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Effects of Neostigmine and Pyridostigmine on Duration of
Succinylcholine Action and Pseudocholinesterase Activity

Kenneth Y. Sunew, M.D.,* and Robert G. Hicks, M.D.iL

Effects of the anticholinesterase drugs on the duration of action
of succinylcholine (SCh) and pseudocholinesterase activity were
studied in 16 adult patients undergoing general anesthesia. Each
patient received two doses of SCh, 1 mg/kg, intravenously: the
first dose was given before and the second dose, 5 min after neo-
stigmine, 5 mg, or pyridostigmine, 25 mg. Electromyographic
determinations were used to measure the duration of SCh-induced
block. Prolongation in the neostigmine group (n = 8) was com-
pared with that in the pyridostigmine group (n = 8). Pseudo-
cholinesterase activities were determined before, during, and at
the point of full recovery of neuromuscular blockade by the sec-
ond dose of SCh.

The effect of SCh, 1 mg/kg, was significantly prolonged from
the control value, 11.1 *+ 1,43 (mean * SE), to 35 *+ 3.24 min fol-
lowing neostigmine, and from 13.1 + 1.45 to 23.9 + 2.5 min after
pyridostigmine. Pseudocholinesterase activities determined
5 min after administration of neostigmine and pyridostigmine
were decreased to 21 and 20 per cent of control, respectively.
Full recovery from the SCh-induced block was observed, while
enzymatic activities remained suppressed to 47 and 39 per cent
of control in the neostigmine and pyridostigmine groups, re-
spectively. The neuromuscular blocking effect of SCh was sig-
nificantly prolonged by both neostigmine and pyridostigmine,
but more by neostigmine. It is concluded that the enzyme may
not be the sole factor determining the effect of anticholinesterase
drugs on the duration of action of SCh. (Key words: Antagonists,
neuromuscular relaxants: ncostigmine; pyridostigmine. En-
zymes: pseudocholinesterase; cholinesterase. Neuromuscular
relaxants: succinylcholine.)

PROLONGATION AND POTENTIATION of the neuromus-
cular effect of succinylcholine (SCh) following admin-
istration of anticholinesterase drugs in man have been
reported by a number of investigators.!~® The precise
mechanism of prolongation remains unresolved. This
investigation was designed to observe the extent of
prolongation of SCh-induced block, pseudocholines-
terase activity changes, and possible correlation of
the two by measuring the serial changes of the en-
zymatic activities during the process of the recovery
from neuromuscular blockade by SCh, which had
been given shortly after the administration of an anti-
cholinesterase drug.
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Methods

Sixteen adult patients scheduled for elective surgical
procedures were informed of the nature and objec-
tives of the study, and consent was obtainéd from each
patient. The study protocol and consent forms were
approved by the local committee for human protection.

The study group consisted of 13 male and three
female patients of ASA Physical Status 1, ranging in
age from 25 to 68 years (mean 49 years) and in weight
from 65 to 90 kg (mean 75 kg). Patients who had his-
tories of major organ diseases, or any abnormal labo-
ratory finding, especially electrolyte, acid—base and
fluid disturbances, were not included in the study.
Those who were receiving long-term drug therapy of
any kind or antibiotics were also excluded. Each sub-
Ject was premedicated with a combination of appropri-
ate doses of diazepam or pentobarbital, meperidine, and
atropine given intramuscularly. A venous blood sam-
ple was drawn in the operating room before an intra-
venous infusion was started for a determination of
control pseudocholinesterase activity and dibucaine
number. Intubation of the trachea was carried out
following administration of thiopental, 4 mg/kg, and
SCh, 1 mg/kg, and anesthesia was maintained with
nitrous oxide—oxygen supplemented with narcotic
drugs (meperidine or fentanyl). Ventilation was con-
trolled throughout the operation at a tidal volume of
10 ml/kg and a rate of 12 breaths/min. Esophageal or
rectal temperature was monitored during the study
period.

