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nicant problem of ineffective and inefficient use of
narcotic analgesics for the relief of pain. There is a
good example of efficient and eftective drug therapy
to be found in the continuous infusion of lidocaine for
the control of cardiac dysrhythmias.”® The same
principles can be applied to the use of narcotic
analgesics (e.g., see fig. 1). Pharmacokinetic data on
which to base experimental designs are now available
in the literature, and the means of estimating loading
and maintenance infusion rates have been sug-
gested.’’ The principles underlying the administra-
tion of drugs by intravenous infusion are essentially
the same as those on which the induction and main-
tenance of anesthesia with inhaled agents are based.
Certainly the anesthesiologist is well prepared to make
advances in conquering the acute pain of surgery,
his raison d’etre.

Carer C. Hug, Jr., M.D., Pu.D.

Professor of Anesthesiology and Pharmacology

Department of Anesthesiology

Emory University School of Medicine

Atlanta, Georgia 30322

References

1. Uuing JE, Smith JM: Postoperative analgesia. Anaesthesia 34:
320-332, 1979

Anesthesiology
53:443-444, 1980

EDITORIAL VIEWS

443

2. von Cube B, Teschemacher Hj, Herz A, et al.: Permeation
morphinartig wirksamer Substanzen an den Ort der antino-
ciceptiven Wirkung im Gehirn in Abhangigkeit von ihrer
Lipoidloslichkeit nach intravenoser und nach intraven-
trikularer Applikation. Naunyn Schmiedebergs Arch
Pharmacol 265:455-473, 1970

3. Austin KL, Stapleton JV, Mather LE: Relationship between
blood meperidine concentrations and analgesic response:
a preliminary report. ANESTHESIOLOGY 53:460-466, 1980

4. Austin KL, Stapleton JV. Mather LE: Multiple intramuscular
injections: a major source of variability in analgesic response
to meperidine. Pain 8:46-62, 1980

5. Hug CC Jr: Pharmacokinetics of drugs administered intra-
venously. Anesth Analg (Cleve) 57:704-723, 1978

6. Hull C], Sibbald A, Johnson MK: Demand analgesia for
postoperative pain. Br | Anaesth 51:370P-571P, 1979

7. Austin KL, Stapleton JV, Mather LE: Predictability of pethidine
clearunce during continuous intravenous infusion. Br J Clin
Pharmacol (submitted tor publication)

8. Mather LE. Tucker GT, PHlug AE, et al: Meperidine kinetics
in man: intravenous injection in surgical patients and volun-
teers. Clin Pharmacol Ther 17:21-30, 1975

9. Stapleton JV, Austin KL, Mather LE: A pharmacokinetic
approach to postoperative pain: continuous infusion of
pethidine. Anaesth Intensive Care 7:25-32, 1979

10. Greenblaut DJ, Bolognini V, Koch-Weser ], et al: Pharmaco-
kinetic approach to the clinical use of lidocaine intra-
venously. JAMA 236:273-277, 1976

11. Wagner JD: A sate method for rapidly achieving plasma con-
certtration plateaus. Clin Pharmacol Ther 16:691-700, 1974

Differential Nerve Block by Local Anesthetics

IN THIS ISSUE of ANESTHESIOLOGY, Gissen and col-
leagues® challenge the traditional concept of sequen-
tial nerve blocking action by local anesthetics. It has
long been held that the larger the diameter of an
axon, the more resistant it is to local anesthetic
blockade. These beliefs may have to be modified,
for Gissen et al. now present data suggesting that the
larger the diameter of an axon, the more susceptible it
may be to conduction block.

The classic concept of differential nerve block
evolved from the work of Gasser and Erlanger,? who,
in the 1920s, explored the electrical properties of
nerves with the just-discovered cathode ray oscillo-
scope. The new technology enabled researchers to
examine noninvasively the fiber representation of
intact nerve by scanning the compound action poten-
tial for blips from axons conducting impulses at dif-
ferent speeds. It also proved to be an excellent tool to
study blockade of nerve impulses by local anesthetics.

