation Committees at both institu-
tions. After giving informed, written consent, forty
patients completed the study. All patients were
between the ages of 21 and 69 years, classified as
ASA physical status I or II, and scheduled to have
elective procedures lasting more than two hours.
Patients were excluded if they were not within 25%
of their ideal body weight, had any renal, hepatic, or
neuromuscular impairment or were taking any med-
ications known to alter muscle relaxant pharmaco-
dynamics. Patients with suspected difficult airways
or requiring rapid sequence intubations also were
excluded.

All patients were premedicated with intra-
venous (iv) midazolam (1-3 mg) after routine ASA
monitors were applied. Following 2-4 minutes of
preoxygenation, general anesthesia was induced
using iv propofol (1-2 mg/kg). After confirming
adequacy of the airway to mask ventilation, patients
were randomized (according to a computer-generat-
ed list) to receive maintenance anesthesia consisting
of either a propofol infusion (100-150 µg/kg/min
iv) or desflurane (3-8% end-tidal concentration).
Both groups received 50% N2O in O2 and were
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given intermittent iv boluses of fentanyl at the
discretion of the anesthesiologist to maintain hemo-
dynamic stability. End-tidal CO2 was maintained
between 30 and 40 mmHg and core body tempera-
ture was kept above 35° C by active warming.
Neuromuscular function was monitored with a
Datex 221 NMT device (Datex, Shrewsbury, MA)
that measured the evoked electromyographic
(EMG) response to serial train-of-four (TOF) stim-
ulation of the adductor pollicis muscle. Superficial
stimulation of the ulnar nerve was achieved via skin
electrodes placed on the volar surface of the wrist.
Neuromuscular monitoring was then allowed to sta-
bilize for approximately 3 minutes, while serial sin-
gle-twitch monitoring at 1 Hz was delivered.
Following baseline stabilization, neuromuscular
stimulation was continued with four supramaximal
square-wave, 2-Hz pulses (TOF) at 20-second inter-
vals while anesthesia was maintained with either
propofol infusion or desflurane, and rocuronium
(0.6 mg/kg) was then administered by rapid iv bolus
into a port close to the iv insertion site. Mask venti-
lation was continued until the first twitch of the
TOF (T1) declined to 10% of the pre-relaxant base-
line (Tc). At this point (defined as onset), the
patient’s trachea was intubated, and ease of intuba-
tion was assessed by a blinded investigator.
Intubation scores were recorded as excellent (easy,
vocal cords open, no patient movement), good
(easy, cords open, coughing or bucking), fair (not
easy and/or cord closed and/or excessive patient
movement), or poor (unable to intubate). Neuro-
muscular monitoring and maintenance anesthesia
were continued in the same fashion throughout the
anesthetic. The neuromuscular block was allowed
to recover until T1 reached 10% of Tc (defined as
time until recovery), at which point an iv infusion of
rocuronium, 10-12 µg/kg/min was begun. The
rocuronium infusion rate was titrated to keep T1 at
10% (± 5%) of Tc. Infusion rates were recorded
every 5 minutes, and whenever the rate was
changed. Approximately 30 minutes prior to the
end of surgery the infusion was discontinued and

spontaneous neuromuscular recovery was recorded
as long as possible. When clinically indicated (e.g.,
once surgery was complete and T4/T1 ratio was still
less than 0.75), the patient received pharmacologic-
induced reversal with iv neostigmine (2-3 mg) and
glycopyrrolate (0.5 mg) and EMG neuromuscular
recovery was recorded for the next 10 minutes.
Desflurane and propofol were discontinued after T1

recovered to 90% of baseline.
Data comparisons between rocuronium with

and without desflurane included onset, clinical
duration times, and recovery times, as well as infu-
sion dosing requirements. Data are expressed as
mean ± SD (range). Groups were compared using
ANOVA, and p < 0.05 was considered statistically
significant.