Following an induction dose of thiopental, but be-
fore administration of SCh, muscular responses to
single (twitch) and multiple (tetanic) stimuli were
monitored with an oscilloscope and recorded on elec-
tromyographic (EMG) paper using a TECA TE-4
EMG. The amplitudes of these responses were meas-
ured and they served as control. Single supramaximal
(0.1-msec duration at 0.5-1.0-Hz frequencies) and
multiple (50 Hz for 3-5 sec) stimuli were applied to
the ulnar nerve at the elbow and electrical responses
were obtained via two surface electrodes applied to the
abductor digiti minimi. SCh, 1 mg/kg was then admini-
stered intravenously. Muscular responses to the single
repeated stimuli were continuously monitored with an
oscilloscope until these responses return to control
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(pre-SChylevel. EMG recording was again made at this
point and the amplitude of clectrical responses meas-
ured. Following this first dose of SCh, we measured 1)
the time from the point of disappearance of muscular
responses to the point of the first evidence of return of
muscular responses (complete paralysis phase, T,); 2)
the time from the point of the first evidence of return
of muscular responses to full recovery —this phase
was coincided clinically with the return of twitch
(twitch recovery phase, Ty); 3) the total duration of
action (T, + T). Five minutes after full recovery was
confirmed, either neostigmine, 5 mg, or pyridostig-
mine, 25 mg, mixed with atropine, 2 mg, was admini-
stered intravenously as a bolus. These large doses were
chosen in order to see how the maximum clinical
reversal dose of neostigmine or pyridostigmine would
affect the pscudocholinesterase activity and duration
of SCh subsequently given.

Five minutes later, a second venous blood sample
was drawn for pseudocholinesterase determination.

This was immediately followed by a second dose of

SCh, 1 mg/kg, given intravenously, EMG monitoring
ol the evoked muscular responses and measurement
of the durations of cach phase of recovery time (T,
Ty and Ty + T,) were performed in the same fashion
as with the first dose of SCh. A third venous blood
sample was taken at the point of onset of twitch return
and a fourth venous blood sample was drawn at the
time of full recovery. These samples were tested for

pseudocholinesterase activity during the course of

muscular recovery from the SCh given 5 min after the
anticholinesterase administration.

In the first 14 of the 16 patients studied, pseudo-
cholinesterase levels were also determined 5 min after
the first dose of SCh in order to determine whether
enzymatic activity changed following SCh administra-
tion. All enzymatic determinations were performed by
Bio-Science Laboratories.

$ 7600 Tyrone Avenue, Van Nuys, California.
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Fia. 1. Correlation between pseudocholinesterase activity and
duration of neuromuscular blocking effectof SCh, 1 mg/kg, injected
intravenously 5 min after administration of neostigmine, 5 mg, or
pyridostigmine, 25 mg. T, vepresents the point of the first evidence
of twitch return and Ty, full recovery.

~The extents of prolongation of SCh effect and
amounts of pseudocholinesterase suppression in the
ncostigmine (n =8) and pyridostigmine (n = 8)
groups were compared. The data were analyzed using
Student’s t test. P < 0.05 was considered significant,

Results

Pscudocholinesterase activity was decreased from a
mean of 6.65 to 1.41 units/ml (21 per cent of control)
by neostigmine and from 7.15 to 1.4 units/ml (20 per
cent of control) by pyridostigmine 5 min following the
administration of each drug (table 1 and fig. 1). Enzy-
matic activities at the onset of twitch return were 2.77

TanLe 1. Pseudocholinesterase Activities* (Means = SE)

5 Min afier Atthe Onset At the Time
Anticholin- of Twitch of Complete
Conuol esterise Return Recovery
Neostigmine group (N = 8)
Pseudocholinesterase (u/ml) 6.7 £ 0.4 L4 = 0.1% 2.8 = 0.3% 3.1 £ 0.8%
Pseudocholinesterase,
per cent of control 21 42 47
Pyridostigmine group (N = 8)
Pseudocholinesterase (u/ml) 7.2 £ 0.5 14 £ 0.1t 2.2 + (.2% 2.8 = 0.3%
Pseudocholinesterase,
per cent of control 20 31 39

* Normal value: 3-8 units/ml.
P < 0.05.
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‘Tansee 2. Durations ol Action (Means £ SE) of Succinylcholine, 1 mg/kg, iv, before and after Administration of Neostigmine or Pyridostigmine
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Newstigmine Group (n = B) Pytidostigmine Group (n = 8)
Second Dose Second Dose
First Dose (Alter Anti- First Dose (After Antie
(Conuol) cholinesterase) (Contyol) cholinesterise)
Minutes [rom complete pavalysis to first evidence
of witch retur: Complete inhibition time (1) 6 0.8 22,1 = 1.6* 6.5 %= 0.6 14.6 = 1.7*
Minutes from first evidence of twitch return o full
recovery: Twitch recovery time (1) 5.1 %09 12.9 = 2.0* 75+ 1.3 9.3 = 1.2 (V.S.)
Total duration of action (I, and 'I'y) (min) 1.1 =14 35 + 3.2% 13.1 £ 1.5 23.9 * 2 5%

*P < 0.05.

units/ml (42 per cent of control) for the neostigmine
group and 2.2 units/ml (31 per cent of control) for the
pyridostigmine group. Pscudocholinesterase activities
were still less than 50 per cent of the control values at
the time of full recovery of muscular activity.

