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Trimethylammoniumcaproylcholine (TACCh) is
a hydrolyzable, depolarizing muscle relaxant. Its
neuromuscular effects are similar to those of suc-
cinylcholine. TACCh was used for the mainte-
nance of surgical relaxation in two groups of anes-
thetized patients. The first group of 12 patients
received TACCh in continuous intravenous in-
fusion; in the second group intermittent doses of
TACCh were used in conjunction with hexa-
fluorenium. Respiratory rate, tidal volume, onset
and duration of apnea, blood pressure, and pulse
rate were recorded. Satisfactory surgical relaxa-
tion was achieved in all cases. No bradycardia,
unexplained hypotension, arrhythmia, urticaria,
bronchospasm, prolonged postoperative apnea, or
tachyphylaxis was observed in this short series. In
contrast to succinylcholine, the breakdown prod-
ucts of TACCh have no significant neuromuscular
blocking effect. Consequently, further studies are
indicated to determine whether or not it has

any clinical advantages over the well-established
succinylcholine.

THE NEUROMUscuLAR effect of choline esters
of the methylamino, dimethylamino and tri-
methylammonium omega substituted lower
homologues of the fatty acid series was in-
vestigated in laboratory animals? and in man.?
The general formula of the compounds tested
is: R-N-(CH,),-CO-O-(CH,),-N(CH;)s. R
can be H, CHy; (CHj),; or (CHy)g Al 17
homologues tested were hydrolyzed, at vari-
able rates, by human plasma, but not by
human red cell cholinesterase.® Their enzy-
matic breakdown in cat plasma was insignifi-
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cant.* In cats, three of the compounds tested,
namely 6-dimethylaminocaproylcholine iodide
hydroiodide (n=5, R= (CHg),), 6-tri-
methylammoniumcaproylcholine diiodide (n =
5, R = (CHy)g), and 7-aminoheptanoylcholine
chloride hydrochloride (n = 6,R = H,CHj;) ex-
hibited almost identical neuromuscular activity.
(For the sake of brevity the salts of the various
compounds will only be indicated when first
mentioned.) The myoneural block produced by
these compounds was qualitatively and quanti-
tatively similar to that observed after compa-
rable doses of succinylcholine (Anectine)
chloride. In man, however, the duration and
intensity of the neuromuscular effects of the
three compounds were found to be dependent
on their enzymatic hydrolysis rate by human
plasma cholinesterase.2 The neuromuscular
effect of the rapidly hydrolyzable 7-amino-
heptanoylcholine or 6-dimethylaminocaproyl-
choline was insignificant 2 and could only be
demonstrated after the inhibition of plasma
cholinesterase  activity by hexafluorenium
(Mylaxen) dibromide.® However, the neuro-
muscular effect of 6-trimethylammoniumcap-
roylcholine (TACCh) which was hydrolyzed by
plasma cholinesterase at about the same rate
as succinylcholine,® was qualitatively and
quantitatively similar to that of the latter
compound.

This compound was synthesized by Fusco
and associates 7 and its pharmacological effects
in animals were investigated by Bovet et gl.®
It has also been used for the production of
surgical relaxation by Rizzi® The present
study was undertaken to determine the suita-
bility of TACCh, alone, and in combination
with hexafluorenium, for the production of
surgical relaxation.

173

¥20¢ Iudy £} uo 1s8nb Aq 4pd'L L000-000E0¥961-Z¥S0000/0L Ly L9/EL L/Z/ST/HPA-OI0NE/KBOI0ISOLISIUR/LIOD IBUDISNIIS ZESE//:dRY WOl PSpeojumog



174 FOLDES, DAVIDSON, KLONYMUS, DUNCALF AND MATSUZAKI

Material and Methods

Because of the scarcity of the available
material, TACCh was used for the mainte-
nance of surgical relaxation in only 50 pa-
tients. To 12 patients (group I) TACCh
dichloride was administered in continuous
intravenous infusion. In 38 others (group II)
TACCh diiodide was administered in conjunc-
tion with hexafluorenium in fractional doses.
There were 3 male and 9 female patients in
group I. Their ages ranged from 32 to 70
years. In group II there were 10 men and
28 women; their ages ranged from 25 to 76
years. All underwent various intraperitoneal
operations, e.g., gastrectomy, cholecystectomy
or hysterectomy, requiring good muscular
relaxation.

