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Background: Mivacurium’s rapid rate of recovery has led to
the suggestion that routine reversal of its residual effects may
be unnecessary once signs of spontaneous recovery are evi-
dent. When antagonism is attempted at 90% twitch depression,
the time saved to return to train-of-four (TOF) ratios >0.70
compared to control has been reported to average <8 min.
This study was an attempt to determine whether similar sav-
ings in time could be achieved once spontaneous recovery
was well underway. Also investigated was the ability of a TOF
count of 4 to serve as a marker that might predict the dose of
edrophonium necessary for satisfactory antagonism of miv-
acurium.

Methods: Fifty-eight adult patients were studied under ni-
trous oxide/propofol/opioid anesthesia. Neuromuscular block
was monitored electromyographically and maintained by in-
fusion of mivacurium at a level sufficient to abolish any pal-
pable response of the thumb. TOF stimuli were delivered to
the ulnar nerve at the wrist every 20 s throughout the period
of observation. When the infusion was terminated, an observer
was asked to note the time when the 1st through the 4th
twitches first became detectable. In group 1, recovery to a
TOF ratio >0.90 was allowed to proceed spontaneously. In
groups 2, 3, and 4, 0.3, 0.5, and 0.75 mg/kg edrophonium, re-
spectively, was administered when the 4th response to TOF
stimulation first became palpable. Times to TOF ratios of 0.70
and 0.90 were recorded in all groups.

Results: TOF counts of 1, 2, 3, and 4 first became palpable at
8 + 4% (SD), 20 * 6%, 33 + 9%, and 44 + 10% of control twitch
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height. Fade on TOF stimulation could no longer be detected
once the TOF ratio exceeded a value of 0.41 * 0.07 (range
0.25-0.51). Once the 1st evoked response was palpable, the
2nd, 3rd, and 4th responses could be detected 2.5 + 1.1 (SD),
4.6 + 1.6, and 6.1 + 1.6 min later. Spontaneous recovery to
TOF fade ratios of 0.7 and 0.9 occurred on average 10.7 + 2.3
and 16.9 + 4.7 min, respectively, after a threshold count of 4.
Administration of 0.3 mg/kg edrophonium shortened the re-
covery process by about 7.5 min. Increasing the dose of ed-
rophonium beyond 0.3 mg/kg did not further accelerate re-
covery.

Conclusions: After recovery from profound mivacurium-in-
duced neuromuscular block, TOF counts of 1, 2, 3, and 4 ap-
proximate 10%, 20%, 30%, and 40% return to control twitch
height, respectively. Finally, =0.3 mg/kg edrophonium will
accelerate recovery from mivacurium by approximately 7-8
min. (Key words: Antagonists, anticholinesterase: edrophon-
ium. Monitoring: electromyography. Neuromuscular relax-
ants: mivacurium.)

MIVACURIUM is the first clinically available nonde-
polarizing relaxant that can be categorized as an agent
of short duration. After a dose of 2—3 times the EDys,
return to a train-of-four (TOF) ratio >0.7 has been re-
ported to occur in approximately 30 min. In fact, once
twitch height has returned to 25% of control (T1/Tc
= 0.25), a TOF value >0.7 usually is present within
11-12 min.! This rapid rate of recovery has led to the
suggestion that routine reversal of mivacurium’s resid-
ual effects may be unnecessary once signs of sponta-
neous recovery are in evidence. This argument is not
unreasonable because only a modest reduction in re-
covery time follows subsequent anticholinesterase ad-
ministration. When antagonism is attempted with either
edrophonium or neostigmine at T1/Tc ratios of 0.10,
the time saved to return to TOF ratios >0.70 compared
to control has been reported to average only about 8
min.?

