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ImsreETIC 70 -a long acting muscle -relaxint
synthetized "in Austria. - It was firsttested
pharmacologically by Klupp ef al.tin 1953 and
clinically = by “Briicke and . Reis & in 1954,
During the past four years it huas been- used
in _over. four thousand ~surgical patients “in
Europe:#-7 In this” paper we shall' describe
our findings following administration of the
drag to 573 anesthetized -individuals.

CHEMISTRY "AND PHARMACOLOGY

Tmbretil is -1, 6-hexamethylenebis-carbam:
inovlcholine-bromide:

NH-CO-0O-CH,-CH,"N- (CH,), - BR
(CH,),

NH:CO-0-CH,CH,*N- (CH,),-BR

s whites slightly hvdroscopice, ervstalline

powder, soluble i watér and aleohol, “and
almost insoluble i ether; ehloroform and ben-
zene.” -The aqueous solution is ¢lear, colorless
and “has-a pH of 745 The micro wmelting
point ranges from 172176 C. " The ‘molecular
weight is 536.34.

The - mechanism of “action -of “Tmbreétil has
been described as that of a “dual bloek™ similar
to that “deseribed by Zaimis for decametho-
niun. % The initial phase, or depolarizing
block is~ said “to” last -a~few minutes and is
followed by a persistent paralysis of the curaré
type. Antagonism-or reversal ‘of -the effects
of Tmbretil have been réported with neostig-
mine-and “other anticholinesterase drugs.

Quantities resulting in’ complete muscular
relaxation do not ‘show any nicotinie or mus-
carinic side effects.” . Cardiac activity, bload
pressure. and intestinal funetion are said not
to-be influenced by therapeutic doses.. Twenty
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to thirty times the muscle relaxing dose eauses
asslight-and transient rise in blood pressure iii
animals.® 2055 Tachyphvlaxis does-not oceur
with repeated -injections but - the drug action
is cumulative. .~ Imbretil 'is probably -excreted
- the urine “in an -unaltered “condition. -~ In
dogs, approximitely 50 per cent of the ‘drug
is eliminated -within two hours after a single
intravenous dose” and 775 per eent” within six
to eight hours: - After 48 hours, excretion” ig
almost entirely completed.?® " The intraccular
pressure i manis alleged to increase tempos
rarily with Tmbretil 1o

MATERIAT AND METHODS

Durinig the past “eight ‘morithg Imbretil has
been given to-573 anesthetized patients under-
going major: surgical ‘procedures at The Pres-
byterian Hospital, New York, and at The Hos-
pital of the University of Pennsylvania:  Three
hundred and seventv-two -were females. The
age distribution (9-85 " vears),  and -physical
status of “the  patients is” shiown ~in tables
Iand 2.

Preancsthetic medication - consisted of seco-
barbital “mepeériding or morphine arid scopol-
amine or atropine - in
doses. - Cyclopropane, following induction with
thiopental, and thiopental, ‘nitrous oxide, and
oxvgen were the main anesthetic agents (table
3). “Imbretil was administered in single dose
in 321 cases and- by multiple injection in 252
The total dose ranged from 0.5 to 9.0
mg. " Data-on dosage dre summarized in table

>ases.

TABLE 1

Adr Rande (9-85 vears)

04 t
10=19 I8
2024 44
3034 103
1044 151
H=5HY 130
60-69 86
T0-79 5
80-89 3

average - therapestic:
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TABLE 2
Prysican Starus *

Ong

Two

Three

Four

Five
Not-recorded

* 1 = Excellent, no systemie disense:

2 = Slight to moderate systemic disease.

3 = Moderate to -severe-systemic -disease,

4 = Desperatelyilk

5= Moribund.

TABLE'3
ANESTHETIC ACENTS

Cyelopropane 105
Cyelopropane-thiopental-N .0 202
Cyclopropane-thiopental and/or ether 59
Thipental-N 4O 119
Thiopental-N;O-meperidine 40
Thiopental-NsO-ether 26
Other-combinations 22

TABLE 4
Dosacr

Total Absolute Dose Total Dose Mg./Kg.

AN AN
M. Patients Mg./Kg. Patients

0.00-0.019 19
0.02-0.029 20

1.0 or less 14
7 0.03-0.039 39

1.5 7

225 54 0.04-0.049 51
3-3.5 85 0.05-0.059 L4
445 297 .06-0.069 103
5~5:5 54 0.07-0.079 85
6-7 66 0:08-0.089 40

0.09-0.099 23
84 16 0.10-0.109 14

0:11-20.1149 15
0.12-0.159 14

HET*

* 6 patients-not recorded beeause of Jack of data
on weight:

4. When TImbretil - was used - together - with
another “muscle relaxant, -suceinylcholine was
usually _selected - (table. 5). The indications
for the use of Imbretil were the prodiiction of
muscular relaxation for tracheal intubation and
surgical operation- (table 6).

