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Succinylcholine Neuromuscular Blockade in Subjects

Homozygous for Atypical Plasma Cholinesterase

Jdrgen Viby-Mogensen, M.D.*

Type, duration, and treatment of neuromuscular blockade follow-
ing 1 mg/kg succinylcholine were studied on 16 occasions in 12 pa-
tients homozygous for atypical plasma cholinesterase during halo-
thane-nitrous oxide-oxygen anesthesia using train-of-four (TOF)
nerve stimulation. They were divided into four groups. In two cases
the spontaneous recovery of the succinylcholine block was followed.
In five cases the block-was treated by intravenous injection of human
cholinesterase (Cholase®, 90-270 mg) 30 min after succinylcholine.
In five cases Cholase® (90-270 mg) was injected 90 min after succi-
nylcholine. In the remaining four cases cholinesterase inhibitors were
given either alone (one case) or in combination with Cholase® (three
cases) 90 min after succinylcholine.

It was found that spontaneous resolution of the neuromuscular
block had four phases: phase A (30-50 min)—complete ncuromus-
cular block; phase B (20-25 min)—relatively rapid increase in both
twitch height and TOF ratio; phase C (20-30 min)—a plateau phase;
phase D (90-120 min)—a slow increase in TOF and, in the final part
of this phase, an increase in twitch height as well. There was a
pronounced fade of the TOF response in all patients in phases B, C,
and D. Cholase® 30 min after succinylcholine improved neuromus-
cular transmission impressively within 5-10 min. After 90 min Cho-
lase® had a much less pronounced effect. However, at this time the
block could be completely reversed by a combination of Cholase®
and a cholinesterase inhibitor.

The different results at 30 and 90 min presumably result from a
change of the character of the block from a depolarizing to a de-
sensitizing one (phase II block). Accordingly, rational treatment of
such a block should include human cholinesterase for the depolar-
izing part of the block and a cholinesterase inhibitor for the desen-
sitizing part of the block. (Key words: Antagonists, neuromuscular
relaxants: edrophonium; neostigmine., Enzymes: atypical cholines-
terase. Neuromuscular relaxants: succinylcholine. Neuromuscular
transmission: stimulator, nerve; phase II block; tachyphylaxis.)

THE DURATION AND TYPE of succinylcholine neuromus-
cular blockade in subjects with genotypically normal
plasma cholinesterase and in subjects heterozygous for
abnormal plasma cholinesterase have been evaluated re-
cently."? Similar studies in abnormal homozygotes have
not been reported. The four allelic genes at locus E,
controlling the synthesis of variants of plasma cholin-
esterase: E," (usual), E,* (atypical), E," (fluoride resis-
tant), and E* (silent) can give rise to three genotypes
with homozygous occurrence of abnormal enzymes: E,®
E& E E/, and E;* E\* Since the atypical gene (E*)
is by far the most common of the three abnormal genes,
genotype E* E," is most important from a clinical point
of view (1 in about 2,800 individuals have genotype
Ef E®.
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The purpose of the present prospective controlled
study was to evaluate type, duration, and treatment of
the prolonged paralysis seen in patients homozygous for
the atypical enzyme (E,* E,*) following an otherwise
normal intubation dose of succinylcholine (1 mg/kg).

Materials and Methods

Twelve informed and consenting patients (ASA class
I) anesthetized for elective surgery a total of 16 times
were studied. The study plan was approved by the Eth-
ical Committee at the hospital.

Eight patients had been referred to the Danish Cho-
linesterase Research Unit (DCRU)® because of prior
experiences of prolonged apnea after succinylcholine.
Four patients were members of families with known
hereditary defects in plasma cholinesterase. There were
eight females and four males. The average age was 37.7
yr (range: 20-71 yr) and the average body weight was
63.6 kg (range: 50-99 kg).

