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Etidocaine, a new local anesthetic, was evaluated
in a double-blind study using ulnar-nerve block.

In addition, el graphy for the
of peripheral nerve motor blockade was investi-
gated. Ten vol ived bil 1 ulnar-

nerve blocks, in three series, to compare: 0.25 per
cent etidocaine with 1 per cent lidocaine, each
containing epinephrine 1:200,000; 0.5 per cent
etidocaine with 1 percentlidocaine, each containing
epinephrine 1:200,000; 0.5 per cent etidocaine
with 1 per cent lidocaine, both without epinephrine.
The two anesthetics had similar rapid onsets of
action. Etidocaine, 0.25 per cent, appeared equiv-
alent to lidocaine 1 per cent and had approximately
the same duration of action. Etidocaine, 0.5 per cent,
twice the equival ion, and lidocai

1 per cent, both with epinephrine, produced
analgesia lasting 583 and 262 min, and motor
block lasting 653 and 294 min, respectively. The

o .

same soluti hrine provided anal-
gesia for 320 and 165 min, and motor block for
358 and 139 min, ively. El yography

allowed determination of all phases of motor
blockade. (Key words: Anesthetics, local: etido-

caine; Anesthetic techniques: regional: ulnar block;
Mucele <keletal: el b M.
g

hni 1 graphy.)
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ULNAR-NERVE BLOCK in man has been previ-
ously employed for the initial evaluation of
local anesthetic agents.? This technique has
the advantage of producing a well recog-
nizable, circumseribed area of analgesia and
motor blockade. Albért and Lofstrém observed
that a fairly accurate estimation of the latency
and duration of analgesia and motor blockade,
as well as the penetrating power and potency
of a local anesthetic, can be achieved by this
method.! The bilateral ulnar-nerve black
technique will allow simultaneous compari-
son of two local anesthetics in the same
subject. Moreover, since the amount of drug
required for this procedure is relatively small,
the danger of systemic toxicity is minimal.
The technique has disadvantages, in that both
sensory and motor block are evaluated sub-
jectively. Although more objective testing
procedures have been described,>® no ad-
vantage over the simple standardized pin
prick or pinch test for pain has been found,
while for the evaluation of motor blockade
the cooperation of the subject is still necessary.

The present investigation pursued two
goals. First, it served as the initial controlled
study in humans of the actions of a new local
anesthetic, etidocaine (W-19033), in compari-
son with those of lidocaine. Second, the feasi-
bility of electromyography as an objective
test of peripheral nerve motor blockade was
critically examined.

Etidocaine, ()-2-(N-ethylpropylamino)-
2" 6-butyroxylidide hydrochloride, is a local
anesthetic chemically related to lidocaine
(fig. 1). The purpose of its synthesis was
to develop a long-acting local anesthetic.
Animal studies indicate that with compar-
able modes of administration, etidocaine has
a duration of action two to three times as
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long as that of lidocaine, and possesses
potency approximately four times greater.
However, etidocaine is four times more toxic
than lidocaine when administered by rapid
intravenous injection.® Thus, the two drugs
appear to have similar therapeutic ratios.
Etidocaine may therefore find clinical appli-
cation when regional anesthesia of moderately
long duration is desired.

Material and Methods

Ten healthy men, 23 to 45 years old,
volunteered for the study. The procedure,
with its possible risks, effects, and discomfort,
was explained to them in detail well before
consent was obtained. The subjects under-
went a physical examination that included
blood pressure determination, ECG re-
cording, urinalysis, complete blood count, and
blood chemistry tests prior to and 24 hours
after each experiment. No premedication was
given to the subjects. During performance
of the ulnar-nerve block, they lay supine
with the arm abducted and the elbow bent.
After the ulnar groove had been located, an
attempt was made to palpate the nerve. Fol-
lowing aseptic preparation of the skin, a
25-gauge needle was inserted slightly proxi-
mal to the ulnar groove. It was advanced
until paresthesias corresponding to ulnar-
nerve distribution could be elicited. The
needle was then slightly withdrawn to prevent
intraneural injection, after which 5 ml of the
anesthetic solution was slowly administered.
This usually caused some paresthesias, but
not immediate onset of block. In this respect,
the method for this investigation was a modi-
fication of the original bilateral ulnar-nerve

in that the anesthetic
than

block technique!
was injected extraneurally rather
intraneurally.

The bilateral ulnar-nerve blocks were per-
formed in a double-blind fashion according
to a randomized code. In each subject one
nerve was anesthetized with lidocaine and
the contralateral one with etidocaine. Three
different solutions of etidocaine were eval-
uated in three series of experiments under-
taken at one-week intervals in all volunteers,
and compared with solutions of 1 per cent
lidocaine. Lidocaine in the 1 per cent con-
centration is commonly used for this pro-
cedure, and was therefore selected as the
standard for comparison.