REesurLis

Onset, duration and intensity of -action. 1t
wis easiest to observe the onset of respiratory
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TABLE 5

CompiNation wird Oraeir RELAXANTS

Imbretil only 248
Succinyléholine followed by Tmbretil 158
Imbretil followed by Succinyleholine 92
Suecinvlcholine followed by ITmbretil-
Suecinyleholine 72

Other Combinsitions

TABLE 6
SURGICAL OPERATIONS

Intracabdominal

Upper 178
Lower 219
Thoraco=abdominal 7
Intrathoraeic 32
Others 137

depression. . This-began within 40-60 seconds
of anintravenous injection; and if the dose was
sufficient, apriea occurred by 45-180 seconds.
Abdéminal “relaxation ~appeared < to develop
within one to three minutes. . These time rela-
tioriships resemble - those “of -decamethonium,
and represent a longer ‘onset than is seen after
the - intravenous - administration . of succinyl-
choline;

The' duration of ‘respiratory depression - fol
lowing -initial, non-apneic; doses ~of “Imbretil
varied from 9-20 minutes. - If apnea was pro-
duced, it persisted for 9-35 minutes,  In addi-
tion o the action of Imbretl, depth of anesthe-
sia and- the -degree of ventilation; to cite two
of many factors; also have important inflaences
o’ the ~duration of apnea.” -With " controlled
conditions if the end-tidal P, is kept constant
in the normal range during controlled respira-
tion, the duration -of apnea following the ad-
ministration-of 0.032-0.083 mg./kg. of Imbretil
was 14=33 minutes.’* ~Abdominal - relaxation
appeared to contintie for 45-90 minutes.

The  degree of - abdominal rélaxation. pro-
chiced by Imbretil was profound.. The" drug
produced a “putty-like” -abdomen. ” The in-
testinies appeared to be contracted. - Imbretil
was injected after the abdomen was opéned in
séven patients. -Within 45 seconds the dilated
intestines contracted "and occupied less space:
In these instances dilation réturned about 40
minutes later. -~ An additional 1 mg. - dose of
Imbretil was given-and the intestines again
contracted.
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TABLE -7

Ruspirarory DEPRESSION OR APNEA AT
Exp-or OpPERATION

No,.of Cases

Mild depression 5
Moderate depression 10
SRevere depression 10
Apnes 1

20 (ol 375

Jaw - relaxation ‘was ~inadequate for - direct
larvnigoscopy in 15 of 291 cases, partially be-
cause larvngoscopy was attempted “too early.
The voeal cords were still movirig in 32 and
were. closed - in 10 “patients. Coughing  and
bucking ‘after tracheal intubation was noted
in 23 patients.

Fasciculation.
involving mostly the nieck and shotlder muscles
were riotéd ino 84 of “337 -patients receiving
Imbretil ag the initial relaxant’ These fibrillary
tremors “were ~of “lessér degree and | dviration

Fine muscalar fasciculations

than those seen after siccinvicholine,

Postoperative Respivatory Depression-or Ap-
nea. . Twenty-nine “of the 573 patients were
apneic or ¢hinicallv had an inadequate respira-
tory exchange at the end of operation (table
Ty I 11 of cthese ciages the total “dose of
Imbretil was-0.10 nig. kg, or ‘greater. These
relatively Targe doses represented - either errors
in judgment “or cfforts 1o determine dose-ve-
sponse curves.. Two Lof “the 29 patierits had
imipaired renal -function judged by “elevated
blood wrea witrogen values. Ore-patient was
“cachectic” “and dehvdrated. . The  duration
of the postanesthetic respiratory depression
ranged from” 30 minutes 'to six hours,

Anexthesiology
Sept~Oct. 1250

Antagonists.—In-25 of the 29 patients with
apnea” or hypopnea at the end of “éperation,
one or more of various “antagonists” were ad-
ministered “intravenously and Cthe respivatory
tidal volume monitored” with o spirometer or
Dritger Volumeter {table 87,

Neostigmind methvlsalfate and edrophonivm
hydrochlovide, “when “given “tnder “these “cir-
cumstances, affected vespiration i unpre-
dictable manner, Antagonism was not obsérved
consisteritlv, "An_antagonist specific for deca:
methonium ™ was tried in one” case and . in-
creased the depression of respiration. In the
twocases where thiamine was found to be in
cffective antagonist, the tidal voluime first be:
came depressed Tor two to-three minntes and
then showed “a steady -~ ingrease to values
dectied adeguate: Tor these ™ pitients.” This
secondary respiratory stimulant efféct was ot
obsérved inall cases where thiamine  was
administered. T fiet, it produced  Turther
respiratory depression i three patients.