This issue is not settled, however. In day-to-day clin-
ical practice, a reduction in anesthesia time of 10 min,
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if obtainable, is often a worthwhile goal. In a busy am-
bulatory facility, a saving of 10 min per case multiplied
by four or five cases per day may be meaningful in
terms of improved institutional efficiency. In addition,
no studies have attempted to correlate subjective es-
timates of recovery, such as the TOF count (TOFC) or
the absence of TOF fade, with actual (quantitative)
recovery intervals recorded after mivacurium admin-
istration. Finally, few studies have looked at the times
to recovery of more rigorous endpoints, such as a TOF
ratio >0.90 after mivacurium-induced neuromuscular
block. In view of the wide interpatient variability with
respect to recovery times® and reports that return of
neuromuscular function also may be delayed after in-
fusions of long duration,® additional studies of the
clinical utility of mivacurium antagonism seemed war-
ranted.

Methods and Materials

Fifty eight ASA physical status 1-2 adult patients
(aged 18 to 65 yr) undergoing elective surgical pro-
cedures for which the administration of a muscle re-
laxant was appropriate were included in the study. All
patients were free from neuromuscular disease and
were within 15% of ideal body weight. The protocol
was approved by our hospital’s Human Subject Review
Committee, and informed consent was obtained. Anes-
thesia was induced with 2.0-2.5 mg/kg intravenous
propofol and maintained with inhalation of nitrous ox-
ide (65-70% inspired), 60-90 ug-kg™'-min~' pro-
pofol, plus intravenous fentanyl supplementation as
needed. Ventilation was controlled, and end-tidal car-
bon dioxide tension was maintained between 32 and
38 mmHg.

The indirectly evoked integrated compound action
potential of the adductor pollicis muscle to supramax-
imal stimulation of the ulnar nerve at the wrist was
measured and recorded using a Datex NMT221 System
monitor. Supramaximal nerve stimulation was achieved
using the nerve stimulator incorporated into the Datex
unit (pulse width 100 ms, constant current, 0-70 mA
range). The test hand was immobilized, and approxi-
mately 200~-300 g of resting tension was applied to
the thumb with a Velcro strap. Anesthesia was induced,
and before any muscle relaxants were administered, Tc
and TOF fade ratio (T'4/T1) were established after a 5-
min period of baseline stabilization. TOF stimulation
was given every 20 s during the observation period.
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Single twitch depression (measured by the height of
T1/Tc) and TOF fade were continuously recorded.
Mivacurium (0.20 mg/kg) was administered as a slow
intravenous bolus over approximately 90 s. When
twitch depression was maximal, the patient’s trachea
was intubated. An infusion of mivacurium (6
pg-kg™'-min~") was begun as soon as evidence of
neuromuscular recovery was present and then adjusted
to provide a level of twitch depression at which no
detectable visual or palpable response to TOF stimu-
lation was obtained but at which some minimal elec-
tromyographic response was present. In practice, this
usually resulted in the maintenance of the twitch (T1)
response at less than 6% of control. The duration of all
infusions exceeded 75 min. When the need for surgical
relaxation was over, the infusion was discontinued and
spontaneous recovery was allowed to proceed.

Group 1 (Spontaneous Recovery, n = 16)

An observer (one of the authors) was asked to man-
vally abduct the monitored thumb slightly and to report
when the 1st through the 4th evoked responses first
became palpable. The time at which no fade on TOF
stimulation could be detected was measured, and the
T4/T1 value at that point was recorded. The observer
was unaware of the actual T1/Tc or T4/T1 ratios during
this period. The times from the initial palpable re-
sponse (threshold TOFC of 1, TOFC-1) until the TOF
ratio reached values of 0.70 and 0.90 were noted. Once
the TOF fade ratio exceeded a value of 0.90, if T1 am-
plitude had not returned to its initial value, the final
T1 value achieved was accepted as control and all other
T1 values measured during recovery were normalized
according to this standard. Nitrous oxide was not dis-
continued until all measurements were recorded.

Group 2 (n = 15)

Protocol was identical to that in group 1 except that
0.006 mg/kg atropine was administered at a TOFC of
2, and 0.30 mg intravenous edrophonium was given
rapidly as soon as the 4th evoked response was pal-
pable. Subjective observations were concluded at that
point.

Groups 3 (n= 15)and 4 (n= 12)

Protocol was identical to that in group 2 except that
reversal was initiated with 0.5 or 0.75 mg/kg edro-
phonium, respectively, at TOFC of 4 (TOFC-4).