In the first series, a 0.25 per cent solution
of etidocaine containing 1:200,000 epine-
phrine was compared with 1 per cent lidocaine
containing epinephrine 1:200,000. In the
second series, 0.5 per cent etidocaine with
epinephrine 1:200,000 was compared with
1 per cent lidocaine with epinephrine 1:
200,000. For the third series of experiments,
0.5 per cent etidocaine and 1 per cent lido-
caine were used without epinephrine.

Following the performance of the block,
onset of analgesia was determined by pinching
the fifth finger and hypothenar with a surgical
clamp at 1-2-minute intervals until pain sensa-
tion had disappeared. The duration of the
analgesia was determined by applying the
clamp at approximately 15-minute intervals
until complete recovery of sensation had
occurred. Those experiments in which onset
times of 30 minutes or longer, or durations
of one hour or less, occurred were rejected
for statistical analysis since they were con-
sidered clinical failures.
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Electromyography was employed for ob-
jective determination of the onsetand duration
of the ulnar-nerve motor blockade (fig. 2).
A pair of stimulating electrodes was placed
over the ulnar nerve proximal to the site
of the blockade. A TECA model TE4 electro-
myograph was used to deliver a single con-
stant square-wave stimulus of 200 mV lasting
2 msec. Two recording surface electrodes
were taped on the skin of the hypothenar
area. The evoked muscle action potential was
recorded on light-sensitive paper. Prior to
injection of the local anesthetic agent, two to
four control electromyograms were recorded.
Electromyographic recordings were made at
1-2-minute intervals after the block had been
performed until the amplitude of the action
potential had been reduced by at least 50
per cent. Thereafter, tests for motor activity
were performed at approximately 15-minute
intervals until the amplitude of the action
potential had retumed to 90 per cent of the
control value. This was taken for the end
point of the motor blockade. Concurrently,
and in accordance with the method as orig-
inally described,! the motility and muscle
strength of the fifth finger were noted. These
subjective observations were then compared
with the electromyographic recording. As with
sensory analgesia, those experiments in which
the oriset time of the motor blockade exceeded
30 minutes or the duration was less than

om
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one hour were considered clinical failures
and excluded from the series.

Results

ANALGESIA

A total of 60 ulnar-nerve blocks was per-
formed. Complete analgesia was obtained in
58 instances, and only one bilateral technical
failure occurred. In addition, five subjects
had one ulnar-nerve block each that was classi-
fied a clinical failure because the onset of
analgesia exceeded 30 minutes or its duration
was less than one hour.

There was no statistically significant dif
ference between times to onset of analgesia
with etidocaine and with lidacaine in the
three experiments. However, significant dif-
ferences between durations of analgesia
(P < 0.05) were obtained in experiments II
and III (table 1). In experiment II, 0.5 per
cent etidocaine with epinephrine, 1:200,000,
blocked sensation for 583+ 126.6 minutes,
compared with a mean duration of 262 + 24.9
minutes for 1 per cent lidocaine with epine-
phrine, 1:200,000. In experiment III, 0.5 per
cent etidocaine without epinephrine had a
significantly longer duration of action (320
+ 62.8 minutes) than 1 per cent lidocaine
without epinephrine (165= 21.8 minutes).
Thus, when no epinephrine was added to the

3m

264 m

FIG. 2. Electromyographic recording of different phases of ulnar-nerve motor block. Control
recording, prior to injection of anesthetic (0 min); virtual absence of action potential and
total block (3 min after injection); first retum of muscle activity (147 min); restoration of

control activity (264 min).

20z ludy 60 uo 3sanb Aq ypd-90000-0001 0%.261-Z¥S0000/S201L29/€ L/ L/0Y/Pd-ajonie/ABojoISaUISBUE/LOD JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



16 POPPERS, KATZ, ERICSON, MEYER, AND COVINO

Anesthesiology
V40, No 1. Jan 1974

TaBLE 1. Analgesia Obtained with Etidocaine and Lidocaine in Three Series of Experiments
Involving Bilateral Ulnar-nerve Blocks in Ten Volunteers*

