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Dose-response Relationships of Doxacurium Chloride in Humans

during Anesthesia with Nitrous Oxide and Fentanyl,

Enflurane, Isoflurane, or Halothane
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In a two-part study, the dose-response relationships of doxacurium
chloride (BW A938U) were evaluated during general anesthesia
maintained with commonly used anesthetic techniques. In part 1,
cumulative dose-response methodology was used to establish the EDy;
of doxacurium in 36 patients receiving 70% nitrous oxide and fen-
tanyl, or 50% nitrous oxide and either 1.26% enflurane, 0.84% iso-
flurane, or 0.57% halothane anesthesia. Mechanomyographic re-
sponse to train-of-four stimulation was used to monitor neuromus-
cular blockade. The peak effect of doxacurium following each 5 ug/
kg incremental dose was noted and a log-probit dose-response curve
was constructed for each individual patient. The median EDjgs were
11 pg/kg, 6 ng/kg, 8 ug/kg, and 8 ug/kg for patients receiving fen-
tanyl, enflurane, isoflurane, or halothane anesthesia, respectively.
The median EDyys were 24 ug/kg, 14 ug/kg, 16 ug/kg, and 19 pg/
kg for patients receiving fentanyl, enflurane, isoflurane, and halo-
thane anesthesia, respectively. In part 2, 72 additional patients re-
ceived a rapid single injection of the EDgs (n = 36) or 2 X EDy; (n
= 36) of doxacurium appropriate for the administered anesthetic as
estimated from part one of the study. Peak effects of the EDgs given
as single injections correlated well with the results in part 1. There
was a dose-dependent reduction in the time required to reach max-
imal blockade, and a corresponding increase in the duration of effect
when twice the EDyy was administered compared with that following
the EDg;; mean onset times from injection to maximum block were
10-13 min for the EDgyys and 5-7 min for 2 X EDy;s, and mean times
from injection to 25% recovery were 48-60 min for the EDgss and
106-109 min for 2 X EDg;ss. The anesthetic agent used did not result
in significant differences between these mean times, but there was
a significant difference when the two doses were compared for each
anesthetic technique, The study results indicate that, when using
the potent volatile agents, doses of doxacurium can be decreased
20-40% from doses required during anesthesia with nitrous oxide
and fentanyl. (Key words: Anesthetics, gases: nitrous oxide. Anes-
thetics, intravenous: fentanyl. Anesthetics, volatile: enflurane; halo-
thane; isoflurane., Neuromuscular relaxants: doxacurium. Phar-
macology: drug interactions. Potency, anesthetic: EDyy; EDg;.)
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DOXACURIUM CHLORIDE (BW A938U) is a new long-
acting nondepolarizing skeletal muscle relaxant that has
a benzylisoquinolinium structure similar to that of atra-
curium but a duration of action more closely resembling
that of d-tubocurarine and pancuronium.’? Unlike most
long-acting nondepolarizing relaxants in clinical use,
doxacurium appears devoid of significant cardiovascular
side effects.!~®

Volatile anesthetics enhance the neuromuscular block-
ade produced by nondepolarizing relaxants. The extent
of this enhancement varies with the relaxant studied and
the volatile agent used. For example, the effect of pan-
curonium is enhanced more by isoflurane and enflurane
than by halothane.®” Although isoflurane shifts the dose-
response curve of pancuronium to the left approximately
50%, it shifts the dose-response curve of vecuronium and
atracurium by only about 20%.2

In part 1 of this study, a cumulative dosing technique
was used to determine the dose-response relationships of
doxacurium in patients anesthetized with nitrous oxide
and either fentanyl (balanced) or enflurane, isoflurane,
or halothane. In part 2, single doses of the EDgss deter-
mined from part 1 were given as rapid single injections
to patients anesthetized with the four anesthetic tech-
niques to assess the influence of the volatile agents on the
onset and duration of doxacurium-induced blockade. Part
2 of the study also included assessment of onset of action
and time for recovery following single doses of double
the EDgss during each anesthetic technique.