Diazepam, 0.15-0.20 mg/kg, was given orally 60 min
before induction of anesthesia. Anesthesia was induced
with 3.0-5.0 mg/kg thiopental and maintained with
nitrous oxide 50 per cent and halothane 0.75-1.50 per
cent inspired concentration. Ventilation was controlled
manually. Following induction of anesthesia, neuro-
muscular function was monitored using train-of-four
(TOF) nerve stimulation.* When the recorded response
of the thumb to supramaximal stimulation of the ulnar
nerve was stable (after 8-12 min), the height of the first
twitch of the train was taken as the standard control
(control twitch height). After at least 15 min at a stable
halothane concentration 1 mg/kg succinylcholine was
administered intravenously as a bolus and the patients
were observed for muscle fasciculations. The patients
were then divided into four groups. In Group I (Patients
1 and 2) spontaneous recovery following the adminis-
tration of succinylcholine was followed, for 180 and 210
min, respectively. In Group II (Patients 3, 4, 5, 6, and
7) the neuromuscular block was treated by intravenous
injection of highly purified human cholinesterase (Cho-
lase®, 90-270 mg) 30 min after the administration of
succinylcholine.t In Group III [Patients 2 (two anes-
thesias), 6 (two anesthesias), and 8 (one anesthesia)] the

+ The content of one ampoule of Cholase® (45 mg dried protein)
corresponds to the amount of plasma cholinesterase in approximately
500 ml of human plasma.

Address reprint requests to Dr. Viby-Mogensen.
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TABLE 1. Biochemical Characteristics of the Patients Homozygous for the Atypical Enzyme (E3 E%). Means & 2 SD and Ranges are Given.
For Comparison Normal Range for Genotypically Normal Subjects (E{ Ej) are also Given®

Preoperative
Number of Cholinesterase Dibucaine Fluoride Chloride Scoline Urea
Genotype Patients Activity U/1 Number Number Number Number Number
L} E} 12 363 + 211* 22 5 24 £ 9 52 + 8 129 97 = 8
(140-525) (18-26) (16-32) (46-58) (4-19) (87-100)
E} EY 453 677-1560* 78-86 55-65 1-12 89-95 41-52
* Indicate a significant difference.
neuromuscular function was allowed to recover partially Results

for 90 min. At this time Cholase® (90-270 mg) was given
intravenously. In Group IV (Patients 9, 10, 11, and 12)
the neuromuscular function was also allowed to recover
partially for 90 min. Cholinesterase inhibitors (edro-
phonium + neostigmine) were then given either alone
(Patient 9), or in a combination with Cholase® (Patients
10, 11, and 12). Anesthesias in the same patient were
at an interval of at least one year.

Blood samples for measuring plasma cholinesterase
activity were drawn before anesthesia and again 10 min
and 40 min after the administration of Cholase®. The
activity was measured according to the procedure of
Kalow and Lindsay,” and genetic variations of the en-
zyme were identified by the following methods: Dibu-
caine number,® fluoride number,’ chloride number,® sco-
line number,” and urea number.'’

The statistical analyses were performed using Mann
Whitney rank sum test and Spearman test. Significance
was assigned at a level of 0.01 or less.
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FiG. 1. Spontancous recovery of thumb twitch (per cent of control)
and train-of-four ratio following intravenous administration of 1 mg/
kg succinylcholine in eight patients anesthetized a total of 11 times.
(One patient was anesthetized twice and one patient three times;
Groups 1, 111, and IV). Sce text for further explanation. Means
+ SEM are given. ( ) indicates twitch height, and (- - -) indicates
TOF ratio.

The biochemical cholinesterase characteristics of the
12 patients are summarized in table 1 and compared to
that of normal subjects. In addition to abnormal char-
acteristics, cholinesterase activity was reduced in the ho-
mozygotes.

Ten of 12 patients showed typical fasciculations in
several muscle groups following succinylcholine. Onset
time from injection of succinylcholine to disappearance
of response to nerve stimulation (41.5 % 8.0's; mean
+ SD) was not significantly different from onset time
in normal patients' (40.3 *+ 15.7 s). When the response
to nerve stimulation reappeared all patients showed a
marked “fade” of the TOF response already indicating
a desensitizing block (phase II block).