Time of Onset Duration of Analgesia
(Min) (Min}
Anesthetic Agent Mean= SE Meun= SE
Experiment 1 Etidocaine 0.25 per cent 3+ 1.0 410% 66.7
¢ epinephrine 1:200,000 n=9 n=7
Lidocaine 1 per cent
c epinephrine 1:200,000
Experiment I1 Etidocaine 0.5 per cent 4+ 13 583+ 126.6
c epinephrine 1:200,000 n=§ n=10 :
Lidocaine 1 per cent 262+ 24.9
c epinephrine 1:200,000 n=10
Experiment III Etidocaine 0.5 per cent 3= 0.7 320+ 62.8
n=_§8 n="7T ‘
Lidocaine 1 per cent 3=0.7 165= 21.8
n=8 n=7

* n = the number of clinically successful blocks accepted for statistical analysis.

t Significantly different at the 0.05 level.

solutions, significant reductions in the mean
durations of analgesia were seen with both
agents. In experiment I, where 0.25 per cent
etidocaine with epinephrine was compared
with 1 per cent lidocaine with epinephrine,
the average durations of sensory block were
similar for the two compounds.

MoTor BLOCKADE

The failure rate of ulnar-nerve motor block-
ade was much higher than that for the
sensory block. Of the 60 ulnar-nerve blocks
performed, 19 failed to meet the criteria
for successful motor blockade. This was prob-
ably due in part to the technical difficulty
involved in performing the block, since oc-
casionally it was not possible to elicit the
desired paresthesias. Since the n values in
the various experiments were relatively small,
only limited statistical analysis of the data
was possible. Therefore, table 2 indicates the
means, and the ranges of the data obtained
in those subjects in whom the electromyo-
graphic results met our criteria. However,
the studies did yield much valuable informa-
tion. It appeared that etidocaine had a shorter
and more consistent time to onset of motor
blockade than did lidocaine in those experi-
ments in which epinephrine-containing solu-

tions were used. In addition, the durations
of motor blockade produced by the 0.5 per
cent etidocaine solutions were consistently
longer than those produced by the lidocaine
solutions (iable 2). In experiment II the data
did lend themselves to statistical analysis.
Etidocaine, 0.5 per cent, with epinephrine,
1:200,000, produced a significantly longer
duration of motor blockade (653 minutes)
than 1 per cent lidocaine with epinephrine
(294 minutes), P < 0.05.

Electromyographic recording of the com-
pound action potentials evoked by ulnar-nerve
stimulation afforded registration of all phases
of the motor blockade and their relative
intensities (fig. 2). In contrast, subjective
testing indicated only the presence of partial
or total blockade, or the absence thereof,
but, in general, the findings correlated with
the electromyographic evaluation. It was
noted that on occasion some electrical activity
could still be detected when, clinically, there
was complete paralysis of the fifth finger.

The two agents were well tolerated by all
subjects. No local irritant or inflammatory ef-
fect was seen. There was no change in the
electrocardiogram, pulse rate, or blood pres-
sure. No sign of systemic toxicity was ob-
served throughout the study. After the blocks
had wom off, complete restoration of sensory
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TasLE 2. Motor Blocks Obtained with Etidocaine and Lidocaine in Three Series of Experiments
Involving Bilateral Ulnar-nerve Blocks in Ten Volunteers*

Time of Onset Dunation of Motor Block
(Min) (Min)
Anesthetic Agent Mean (Range) Meun (Range)
Experiment | Etidocaine 0.23 per cent 3 (1-4) 338 (216-545)
¢ epinephrine 1:200,000 n=+4 n=3
Lidocaine 1 per cent 10 (1-30) 292 (145-360)
¢ epinephrine 1:200,000 n==6 n=7
Experiment 11 Etidocaine 0.5 per cent 2 (1-1) 653 (410-1193)
¢ epinephrine 1:200,000 n=8 n=6 ;
Lidocaine 1 per cent 5 (1-18) 294 (205-400)
¢ epinephrine 1:200,000 n=3 n=6
Experiment 111 Etidocaine 0.5 per cent 8 (1-21) 358 (303-193)
n=3 n=
Lidocaine 1 per cent 6 (1-20) 139 (90-213)
n=35 n=>5

* n = the number of clinically successful blocks accepted for statistical analysis.

t Significantly different at the 0.05 level.

and motor functions ensued. Urinalysis, com-
plete blood count, and clinical chemistry
tests performed 24 hours after each procedure
remained unchanged from control values.