RESULTS

Forty patients completed the protocol.
Nineteen received propofol, and twenty-one
received desflurane. There were no differences
between groups with respect to patient demograph-
ics (Table 1). All patients demonstrated complete
neuromuscular block (T1 = 0) and “good” or “excel-
lent” intubating conditions in response to 0.6 mg/kg
of rocuronium (Table 2). 

In the desflurane group, the onset of relaxation
was significantly prolonged as compared with the
propofol group : 198 ± 147 (21-614) and 118 ± 78
(24-333) seconds, in the desflurane and propofol
groups, respectively (p = 0.034). The clinical dura-
tion of rocuronium tended to be prolonged in the
desflurane group as compared with the propofol
group : 39.0 ± 25 (7.2-134) and 29.3 ± 13 (10.7-
61.8) minutes, respectively ; p = NS (Table 3).
Rocuronium infusions were started at the same T1

percent recovery in each group, but the infusion
requirements were significantly lower in the desflu-
rane group (Table 4). All measured spontaneous
recovery indexes (T10%,T25%, T50% and T75%) were pro-
longed in the desflurane group, but failed to achieve

Table 1

Patient Demographics

Desflurane Group Propofol Group p Value

Age (years, mean ± SD) 40.8 ± 12.9 43.8 ± 12.2 0.442

Height (cm, mean ± SD) 165 ± 9 195 ± 9 0.920

Weight (kg, mean ± SD) 71 ± 11 73 ± 14 0.581

Gender (M/F) 5 / 16 5 / 14 0.855

Race (Caucasian/other) 17 / 4 18 / 1 0.188

ASA PS Class (I/II) 6 / 15 10 / 9 0.121
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statistical significance (Table 5). Patients who
received pharmacologic reversal with neostigmine
after discontinuation of relaxant infusion (the
majority of the study subjects), exhibited a slower
rate of recovery in the desflurane group, but these
differences also did not reach statistical signifi-
cance. Percent recovery at the time of reversal was
similar in both groups.

DISCUSSION

It is well known that volatile anesthetic agents
tend to potentiate the effects of all commercially
available non-depolarizing neuromuscular blocking
agents, including rocuronium (1, 2, 4-8, 10-13, 15).

This study was designed to specifically investigate
the extent to which desflurane (compared with an
equipotent non-volatile anesthetic) affected rocuro-
nium onset, maintenance, and recovery pharmaco-
dynamics. We hypothesized that we could minimize
the accumulation typically observed with steroidal
relaxants by administering it in patients anes-
thetized with desflurane, thereby decreasing dosing
requirements necessary to maintain intraoperative
surgical relaxation. Further, since desflurane is rel-
atively insoluble, its potentiating effect should be
extremely short-lived and have minimal influence
on neuromuscular recovery (either spontaneous or
pharmacologic), soon after it is discontinued. 

In this study, 2xED95 of rocuronium adminis-
tered by rapid iv bolus resulted in complete block in
all patients in both groups. Intubating conditions for
all patients were either excellent or good, with no
significant differences observed between groups. 

Onset times were significantly different
between groups. We initially postulated that the
onset time in the desflurane group would be signif-
icantly shorter than that in the propofol group
because of desflurane’s ability to potentiate neuro-
muscular block. Interestingly, we found that onset
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Table 2

Ease of Intubation Rating

* Data not recorded for one subject.