All data from each group were compared with like
data from other groups using single factor-factorial
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Table 1. Twitch Height Versus Control (T1/Tc) at Various
Threshold Train-of-four Counts (TOFC) during Recovery
from Mivacurium (n = 58)

T1/Tc at T1/Tc at T1/Tc at T1/Tc at
TOFC =1 TOFC = 2 TOFC =3 TOFC =4
Mean 0.08 0.20 0.33 0.44
Sb 0.04 0.06 0.09 0.10
Range 0.01-0.19 0.06-0.41 0.13-0.57 0.20-0.70

analysis of variance and Scheffé’s F test for multiple
comparisons. Observed differences were considered
significant when P < 0.05.

Results

There were no statistically significant differences as
to age, sex, weight, duration of infusion, or mivacurium
requirements between groups. The average durations
of infusion (*SD) in groups 1 through 4 were 144 =
44, 128 =+ 43, 128 = 56, and 121 + 43 min, respec-
tively.

Single Twitch Recovery and Train-of-Four Count

After cessation of the mivacurium infusion, TOFCs of
1, 2, 3, and 4 first became palpable at T1/Tc values
(£SD) of 0.08 *+ 0.04, 0.20 = 0.06, 0.33 £ 0.09, and
0.44 + 0.10, respectively (table 1). Fade on TOF stim-
ulation no longer could be detected once the T4/T1
ratio exceeded a value of 0.41 + 0.07 (range 0.25-
0.51). There were no significant differences in the am-
plitude of T1 at TOFC-4 in any of the four groups.

Group 1 (Spontaneous Recovery)

Once the 1st evoked response to ulnar nerve stimu-
lation was palpable, the 2nd, 3rd, and 4th responses
(£SD) could be detected 2.9+ 0.9,5.2+ 1.1, and 6.7
+ 2.5 min later, respectively. These values were not

Table 2. Recovery Times after Cessation
of Mivacurium Infusion

TOFC-1 to TOFC-1 to TOFC-1to
TOFC-2 TOFC-3 TOFC-4
All groups (n = 58) 2.54 4.64 6.12
sD 1.06 1.56 16
Range 1.0-6.7 1.7-9.7 3.3-10.7

Values are given in minutes.
TOFC = train-of-four count.
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Table 3. Recovery Times after Cessation of Mivacurium
Infusion

TOFC-1 to TOFC-1 to
TOF = 0.7 TOF = 0.9
Spontaneous recovery
(Group 1, n = 16) 17.38 23.60
SDb 3.52 5.84
Range 12.7-24.0 17.3-40.0
Edrophonium 0.3 mg/kg
(Group 2, n = 15) 10.11 15.67
Sb 3.81 5.73
Range 6.7-21.3 10.3-30.0
Edrophonium 0.5 mg/kg
(Group 3, n = 15) 8.51 14.07
SD 2,69 4.76
Range 5.3-14.7 7.7-24.3
Edrophonium 0.75 mg/kg
(Group 4, n = 12) 9.25 15.41
sD 2.80 5.00
Range 5.7-15.0 8.3-24.0

Values are given in minutes. Antagonist was administered at TOFC-4 (Groups
2-4).

TOFC-1 = threshold train-of-four count of 1; TOF = train-of-four fade ratio.

different from figures obtained by pooling data from
all 58 patients (table 2). Fade on TOF stimulation was
no longer detectable 5.1 + 2.54 min after TOFC-4.
Recovery to TOF fade ratios of 0.7 and 0.9 occurred
onaverage 10.7 * 2.3 and 16.9 * 4.7 min, respectively,
after a threshold TOFC-4.