In the patients allowed to recover spontaneously for

90 min (Groups I, III, and IV) a similar characteristic
pattern of changes were seen in twitch height and TOF
ratio (fig. 1). After an initial period of no response to
nerve stimulation (phase A, mean 39 min, range 30-50
min) twitch height and TOF ratio increased for the next
20-25 min (phase B). This period of increasing response
to nerve stimulation was succeeded by a plateau period
of stable unchanged response (phase C, 20-30 min). In
the two patients not treated after 90 min (Group I) TOF
ratio started to increase again about 80 min after the
injection of succinylcholine and the TOF ratio then in-
creased slowly over the next 90-100 min (phase D; fig.
2). The twitch height, however, did not increase further
for a period of about 60 min, and even decreased slightly
for a period of about 40 min. The total times necessary
for recovery of the TOF ratio to 0.7'' were 137 and
152 min.

As expected'? no relationship was found among these
homozygote patients between preoperative plasma cho-
linesterase activity and the response to succinylcholine
(time to first evoked response and to 20 per cent recovery
of twitch height).

In Group II (Cholase® injected 30 min after succi-
nylcholine) the first evoked twitch response appeared
within 7 min of the injection in all five patients (table
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2). During the following 10 min the twitch height in-
creased rapidly with a mean increase in twitch height
of 8.3 per cent of control per min (fig. 3 and table 2).
Mean time to 90 per cent twitch recovery was 16 min
(range: 4-28 min). Mean time to TOF ratio of 0.7 was
22.6 min (range: 5-33 min).

In Group III (Cholase® injected 90 min after succi-
nylcholine) mean twitch height in per cent of control and
mean TOF ratio were 40 per cent (range: 20-64 per
cent) and 0.24 (range: 0.02-0.35), respectively, at the
time of injection of Cholase® (table 2). In contrast to
what was seen in Group II, injection of Cholase® did
not have a pronounced effect on either the twitch or the
TOF ratio. Recovery rates of twitch height in the first
10 min after the injection of Cholase® (mean 1.5 per cent
of control per min, fig. 3 and table 2) were significantly
lower than the corresponding recovery rates in Group
IL. No correlation was found between dose of Cholase®
and recovery rates in Groups II and III.

In Group IV one patient was given only cholinesterase
inhibitors beginning 90 min after succinylcholine (fig.
4). The initial injection of 10 mg edrophonium (preceded
by 0.5 mg atropine) caused a pronounced but short-lived
increase in both twitch height and TOF ratio. Admin-
istration of 2.0 mg neostigmine 10 min later was followed
by a slow but steady increase in both parameters. Further
neostigmine injection (1 mg) seemed to slow down the
recovery. Following the last injection of neostigmine (0.5
mg; total dose 3.5 mg) both twitch height and TOF ratio
decreased, and time to TOF 0.7 was 230 min. Another
patient (not illustrated) was given 1.5 mg neostigmine
(preceded by 0.5 mg atropine) intravenously 90 min after
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FIG. 2. Spontaneous recovery of thumb twitch and train-of-four ratio
following intravenous administration of 1 mg/kg succinylcholine in
two patients homozygous for the atypical enzyme (Group I). ( )
indicates twitch height, and (- - -) indicates TOF ratio.

the injection of succinylcholine, followed 10 min later by
a further 1.5 mg. As with the first patient, the twitch
height and the TOF ratio increased initially, followed
later by a decrease in both parameters. Cholase®, 125
mg, injected intravenously 40 min after the last admin-

TABLE 2. Effect of Intravenous Injection of Cholase® 30 Min (Group II) and 90 Min (Group III), Respectively, after Intravenous

Administration of 1 mg/kg Succinylcholine. Normal Range for Cholinesterase Activity (EY EY): 677-1560 U/1?

