DUAL NEUROMUSCULAR BLOCK IN MAN
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Froat time to time reports have appeared in
the literature of cases of “prolonged apnoca”
following the administration of a depolarising
drug to apparently normal subjects which have
resulted in a dramatic improvement after the
injection of an anti-cholinesterase drug. Such
reports gained credence when  tidal volume
studies revealed an improvement in ventilation
in certain cases of depolarisation block follow-
ing the administration of neostigmine.!» 2 Thesc
studies were not concerned, however, with the
precise measurement of neuromuscular trans-
mission, and therefore it remained possible that
any improvement in ventilation following the
injection of neostigmine (in the presence of a
depolarisation block) might be due to its direct
action upon the respiratory centre or upon
some other part of the central nervous system.

Since the demonstration by Jenden and his
co-workers * and Zaimis * in certain species of
animals and by Churchill-Davidson and Rich-
ardson ® in myvasthenic patients that a de-
polarising drug could produce a non-depolaris-
ing tyvpe of newromuscular block, the concept
of a “dual block™ has continued to grow,

Using an  electromyographic  technique  to
measure neuromusclar transmission in the hand
Churchl-Davidson and  Christie ¢
found that a change in the characteristics of
the depolarising block  oceurred  after large
doses of depolarising drugs.  This paper pre-
sents further observations on these changes
and attempts to relate the changes to the
actual doses of such drugs commonly used in
clinical practice.

muscles,

MeTHOD

A portable clectromyograph was specially
constructed for use both in the laboratory and
the operating room. It was capable of de-
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livering supramaximal stimuli at rates varving
from 1 per second (twitch) to 50 per second
(tetanus).  The method used for differentiat-
ing between a depolarising and o non-depolar-
ising tvpe of neurosmuscular block has already
been reported in full elsewhere  In this study
the same characteristies were noted; namely,
(1) the ability to sustain both twitch and
tetanic rates of nerve stimulation, (2)  the
effect of anti-cholinesterase drugs (neostigmine
and edrophonium) upon the neuromuscular
block, and (3) the presence or absence of
post-tetanie facilitation.

Post-tetanie facilitation is the immediate but
short-lived neurosmuscular
transmission that follows a period of tetanic
nerve stimulation. It is commonly observed in
association with a block due to non-depolaris-
ing drugs (fig. 2¢). The sum total of the
cffect can be likened to a fleeting action of an
anti-cholinesterase drug.

improvement  in

The drugs used were decamethonium iodide
(C.10) given by intermittent intravenous in-
jection and succinvlcholine chloride given hoth
by continuous infusion or by intermittent injec-
tion.  Neostigmine methyvlsulphate in doses
of 2.5 mg., preceded by 1 mg. of atropine
sulphate, was used as the principal  anti-
cholinesterase drug,

The studies were made during routine sur-
gical procedures in which the use of a relaxant
drug was indicated.  Apart from the use of
cither relaxant drug, the basic anaesthetic tech-
nique was  thiopentone 230-500 mg., me-
peridine 20-100 mg. and nitrous oxide: oxygen
(6:2 litres/minute).
quate removal of alveolar carbon dioxide a

In order to ensure ade-

high total gas flow was emploved together with
a carbon dioxide absorption technique utilising
controlled  respiration with a cirele absorber.
All anaesthetie drugs used had previously been
shown to have no effect upon neuromuscular
transmission even when given for two to three
hours.
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Number ?

(1) T'witch

th) Tetanus

{¢) "Twitch

Time Base
0.01 /see,

Fic. 1.

| I DerorarisatioNn BLock, On partial recovery (5095) from complete paralysis 25
, minutes afier 3.0 mg. decamethonium iodide (recorded
consecutively).

'
1o 0.0 sec, -+
1

' : Rate of nerve-stimulation:  (a) 2.5/second.
(h) 50/second. Note tetanus is well maintained.
(e) 2.5/second.  Note absence of post-tetanic facilitation,

ResuLts noimal characteristics of a depolarisation block:

Single Dose of a Depolarising Drug. A (11 Both twitch and tetanic rates of nerve

sugle paralysing dose (for the hypothenar stimulation are well maintained (fig. 1, ¢ and

muscles) of decamethonium (3 mg.) in 20 h). (2) Post-tetanic facilitation is not present

patients and of succinylcholine (30 mg.) in  (fig. 1, compare a with ¢). (3) Anti-cholines-
20 patients confirmed the presence of the terase drugs potentiate the block.*

() Twiteh

(b) Tetanus

(¢) Twiteh

Time Base
0.01 /sec.