Groups 2-4 (Edropbonium Reversal)

Edrophonium administration accelerated recovery
from a TOFC-4 to TOF ratios of 0.70 and 0.90 by ap-
proximately 7-8 min (P < 0.001). Increasing dosage
from 0.3 to 0.75 mg/kg did not result in any increase
in the average amount of time ‘‘saved” compared to
spontaneous recovery (tables 3 and 4). The interval
from edrophonium administration to a TOF ratio =0.7
was 4.0 £2.8,3.0 + 1.8, and 3.1 + 1.3 min in groups
2, 3, and 4, respectively. These differences were not

Table 4. Time “Saved” (min) Versus Spontaneous Recovery

Dose of Edrophonium TOFC-4 to TOFC-4 to
{mg/kg) TOF > 0.7 TOF > 0.9

0.30 6.7 7.3

0.50 7.8 8.4

0.75 7.6 7.7

TOFC-4 = train-of-four count of 4; TOF = train-of-four fade ratio.
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statistically different from each other (figs. 1 and 2).
The time intervals from edrophonium administration
to return of the TOF ratio to a value =0.9 in groups 2,
3, and 4 were 9.5 £ 4.7, 8.5+ 3.9,and 9.3 + 3.7 min,
respectively.

Discussion

Single Twitch Recovery and Train-of-Four Count

Almost 20 yr ago, Lee suggested that the number of
indirectly evoked responses to TOF stimulation at the
ulnar nerve might be used to quantitate the depth of
neuromuscular block.” He noted that, after the admin-
istration of d-tubocurarine over the range of 75-100%
block, the 4th, 3rd, 2nd, and 1st twitches became un-
detectable in that order. He reported that these re-
sponses then returned in a predictable manner: two
twitches appearing at 10%, three at 20%, and four at
25% of Tc. These figures are widely cited in standard
texts and review articles,®® although no indication of
the variability of this observation was reported. Our
data (table 1) differ considerably from Lee’s values.

In Lee’s initial study of TOFC, he measured the me-
chanical response of the adductor pollicis in 34 indi-
viduals while looking for visible movement in the other
fingers of the hand. Different muscles, however, differ
in their sensitivity to muscle relaxants. At a time when
T1 has returned to 25% of control at the adductor pol-
licis, T1 is likely to have recovered to 40% of control
at the hypothenar muscles of the hand.®
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Fig. 1. Elapsed time from a threshold train-of-four count of 4
(TOFC-4) until the train-of-four (TOF) ratio reached a value
of 0.7 or greater. Spontaneous recovery versus0.3, 0.5, or 0.75
mg/kg edrophonium at TOFC-4.
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Fig. 2. Elapsed time from a threshold train-of-four count of 4
(TOFC-4) until the train-of-four (TOF) ratio reached a value
of 0.9 or greater. Spontaneous recovery versus0.3, 0.5, or 0.75
mg/kg edrophonium at TOFC-4.

In addition, TOFCs as determined by mechano-
myographic recordings may have little relevance to
what an observer can feel. Assuming a 40-mm full-scale
pen deflection at T1 of 100%, evoked responses of <2%
(0.5 mm) are recognized easily using chart recorders.
Most observers, however, cannot palpate a 4th response
to TOF stimulation until the height of the 4th twitch
exceeds 5-6% of control (table 2). O’Hara et al., for
example, found that a TOFC-4 corresponded to only
15% of T'1 recovery when this parameter was calculated
from the mechanomyographic response displayed on
a chart recorder.!® In contrast, when the same inves-
tigators defined an evoked response as a visually ob-
served movement of the hand, they found that a TOFC-
4 represented 30-40% T1 recovery.'' Another problem
with mechanomyographic studies is that simultaneous
quantitative and tactile responses of the same muscle
group cannot be performed because accurate mechan-
ical recordings of twitch tension require a constant
preload. Electromyographic recordings of the adductor
pollicis, however, compare well with mechanomyo-
graphic readings,'? are less sensitive to preload, and
hence enable subjective and objective responses to be
obtained simultaneously from a single muscle group.

In view of the obvious importance of the TOFC as a
tool for monitoring intraoperative neuromuscular
function, it is surprising that few attempts have been
made to validate Lee’s observations, which were re-
ported almost 20 yr ago. Except for the paper by O’Hara
et al. noted above'! and the data herein presented, we
are unaware of other studies that have tried to correlate
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subjective estimates of the TOFC with quantitative
measurements of T1 recovery. Our observations
strongly suggest that the commonly held impression
that threshold TOFC-4 (as measured by thumb palpa-
tion) is synonymous with 25% return of T1 simply is
not applicable during spontaneous recovery from miv-
acurium-induced neuromuscular block.