These patients received 50 to 100 mg.
pentobarbital (Nembutal) sodium or seco-
barbital (Seconal) sodium 90 to 120 minutes,
and 50 to 100 mg. meperidine (Demerol)
hydrochloride and 0.3 to 0.4 mg. scopola-
mine hydrobromide 35 to 60 minutes before
the anticipated start of anesthesia. All drugs
were administered intramuscularly. In a few
elderly patients, scopolamine was replaced by
atropine hydrochloride.

Patients were lightly anesthetized with thio-
pental (Pentothal) sodium and nitrous oxide-
oxygen, supplemented with alphaprodine
(Nisentil) hydrochloride or meperidine admin-
istered before skin incision and, as required,
during surgery. Details of the technique used
have been described elsewhere.?® After the
induction of light thiopental, nitrous oxide-
oxygen anesthesia the patients in group I re-
ceived 0.6 mg./kg. TACCh during a 30-second
period. They were hyperventilated with oxy-
gen and the tracheas intubated 30 seconds
later. Following intubation the administra-
tion of nitrous oxide-oxygen was resumed in
a semiclosed circuit. To decrease the likeli-
hood of narcotic-induced respiratory depres-
sion all patients in group I and most in
group II received levallorphan (Lorfan) tar-
trate 0.5 to 1.0 mg. intravenously after in-
tubation. After the return of spontaneous

* The trimethylammoniumcaproylcholine, first as
its diiodide and later as its (ﬁchloride, was sup-
plied by Dr. Georg E. Cronheim of Riker
Laboratories, Inc.
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respiration anesthesia was deepened by the
intravenous administration of fractional doses
of alphaprodine or meperidine and occasion-
ally thiopental, to the level necessary for the
patient to tolerate a skin incision. In group I
a continuous infusion of 0.2 per cent TACCh
was started about 5 minutes before the antici-
pated entry into the peritoneal cavity. The
TACCh solution was administered at the rate
of 80 to 100 drops per minute until tidal
volume became markedly depressed or apnea
developed. At this time the infusion was
stopped until the patient’s spontaneous res-
piration returned or became deeper. Subse-
quently, depending on the patient’s weight,
age, physical condition, and the observed ef-
fects of the initial infusion, the drip rate was
empirically set between 40 and 60 drops per
minute. After entering the peritoneal cavity,
the drip rate was further adjusted to produce
optimal relaxation, whenever possible without
complete paralysis of all respiratory muscles.
Except when apnea developed ventilation was
assisted in this group. In general, the mode
of administration of the TACCh infusion was
similar to that previously described for suc-
cinylcholine.’* The infusion was discontinued
after the peritoneum was closed and the fascial
layers had been approximated. Additional
doses of alphaprodine or meperidine and thio-
pental were administered throughout anes-
thesia as required.

The anesthetic technique used in the 38
patients of group II was similar to that used
in group I except that after induction of
thiopental, nitrous oxide-oxygen anesthesia
the patient received 0.4 mg./kg. hexafluo-
renjum intravenously. Three minutes later, 0.2
mg./kg. TACCh was injected intravenously
and another three minutes later endotracheal
intubation was performed. From then on
muscular relaxation was maintained by the
intravenous administration of TACCh in frac-
tional doses, amounting to about 80 per cent
of the initial dose. The time interval between
the initial dose and the first fractional dose
varied from 7 to 45 and averaged 25.9 = 1.3
minutes. The interval between subsequent
fractional doses became progressively smaller
as the inhibitory effect of hexafluorenium on
plasma cholinesterase gradually wore off.
When the interval between two fractional
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doses of TACCh became less than 10 minutes,
0.15 to 0.2 mg./kg. hexafluorenium was ad-
ministered two to three minutes before the
next dose of TACCh. No TACCh was admin-
istered after the peritoneum had been closed.
Controlled respiration was necessary most of
the time in this group. Control values of
pulse rate, blood pressure, respiratory
rate and tidal volume were determined
after induction of light thiopental, nitrous
oxide-oxygen anesthesia. In group I tidal
volumes were determined by dividing the
minute volume (measured with a ventilation
meter inserted into the anesthetic circuit) by
the respiratory rate. In group II tidal volume
was determined by taking the averages of
several readings made on the ventilation
meter. In group I all measurements were
repeated before skin incision and in ten pa-
tients before, in two immediately after, and
in six both before and after extubation; and
in group II, after hexafluorenium, two minutes
after the administration of each fractional dose
of TACCh, and after extubation. In addition
pulse rate, blood pressure and respiratory rate
were observed regularly at 5- to 10-minute
intervals throughout anesthesia. The time of
onset of fasciculations and apnea measured
from the start of the TACCh injection, the
duration of the apnea and respiratory depres-
sion, and the state of relaxation of the vocal
cords at the time of intubation were also
observed in both groups. In addition, in
group II the onset and duration of apnea
after each fractional dose of TACCh were also
recorded. The time elapsed between the dis-
continuation of the infusion in group I or the
administration of the last fractional dose in
group II and the return of the tidal volume
to control values was also noted. The
pg./kg./min. doses of TACCh used during the
intravenous infusion in group I, and from the
time of administration of the first dose to the
end of anesthesia in group II were calculated.

