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Tre NevrosuscrLar blocking action of sue-
cinylcholine was originally believed to be due
to depolarization of the motor-end plate.s®
It has been demonstrated, however, that in cer-
tain species succinyleholine produces a non-
depolarizing as well as depolarizing block.”
Studies in man have suggested that prolonged
administration of large amounts of succinyl-
choline may in some patients produce a non-
depolarizing type of block.>8 The present
study was undertaken to answer the following
questions: How often does succinylcholine pro-
duce a nondepolarizing block in man? Is the
development of such a block time dependent
or dose dependent?  Is the mode of adminis-
tration of succinvlcholine a factor in producing
a nondepolarizing block? What is the relation-
ship between the development of tachyphyvlaxis
and a nondepolarizing block?  Does the anes-
thetic agent used or depth of anesthesia affect
the development of a unondepolarizing block?

Method

Fiftv-three patients undergoing plastic or
urologic surgery were studied.  Most of the
patients were premedicated with a belladonna
drug (atropine or scopolamine), a barbiturate
and or a narcotic.  Anesthesia was  usually
induced with thiamylal sodium and maintained
with  halothane,  trichlorethylene,  methoxy-
flurane, halopropane, nitrous oxide or cyelo-
The trachea was intubated in 37

In the 12 patients who received

propane.
patients.
20—140 mg. of succinlvcholine to facilitate in-

tubation this dose is included in the total
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cumulative dose.  Ventilation was measured
with a Wright ventilometer or a Wedge spi-
rometer.  Respiration was assisted or con-
trolled as required. The patient’s hand was
carefully fixed in place on a specially con-
structed arm board. A supramaximal stimulus
from a Grass stimulator (model SC 4) was
applied to the ulnar nerve at the wrist by
means of surface electrodes. Twitch responses
were elicited with square pulse stimuli of 0.3
msec. duration delivered at a rate of 18/
minute. Tetanus was obtained by stimulation
at 50 cvcles/second and was maintained for
two to three seconds. The resulting adduc-
tion of the thumb was measured by a force
displacement transducer (Grass FT-03) and
recorded on a polygraph.  Succinvlcholine
was administered by intermittent injection of
2 per cent or by continuous infusion of 0.1,
0.2, and 0.4 per cent solutions. Intermittent
injection of 0.15 mg./kg. was made at five-
minute intervals, 0.3 mg./kg. every ten min-
utes, 0.75 mg./kg. every five or ten minutes
and 1.5 mg./kg. every fifteen minutes. The
rate of continuous infusion varied from 0.1
mg./kg. per minute to 1 mg./kg. per minute.
All patients received a minimum cumulative
dose of 3 mg./kg. The maximum cumulative
dose was 10 mg./kg. The twitch response
was measured throughout the experiment to
determine the degree and duration of action
of each dose of succinvicholine.  Tetanic
stimuli were applied at appropriate intervals
to determine whether the tetanus was well
maintained, and for the presence or absence
of post-tetanic facilitation. Edrophonium 0.15
mg./kg. was injected following the cumulative
injection of 0.3 to 10 mg./kg. of succinyl-
choline.  When edrophonium was adminis-
tered more than once in any given patient at
least one-half hour was allowed to elapse be-
tween injections.
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Tasre 1.

SUCCINYLCHOLINI

Fitfect of Cumulative Dose of Sueeinyvleholine Upon Development of

IN MAN

Wedensky

Inhibition, Post-tetanic Facilitation and Edrophonium Antagonisim

Smatlest cumubative dose

Wedensky
[nhibition

0.1 mg.

