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The Long and Short of Differential Block

THE ABILITY OF LOCAL anesthetics to block impulse
conduction in certain nerve fibers while sparing conduc-
tion in others has historically generated much attention.
Textbooks present, as if a tested fact, the maxim that
impulses in fibers of small diameter are blocked by lower
concentrations of drug than those required to block im-
pulses in larger diameter fibers.! This “size principle”
grew from the early studies of the effects of cocaine on
myelinated nerve fibers by Gasser and Erlanger.? By the
end of the 1930s, the size principle had come to link fiber
function, fiber susceptibility to anesthetics, and fiber di-
ameter in an explanatory paradigm of such power that it
continues to persist in the face of direct evidence contra-
dicting its original premise.

Dr. Fink, whose contribution to this issue of ANES-
THESIOLOGY® prompts this editorial, has been a signifi-
cant figure among the small group of investigators who
have challenged the size principle by showing that in a
population of individual fibers exposed over a sufficient length
the susceptibility to conduction block by local anesthetics
(LA) is not correlated with fiber size.* His present paper
suggests a novel anatomical basis for two types of differ-
ential block that occur clinically, integrating old concepts
with more recent observations concerning the length of
nerve exposed to LA. Our editorial goal here is to set
these observations in an historical and conceptual frame
and to amplify the possible mechanisms for both differ-
ential impulse blockade and differential loss of sensory
and motor functions.

Impulses fail to propagate through a segment of an
axon exposed to LA (“exposed segment’’) when the local
ionic current falls below the level required to depolarize
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to threshold an as yet unexcited region. This apparently
simple statement embraces a complex relationship be-
tween local current and impulse threshold. Even in the
absence of any drug, endogenous processes modulate both
the time-course of membrane current and the value of
the threshold as a result of normal nerve activity. Specif-
ically, during repetitive firing of a nerve, ions accumulate
inside and outside of the axolemma, ion pumps are acti-
vated, the “‘resting” membrane potential changes, and
metabolic activities lead to alterations of pH, CO,, ATP,
etc., which in turn alter the jonic permeabilities. The
charge provided by an impulse as well as its distribution
in time and over the adjacent length of nerve “‘cable’ are
correspondingly altered. As a result of all these processes,
the impulse threshold is strongly shifted by repetitive im-
pulse activity.®

The introduction of LA imposes a new set of processes
in addition to modifying the endogenous ones. Impulses
are slowed and eventually halted by LA, as the drug binds
to and inhibits the voltage-gated Na* channels essential
for membrane depolarization. (Potassium channels are
also sensitive to LA, however, an effect which reduces the
impulse blocking action of LAs.?) There are also the im-
portant ‘“‘use-dependent’ actions of LA, which arise from
binding of drug to ‘“‘activated”” channels, adding to the
binding to the “resting” conformations.” Use-dependence
provides a dynamic modulation of impulse conduction
(see below) that overlays the drug effects at low firing
frequency and shapes the pattern of action potentials that
encode sensation and motor output. The integrated phe-
nomena are complex, yet they provide a vivid image for
intuiting LA action under clinical conditions where im-
pulse activity is present, and where the length of the ex-
posed segment and the concentration of LA are contin-
ually changing.

Aspects of this image are illustrated in figure 1, where
propagation of a train of impulses through a single my-
elinated axon is simulated during exposure of a 2.25-cm
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FIG. 1. Mathematical model of myelinated axon showing use-de-
pendent conduction failure during a train of 20 impulses at 50 Hz.
The first impulse, plotted versus time (top) at each successive node,
declines in amplitude and slows as it propagates through the 15-node
segment exposed to lidocaine. The second (and later) impulses diminish
so extensively in the exposed segment that they do not have enough
local current to depolarize the first unexposed node past its threshold,
and the impulse dies. We incorporated the binding affinities of lidocaine
to Na* and K* channels under resting conditions and to Na* channels
during depolarizations into a simulation of the conducting spike using
the “CABLE" program supplied by Drs. Hines and Moore at Duke
University. Reprinted from Raymond SA, Thalhammer ]G, Strichartz
GR: Axonal excitability: Endogenous and exogenous modulation, Re-
storative Neurology: Altered Sensation and Pain. Edited by Dimitrievic
MR. Basel, Karger, 1989, in press, with permission of the publisher.

segment to a sub-blocking dose of LA. At the chosen fre-
quency of incoming pulses (50 Hz), [LA] (.29 mM) and
length of the exposed segment (15 nodes), only the first
impulse in the train avoids annihilation. The others fail
within the exposed region, but each impulse partially in-
vades and depolarizes this zone, thereby maintaining the
use-dependent block for all subsequent impulses in the
train.® Imagine now that any one of the parameters critical
for propagation failure in this one axon is changed; im-
pulses may now succeed because of decreases in either
drug concentration, length of the exposed segment, or
frequency of incoming impulses.
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In the present article, Dr. Fink focuses on the role of
the length of the exposed segment. After Tasaki dem-
onstrated in 1939 that the impulse in a myelinated nerve
could usually jump one, occasionally two, but never three,
completely blocked nodes,'? the importance of exposure
length was widely accepted.!! It was also commonly as-
sumed, however, that exposure lengths of 1 cm (approx-
imately twice the length occupied by three internodal
segments in the largest diameter myelinated fibers'?) were
more than sufficient to equalize LA actions on fibers of
all diameters.'® However, decremental conduction had
been demonstrated in axons exposed to LA concentra-
tions just sufficient to block impulse conduction.'* These
concentrations do not block all voltage-gated current, so
the exposed nodes give a sub-maximal depolarization that
will not propagate indefinitely but will “decrementally”
extend the reach of a dying impulse along the axon.