The cholinesterase activity of samples of
heparinized plasma from the patients of
group I was determined by a null-point po-
tentiometric titration procedure using a pH-
Stat (Radiometer, Copenhagen). The deter-
minations were made at 37° C. and pH 7.4,
using 0.2 ml. plasma in a final volume of 4.0
ml. The substrate was acetylcholine chloride
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TasLe 1. Comparison of the Effects of the Initial
Dose of TACCh Administered Alone* or
After Hexafluoreniumt

Group I Group I
(12 Cases) (38 Cases)
Fasciculation 12 1
Onset of fasciculation | 34.2 3-2.31 Seconds -,
Onset of apnea <50 Seconds 2 to 3 Minutes
Duration of apnea 4.7 40.5 Minutes (18.2 +1.4 Minutes
Cords paralyzed at 11 32
intubation
Satisfactory conditions 12 38
for intubation

* Dose of TACCh 0.6 mg. /kg.
t Dose of Hexafluorenium 0.4 mg./kg., that of TACCh

0.2 mg. /kg.

1 Standard Error,

(1 X 10-°M) and 1.10N sodium hydroxide
was used for titration.

The state of consciousness of the patients of
both groups was evaluated 5 minutes after
the discontinuation of the administration of
nitrous oxide-oxygen by determining whether
the patient answered questions, obeyed com-
mands, responded to stimuli or was non-
responsive.

Results

Muscular fasciculations could be observed
in group I in 34.2 2.3 (range 20 to 50)
seconds after the start of the intravenous ad-
ministration of TACCh (table 1). Of the
38 patients in group II who received TACCh,
three minutes after the intravenous adminis-
tration of hexafluorenium, fasciculation de-
veloped in only one subject in 180 seconds.
Apnea occurred in 11 of the 12 patients of
group I within 50 seconds after the start of
the TACCh injection and in 37 out of the
38 patients of group II within 180 seconds.
At the time of intubation the cords were
paralyzed in 11 out of 12 and in 32 out of
38 patients of groups I and II respectively.
Conditions for intubation, however, were satis-
factory in all patients of both groups. The
duration of apnea measured from the start of
injection of TACCh, after the initial dose, was
47+ 0.5 (range 3 to 10) minutes and 18.2
*+ 1.4 (range 5 to 38) minutes in groups I
and II respectively. In group I tidal volumes
returned to control values in 8.8 + 0.5 (range
4 to 11) minutes. With normal enzyme levels
there was no correlation between the plasma
cholinesterase activity and the duration of the
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TaBLE 2. Plasma Cholinesterase Activity, Dura-
tion of Apnea, and Duration of Respiratory
Depression After TACCh* in

Group 1
Patigntand | culteme | Dustion of | Rapintory
Activityt (Seconds) (Seconds)
1F 110 265 360
2F 154.9 265 320
3F 132 260 320
4 F 86.3 195 300
5F 87.3 180 480
6 M 119.7 180 360
7F 97.5 None 240
8F 55.7 360 480
9F 70.5 360 480
10 M 113.9 210 300
1M 68.6 600 660
12 F 136.6 240 420

* Dose of TACCH 0.6 mg./kg.

1 Mean plasma cholinesterase values with acetyl-
choline substrate: umoles/ml. plasma/30 minutes.
Normal values: for men, 145.5 (range 83-198);
for women, 123.8 (range 85-180).

apnea or respiratory depression. With low
plasma cholinesterase activity, however, both
the duration of apnea and respiratory depres-
_sion were prolonged (table 2). The inci-
dence and duration of apnea after fractional
doses of TACCh in group Il is summarized
in table 3. It is evident from this table that
the duration of apnea after identical doses
of TACCh becomes progressively shorter the
longer the time elapsed after the administra-
tion of hexafluorenium. This is due to the
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diminishing inhibitory effect of hexafluorenium
on plasma cholinesterase.