Post-tetanie
FPacilitation

Iedrophioninam
Antagontsm

1.0 mg. kg

at which seen ke, <. 2 mg. . ke,
Cumulative dose at which regularly seen,
number of patients ) 1.5 me ke, 33 1 2,0 mg kg 063 0 3.0 mg. kg (16)

Results
Tetanic Stimulation and  Post-Tetanic Fa-
cilitation. At a cumulative dose of succinyl-

choline of less than 0.4 mg. kg tetanus was
(post-tetanic_facilita-
tion) was not o As the dose of
cinyleholine increased tetanus was poorly
tained (\\C(]Cll\l\\ 1111111>1t1()n) 1)11( PTI
not seen.y With further
of succm\](holmc botl,

well sustained and PTE
served,

suc-
SUus-
was
Increases in the dose

Wedensky inhibition

The cumulative dose

and PTE were ()bsm\od
of sn((nl\ldm]mc required to produce We-
that

densky inhibition was usually Tess than

required to produce PTE. The minimum dose
reguired for the former was 0.4 mg. kg, and
the latter 1.0 mg. kg, After 1.5 mg./
Wedensky  inhibition was regularly ob-
served while after 2 mg. kg, PTE was regu-

for
kg..
larly observed (table 1), Although some de-
gree of PTE was seen in all patients after 2
ke,
degree of facilitation as the cumulative dose
All 5'3
mg. ke,

succeinvlcholine exhibited \\'(‘(l('n.\l\) 111]111)1(1()11
and PTI.

mg., there was a gradual increase in the

of succinvlcholine inereased (fi(f 1).

patients who received at least

The magnitude of PTE after 3 mg./
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NI
succinylcholine cvery 10 minutes.
succinylcholine: Upper pancel—1.2 mg. /kg.
tetanic facilitation.
tion. Third pancl—2.7 mg./kg.
post-tetanic facilitation.

Sccond pancl—1.8 mg./kg.
Fourth panel—3.3 mg./ke.

tr

Development of post-tetanic facilitation with intermittent injections of 0.3 mg./ke.
1S = succinylcholine,
Note Wedensky inhibition but

Cumulative dose of
abscence of post-
Earliest suggestions of post-tetanic facilita-
Note increase in magnitude of

1T = tetanus.
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Frc. 2.
1T = tetanus.

Response to edrophonium  after

anaarnabyaseikiibll

le

0.6 mg./kg. cumulative dosc of succinylcholine.
TE = 0.15 mg./kg. edrophonium.

Note absence of post-tetanic facilitation in

left panel and decrease in twitch response (potentiation of succinylcholine) after edrophomum

in right panel.
After edrophonimm rate,

kg, was such that the first twitch following
tetanus was two or more times greater than
the twitch immediately preceding the tetanus.

Edrophonium. 1In the absence of succinyl-
choline, edrophonium 0.15 mg./kg. did not
significanth affect the twitch response. With
a cumulative dose of succinylcholine of less
than 1.0 mg./kg. the response to 0.15 mg./kg.
of edrophonium was a potentiation of the suc-
8 patients studied (fig.
2, table 2).  Associated with a potentiation
of the neuromuscular block, there was a fall
in tidal! volume. 1In the range of 1.0 to 3.0
mg. kg, of succinyvlcholine, edrophonium pro-
duced a potentiation of the block in 4 patients,
no significant effect in 9 patients, and an-
tagonism of the block in 7 patients (tables 1
and 2). Once again changes in tidal volume
paralleled the twitch response.  When greater
than 3.0 mg. kg. of succinyvlcholine had been
edrophonium antagonized the block

cinvlcholine block

infused,
and increased tidal volume in the 16 patients

Response to ldrophonium ¢, 15 mg. /kg.)
After Various Cumulative Doses
of Suecinvleholine

Tanre 2.

Chmutative Dose

e . Tidal Volume
of Succinyleholine

Twitch Height |
| i T ) -
<1 mg. /kg. ; Decreased - Deereased
(potentiation
ol block)

' Decreased.
no change,
inereased

Decreased,
no change,
inereased i

I

1 3 mg. /Kke.

- Inereased . Inereased
I {antagonism

of block)

>3 mg. ‘kg.