Discussion

The continuing research in the field of
local anesthetics is aimed at synthesizing
compounds with characteristics different from
and more desirable than those offered by
existing drugs. Etidocaine has been developed
as a long-acting local anesthetic. Animal
studies showed that it provided a longer dura-
tion of analgesia than lidocaine without ex-
ceeding the latter’s therapeutic ratio.? It ap-
peared that etidocaine was approximately
three to four times as toxic as lidocaine fol-
lowing rapid intravenous administration, but
that its anesthetic potency was also increased
by the same factor. For example, the intra-
venous LDso of etidocaine in mice was 6.7
(5.7-8.5) mg/kg, compared with 26 (23-33)
mg/kg for lidocaine. However, etidocaine in
a concentration of 0.5 per cent provided anes-
thesia similar in frequency to 2 per cent
lidocaine in various animal tests, while the
duration of analgesia was two to three times
longer for etidocaine.*

The bilateral ulnar-nerve block method de-
scribed by Albért and Léfstrém?! allows evalua-
tion of the anesthetic characteristics of local
anesthetic agents with minimum risk to the
subjects, since relatively small amounts of the
drug are employed. For example, in this
study the maximum dose of etidocaine used
was 25 mg, or less than 0.4 mgkg, which
is far below the reported acute toxic dose
of this agent in animals. This is important
when a drug whose toxicity in man is not
vet fully established is administered. The
technique also allows simultaneous evaluation
of two drugs, one being a standard.

Lidocaine, 1 per cent, was selected as the
reference anesthetic for this investigation be-
cause this drug, in this concentration, is
frequently employed for ulnar-nerve block at
the elbow. It seemed that by using this single
standard solution—with or without addition
of epinephrine—meaningful information for
the clinician could best be provided, even
when etidocaine was tested in two different
concentrations. Furthermore, the experimen-
tal design of an initial study in man should
be kept siinple. On must bear in mind that
data previously gained from in vitro and
animal experiments, in general, do not en-
tirely apply to human experimentation.
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The method employed in the present study
differed in two aspects from the one originally
described.? 1) We chose to deposit the drugs
extraneurally rather than intraneurally to limit
the possibility of trauma to the ulnar nerve.>$
The lack of immediate onset of block suggests
the absence of intraneural injection. It should
be pointed out that extraneural deposition of
the agent is associated with-a somewhat lower
success rate in blocking the nerve, and re-
quires a larger dose of anesthetic.! 2) Our
technique also differs from that of Albért
and Lfstrdm in that, rather than testing the
motor blockade subjectively, it was primarily
evaluated objectively by means of hypothenar
electromyography. The onset and intensity
of blockade and the degree of recovery could
be measured with precision in those subjects
in whom the nerve block was satisfactorily
performed. In contrast, subjective testing of
the muscle strength, while indicating the
presence or absence of a motor block, did not
allow accurate determination of the latency,
intensity, or duration of the block. Thus,
electromyography proved very useful and may
become an important technique for evaluation
of motor blockade. The reason for the presence
of electrical activity in a few instances when,
clinically, motor power seemed eliminated
is difficult to explain. A dissociation of me-
chanical and electrical activity has been previ-
ously. demonstrated for the diaphragm? and
also for the muscles of the hand.?

The comparison of 0.25 per cent etidocaine
and 1 per cent lidocaine with epinephrine
showed similar durations of action in terms
of analgesia and motor blockade. The two
solutions produced equally rapid onsets of
anesthetic effect. Thus, 0.25 per cent eti-
docaine appeared equivalent to 1 per cent
lidocaine, a resuit which confirmed previously
reported animal data ¢

A longer-lasting anesthetic action than pro-
duced by our standard solution of 1 per cent
lidocaine could be obtained by using eti-
docaine in twice the equivalent concentration.
Etidocaine, 0.5 per cent, with epinephrine
produced analgesia and motor blockade with
durations twice as long as those obtained with
1 per cent lidocaine with epinephrine, 1:
200,000. When epinephrine was not added
to either solution, 0.5 per cent etidocaine
still had a 100 per cent longer action, but

Anesthesiology
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in absolute terms the durations of action of
both agents were significantly shorter. This
suggests that, like lidocaine, etidocaine pos-
sesses vasodilator properties and that it is
preferable to use this anesthetic in conjunc-
tion with a vasoconstrictor, at least for pe-
ripheral nerve blocks. The 0.5 per cent eti-
docaine solutions had the same rapidity of
onset as 1 per cent lidocaine. It is of interest
that etidocaine does not follow the general
trend for long-acting agents to have slow
onsets.

This study indicates that etidocaine is a
reliable local anesthetic for peripheral nerve
block. It has. a rapid onset of action and,
in a 0.5 per cent concentration, produces
an ulnar-nerve conduction block of moderately
long duration. Addition of epinephrine, 1:
200,000, to the anesthetic solution prolongs
its action considerably.

It is also evident that electromyography
constitutes a useful means for the objective
evaluation of the action of local anesthetics
upon the propagation of motor impulses in
peripheral nerves.
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