Materials and Methods

PART 1

Thirty-six patients, ASA physical status 1 or 2, were
studied after they gave institutionally approved written
informed consent. Patients were 19-69 yr of age, weighed
48-100 kg, and were scheduled for elective surgical pro-
cedures. Excluded were females of child-bearing potential;
patients with clinical or biochemical evidence of cardiac,
renal, hepatic, neuromuscular, or psychiatric disease; and
patients who had been taking quinidine, lidocaine, tri-
methaphan, antihistamines, phenytoin, antidepressants,
or aminoglycoside antibiotics prior to the study period.
The majority of patients were premedicated with mor-
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phine and atropine approximately 90 min prior to the
study period. Five patients, two in the halothane group,
“two in the enflurane group, and one in the isoflurane
group, received no premedication. One patient in the en-
flurane group received midazolam because of an allergy
to morphine,

For all patients, anesthesia was induced intravenously
with thiopental, 2-5 mg/kg, and fentanyl, 2-12 pg/kg.
Following induction, the trachea was sprayed with 4 cc
of 4% lidocaine and intubated without the use of muscle
relaxants. Patients were randomly assigned to receive a
maintenance anesthetic (n = 9 in each anesthetic group)
of 50% nitrous oxide and either 1.26% enflurane, 0.84%
isoflurane, or 0.57% halothane to provide a total of 1.25
MAC. These are % MAC concentrations using non-age-
adjusted MAC values of 1.68%, 1.12%, and 0.76% for
enflurane, isoflurane, and halothane, respectively.9 These
end-expired concentrations were achieved before injec-
tion of doxacurium. An additional group was maintained
with a balanced technique utilizing 67% nitrous oxide in
oxygen with supplemental fentanyl, thiopental, and dro-
peridol given as indicated for patient response to surgical
stimulus. This response could be movement, autonomic
responses, or elevations of blood pressure or heart rate
15% above control values. Ventilation was controlled to
maintain the end-tidal P¢co, between 32 and 38 mmHg.
End-tidal concentrations of the inhalational agents and
carbon dioxide were continuously monitored throughout
the study period with mass spectrometry. Nasopharyngeal
temperature was maintained above 35° G, chiefly by use
of surface insulation,

The intensity of neuromuscular blockade was deter-
mined by measuring the force of thumb adduction in re-
sponse to stimulation of the ulnar nerve at the wrist. A
Grass S-44 nerve stimulator with a stimulus isolation unit
delivered supramaximal square wave stimuli of 0.2 msec
duration through surface electrodes in a train-of-four
pattern (2 Hz over 2 s repeated every 12 s). Mechanomy-
ographic response to stimulation was measured by a De-
vices ST-10 linear force transducer fixed to an armboard
and attached to the thumb with a preload of about 300
g; responses were recorded on a Hewlett Packard® poly-
graph.

Percent neuromuscular blockade was calculated as 100
X (Tc — T1)/Tc, where T1 represented the height of
the first twitch in the train-of-four, and Tc represented
the control T1 height as measured prior to administration
of relaxant. Percent recovery was defined as 100
X T1/Tc.

End-expired gas concentrations and measurements of
neuromuscular function were allowed to stabilize for 15
min after intubation, whereupon doxacurium 5 ug/kg
was given intravenously. Further incremental doses of 5
ug/kg each were administered when the T1 height was
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unchanged over three consecutive trains following the
previous dose increment; additional doses were not given
when at least a 95% depression of T1 height occurred.
Neuromuscular function was allowed to recover sponta-
neously whenever the duration of surgery permitted. At
the termination of surgery, all patients who had a T'1 less
than 95% of Tc or a fourth twitch height in the train-of-
four (T4) less than 75% of T1 received atropine and ed-
rophonium as required for antagonism of neuromuscular
block. Adequate recovery and maintenance of neuro-
muscular function were clinically monitored by grip
strength and head lift in the recovery area.

For each patient, data from doses producing between
1 and 99% neuromuscular blockade were transformed to
a log-probit format and the dose-response relationship
derived by linear regression. The EDs, EDso, and EDgg
were determined from the regression line for each patient,
and analysis of covariance was performed on these values
to evaluate intragroup parallelism and to provide inter-
group comparisons. Criterion for rejection of the null hy-
pothesis was P < 0.05.

PART 2

Experimental design of part 2 of the study was the
same as part 1 until doxacurium was administered. In
part 2, each of 72 patients (again randomly allocated to
four anesthetic groups with n = 9 per group) received
either the EDgs or twice EDg5 of doxacurium appropriate
for the anesthetic technique (as determined in part 1) as
a rapid single injection over 5-10 s. No additional dox-
acurium was given. Neuromuscular blockade was allowed
to recover as in part 1. The intervals between injection
of doxacurium and 90% and maximum twitch depression
were noted. Recovery between neuromuscular blockade
was evaluated by noting the interval between injection to
25% recovery and the interval between 25% to 75% re-
covery (the recovery index). Maximum blockade pro-
duced in each patient receiving the EDgs was evaluated

to confirm that the EDgss determined in part 1 were ac-

curate. One-way analysis of variance was performed using
an SPSS package to compare onset and recovery data be-
tween anesthetic groups and between dosage groups.
Scheffe’s test was used for post hoc comparisons. P < 0.05
was considered statistically significant.