Muscular relaxation was excellent through-
out operation in all patients of group 1. In
group II the relaxation was also satisfactory
except that occasionally it tended to wear off
abruptly if the administration of a fractional
dose was delayed. At the end of surgery
tidal volumes returned to their control value
in 5.9+ 0.75 (range 2 to 11) minutes after
the discontinuation of the TACCh infusion in
group I and in 26.0 = 2.3 (range 11 to 59)
minutes in group II after the administration
of the last fractional dose of TACCh. All
patients in both groups were breathing spon-
taneously at the time of extubation. The tidal
volume was 130.2 # 16.3 per cent of control
after extubation in group I and varied from
210 to 500 ml. In group II the tidal volume
after extubation was 190 % 23.7 per cent of
control and ranged from 300 to 1,000 ml
No muscarinic side effect, e.g., salivation or
bradycardia could be observed in any patients
of group I or group II either during or after
anesthesia. The state of consciousness of the
patients in both groups is presented in table 4.
It is evident from this table that the level of
consciousness was lower in group 1 where
assisted respiration was used than in group II
where the patient’s respiration was usually

controlled. None of the patients of either
group complained of muscle pain post-
operatively.

The dose of TACCh in group I was
78.4 +4.9 pug/kg./minute (range 54.8 to

TapLe 3. The Incidence and Duration of Apnea After All Fractional Doses of
TACCh in Group II

Duration of Apnea (Minutes)
Hexafluorenium TACCh Nu&x;l;g; of N:A';;}::;:f

Mean St%r:g:rrd Range
First administration 1st 38 37 18.2 +1.4 5-38
2nd 38 35 12.8 +1.2 3-28
3rd 32 24 11.1 +1.5 2-26
0.4 mg./kg. 4th 14 8 11.1 +2.3 2-24
5th 7 5 8.6 +2.3 6-10
Second administration | 1st 22 22 19.2 +2.0 7-39
2nd 16 14 13.7 +1.5 7-26
0.15-0.2 mg. /kg. 3rd 8 8 16.4 +3.7 4-26
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pg./kg./minute (range 2.73 to 12.92). In
group II the dose of hexafluorenium was
4.63 022 ug./kg./minute (range 2.04 to
7.75). The first dose of hexafluorenium was
effective for 8557 minutes (range 35
to 180).

Discussion

Because of the scarcity of the available
material, TACCh was used in relatively few
cases. Despite this limitation, the uniformity
of the results' permits the drawing of certain
conclusions.

The consistent fasciculation observed in
group I after the intravenous administration
of 0.6 mg./kg. TACCh indicates that, as in
the cat,! this compound produces a typical
depolarization block in man. In this, and in
many other respects, e.g., the onset, duration
and intensity of the neuromuscular block, the
effects of TACCh and succinylcholine are very
similar. When used alone for the mainte-
nance of surgical relaxation the mg./min.
doses of TACCh (5.14) and succinylcholine
(4.0)* were of the same order. Similarly,
after inhibition of plasma cholinesterase by
hexafluorenium, the mg./min. doses of TACCh
(0.79) and succinylcholine (0.48)% were
comparable. This also applies to the mg./min.
dose of hexafluorenium used with TACCh
(0.53) and succinylcholine (0.35)5, respec-
tively.

Satisfactory surgical relaxation could be
maintained both by the continuous infusion of
0.2 per cent TACCh alone, and by the com-
bined use of hexafluorenium and small frac-
tional doses of TACCh. The maintenance of
muscular relaxation, however, was easier and
the anesthetic course smoother, when TACCh
was used in continuous intravenous infusion.
With the latter method, adequate surgical
relaxation and respiratory exchange could be
achieved with assisted respiration without
complete paralysis of all respiratory muscles.
In contrast when small doses of TACCh were
administered in conjunction with hexafluo-
renium controlled respiration had to be used
almost continuously. With the return of
spontaneous respiration, muscular relaxation
had a tendency to wear off abruptly.

THE USE OF TRIMETHYLAMMONIUMCAPROYLCHOLINE

Minutes After Discontinuation of
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121.3), and in group II it was 6.68 = 0.39 TaBiE 4. State of Consciousness of Patients Five

Anesthesia
State of Group I Group IT
Consciousness (12 Cases) (38 Cases)
Nonresponsive 4 1
Responds to painful stimuli 3 12
Obeys commands 4 11
Answers questions 1 14

In the 50 patients studied, the clinical
course was satisfactory. There were no signs
of histamine release, e.g., unexplained hypo-
tension, urticaria or bronchospasm. Not only
was there no postoperative apnea but the
respiratory tidal volume in both groups studied
was significantly higher after extubation at the
end of anesthesia than before intubation.
None of the patients complained of post-
operative msucle pain.