.Cholincslcrasc Activity (U/]) Twitch Height in Per Cent of Control Train-of-Four Ratio
Dose of Min after
Cholase® Cholase® Min after Cholase® Min afier Cholase®
Patient Preopera- Before Before
Group Number Total mg/kg tively 10 40 Cholase® 10 20 30 40 Cholase® 10 20 30 40
11 3 90 1.4 324 635 626 0 74 89 93 96 0.00 0.42 | 0.66 | 0.76 0.86
4 180 2.5 520 1,190 | 1,090 0 70 80 | 100 | 105 0.00 0.35 | 0.55 | 0.82 0.90
5 225 3.7 339 — — 0 85 87 95 | 100 0.00 0.50 | 0.60 | 0.74 0.85
6 270 2.7 587 1,310 | 1,262 0 85 | 100 | 105 | 108 0.00 0.45 [ 0.62 | 0.75 0.85
7 270 4.5 398 1,810 | 1,732 0 100 | 100 | 100 | 100 0.00 0.86 | 0.90 | 0.92 0.96
MEAN 180 3.0 434 1,236 { 1,178 0 83 91 99 | 102 0.00 0.52 [ 0.67 | 0.80 0.88
11 6 90 1.0 464 780 762 20 22 40 65 90 0.02 0.06 | 0.20 | 0.35 0.55
8 90 1.8 282 819 800 64 73 81 92 | 100 0.35 0.47 | 0.62 | 0.83 0.96
2 180 3.6 462 1,450 | 1,336 30 55 85 | 100 | 100 0.26 0.40 | 0.65 | 0.86 0.97
6 270 3.0 458 1,324 | 1,253 55 70 91 108 | 111 0.26 0.34 | 0.56 | 0.71 0.90
2 270 5.4 575 1,905 — 32 55 90 | 100 | 100 0.31 0.50 1 0.75 | 0.90 0.96
MEAN 180 3.0 448 1,256 | 1,038 40 55 77 93 | 100 0.24 0.35 | 0.56 | 0.73 0.87
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istration of neostigmine restored control twitch height
and TOF ratio in 25 min. The last two patients in Group
IV (only one illustrated) were given 90 mg Cholase®
foliowed in 10 min by 10 mg edrophonium, and, another
10 min later, by 2.0 mg neostigmine (fig. 4). Following
the injection of Cholase®, twitch height as well as TOF
ratio increased slowly (cf. Group III). The subsequent
injection of edrophonium and neostigmine, however,
caused a marked and lasting improvement in neuro-
muscular transmission.

No side effects were seen in any patient following the
injection of Cholase®.
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F1G. 3. Comparison of the initial recovery of neuromuscular trans-
mission following intravenous administration of Cholase® 30 min and
90 min, respectively, after injection of 1 mg/kg succinylcholine. Arrows
indicate injection of Cholase®. For graphic clarity only mean values
are given (compare table 2). (O O) = mean twitch height in
patients given Cholase® 30 min after the injection of succinylcholine
(Group 11, 5 patients). (® ®) = mean twitch height in patients
given Cholase® 90 min after the injection of succinylcholine (Group
111, 5 patients). (O - - ~ O) = mean train-of-four ratio in Group IL
(m - - - m) = mean train-of-four ratio in Group III. For comparison
twitch recovery following the same dose of succinylcholine in 41 pa-
tients with normal cholinesterase activity and genotype (Eq* E,") is also
shown ( ).} Note the initial significantly increased recovery rate
(increase in twitch height and TOF ratio per min) following the in-
jection of Cholase® in Group II compared to Group III. Sec text for
further discussion.
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FIG. 4. Recovery of twitch height and train-of-four ratio in two
patients homozygous for the atypical enzyme (Group IV). One patient
(- - ~) was given cholinesterase inhibitors only: 10 mg edrophonium
(E) 90 min after succinylcholine and 2.0, 1.0, and 0.5 mg neostigmine,
respectively, (N) 10, 30, and 40 min later. The other ( ) was given
90 mg human cholinesterase (Che) intravenously 90 min after the
administration of 1 mg/kg succinylcholine, followed in 10 and 20 min,
respectively, by 10 mg edrophonium (E) and 2 mg neostigmine (N).
Ranges of recovery of twitch height and train-of-four ratio in patients
only given human cholinesterase (Group III) are shown for comparison
(shaded arcas). Note the fast recovery following the combination of
human cholinesterase and acetylcholinesterase inhibitors. Note also the
late depression of twitch height and train-of-four following treatment
with acetylcholinesterase inhibitors only.