Results

PART 1

The anesthetic groups were similar in terms of basic
demographic data (table 1). Individual cumulative dose-
response curves for all patients are illustrated in figure 1;
table 2 lists the median EDsos and EDggs. All three groups
anesthetized with the volatile agents differed significantly
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TABLE 1. Demographic Data
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TABLE 2. Cumulative Dose-response Data for Doxacurium

Age Weight Height Sex EDjso EDgs
Group (years) (kg) (cm) (M/F) Group (mg/kg) (mg/kg)

Part 1: Cumulative dosing Balanced 0.0106+ 0.0238+
Balanced 40 (18) | 81 (14) | 173 (7) 9/0 Enflurane* 0.0064 0.0136
Enflurane* 87 (18) | 74 (10) | 168 (11) | 6/3 Isoflurane 0.0084 0.0163
Isoflurane 37 (13) | 82(10) | 178 (9) 7/2 Halothane 0.0083 0.0193
Halothane 41(19) | 78 (13) | 180 (14) | 8,1

Part 2: Single dose, EDgy Results shown are median values for each anesthetic group.
Balanced 48 (17) | 76 (11) | 166 (10) | 4/5 * Patients receiving enflurane, isoflurane, or halothane were also
Enflurane 85(10) | 78(8) | 172(8) 8/1 breathing 50% nitrous oxide.

Isoflurane 89(11) | 79(7) | 178(5) | 9/0 + Analysis of covariance demonstrated that the balanced anesthesia
Halothane 51(14) | 72(18) | 171(11) | 6/3 group differs from the volatile anesthetic groups (P < 0.05).
Part 2: Single dose, two
times EDgp
Balanced 49(14) | 79 (18) | 168 (11) | 5/4
Enflurane 48 (14) | 72(12) | 163 (9) | 4/4
Isoflurane 50 (15) | 70 (15) | 162(9) | 2/7 PART 2
Halothane 46(12) | 81015 | 172(11) | 5/4 Tables 3 and 4 show the onset and recovery data of

Values for age, weight, and height are mean (SD).
* Patients receiving enflurane, isoflurane, or halothane were also
breathing 50% nitrous oxide.

from the balanced anesthetic group in which no volatile
agent was used. Differences in enhancement of neuro-
muscular block could not be demonstrated between any
of the groups anesthetized with the volatile agents.

doxacurium for part 2 of the study. One patient receiving
enflurane was eliminated from the study, due to equip-
ment failure during data collection. For the patients who
received the EDgj of doxacurium as a single injection, the
mean maximum blockade produced in each group was
found to be within one standard deviation of 95%. Al-
though times to 90% blockade, maximum blockade, 25%
recovery, and 75% recovery were not different between
the four anesthetic groups for a given effective dose, dose-
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TABLE 8. The Onset of Neuromuscular Blockade Induced by Single Bolus Administrations of the EDgss and Twice EDgss of Doxacurium

Balanced Enflurane Isoflurane Halothane

EDqy 2 X EDgy EDgs 2 X EDqs EDas 2 X EDgs EDgs 2 X EDgs
Maximal block (%)

97 (3) 100 (1)* 92 (5) 99 (1) 93 (5) 99 (1) 94 (5) 100 (1)
Time to 90% block (min)

6 (2) | 3 (1) 9(3) 4(1) 8(2) 4(1) 8(3) 3(1)

Time to maximal block (min)

10 (3) 5 (2)* 13 (3) 7(8) 12 (2) 7(2) 13 (4) 6(2)

Values are mean (SD).
*n = 8 for these groups. No significant differences were found

dependent changes were demonstrated; those receiving
twice the EDgy of doxacurium differed from the corre-
sponding anesthetic group receiving the single EDgs, with
the greater dose being associated with faster onset and
longer duration. Differences in regard to the 25-75%
recovery index were not as consistent; doubling the dose
did not significantly change the recovery index for either
the halothane or enflurane groups.

Discussion

Because doxacurium was known to be a long-acting
drug, a cumulative dose-response method would allow
rapid comparison of potencies during various anesthetic
regimens, Recognizing that the EDgs is only one point on
the upper portion of the sigmoid dose-response curve,
the median EDggs for single doses of doxacurium deter-
mined in part 1 of this study provided an average of 92—
97% depression of the first response (table 1). The results
also showed wide variability in the response to doxacu-
rium, not unlike those found with other long-acting non-
depolarizing relaxants.!® Although it appears that the
variability was less with balanced or halothane anesthesia,
it would take a much larger number of patients than that
participating in this study to show whether this was a real
difference.