Before edrophonium respiratory
21/minute, and tidal volume, 160 ml.

rate, 22/minute, and tidal volume, 210 ml.

studied (fig. 3, tables 1 and 2). In 8 patients
who received more than one dose of 0.15 mg./
kg. of edrophonium a potentiation of succinyl-
choline was seen when less than 1.0 mg./kg.
of succinylcholine had been infused, but an-
tagonism was observed in the same patient
when greater than 3.0 mg./kg. of succinyl-
choline had been infused. In the range of
1.0 to 3.0 mg.’kg. of succinylcholine, edro-
phoniumn antagonism could be predicted ac-

Gurately hﬁ)_m__the Tegree .m(]in-“:tuilrle of PTF.

When the Airst t\\]tch_f?)ﬂ_()\\mg the _tetanus
was two or more times greater than the twitch

immediately “preceding the tetqnlis_*_(;gly(gpho-
nium ax)t‘lgonllemm(ﬁ_éé 3 and 4).
The greater the PTF, the greater the edro-
phonium antagonism. At lesser degrees of
PTF, edrophonium either potentiated the
block or had no effect.

Tachyphylaxis. Significant tachyphylaxis (a
consistent decrease in degree or

duration of
action of greater than 20 per cent) was ob-
served in 6 of 20 patients who received 0.3
mg.. kg, of succinvlcholine every 10 minutes
until PTF or edrophonium antagonism was
observed.  The word consistent is important
here since in 5 of the remaining 14 patients
a decreased response to succinylcholine was
observed at one time, but on a subsequent
injection a response similar to or greater than
the first injection was observed. It was noted
that in many patients the response from dose

dose varied so that neither tachyphylaxis
nor a cumulative effect was regularly observed.
The one consistent observation was that the
presence or absence of tachyphylaxis did not
affect the development of Wedensky inhibi-
tion, PTF, or edrophonium antagonism.
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¥Fic. 3. Response to  edrophonium  after 3 mg./kg.
tetanus,
post-tetanic facilitation and edrophonium antagonisi.

18 = 0.3 mg./kg. succinylcholine, 71T =

15/minute and tidal volume, 300 ml.
470 ml.

The mode of adminis-
succinylcholine did not alter the
When succinylcholine was infused by
continuous drip or intermittently in doses rang-
ing from 0.15 to 1.5 mg./kg., Wedensky inhi-
bition, PTIE and edrophonium antagonism were
regularly observed after 1.5 mg. kg, 2 mg./
kg. and 3 mg.‘kg. respectively (tabie 1). The
use of 20-40 mg. of succinvicholine to facili-
tate intubation in 12 patients did rot alter the
results.  In figure 3 intermittent injection of
0.3 mg./kg. was used. In figure 4 a continu-
ous infusion wus used.

The development of Wedensky inhibition,
PTF and edrophonium antagonism wuas not
time-dependent. The time required for their
development depended only upon the time it
took to reach the appropriate cumulative dose.
Three patients demonstrated Wedensky inhibi-
tion after an initial dose of 0.75 mg./kg. and
two patients demonstrated both Wedensky in-
hibition and PTFE after an initial dose of 1.3
mg./kg.

Othier Obsercations.
tration of
results.

I
4 |
Is It

Ire. 4.
1T = tetanus.
0.4 per cent succinylcholine started.

respiratory rate, 22/minute and tidal volume,
and tidal volume, 330 ml.

cumnlative dose of succinylcholine,
1E = edrophonium 0.15 mg./kg. Note
Before edrophoninm respiratory rate,

After edrophonium rate of 16/minute and tidal volune,

The anesthetic agent (of those listed), the
depth of anesthesia and the presence or ab-
sence of surgical manipulation did not affect
the results.