. Discussion

Baraka'® suggested that the appearance of muscle fas-
ciculations following intravenous administration of suc-
cinylcholine excludes homozygous occurrence of atypical
plasma cholinesterase (E;* E*). However, 10 of 12 pa-
tients showed typical fasciculations following the injec-
tion of succinylcholine. These findings indicate that the
appearance of fasciculations does not exclude the pres-
ence of genotype E,* E.

The times selected for the treatment of the block (30
and 90 min after injection of succinylcholine) were cho-

" sen for several reasons. Previous case reports of prolonged
apnea after succinylcholine'*"'¢ in patients with genotype
E,* E;* indicate that the patients have a desensitizing
block 45-120 min after administration of succinylcholine.
Whether the block is desensitizing from the start, or
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whether an initial depolarizing block gradually changes
to a desensitizing block is unknown. Brennan'’ was the
first to report that succinylcholine in normal patients
initially produces a depolarizing block which later, with
increasing doses of succinylcholine, becomes a desensi-
tizing block. Lee et al.'® have recently shown, in normal
patients anesthetized with enflurane, that this change in
the character of the block occurs on the average 36 min
after the start of a continuous infusion of succinylcholine
(at the same time that tachyphylaxis develops). If the
situation in the normal patient can be extrapolated to
the situation in patients with genotype E* E,* admin-
istration of human cholinesterase 30 and 90 min after
the administration of succinylcholine, respectively, should
produce different effects. Thirty min after succinylcho-
line, a rapid resolution of the block should occur, par-
alleling the hydrolysis of succinylcholine'in plasma. In
contrast, 90 min after succinylcholine, when the block
primarily should be desensitizing, the effect of human
cholinesterase should be slow in onset (if there is any
-effect at all) since, at this time, block reversal is not only
dependent on the concentration of free succinylcholine
in the extracellular space, but possibly on the strength
of the bond between succinylcholine and the end-plate
receptors as well.'”?® The effect of the administration of
a cholinesterase inhibitor, such as neostigmine, must also
depend on whether the neuromuscular block is depolar-
izing, desensitizing, or mixed. Accordingly, a pure de-
sensitizing block should be reversible by neostigmine
alone, whereas reversal of a block that is both depolar-
izing and desensitizing should possibly necessitate ad-
ministration of both neostigmine and human cholines-
terase. ‘

The characteristic spontaneous four-phased course of
the block can hardly be explained by changes in succi-
nylcholine concentration in plasma. The atypical enzyme
does not hydrolyze succinylcholine in vivo.'? It is there-
fore improbable that the phase of rapid reversal (phase
B) is due to enzymatic hydrolysis of succinylcholine. The
rapid recovery may be due to the development of tachy-
phylaxis, analogous to what Gissen et al.?' and Lee et
al.,'® among others, found in normal patients who have
been given succinylcholine for prolonged periods of time.
Since there was already fade of the TOF response in all
patients when the first reaction to nerve stimulation could
be elicited (30-50 min after succinylcholine), it is not
possible to determine whether the development of tachy-
phylaxis and phase II are related, as held by Lee et al,'®
among others, or whether the development of tachyphy-
laxis is independent of the devélopment of phase II block,
as held by Ramsey et a/** (among others). The speed of
reversal during the last phase (phase D) is presumably
dependent on the speed with which succinylcholine is
removed from the blood and from the end-plate (by re-
distribution, urinat!y excretion, and alkaline hydrolysis).

Baraka’s
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Only two of the previously published case histories'*-
1623-26 seem to contradict the results presented here. Thus,
Vickers® and Lear and co-workers? found that the neu-
romuscular block 90 and 240 min, respectively, after the
injection of succinylcholine apparently still was depolar-
izing. In contrast, Bush,'* Miller and Stevens,' Savarese
et al,'® Baraka,?® and Telfer et al,** all found the neu-
romuscular block 45 to 120 min after administration of
succinylcholine to be desensitizing (phase IT).

It has never been documented through continuous
monitoring of neuromuscular transmission that patients
with genotype E;* E* initially develop a depolarizing
block after an intubation dose of succinylcholine (1 mg/
kg). The results of this investigation (the short onset time,
the lack of TOF fade during the onset of block, and the
occurrence of fasciculations in 10 of 12 patients) and
2¢ demonstration that the block after small doses
of succinylcholine (0.1 mg/kg) seems to be depolarizing
initially, speak for this being the case.