The question to be answered is whether
TACCh has enough advantages over the well-
established succinylcholine to warrant its
introduction into clinical practice. The pos-
sible disadvantages ascribed to succinylcholine
include: (1) Occasional tendency to the de-
velopment of tachyphylaxis both under experi-
mental 1213 conditions and during clinical
use.’* (2) Accumulation of its breakdown
product, succinylmonocholine,!s which also has
considerable neuromuscular activity,’® that
may lead to prolonged postoperative apnea.
(3) Stimulation of the sympathetic or para-
sympathetic nervous system.17-22 Sympathetic
stimulation may cause hypertension,17: 24
Vagal effects may be responsible for
bradycardia, block of cardiac conduction,
arthythmias, ventricular fibrillation, asystole
and cardiac arrest.?8.87  (4) Excessively
prolonged apnea in patients with atypical
plasma cholinesterase activity.31, 82

No increase in the milligrams per minute
TACCh requirements was observed as anes-
thesia progressed indicating that tachyphylaxis
to its neuromuscular effect did not develop in
this series. In contrast to succinylcholine, the
enzymatic breakdown products of TACCh,
choline and trimethylammoniumcaproic acid,
have insignificant neuromuscular blocking ef-
fects.?* None of the cardiovascular complica-
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tions reported after the use of succinylcholine
were encountered in this small series with
TACCh. The in vitro enzymatic hydrolysis
rate of TACCh by atypical plasma cholinester-
ase, however, was found to be as markedly
reduced as that of succinylcholine.34

On the basis of this limited study, no
definite conclusions can be drawn as to the
advantages or disadvantages of TACCh as a
clinically suitable muscle relaxant. Additional
studies on both anesthetized and unanesthe-
tized subjects are needed to establish whether
tachyphylaxis develops after the repeated or
prolonged administration of TACCh. It will
also have to be determined if the prolonged
administration of TACCh will sensitize human
subjects to subsequent doses of non-
depolarizing agents, as in the case with
decamethonium and succinylcholine.$5 3¢ The
effect of TACCh on patients with atypical
plasma cholinesterase will also have to be
observed.

The encouraging results of this study, how-
ever, warrant further experimental study and
clinical investigation of TACCh. If prolonged
postoperative apnea or serious cardiovascular
disturbances are not associated with its use in
large clinical series, if experimental evidence
and clinical experience indicate that the inci-
dence and extent of tachyphylaxis with
TACCh is negligible, and if its use in patients
with atypical plasma cholinesterase is not
followed by excessively prolonged apnea, then
the introduction of TACCh would represent
a significant advance in the clinical application
of neuromuscular blocking agents.

Summary

Trimethylammoniumcaproylcholine
(TACCh), a hydrolyzable depolarizing relax-
ant, has been used for the maintenance of
muscular relaxation for intraperitoneal opera-
tions in 50 patients. Twelve of these
(group I) received an initial dose of 0.6
mg./kg. TACCh before intubation; subse-
quently muscular relaxation was maintained
by continuous intravenous infusion of a 0.2
per cent solution. To 38 other patients
(group II) TACCh was administered in
divided doses, after inhibition of their plasma
cholinesterase activity with 0.4 mg./kg. hexa-
fluorenium. The initial dose of TACCh in
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group II was 0.2 mg./kg. followed by some-
what smaller fractional doses. Fasciculation
preceded the development of apnea in all pa-
tients of group I but only in one patient of
group II.  Apnea of 4.7 = 0.5 minutes dura-
tion developed in group I within 50 seconds
from the start of injection. In group II apnea
lasting 18.2 = 1.4 minutes developed in two
to three minutes after the first dose of TACCh
and in most instances after the administration
of fractional doses. The time interval between
the administration of the initial dose of TACCh
and the first fractional dose averaged 25.9
+ 1.3 minutes. As the inhibitory effect of
hexafluorenium gradually wore off the interval
between subsequent fractional doses became
progressively smaller. Relaxation for endo-
tracheal intubation and surgery was satisfac-
tory in all patients of both groups. The anes-
thetic course, however, was smoother in
group I than in group II. Tidal volumes
returned to control values in 5.8 =0.75
minutes after discontinuation of TACCh in-
fusion in group I and in 26.0 %= 2.3 minutes
in group II after the administration of the last
fractional dose of TACCh. At the time of
extubation all patients of both groups had
adequate spontaneous respiration. No tachy-
phylaxis or disturbing side effects were ob-
served in this series. The encouraging results
obtained in this small number of patients
warrant further investigation of TACCh.
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