The neuromuscular blocking cffect of SCh, 1 mg/
kg, was significantly prolonged from the control value
by both ncostigmine and pyridostigmine (table 2).
However, the SCh effect was more prolonged follow-
ing neostigmine, and this difference between the two
was statistically significant.

Pscudocholinesterase activities determined 5 min
after the first intravenously administered dose of SCh,
I mg/kg, in 14 patients showed an average decrcase of
15 per cent, which was not statistically significant.

Discussion

Stoelting® recently emphasized the need to decrease
the dose of SCh following the use of neostigmine or
pyridostigmine, and a special caution was given con-
cerning pyridostigmine because it produced the more
profound inhibition of pseudocholinesterase. Our
data, however, show that at equipotent doses (5:1
ratio)” the neostigmine group had a more than three-
fold prolongation of SCh etfect compared with less
than a twofold prolongation in the pyridostigmine
group.

The magnitude and duration of the enzymatic de-
pression in our study do not agree with those of
Stoclting,® who observed a prompt return of enzymatic
activity with neostigmine (no longer significantly de-
creased after 10 min), while the enzyme remained
significantly decreased even after 120 min with pyri-
dostigmine. Enzymatic changes in our study were simi-
lar in the two groups during the first 30 min, and more
than 50 per cent depression persisted even 40 min
after neostigmine (fig. 1). The larger doses of anticho-
linesterase drugs we used may explain in part the dis-
crepancy between our results and those of Stoelting.

The correlation between decreased pseudocholines-
Lerase activity and prolongation of SCh-induced block
has been reported in the literature in cases of patients
with normal enzymes (not atypical type).®~*° These re-
ports have indicated that enzymatic activities should be
greatly decreased (less than 25 per cent of normal)
betore any significant prolongation of SCh effect is
observed. In our study, full recovery from SCh-
induced block was demonstrated while the pseudocho-
linesterase activity remained below 50 per cent of
controlin both groups, even though SCh, 1 mg/kg, was
given at the time of a profound depression of enzy-
matic activity (20 per cent of control).

Regarding the two phases of SCh-induced block,
Walts and Dillon demonstrated that the first complete
inhibition phase was dose-related, and the second
twitch recovery phase was not significantly different
over a wide range of doses of SCh in patients with
normal pseudocholinesterase activity.! Our data
showed that the complete paralysis phase (1)) was
strikingly extended by both neostigmine (3.6-fold) and
pyridostigmine (2.9-fold), indicating the higher con-
centration of SCh available in the blood and more
drug reaching the end plate of the neuromuscular

Junction during the redistribution period, due to the

decreased enzymatic hydrolysis of SCh in the blood.
‘The twitch recovery phase (1%) was slightly increased
by neostigimine, but there was no significant change by
pyridostigmine. The difference in the T, phases ap-
peared to be largely responsible for the greater
prolongation observed in the neostigmine group.
One of the possible mechanisms that may explain
the ditference between the durations of SCh-induced
blocks in the two groups is that the acetylcholine ac-
cumulated at the neuromuscular junction could cause
an additive effect on SCh-induced paralysis? and this
effect might have caused a longer T, phase in
the neostigmine group because of the faster onset of
action of neostigmine as an antagonist of nondepolar-
izing drugs in comparison with pyridostigmine.’
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Furthermore, a direct depolarizing action of neostig-
mine at the neuromuscular junction'? might have
contributed to the prolongation of SCh-induced block
in both phase T, and phase T,. This direct action is
known to be absent with pyridostigmine. '

In conclusion, pyridostigmine produced less pro-
longation of SCh-induced block than neostigmine,
although it was found to be a longer-acting drug as an
antagonist for nondepolarizing muscle relaxants.’
From the clinical standpoint, one must expect a mod-
erate increase in the duration of action of SCh when it
is used following neostigmine or pyridostigmine re-
versal, but an excessive prolongation of more than an
hour would not be likely everi with the maximum clini-
cal concentration of either drug. Since we found dif-
ferences in the enzymatic activities as well as in times to
recovery from SCh-induced block between the
neostigmine and pyridostigmine groups, we reason-
ably assume that pscudocholinesterase activity is not
the single determinant for the prolonged response
to SCh administered following neostigmine or
pyridostigmine.

The expert performance of Dr, Frank Focain the EMG monitor-
ing and recording is gratefully acknowledged.
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