Desflurane Group Propofol Group p Value

Score N % N %

Excellent 14 70 12 63 0.651

Good 6 30 7 37

Total 20* 19

Table 3

Relaxant Onset and Clinical Duration

Desflurane Group Propofol Group p Value

Infusion duration (minutes, mean ± SD) 138.5 ± 78 119.7 ± 79 0.409

Duration range (min) 35.6 – 270.8 21.0 – 287.2 –

Infusion rate (mean ± SD, µg/kg/min) 4.5 ± 2.3 7.1 ± 2.7 0.003

Rate range (µg/kg/min) 1.0 – 10.1 2.9 – 11.6 –

Desflurane Group Propofol Group p Value

Onset (seconds, mean ± SD) 198 ± 147 118 ± 78 0.034

Onset range (seconds) 21 – 614 24 – 333

Clinical duration (minutes, mean ± SD) 39.0 ± 25 29.3 ± 13 0.122

Duration range (minutes) 7.2 – 134.0 10.7 – 61.8

Table 4

Relaxant Infusion Durations and Rates

Table 5

Spontaneous Recovery Profiles

Desflurane Group Propofol Group p Value

T1/Tc Ratio (%) N Time (min) ± SD N Time (min) ± SD

25 17 19 ± 14 15 16 ± 17 0.549

50 15 27 ± 8 11 21 ± 7 0.052

75 2 44 ± 11 5 28 ± 10 0.143

90 1 68 3 46 ± 6 –
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time in the desflurane group was, in fact, an average
of 67% longer (80 seconds, p = 0.034) than in the
propofol group. The range of onset times in the
desflurane group also was much greater than in the
propofol group (21-614 seconds vs. 24-333 sec-
onds). The variable onset of rocuronium-induced
neuromuscular block was magnified (nearly dou-
bled) in the group receiving desflurane, making this
regimen appear less reliable in situations where
rapid and/or predictable block onset is desirable.
For rapid sequence intubation situations, however,
desflurane’s effect on onset is immaterial, since
patients would not be exposed to an inhalation anes-
thetic prior to intubation. The prolonged onset time
in the desflurane group might be explained by the
increase in sympathetic tone known to occur in
patients after exposure to the inhalational agent,
especially if the inhaled concentration is increased
rapidly (3, 9). This increased tone would cause
superficial vasoconstriction and delay delivery of
rocuronium to the stimulated muscle group (in this
case, the adductor pollicis muscle), especially as the
vasodilating effect of propofol used for induction is
antagonized. Whether this same postulated mecha-
nism of vasoconstriction also affects the axial
(diaphragmatic, laryngeal) musculature is yet
unknown.

Clinical duration was prolonged by about 30%
in the desflurane group, but the difference did not
reach statistical significance. Again, the ranges of
clinical duration were much greater in patients
receiving desflurane. Relaxant infusion rates titrat-
ed to maintain a T1/Tc ratio of 10% were 67% less
in the desflurane group (p = 0.003), while there was
no statistical difference in infusion duration
between groups. After the first 30 minutes of
administration, infusion rates in both groups
remained relatively consistent until 120 minutes.
These findings of a prolonged duration of action of
rocuronium during desflurane anesthesia compared
with propofol are consistent with previous
reports (8).

Both spontaneous and pharmacologic neuro-
muscular recoveries were prolonged in the desflu-
rane group, but the differences were not statistical-
ly significant. Similar findings have been reported
previously (14). Spontaneous recovery to 25%
(T1/Tc ratio) from the time of infusion discontinua-
tion was similar. By 50% recovery, the difference
approached statistical significance (27 minutes in
the desflurane group, 21 minutes in the propofol
group, p = 0.052). By 75% and 90% recovery, the
number of patients in each group was too small for
statistical comparisons. Neuromuscular recovery

after reversal was also similar between groups dur-
ing the first 10 minutes after reversal. 

In summary, our data indicate that desflurane
significantly potentiates rocuronium-induced neu-
romuscular block as compared with iv propofol,
and significantly delays the onset of neuromuscular
block at the adductor pollicis muscle.

Acknowledgements

Supported, in part, by a grant from Organon, Inc.

References

1. Agoston S., Interactions of volatile anaesthetics with
rocuronium bromide in perspective, EUR. J. ANAESTHESIOL.
SUPPL., 9, 107-111, 1994.