Fia. 2.

Nox-DeroLartsation BrLock.  On partial recovery from complete paralysis 23 minutes
after 12 mg. d-tubocurarine chloride (recorded con-
secutively).

Rate of nerve-stimulation: (a) 2,5/second.  Note characteristic “fade” of potential
even at twiteh rate of nerve-stimulation.

(b)Y 50/second.  Note characteristic “fade” again.

() 2.5/second.  Note improvement in  neuaromuscular
transmission, i.e. facilitation  brought
about by the period of tetanie stimula-
tion, This is post-tetanic facilitation,

20z Iudy 60 uo 3sanb Aq jpd z0000-000£0096 1-Z2¥S0000/2881 L9/¥vL/2/ L 2/iPpd-81on1e/AB0|0ISUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



146 CHURCHILL-DAVIDSON, CHRISTIE, AND WISE Anesthesiology
Mar. -Apr. 1960

TABLE 1

Dose REspoNse oF A SERIES 0F PATIENTS GIVEN LARGE AMOUNTS OF DECAMETHONIUM
AND SUCCINYLCHOLINE

Decamethonium Succinyleholine

First Signs of Complete Dual First Signs of

Chango of Blocier Change of | (oMo Puat
Case o€ Reversibility with |Case oe Reversibility with
Anticholinesterase Anticholinesterase
Dose| Time Dose| Time Dose Time Dose Time
(mg.}| (minutes)| (ing.)| (minutes) (mg.) | (minutes)| (mg.) | (minutes)
1115 45 18 95 [+ (neostigmine) 1] 175 40 500 110 {74 (edrophonium)
21 8 55 375 106 [4 (neostigmine) 21 450 75 L0000 150 + (ncostigmine)
3113 90 20) 140 ]+ (ncostigmine) 3| 425 75 500 105 + (neostigmine)
1106 55 6 57 |+ (edrophonium) | 4| 500 ) — - - —
5|15 75 21 205 |+ (ncostigmine) 5 250 15 750 165 4 (neostigmine)
6|11 73 17 140 [+ (neostigmine) 6 (1,000 80 L,600 [ 196 + (edrophonium)
71 6 20 — -— — 71 500 byl 1,000 172 + (edrophonium)
8 8

1.5 70 15 110 [+ (edrophonium) 500 70 -—
{ 42 12 105 14 (neostigmine) 9 250 40 1,000 85 + (edrophonium)
10 | 12 96 14 155 |4 (neostigmine) | 10 | 400 70 1,200 140 4 (edrophonium)

-1

* The dose stated is the total given throughout the operation, immediately prior to attempted reversal
with anticholinesterase drugs.  No attempt was made to determine the exact time and dose st which dusl
block first beeame established.

() Twiteh

(h) Tetanus

(¢} Fwitch

Time Base
0.01 /scc.

Fia. 3.

Duvan Broek after 18.0 mg. decamethonium iodide given intermittently over 2 hours 10
minutes.  Pietures taken 10 minutes after last dose.
Rute of nerve-stimulation: (1) 2.5/sccond.  Note the presence of marked “fade” even
with twiteh rate of stimulation.
(b) H0/seeond.  Note presence of “fade” resembling block
due to non-depolarising drug.
(¢} 2.5/sccond.  Post-tetanie facilitation is present as in
non-depolarising block.,
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Thesc results are best compared with those
following a single paralysing dose (for the
hypothenar muscles) of d-tubocurarine (12
mg.) showing the characteristics of a non-
depolarisation block: (1) There is inability to
maintain both twitch and tetanic rates of nerve
stimulation (fig. 2, a and ). (2) Post-tetanic
fucilitation is present (fig. 2, compare @ with
¢). (3) Anti-cholinesterase drugs reverse the
block.*

Large Total Dose of a Depolarising Drug.
Following large doses of either decamethonium
(10 paticnts) or succinylcholine (10 patients)
a gradual but constant change in the character-
istics of the neuromuscular block can be ob-
served (table 1). At first, the change is
merely a lessening of the response after a con-
stant dose of the drug.  This alteration in the
dose-response relationship can be described as
tachyphvlaxis. As the total dose mounts so a
“fade” in the responses to a successive train of
stimuli gradually appears, but, at first, only at
very fast rates of nerve stimulation (i.e., 50 per
second). Finally, a dose is reached where this
“fade” of successive responses can be recog-
nised even with very slow rates of nerve

(a) Twitch

(b) Tetanus

(¢) Twirch

Time Buse
0.01/sec.