Since - tetraethylammonium- - chloride Cgiven
intravenously Tin dases of 2 g kg, has béen
reported “to antagenize the réspiratory depres
siont ciaused by d-tuboenririne?* the drug wag
tested against similar depression from ITmbretil,
Hypotension and tachveardia lasting for 5-15
minutes developed, bt no improvement -in
ventitation ‘could be shown,

A-controlled study -of this problem in which
the “depth Zof “anesthesia and - end tidal Peos
were kept constant, is reported in the follow:
ing’ paper.” This study showed. thiat after a
relatively -short duration (25-35 minutés) of
forearm - musele paralysis with 2-4 “wig. of
Imbretil, _edrophonium and “neestiginine - ap-

TABLE 8

Errrors or AN
TrEATME

sOINT

Divng and Dose

Fdrophonium CL{5-00 mg.)
Neostigmine methylsulfate -(0.5-2.5 mg.)
B.W. Drug Noo 49-204 42 mg:/ke)
Thiamine C1 80125 mig kg

ravprovement | Fiiproveinent ] Timprovenent

S ADMINISTERED TN TRAVENOUSLY FOR
T oF APNEA o HyYrovENTILATION,

Murked Sight No

Heapiratory
Depression

6 4

5
7 10 3
: |
2+ ! | 3

(Number of injections-exceeds number of eases beenuse of repected Tijections, |
* Tidal volume first became depressed for two to three minutes and then showed steidy ineroase o

valies deemed adequite Tor these patients,
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parently did not-influence the rate of recovery
of these muscles. However, neostigmine ap-
peared to antagonize the larger doses of Tm-
bretil only when the duration of paralysis was
prolonged - (more than 1 hour).- B.W. Drug
No. 49204 17 potentiated - the Imbretil in" 2
trials. - Thiamine Clin doses of 5~10 mg./kg.
body weight “¢aused “definite “acceleration “of
recovery “in 5 instances but in 2 patients thi-
amine caused atriinsient reparalysis,

It 'is possible that with larger or ‘multiple
doses of Imbretil and longer duration of paral-
ysis the nature of the neiromuscular blockade
or the “sensitivity -of the end-plate region to
acetvleholine may be altered so that an anti-
cholinesterase” can - becornie ~effective i “over-
Further
study i this-darea’is necessary. Furthermore,
since thiamine in large dosés may -produce
neuromuscular blockade in “a” manner  similar
to that of d-tubocurarine,’ the circtimstances
vundeér which thiamine may antagonize or po-
tentiate Imbretil need definition’

The “possibility - that edrophonium, neostig-

coming _ the  neuromuscular - block.

mine or atropine caused tespiratory stimulation
through direct actions, rather than via antag-
onism~ of “the ‘neuromyal “junction block pro-
duced by Imbretil was investigated. “In nine
anesthetized patients who “had  received " no
muscle relaxant, the intravenous administration
of “therapeutic doses of these drugs individ-
ually prodiiced no increase in respiratory rate
or tidal volume.

Cumulation.” Repeated hijection” of Tmbretil
wias followed - by in ineréasingly " prolonged
action of  successive doses.” Repeated- dosés
appeared 16" be approximately four times “as
effective as the initial dose.

Circulation. Hypertetision oceurred “in- 16
patients 45-60 seconds after administration of
the drug and lasted three to five minutes.” The
usual iricrease i systolic pressuré swas 20-30
i, of mercury: however, there was a-40-80
min. of mercury rise in four ¢cases. In three
patients (one debilitated ) there was a marked
hypotension.  In one case the systolic blood
pressure decreased 40 mm. and in_the other
70 mm. of mercury. Both of ‘these patients
responded “immediately to ephedrinie (25 mg.
iritravenously and 25 mg. intramuseularly).
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BLE 9

INTRACUTAN ;8T FOR HISTAMING
LiseERrRATION
d-Tuborurarnne Imbretil Saline

Suhe 0.05 ml. 0.05 ml. .05 ml.
ject o A i
Whieal ' Flare | Wheal Flare-|  'Whaal E Flare
D | e |3

3 e | 0.5 eml] None s f

5 Jerns | e, | None | None-| None

O 0.7 ems 3 emy 07 eme None 104 (‘m.! 1.7 em.

v 2em. |3 em. | ey None'| - None | None

FL 103 em)1em: 0.3 em.| None | None None
| i

[
Jo Temy s

Synergism.-~ Succinylcholine in-déses of 20~
30 -mg. intiavenously” acted  with “greater in-
tensity “and two to four times longer -when
injected after Tmbretil had been given. Single
doses “of ~suceinyleholine “produced  muscular
relaxation -persisting for-as long “as 15-20 min-
utes under these circumstanc

There was also-a suggestion of material re-
inforcement between Imbretil and ethyl-ether
or eyelopropane.