Discussion
blocking agents

depolarizing  or
action at the neuro-

Although neuromuscular
were orginally classified as
nondepolarizing in their
muscular junction, it soon became apparent
that the classification was an over-simplifica-
tion. a variety of
species that succinylcholine and  decametho-
nium produced first a depolarizing block and
later @ nondepolarizing block.# + 919,11 Thes-
left 1= showed that the end-plate depolarization
produced by succinylcholine and decametho-
nium in the frog muscle did not correlate well
with the presence
In relatively few

It was demonstrated in

of a neuromuscular block.
controlled studies in man,
it has been suggested that succinvlcholine may
under certain circuinstances produce a
depolarizing block.”

non-
The criteria and tech-

4
i --||

i | “II “I
1 |||'|l|| ||LL|LI_I. |
v ! 1L._.11'u1u'.L _.Iu.L..l

Response to tetanus and edrophonium after continuous infusion of suecinylcholine.
1E = edrophonium 0.15 mg./kg.

At 1S in left pancl continuous infusion of

In the 27 minutes between panels 4.0 mg./kg. succinyl-
choline were infused and infusion discontinued.
facilitation and edrophonium antdgomsm of the succinylcholine block.
200 ml.

In right pancl note marked Fost -tetanic
Before edrophonium
After edrophonium rate, 24/minute
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niques used in these studies must be carefully
scrutinized in order to interpret the different
results obtained in the present and previous
studies. Some of the techniques used include
the measurement of tidal volume as an index
of neuromuscular blockade, interaction of neu-
romuscular blocking agents, muscle response
to nerve stimulation, or the effect of anti-
cholinesterases.

In preliminary studies we observed that
changes in tidal volume provided a poor index
of neuromuscular blockade.  This is not sur-
prising since ventilation can be modified by
the anesthetic agent used, depth of anesthesia,
development of acidosis or alkalosis, and sur-
gical manipulation.  After a small (0.15 mg./
kg.) dose of succinylcholine in 4 patients, it
was possible to demonstrate a decrease in
twitch height without a change in ventilation,
A decrease in ventilation without a change in
twitch height could regularly be produced by
increasing the depth of anesthesia,

The interpretation of experiments on inter-
action of neuromuscular blocking agents is dif-
ficult.  In one study,® following the adminis-
tration of a dose of d-tubocurare which mini-
mally aftected respiration, succinylcholine was
infused. After ventilation returned to control
levels the initial dose of d-tubocurare was re-
peated.  The greater effect of the second dose
of d-tubocurare given one to two hours after
the first dose was attributed to a nondepolariz-
ing effect of succinvlcholine.  We repeated
this experiment but omitted the
choline between doses of d-tubocurare.

succinyl-
The
first dose of d-tubocurare did not affect the
twitch height. The same dose repeated after
one to two markedly  decreased the
twitch height and was clearly a cumulative
effect. The conclusion that a mixed or dual
block results from the alternate administration

hours

of depolarizing and nondepolarizing neuro-
muscular  blocking agents, even if justified,
offers little useful information.

The response of a muscle (electrical or me-
chanical) to nerve stimulation appears to be
an acceptable index of neuromuscular trans-
mission. The time course of the block can
easily be determined. By measuring muscle
response to twitch and tetanic rates of stimu-
lation the nature of the block can be deter-
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mined.  With a nondepolarizing block the.
response _to telanic. stin o mte]p()ldted

into a series of single nerve stimuli (twitch)
is a t\\of()]d one. Imtml]v tetanus. is_poorly
sustamed This is followed by PTF upon re-
turn to a twiteh raté of Stll]luldtl()ll

doponn/mq block,” tetanus is \\611 sustained

dn(Ti’Il' is not observed.

The eﬂegt of anticholinesterases on the
neuromuscular Block Tias frequently been used
as a means of distinguishing depolarizing from
A depolarizing block

is potentiated and nondepolarizing blod\ an-
tagonized by edrophonium_and neostlg_,mme

nondepolarizing blocks.