REVERSAL oF Duan BLock by neostigmine (2.5 mg.)  (Taken five minutes after Fig. 3.
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stimulation (i.c., 2-3 per second). Post-tetanic
facilitation can also be observed (fg. 3, com-
pare a with ¢). At this stage the character-
istics of the ncuromuscular block strongly re-
semble those scen after a single dose of
d-tubocurarine, and a dramatic improvement
in the neuromuscular block follows an injection
of an anti-cholinesterase drug (fig. 4). A
similar response to neostigmine after a large
dose of succinyvlcholine (1,500 mg.) has al-
ready been demonstrated.®

Sequence of Events in the Formation of a
Dua! Block. Elcetromyvographic studies re-
vealed the following pattern in the change
from a depolarisation to a non-depolarisation
type of block: (1) Typical depolarisation block
with maintenance of both fast (tetanic) and
slow rates of stimulation.  The absence of any
post-tetanic facilitation.®  Anti-cholinesterase
drugs increase the degree of neuromuscular

° NMinute scrutiny of the pattern of potentials
obtained after even a single small dose of a de-
polurising drug (decamethonium or succinyleho-
line) often revealed the first traces of a “fade”
and very slight facilitation.  The precise incidence
of this change in a random sample of the popula-
tion is under investigation,

I..I.'..sr:-.'u\r'»r'y'v*p'-- e b e b e e b b e e e e e e e 'r"n"-"'-'h\-'hlk'h"plkl'.'lp'lr'.#llp

Fiac. 4.

Marked improvement in tidal volume.

Rate of nerve-stimulation:  (a) 2.5/second.  Potential now well maintained.
(h) 50/second.  Potential now well maintained.
(¢) 2.5/sccond.  Potential now well maintained.
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o Pwiteh

hy Twiteh

T ime Base
(.01 seee,

Anesthesiology
Mar. Apr. 1960

1. 5.

07 minutes after 50 my. suceinyleholine (2.5/stimulizscendy. 7000 recovery.
(h After 1600 mg. succinyleholine given intermittently over 2 hours,  Last dose given

20 minutes before recording,

block.  (2) Tachyphylaxis, ie., a gradually
diminishing paralysant action in response to
the same dose of the drug.  (3) An inability
to sustain very fast rates of stimulation, with a
resultant “fade” in suceessive responses and the
presence of post-tetanic facilitation. (4) A
“fade”™ of successive potentials even with slow
(twiteh) rates of stimulation.  (3) Reversibil-
ity of varyving degrees following the injection
of an anti-cholinesterase drug.

Dose Relationship in the IFFormation of a
Dual Block. In this series a {ully established
dual block could be first recognised in the
hand muscles with doses of succinylcholine
varyving from 500-1,500 mg. and decametho-
nium from 6 mg.~20 mg. given over a period
of 1-2 hours. Figure 5 is an example of the
change scen after both a small and a large
dose of succinylcholine.

None of the 20 patients investigated with
a large total dose of depolarising drug failed
to show some signs of a dual block, though the
degree of reversibility varied in relation to the
completeness of the establishment of this con-
dition. In all patients in whom there was a
marked improvement in neuromuscular trans-
mission following anti-cholinesterase  therapy
(as measured clectromyographically) there was
also a corresponding improvement in the min-
ute volume of respiration.