Pupillary Dilation,” . Pupillary - dilation - o¢-
curreéd within 60 seconds of injection in 13 of
46 patients i -whom the pupil-was observed.

Histamine ~Liberation.  -Tutracutaneous in-
jection in.the volar surface of the forearm of
five subjects -was - carried “out with 7 0.05 ml
sach of ~d-tubocurarine,” Timbretil and  saline.
The solutions used were injected without dilu-
tion as taken from commércial ampules. Re-
sults shown -in-table 9 indicated that Imbretil
liberated less histamine than d-tubocurarine.
Bronchospasm was not recorded after the ad-
ministration of “Tinbretil in any of -the anes-
thetized patients.

Miscellaneous _Observations. Hiccough- or
diaphragmatic flipping was present and annoy-

g in-25 cases.

When the lightest levels of anesthesia were
maintained various movernients oceurred, con-
sisting of wrinkling of the forehead, movement
of ‘the head from side to side, slight -¢levation
of the lower -extremities, bucking on the endo-
tracheal tube, and motion of the jaw. - Cur-
iously ~enough, “these -movements . seemed -to
take placé in the presence of adequate abdom-
inal relaxation. - Both the hiccoughs and the
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muscular activity “could be Tabolished by in-
creasing the depth of aneésthesia.

No —deaths “attributable to anesthesia oc-
curred in this series, but it must be pointed out
that “theé majority -of ~patients -were in good
phvsical condition prior to operation.

Discussion

The ultimate place ol Tmbretil among the
muscle relaxants I8 difficult to predict. - Its
gredtest advantage is its ability “to -produce
profound “abdominal velaxation; almost equiv-
alent-to that ebtained with spinal anesthesia.
Tts outstanding disadvantage is the Jack of 2
reliable antagonist, and perhaps, as -a~ corise-
querice of this; the increased likelihood -of in-
adequacy of
postoperative period: An important aim there-
fore is a dosage regimen to avoid postoperative
respiratory depression:; A single -dose of -
bretil of 0.04-0.055 mg. kg, (3-4 mg. for a
160 Th. patient)  will provide conditions ade-
quate for tracheal -intubation during first plane
surgical anesthesia, provided two to three min-

vespiration” in - the immediate

utes are allowed to elapse -after intravenous
injectioin. - Since  the total “dose -of Imbretil
should “rarely “eéxceed  0.10-0.12 - mg.'kg. at
Teast  within a thrée howr period -if postopera-
tive respiratory depression s to -be prevented,
it is wise 1o use succinvlcholine to assist with
tracheal “intubation in- puatients” scheduled for
prolonged procedures. - This reduces the total
amount of Imbretil requirved. To ‘accomplish
this -succinylcholine” (40=100 wig.) “is adminis-
tered “after “induction of anesthesia and three
mintites of oxygenation. - Imbretil (3-4 mg. as
a rulé, 5-6-mg.-oceasionally) is injected -intra-
venously -immediately -prior to - the need Tor
muscular relaxation for the surgical procedure:
For operations lasting approximately ori¢ hour
0.050-0.060 mg./kg. of Imbretil will be ade-
quate. Usually 0:060-0.080 mg./kg. will pro-
vide adequate  relaxation for ‘one and one half
to” three hours “of “surgery: and 0.080=0.100
mg./kg., three hours or longer. ~As the operia-
tion mears completion; and if additional mus-
cular relaxation is required; suceinylcholine 'in
smiall “doses ‘may “again be preferable; partic-
iilarly beciuse of the prolonged and more in:
ténse action previously mentioned.

~Anesthesiology
Sept.~Oct. 1950

Imbretil mav be compared to other relaxants
of “the depolarizing group. Its “action is “ob-
viously slower inonset and muck ‘'more pro-
loniged in duration than that of suceinylcholine.
It -seems  to be a more reliable  drug -than
decamethonium ~in - that “abdominal  muscular
relaxationis -dependable; profound -and: pro-
longed. - The tachyphylaxis attributed to -deéc-
amethonium - was - not 7 seenvith . Imbretil.
Imbretil is therefore” a uscle relaxant some:
what slow i1t “oriset “of “action, powerful in its
effect and ‘acts for a -longer period than any
of the depolarizing relaxants in common use.