Recent studies of single fibers, exposed to drug over
3-6 cm, do not support the size principle.*!5 Further-
more, review of decremental conduction in the context
of experimental studies of differential block suggests that
exposure length could be an important factor determining
the blocking concentration of LA over distances greater
than three internodal lengths.'®!® This suggestion antic-
ipated Dr. Fink’s retrospective survey of his and Dr.
Cairns’ previously published results from single vagal fi-
bers studied at several different set lengths.'® They re-
ported a tendency for any given LA concentration to block
more fibers when the exposure length was longer (25—
40 mm) than when it was relatively shorter (5-15 mm).
Concurrently, the original suggestion was confirmed by
direct tests where the exposure length was varied system-
atically (with LA concentration constant) from 7 to 33
mm."” It now appears that length of nerve exposed is an
important determinant of the blocking LA concentration,
particularly for exposure lengths up to 3 cm, and declining
progressively at greater distances. '

Dr. Fink’s present paper uses this relation to reinterpret
the differential block of pain during epidural block where
motor function is spared. He points out that the length-
dependence of sensitivity to LA, together with the pre-
viously established relationships between fiber diameter,
internodal distance, and conduction velocity, as well as
the relationship of conduction velocity to fiber modality
or function, can account for differential block of motor
function and pain sensation. In contrast to prior expla-
nations based on an absolutely higher susceptibility to
block of small fibers, his hypothesis requires only that the
local anatomy provide diffusion constraints to limit the
length of axons exposed to a blocking concentration of
LA. Given this, a differential block of small fibers follows
even if the susceptibility of small and large fibers (exposed
over long distances) is the same.

He also interprets the dermatomal distribution of loss
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of pain sensation versus touch or motor function during
axial blockade—the well-known feature that the pain
sensation will not be present several dermatomes rostral
to the dermatome where sensation to light touch of the
skin is blocked.'® Here, he recognizes that the effective
bathed length (equivalent, he claims, to the length of the
dorsal roots themselves) decreases progressively along the
cord from sacral to thoracic segments. Thus, in the tho-
racic region, where root lengths are in the range where
exposure length is an important determinant of blocking
concentration, the larger fibers will have fewer nodes ex-
posed to LA and might therefore preserve conduction
longer than small fibers where more nodes would be ex-
posed.

These suggestions are innovative. They link clinical
observations to anatomical findings in both human and
animals and to measurements made in vitro on isolated
nerves, thereby generating interesting predictions and
possibilities. They lead the discussion of differential block
away from a broad susceptibility to LA according to fiber
size to focus on the number of nodes per unit length,
which is correlated with fiber size. Clinically, this permits
retention of familiar interpretations (based on the size
principle) of phenomena consistently seen during epidural
and spinal anesthesia, and it does not deny the single fiber
data showing similar LA susceptibility across the fiber
spectrum (for long exposed segments). The ideas are, in
this sense, an extension of the size principle, not a renun-
ciation of it.

The position of nonmyelinated fibers in the order of
LA susceptibility is not easily specified according to ex-
posure length, for the extent of decremental conduction
has not been measured in these small fibers. Second pain
and the sensation of warmth, both mediated by C-fibers,
are typically lost early during the onset of regional blocks,
and the reduction of the C-fiber component of compound
action potentials measured in vitro occurs earlier than that
of myelinated fiber elevations, although the A-fiber com-
ponent eventually falls proportionately more than that of
C-fibers.'®

To date, there have been no direct tests of the central
tenet required for Dr. Fink’s explanations to hold true,
that small fibers will, in fact, fail as a group to conduct
under conditions of LA concentration/exposure length
where large fibers will conduct successfully. Existing direct
data show only that wide individual variation exists among
fibers, and that exposure length is a factor for both large
and small fibers even above 20 mm."”

Implicit in all these arguments is an assumed propor-
tionality between perceived intensity, and the relative fir-
ing frequencies in modality-specific peripheral afferents.
During partial LA blockade, the most profound change
in peripheral nerve conduction is the altered pattern of
impulses arriving at the spinal cord (fig. 1), but the con-
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sequences of this modification for postsynaptic integration
and for qualities of sensation are unknown.

At present, the field is at a cusp. It may be that size-
based distinctions among fibers regarding both physio-
logical function and susceptibility to LA will be shown to
be the most appropriate explanations of differential block;
or it may be that other distinctions among fibers are the
essential ones. What other dimensions of conduction suc-
cess might be discerned in differences among fibers? Fibers
may vary in the relative densities of Na* and K* channels,
in the incremental changes in ion concentration following
impulses, in the degree of metabolic activity (ion pumps)
required to restore the ionic gradients, and even in the
type and LA sensitivity and binding kinetics of the dif-
ferent ion channels. Present research on the relation of
these fiber differences to LA susceptibility holds the
promise of testing Dr. Fink’s novel ideas concerning the
importance of exposure length in differential block.
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