The dose-response curve determined for doxacurium
during balanced anesthesia was shifted to the left by 43%
with enflurane, 31% by isoflurane, and 20% by halothane.
The dose-response data for doxacurium in this study
closely resemble the results of other work that used either
single doses with multiple patients"? or cumulative dos-
ing.!! The EDgs of doxacurium is reported between 23
and 26 pg/kg during balanced anesthesia.®!! During
anesthesia in adults receiving isoflurane or halothane, the
EDg;s are between 14 and 19 ug/kg with no significant
differences in the degree of enhancement.!! There may
be an age-related difference in the dose-response char-
acteristics of doxacurium, because the mean EDgss during
halothane anesthesia in children are 27.3-29.3 ug/kg.'>"

except between patients receiving the EDgs and 2 X EDyg; within each
anesthetic group.

In this study, we did not age adjust our MAC values, but
there was no difference in the ages of the patients receiv-
ing each anesthetic technique. Similar to our study, these
other studies also administered the volatile agents for a
limited time before doxacurium was given. It should be
realized that the end-tidal concentrations of the volatile
agents were more than the concentration achieved at the
neuromuscular junction. If the volatile anesthetics were
administered for a longer time or if a higher concentration
of the volatile agents were administered, enhancement of
doxacurium could have been different.

Onset and recovery data obtained in this study agree
with results from other studies. Studies in which doxac-
urium, 23-30 pg/kg, was administered during balanced
anesthesia reported an average time of 5-10 min to
achieve 90% block,"®12-1% mean maximal blockade be-
tween 89 and 98%, and duration of surgically useful
blockade (from injection of doxacurium to 25% recovery)
of 60-90 min. Differences in the onset times between
studies could be the result of the stimulation pattern used.
This seems to be the case with atracurium, where a train-
of-four stimulation, such as that used in this study, short-
ens the apparent onset time.'®

Others have demonstrated the faster onset and in-
creased duration of effect of doxacurium with increasing

TABLE 4. Recovery Data for Single Bolus Administrations of the
EDygss and Twice EDgss of Doxacurium

Ral 1 Enfl Tenfl Haloth

Time to 25%|  EDgs| 55(15) | 48 (28) | 54 (31) | 60 (19)
recovery |2 X EDgy | 107 (27)°| 106 (36) | 106 (87)| 109 (36)°
Time to 75%|  EDgs | 108 (18)°| 116 (49)c [ 104 (62) | 124 (28)°

recovery |2 X EDg, | 190 (69)¢| 152 (87)*| 198 (80)° | 164 (45)°
Recovery EDgs| 51(12)°| 75 (45)| 52 (29)°| 68 (9)°
index 9 X EDgs| 84 (44)°| 74 (11| 92 (41| 69 (22)°

All data are mean (SD) and are reported in minutes.

Forn<9,*=4,"=5,=6,9=7,°= 8, Nosignificant differences
were found except between patients receiving the EDgs and 2 X EDgs
within each anesthetic group.
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dosages." 151718 A dose of 50 ug/kg produced 100%
block in 4-8 min regardless of the type of anesthesia,
while a dose of 80 ug/kg required between 4 and 6 min
to reach maximum effect.'51718 The time interval from
injection to 25% recovery was 90-99 min following 50
pg/kg, and 169 to 210 min with 80 ug/kg.!5”

In this study, the durations of action for each anesthetic
technique were similar following the EDgs or 2 X EDgg.
This implies that, for the same mg/kg dose, the duration
of action of doxacurium would be prolonged with volatile
anesthetic agents compared with the duration achieved
with a nitrous oxide-narcotic anesthetic. The duration of
action of doxacurium during balanced anesthesia is similar
to that of pancuronium. Katz found that, with 1.5 times
the EDgj of pancuronium (0.08 mg/kg), the time to 25%
recovery was 86 min (range 43-133 min), and Mehta et
al. found the time to 25% recovery at the same dose of
pancuronium to be about 75 min.!**° One and one-half
of the EDg; of doxacurium during balanced anesthesia as
determined in our study would be about 36 ug/kg; 40
pg/kg was demonstrated by Mehta et al. to have a time
to 25% recovery of 82 min and a time to 75% recovery
of 97 min.

In summary, we determined the EDgss of doxacurium
during anesthesia with nitrous oxide and either fentanyl
(balanced), enflurane, isoflurane, and halothane anes-
thesia using a cumulative dose-response technique. These
were 24 ug/kg for balanced anesthesia, and about one-
third less in the presence of the volatile agents. Doxacu-
rium was found to be an effective neuromuscular relaxant
with pharmacodynamic properties resembling those of
other long-acting nondepolarizing relaxants.
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