In summary, under the latter conditions, mean T1
twitch height at threshold TOFC-4 averaged 44% of
control. As a rule of thumb, threshold TOFCs of 1, 2,
3, and 4 approximate return of T1 to 10%, 20%, 30%,
and 40% of control, respectively. However, it should
be recognized that, within these guidelines, consid-
erable individual variability exists.

Group 1 (Spontaneous Recovery)

It is somewhat difficult to compare our recovery in-
tervals with those of other authors, because we mea-
sured recovery times to TOF values of 0.70 and 0.90
from a subjective endpoint (TOFC) rather than a fixed
T1/Tc value. Nevertheless, we believe our results are
compatible with other published data. Brull reported
average recovery times from a TOF ratio of 0.40 to
0.70 and 0.90 of 5.2 and 9.2 min, respectively.? These
values are similar to the times we recorded from the
point when fade was no longer palpable (TOF ratio =
0.41) to TOF ratios of 0.70 and 0.90 (5.5 and 11.8
min, respectively). Likewise, Savarese et al.! reported
an average time for recovery from T1 of 5% of control
to a TOF value of 0.70 after a mivacurium infusion of
17.8 min. This is essentially identical to our value (17.4
min) for TOFC-1 to TOF of 0.70 interval.

Our results also provide confirmation of Viby-Mo-
gensen’s et al. observation'? that subjective evaluation
of the presence or absence of TOF fade is unreliable.
In none of the 16 patients in group 1 was fade detected
once the TOF ratio exceeded 0.51. Of greater concern,
fade was missed in two individuals who had TOF ratios
<0.30.

Groups 2-4 (Edrophonium Reversal)

We chose to attempt reversal at a TOFC-4 rather than
at deeper levels of neuromuscular block for several
reasons. First, we believe that, because the TOFC-1-3
and TOFC-2-4 intervals are so short (4.6 + 1.6 min,
range 1.7-9.7, and 3.6 * 1.2 min, range 1.7-8.3, re-
spectively), the time ‘“‘wasted” in recording these in-
tervals is time well spent. General recommendations
regarding the need for antagonism of residual miva-
curium-induced block may not be applicable to pa-

Anesthesiology, V 81, No 6, Dec 1994

tients in whom the above TOFC intervals are markedly
prolonged.

Second, there is ample evidence that edrophonium
is less efficacious than neostigmine when antagonizing
deep levels of neuromuscular block induced by non-
depolarizing agents of intermediate and long dura-
tion."*'5 As Beemer et al. pointed out,'® reversal time
is determined by two processes: direct antagonism by
the anticholinesterase and spontaneous recovery by the
neuromuscular blocking agent, with the latter becom-
ing the major determinant at profound levels of block.
Anticholinesterases have a “‘ceiling’ to the extent of
the block that can be completely antagonized. When
reversal of neuromuscular block greater than this ceil-
ing (T1 < 30%) is attempted, the peak effect of the
antagonist is followed by a slow plateau phase, which
represents the balance between diminishing anticho-
linesterase activity and spontaneous recovery of neu-
romuscular block. Because of edrophonium’s faster
onset at small degrees of block, when direct antagonism
of the block by an anticholinesterase is the predominant
process determining reversal time, edrophonium pro-
duces faster recovery than neostigmine. At profound
levels of block, neostigmine has the shorter onset time.
Because the primary aim of this investigation was to
see whether small doses of edrophonium significantly
shortened recovery time, attempting antagonism at
TOFC-1 or -2 did not seem to be a productive approach.