Gasser and Erlanger categorized nerves into three
main classes. They called myelinated somatic axons 4

fibers, myelinated autonomic axons B fibers, and non-

myelinated axons C fibers. While the small-diameter B
and C fibers are quite homogeneous anatomically as
well as physiologically, the A fibers encompass a wide
range of sizes in man (from about 2 to 20 um in
diameter) and a wide range of electrical properties
(conduction velocities from about 10 to 120 m/s). For
that reason, the A group was further divided into
four bands—labeled A alpha through A delta—ac-
cording to decreasing diameter and impulse conduc-
tion velocity.

Though that classification was based on electro-
physiologic characteristics, many other neural prop-
erties such as physical (response to cooling or pres-
sure) and pharmacologic (response to local anesthet-
ics) also showed inter-class differences. For instance,
conduction in nonmyelinated C fibers was blocked by
a lower concentration of cocaine than was conduc-
tion in A fibers. Further, large-diameter A alpha
fibers proved more resistant to cocaine blockade than
small-diameter A delta fibers.
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From this seminal work the general teaching de-
veloped that the larger the diameter of a nerve fiber,
the more resistant it is to local anesthetic blockade.
However, it soon became evident from clinical ex-
perience (as with spinal anesthesia) that block of
sympathetic preganglionic fibers consistently was
more extensive than block of cutaneous sensory fibers.
This property was used to advantage in differential
spinal block, for instance, to relieve pain of autonomic
origin without affecting cutaneous sensation or
skeletal muscle function. Clearly, the B fibers had to
be more sensitive to local anesthetics than pain-
conducting C or delta fibers. Later, this clinical ob-
servation was confirmed experimentally by Heavner
and de Jong.?

Nevertheless, it was still held that B fibers were an
exception, and that large-diameter A fibers were more
resistant to local anesthetics than were nonmyelinated
C fibers. But even that rule was weakened when
Nathan and Sears* demonstrated that certain small
A fibers in spinal roots were a trifle more susceptible
to procaine block than were the much smaller C
fibers. Gissen and associates now go one step further
in toppling old teachings and propose that the larger
the diameter of an axon, the more susceptible it
may be to conduction block by local anesthetics.

Does this mean that previously held concepts are out
of step? Perhaps, but not necessarily. There are some
controversial aspects relating to the methodology
used by Gissen et al. that will require further examina-
tion before we can accept fully so sweeping a conclu-
sion. For one, the experiments on nerve from a warm-
blooded animal (38°C) were done at room tempera-
ture (22°C). For another, A-fibers were lumped into a
single group (30-60 m/s), rather than split into bands
of axons with dissimilar characteristics.

Mammalian myelinated axons conduct at optimal
speed around 38°C. In the range ot 27-37°C, conduc-
tion velocity decreases by about 5 per cent for every
degree drop in temperature.” And at about 8°C, A
fibers cease conducting impulses altogether. Un-
myelinated mammalian axons are less affected by
cooling and conduct down to about 4°C. Also to be
considered is that depression of membrane excitability
to perhaps one-third of normal by cooling could have
lowered the safety factor to such an extent that even
minimal additional depression by local anesthetic
rendered A hbers totally inexcitable to stimulation. Al-
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together, a measure of inadvertent differential block
may have been introduced by doing the experiments
at room rather than at body temperature.

As discussed, the A family of myelinated axons is
made up of four distinct velocity bands, comprising
four groups of axons of different diameters and dif-
ferent modalities. Though we can accept the observa-
tion that under the conditions of this experiment
fast-conducting fibers are blocked at the lowest anes-
thetic concentration, we cannot tell from this study
whether large rapidly conducting (80-120 m/s at
38°C) alpha motor fibers are more sensitive again
than slower (20-40 m/s at 38°C) small-diameter sen-
sory delta fibers. Certainly, clinical observation of peri-
dural block intimates that large motor fibers are
more resistant to local anesthetics than are thin fibers
conducting cutaneous sensation (though etidocaine
provides a puzzling and challenging exception).

These remarks in no way are meant to detract
from the important observations made by Gissen ¢t al. ;
they merely intend to lend perspective and to point
the way towards further fruitful research. As is so
often the case, we see one question answered and
several new ones raised. There remains plenty to be
done yet before the book on differential nerve block
can be closed. The best one can say at present is
that, under the conditions of their experiment, the
authors’ conclusions are valid. Extending them be-
yond that scope, however, will require additional
experimentation.

Rubporpn H. pE Jong, M.D.
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