European clinicians have _indicated = that
neostigmine will réverse the respiratory depres-
sion “caused -by Tmbretil. - Two aspects -of this
relationship - deserve “comment. - When ‘néo-
stigmine was- injected” intravénously after” a
sitigle ~dose of ' Imbretil,- we noted ~either  fur-
ther-depression of respiration or no changé at
all.- “Under these “circumstances antagonism
wias- obviously lacking.” "I “large or ‘multiple
doses of Timbretil had been given -and  45-90
miinutes or more -had élapsed,- both - edropho-
nitim - and “neostigmine - appeared to -stimulate
breathing i about 80 per cent of -the trials,
This suggested the - development of a-curare-
type- blockade,. but “the -antagonism - was™ not
suliciently reliable to offer solace -to the anes-
thesiologist relving - on - a cheinical - reversal,
Tetraethvlammonium proved  completely “inef-
fective as an antagonist:” Results with thiamine
chloride were difficult to interpret;” some- pa-
tients showing ‘reversal, others becoming more
paralyzed.  B.W. Drug No. 49204 apparently
potentiated the action of Imbretil.

The results .obtained with these drugs “in
man are different from those -obtained ‘in cats.
Inia perorical nerve-tibialis muscle preparation
in the cat the dction of ITmbretil was potentiated
by edrophoriiumand neostigmine and antag:
onized by B.W. Drig No. 49-204.

The possibility ‘that the effects noted follow-
ing -the use ot edrophonium, neostigminé or
atropine - were -related not” to veversal of a
neuromval junction blockade but to a direct
action of “these drugs proved unlikely, for no
respiratory - stimulation.- was -obsérved  when
these -substances - were - injected “intravenously
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to anesthetized subjects who had mot received
muscle relaxants.

We are of -the -opinion that the .apparent
effectiveness of edrophonium and neostigmine
in"some instances might be -attributable o
spontanéous recovery from Imbretil paralysis.

Thie  chief problem with -Imbretil- -in this
series was the relatively “high incidence of
respiratory inadequacy -seen at the c¢onclusion
of ‘operation and persisting into the immediate
postoperative period:  This could be explained
inpart by early “exploration” of “dose-response
relations, for some patients were _given large
doses “deliberately. - Because of the tendency
toward acctimulation”and -because of the pro-
lovged -duration of “action, it” seems. best to
provide museular relaxition toward the end of
long opetations with a deeper pline of anes-
thesia ~or “with - suceinvicholine, -acting -as it
does after Tmbretil ina more intense and more
prolonged fashion. - Similarly,; since total dos-
age  was, not unexpectedly, relatedto - the
incidence - of postoperative ~hvpoventilation,
there is merit in-not using Imbretil 1o assist in
tracheal intiibation. ~This spares 2-4 mi. of
the -driig for the provision of feluxation during
operation.

It is mot vet possible to define” those condi-
tions ~wnder whicli Imbrétil's action will ‘be
éven Turther prolonged. If the major route of
elimination is shown to be the kidney, impair-
ment of renal function may cause - increased
intensity “and duration “of “action” of the drug.
The  possible synergy “betweéen diethyl -ether,
cvelopropane and Imbretil deserves _study.
Our data on this question_are too fragmentary
for “opinion. - The Telation of Tmbretil to re-
Lixants ‘othér than suceinvlcholine has also not
been explored by us.

The “circulatory effects of Tmbretil “seem
minimal: - The histamine-liberating property of
thie ~drug “appears of “little importance, . Its
alleged ability to- raise intraocular “tension
briefly is probably_of little moment although
measurements of this resporise should be made.

SUMMARY

A clinical study i 373 patients ol a new
potent muscle relaxant, Tmbretil, is presented.
The drig provided an-excellent surgical field
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if muscualar relaxation was required.  Repeated
doses were approximately four times-as-effec-
tive -as thé initial ‘dose.” Imbretil caused apnea
or hypopnea in 29 of the 573 patients in the
finmediate “postoperative period.” Various -an-
tagonists “were wsed Tin 257 of ~these patients
with - inconsistent ~and - inconchisive - results.
Recommended " dose schedules for the use of
Imbretil are proposed.

This study was supported by Burroughs - Well-
come & Cor (US.A) Ing.
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