DiscussioN

The results presented in this paper demon-
strate that the injection of a depolarising drug
in a normal anacsthetised patient will lead

ultimately to a dual type of nceuromuscular
block in the hand muscles provided a suffi-
ciently large dose is used.  In this study the
dose of succinylcholine required to produce a
dual block varied in different patients from
500-1,500 mg. and for decamethonium from
6-20 mg. The first trace of a non-depolarising
type of block could sometimes be recognised
even after a single small dose of the depolaris-
ing drug—i.c., 40 mg. of succinvlcholine and
2.0 mg. of decamcthonium, It may well be
that a wider survey of the population might
reveal that a complete dual block does some-
times occur even with very small doses of the
depolarising drugs.  In fact, in one case not
included in this series which was investigated
for a prolonged response to succinylcholine,
evidence for the presence of a dual block was
obtained after only 100 mg. of the drug had
been given.

In cach instance in which the block changed
its characteristics completely from one of de-
polarisation to one of non-depolarisation, the
mjection of an anti-cholinesterase drug (uco-
stigmine) led to a marked improvement in
neuromuscular transmission, At the same time
the respiratory minute volume was also im-
proved.  These findings lend support to the
suggestion that a similar type of dual neuro-
muscular block also affects the respiratory
muscles.  Furthermore, it is supported by the
work of Creese and his co-workers,” Dillon ®
and Taylor,? showing that a two-phased block
can be recognised with in vitro preparations
of human intercostal muscles,
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The majority  of  the  electromyographic
changes described in this paper can also be
observed as alterations in the crude mechanical
contractions of the hand muscles on stimula-
tion of the ulnar nerve.  Thus, with a simple
peripheral nerve stimulator ' it is now possible
for the anesthesiologist to diagnose the precise
type of neuromuscular block that is present at
any given moment.

SUMMARY

Evidence is presented to show that whereas
a single small dose of a depolarising drug (suc-
cinvlcholine or decamethoniun) is usually fol-
lowed by a depolarising type of neuromuscular
block, successive doses finally produce a dual
type of block in the hand muscles of normal
anacsthetised patients. The sequence of events
in this changeover is described.  The dose
level at which this change may be anticipated
is also mentioned, together with a practical
suggestion for the diagnosis of neuromuscular
block in man.

The expenses and equipment for this investiga-
tion were provided by the Endowment Funds
Connnittee of St, Thomass Hospital,  We are in-
debted to Dr. M. D, Nosworthy for helpful eriti-
cism, to Mr. T. W. Brandon for the photozraphs,
Mr. Peter Styles for advice on the celecteronic ap-
paratus, and Miss Jean Davenbort for sceretarial
assistance.
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CARBON MONOXIDE Dogs were ex-
posed to air containing 0.2-0.3 per cent car-
bon monoxide until they appeared to be near
respiratory failure. They then breathed air,
100 per cent oxygen, or 3 per cent carbon
dioxide in oxvgen.  Toss of carbon monoxide
from the blood, and its elimination in expired
air were markedly slower  when air was
breathed.  The loss of carbon monoxide was
significantly faster when oxygen and carbon
dioxide was breathed than with oxygen alone.
This difference was related to a greater volume
of ventilation due to the carbon dioxide. (Kil-
lick, E. M., and Marchant, ]. V.: Resuscitation
of Dogs From Screre Acute Carbon Monoxide

Poisoning, J. Physiol. 147: 274 (Sept.) 1959.)

ANTIEMETIC The antiemetic propertics
of trimethobenzamide hvdrochloride (Tigan)
have heen investigated in dogs and compared
to the effeets of chlorpromazine.  Tigan was
found to resemble chlorpromazine in its anti-
emetic effeets, both having their primary effect
on the chemoreceptive trigger zone.  Tigan
produzed less hypotension  than  did  c¢hlor-
promazine, showed no antagonism to the
blood pressure effects of epinephrine as did
chlorpromazine, showed no antagonism to the
bronchoconstrictor action of histamine in cats,
and appeared to lack the sedative properties
of chlorpromazine, (Schallek, W., and others:
Anti-Emetic  Activity  of  4-(Dimethylamino-
cthoxy)-N-(3,4,5-Trimethoxybenzoyl)  Benzyl-
amine Hydrochloride, ]J. Pharmacol. & Exper.
Therap. 126: 270 (July) 1959.)

20z Iudy 60 uo 3sanb Aq jpd z0000-000£0096 1-Z2¥S0000/2881 L9/¥vL/2/ L 2/iPpd-81on1e/AB0|0ISUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