Injection of Cholase® 30 min after succinylcholine
produced a pronounced increase in both twitch height
and TOF ratio within 8-10 min in all five patients. In
Patient 7, a twitch height of 100 per cent and a TOF
ratio of 0.7 were reached after approximately 5 min. In

the remaining four patients, the initial vigorous increase

in twitch height and TOF was followed, however, by a
slower rise (in TOF ratio in particular) and sufficient
reversal of the block (T'OF ratio = 0.7) was first achieved
after approximately 25 min. The rate of incréase in
twitch height after administration of Cholase® is similar
to the spontaneous increase in twitch height seen after
the same dose of succinylcholine given to genotypically
normal patients." However, after a little more than 2
min, the rate for the atypical patients decreases. The
most obvious explanation for this is that the cholines-
terase completely abolishes the depolarizing part of the
neuromuscular block while the desensitizing part is only
partly abolished. The situation is different when Cho-
lase® is injected 90 min after the administration of suc-
cinylcholine (Group III). At this time, the desensitizing
part of the block dominates so that the initial effect of
the administered Cholase® is only modest. That the
curves for twitch height and TOF ratios are parallel for
the two groups of patients (Groups II and III) after the
initial phase is over indicates that the flat part of the
curves represents spontaneous resolution of the residual
desensitizing block. Thus, anticholinesterases adminis-
tered after the injection of Cholase® completely reversed
the block in a few minutes, but not when given alone.
Only a few reports have been published describing the
effects of human cholinesterase administration in cases
of prolonged apnea from succinylcholine in patients ho-
mozygous for the atypical enzyme,”-? and evidently only
two, in which the effect was evaluated using a nerve
stimulator.?”® The findings of Goedde et a/* in five
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patients of rapid reversal of the block when Cholase®
was injected a short time after the administration of suc-
cinylcholine are in complete agreement with the results
of this study. Scholler and co-workers? found that the
average recovery time (time to adequate spontaneous
respiration) was 10 min (range 8-18 min), when Cho-
lase® was injected after a mean time of 109 min (range
60-180 min). This is in contrast to the findings of this
study of a slow recovery of neuromuscular function when
Cholase® was injected 90 min after succinylcholine.
However, none of the patients of Scholler and co-workers
seem to have been monitored by a nerve stimulator. It
is therefore possible that the block had not been reversed
completely at the time when respiration was clinically
judged to be sufficient.

Prolonged apnea after succinylcholine in patients with
genetic anomalies of plasma cholinesterase has often been
treated with cholinesterdse inhibitors alone with mixed
results. 1623242630 The results seem to fall into three
patterns: 1) sufficient reversal of the neuromuscular
block'*1®?*; 2) potentiation of the block®; or 3) initial
short-lived, partial reversal of the block, followed by
potentiation of the block.'*'** The effect of neostigmine
depends on whether there is free succinylcholine in
plasma® (the block is potentiated if there is free succi-
nylcholine in plasma) and to what extent the neuro-
muscular block is depolarizing or desensitizing. Fur-
thermore, the dose of neostigmine is of importance;
patients who received no more than 0.03 mg/kg neo-
stigmine 1-2 hours after succinylcholine improved last-
ingly."*"' Doses in excess of this may slow down the
recovery.

The results of this study indicate that theoretically,
the rational approach to the neuromuscular block pro-
duced by 1 mg/kg succinylcholine in patients with ge-
notype E,* E,* is to treat the depolarizing and the de-
sensitizing parts of the block separately: for example,
injection of 90-135 mg Cholase® will, within a few min-
utes, completely abolish the depolarizing part of the block
and partly abolish the desensitizing part. Administration
of, for example, neostigmine afterwards will then abolish
the residual desensitizing part of the block.

The author thanks Henrik K. Hanel, M.Sc., who has been respon-
sible for the biochemical investigations, Mrs. G. Nérgaard, laboratory
technician, for her help, and his colleagues in Denmark for their unique
cooperation.
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