The amount of time that can be “saved’ by antago-
nism of residual mivacurium-induced block at thresh-
old TOFC-4 is limited, because the average TOFC-4 to
TOF >0.70 interval is only 10.7 min. Because the peak
effect of edrophonium usually is evident in about 2
min, the maximum theoretical reduction possible in
the time to a TOF ratio of 0.70 is <9 min. We found
that administration of 0.3 mg/kg edrophonium resulted
in shortening this time interval by about 7 min. In-
creasing the dosage 2.5-fold produced little additional
advantage. Naguib et al.? reported similar results when
attempting to reverse mivacurium at 90% twitch
depression. They found that 1.0 mg/kg edrophonium
produced no improvement in T1 or TOF ratios 10 min
after reversal compared to 0.4 mg/kg edrophonium.

The extent to which the dosage of edrophonium can
be reduced further is as yet undetermined. In this re-
gard, however, an abstract by Bryson et al. is of inter-
est.'” They administered mivacurium by infusion (av-
erage duration 1 h) at electromyographic T1 values of

10% to 40 patients. On completion of the infusion,
patients either were allowed to recover spontaneously
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or were given 0.125, 0.25, or 0.50 mg/kg edropho-
nium. Average time to spontaneous return of a TOF
value =0.70 was 14.3 min, and this was reduced by
4.5, 4.4, and 5.6 min, respectively, by the three doses
of edrophonium. These authors could not demonstrate
any advantage in increasing the dose of edrophonium
beyond 0.15 mg/kg.

Clinical Recommendations

In patients in whom the TOFC-1-3 or TOFC-2-4 in-
tervals lie close to the norm, the decision to avoid re-
versal with an anticholinesterase frequently will be ra-
tional. If, despite normal indexes of recovery, a deci-
sion to accelerate the drug’s offset is made, we believe
the optimal approach to reversal of mivacurium may
differ from what many anesthesiologists consider stan-
dard practice.

First, we believe that edrophonium probably is the
anticholinesterase of choice for antagonizing the effects
of mivacurium. Because neostigmine’s peak effect oc-
curs 7—-11 min after administration,® any time saved
versus spontaneous recovery is likely to be small. Neo-
stigmine has no proven advantages over edrophonium
in terms of speeding the drug’s rate of recovery. There
are theoretic reasons and experimental evidence to
suggest that attempts to antagonize profound neuro-
muscular block with neostigmine may be counterpro-
ductive. Cook et al. demonstrated that neostigmine but
not edrophonium inhibits the #n vitro degradation of
mivacurium when incubated with human plasma.'® Al-
though this effect may be of little consequence once
significant recovery from mivacurium has occurred, the
situation may be different if antagonism is attempted
in the absence of a visual or palpable response to TOF
stimulation. Kao et al.?° demonstrated this difference
dramatically. They compared time to recovery from the
termination of a2 mivacurium infusion to a TOF ratio of
0.90 in three groups in which profound neuromuscular
block (98-99% T1 depression) was maintained. In
group 1, recovery was allowed to proceed sponta-
neously. Patients in groups 2 and 3 received 0.07 mg/
kg neostigmine and 1.0 mg/kg edrophonium, respec-
tively, at the end of the infusion. Spontaneous recovery
took 17.9 min, and edrophonium administration re-
duced this by 5.6 min. However, in individuals who
received neostigmine, the recovery period was almost
twice (32.4 min) that seen with spontaneous recovery.
Hence, if Kao’s work can be duplicated by others, it
appears that neostigmine should be avoided when at-
tempting to antagonize profound mivacurium-induced
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blockade. In addition, it seems less than elegant to ad-
minister an anticholinesterase whose cholinergic ef-
fects may last 60~90 min to antagonize the effects of
a relaxant with an elimination half-life of 2-2.5 min.
Second, we suggest that, at some point in the anes-
thetic administration, the TOFC-1-3 or TOFC-2-4 in-
terval be measured. A normal response assures the ex-
istence of adequate plasma cholinesterase activity.
Based on our data and that of others,'® when reversing
mivacurium-induced blockade, it appears there is no
logical reason to administer doses of edrophonium in
excess of 0.5 mg/kg. In fact, doses of 0.3 mg/kg or less
may prove equally efficacious. Additional studies of the
efficacy of smaller dose of edrophonium for reversal of
the residual effects of mivacurium seem warranted.
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