2. Bock M., Klippel K., Nitsche B., Bach A., Martin E.,
Motsch J., Rocuronium potency and recovery characteris-
tics during steady-state desflurane, sevoflurane, isoflurane
or propofol anaesthesia, BR. J. ANAESTH., 84, 43-47, 2000.

3. Ebert T. J., Muzi, M., Sympathetic hyperactivity during
desflurane anesthesia in healthy volunteers ; a comparison
with isoflurane clinical investigation, ANESTHESIOLOGY, 79,
444-453, 1993.

4. Klinzing S., Klein U., Eiselt U., Effect of rocuronium in
sufentanil/isoflurane and sufentanil/propofol anesthesia,
ANAESTHESIOL. REANIM., 21, 149-152, 1996.

5. Kumar N., Mirakhur R. K., Symington M. J.,
McCarthy G. J., Potency and time course of action of
rocuronium during desflurane and isoflurane anaesthesia,
BR. J. ANAESTH., 77, 448-491, 1996.

6. Larijani G. E., Gratz I., Afshar M., McDonald P. A.,
Fisher D. M., The effect of isoflurane versus balanced
anesthesia on rocuronium’s pharmacokinetics and infusion
requirement, PHARMACOTHERAPY, 15, 36-41, 1995.

7. Maddineni V. R., McCoy E. P., Mirakur R. K.,
McBride R. J., Onset and duration of action and hemody-
namic effects of rocuronium bromide under balanced and
volatile anesthesia, ACTA ANAESTHESIOL. BELG., 45, 41-47,
1994.

8. Maidatsi P. G., Zaralidou A. Th., Gorgias N. K.,
Amaniti E. N., Karakoulas K. A., Giala M. M.,
Rocuronium duration of action under sevoflurane, desflu-
rane or propofol anaesthesia, EUR. J. ANAESTH., 21, 781-
786, 2004.

9. Muzi M., Ebert T. J., A comparison of baroreflex sensitivi-
ty during isoflurane and desflurane anesthesia in humans,
ANESTHESIOLOGY, 82, 919-925, 1995.

10. Olkkola K. T., Tammisto T., Quantifying the interaction of
rocuronium (Org 9426) with etomidate, fentanyl, midazo-
lam, propofol, thiopental, and isoflurane using closed-loop
feedback control of rocuronium infusion, ANESTH. ANALG.,
78, 691-696, 1994.

11. Oris B., Crul J. F., Vandermeersch E., Van Aken H., Van
Egmond J., Sabbe M. B., Muscle paralysis by rocuronium
during halothane, enflurane, isoflurane, and total intra-
venous anesthesia, ANESTH. ANALG., 77, 570-573, 1993.

12. Shanks C. A., Fragen R. J., Ling D., Continuous intra-
venous infusion of rocuronium (ORG 9426) in patients
receiving balanced, enflurane, or isoflurane anesthesia,
ANESTHESIOLOGY, 78, 649-651, 1993.

13. van den Broek L., Wierda J. M., Smeulers N. J., van
Santen G. J., Leclercq M. G., Hennis P. J., Clinical phar-



© Acta Anæsthesiologica Belgica, 2006, 57, n° 4

macology of rocuronium (ORG 9426) : study of the time
course of action, dose requirement, reversibility, and phar-
macokinetics, J. CLIN. ANESTH., 6, 288-296, 1994.

14. Verhaeghe B., Vanacker B., Van de Velde M.,
Vandermeersch E., Comparison of the influence of desflu-
rane nitrous oxide anesthesia to propofol nitrous oxide

anesthesia on rocuronium bromide induced neuromuscular
block, ACTA ANAESTHESIOL. BELG., 52, 301-305, 2001.

15. Wright P., Hart P., Lau M., Brown R., Sharma M.,
Gruenke L., Fisher D., The magnitude and time course of
vecuronium potentiation by desflurane versus isoflurane,
ANESTHESIOLOGY, 82, 404-411, 1995.

DESFLURANE EFFECT ON ROCURONIUM PHARMACODYNAMICS 353