We chose in this study to use the muscle
respotise to twitch and tetanic stimulation and
edrophonium as the criteria for characterizing
a neuromuscular block as depolarizing or non-
depolarizing.  Using these criteria succinyl-
choline appeared to produce in man first a
depolarizing and then a nondepolarizing block.
The progression of the nondepolarizing block
to the point of being antagonized by edropho-
nium was scen after 2.2 mg. kg, of succinyl-
chaline in some patients, and in all patients
after 3 mg., kg, The nondepolarizing block
did_not appear_ta. be time_ dependent in that
t_]lc (]e\el()l)lnﬂlt of such._a block r]nppn:]ml
only upon the time required to achieve the
above-mentioned cumulative dose of succinyl-
Although tachyphylaxis was observed
in some patients, this was not necessary for
the development of a nondepolarizing block.
The mode of administration, i.c.,
or continuous, did not influence the course of
development of the nondepolarizing block.
The anesthetic agent used and the depth of
anesthesia did not affect these results.

The block produced by
should not be considered either depolarizing
or nondepolarizing or as abruptly changing
from one to the other with increasing dosage.
The progressive development of Wedensky in-
hibition, PTF, and edrophonium antagonism
appears to represent different phases of a con-
tinuum. Elements of both kinds of block are
frequently seen simultaneously and may rep-
resent the balance of many units in different
phases of block. With the clinically used
doses of succinvlcholine (0.75 and 1.5 mg./
kg.) the first dose can produce a block with

choline.

intermittent

succinylcholine

With a
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both depolarizing and nondepolarizing char-
acteristics.

These results are different from those of
Foldes et al.,* Brennan,® and Churchill-David-
son ¢t al. % in terms of frequency of develop-
ment of nondepolarizing block, role of tachy-
phylaxis and time-dose requirement.  Although
we observed a nondepolarizing block in all 53
patients studied, Foldes® stated that in some
persons, but by no means in all, the change
in sensitivity of the end-plate can progress
so far that a nondepolarizing block is seen,
However,
nondepolarizing block could not be elicited.
Churchill-Davidson 7+ 8 believed that tachyphy-
laxis was the first change seen in the-devetop-
ment of nonchg__L)IQgL In this
study, t dch\p wlaxis was not related to the
development of a nondepolarizing block.
Foldes,s and Churchill-David-
suggested that a nondepolarizing block
was observed only after prolonged administra-

no case was reported in which a

Brennan,?
8

son
tion of large amounts of depolarizing agents.
In the eight patients studied by Churchill-
Davidson  the average dose of succinylcholine
used to produce a “complete nondepolarizing
block™ was 944 mg. (range from 300 to 1,600
mg.) and the time required was 140 minutes
(85 to 196 minutes). The experimental de-
sign and techniques used were such that the
demonstration of a nondepolarizing block with
smaller doses of succimvlcholine might not
have been possible.  If a nondepolarizing
block followed only the prolonged administra-
tion of a large amount of succinvlcholine it
would be an interesting but presumably rare
occurrence. The rapid onset
larizing block following relativelyv small doses
of succinyvlcholine seen in this study mukes it

()f a Il()ll(](‘[)()—

an effect to be considered whenever succinyl-
choline is used.  Whether the nondepolarizing
block produced by succinvicholine is exactly
the same as that of
known.

d-tubocurare is not vet

Summary

The nature of the neuromuscular block pro-
duced by succinylcholine was studied in 53
patients by measuring the response to twitch,

BLOCKING ACTION O SUCCINYLCIOLINE

IN MAN 780

tetanus and edrophonium administration, First
a depolarizing and then a nondepolarizing
block were observed in all the patients studied.
The nondepolarizing block was dose but not
time dependent, and was unrelated to the
mode of administration of succinvlcholine.
The presence of tachyphylaxis was not neces-
sary for the development of a nondepolarizing
block. The anesthetic agents used and depth
of anesthesia did not affect the results.
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