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Intraneural Injection
Is the Jury Still Out?
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SUCCESSFUL regional
anesthetic has to result in a

sensory (and often also motor)
block that is reliable and com-
pletely reversible. From the site
of injection all the way to the tar-
get nerve’s voltage-gated sodium
channels, local anesthetics must
penetrate several tissue barriers,
with the perineurium causing the
largest drop in concentration.!
The closer to the nerve fibers the
local anesthetic is injected, in
theory, the faster the onset and the
more reliable the block.? Injecting
local anesthetic directly into the
nerve rather than onto its outer
surface might well speed the onset
of the block and increase the suc-
cess rate. In this issue of ANEsTHE-
siorocy, Cappelleri er al. test that
hypothesis by conducting a dose-
ranging study aimed to identify
the smallest volume of intraneural to admit.”
local anesthetic needed to produce
a reliable block of the sciatic nerve in the popliteal fossa.?

Conventional wisdom holds that direct intraneural injec-
tion is to be avoided, and generations of regional anesthesiolo-
gists in many institutions have been taught just that based on
science, logic, and instinct. Since the introduction of ultra-
sound-guided regional anesthesia, both higher success rates
and substantial reductions in local anesthetic volumes and
doses have been achieved by depositing local anesthetic as pre-
cisely as possible,* close to the nerve—not in the nerve. Yet, we
still seem to question whether intraneural injections are safe.

There is already significant evidence that intraneural injec-
tions should be avoided. Local anesthetics clearly produce direct
chemical nerve injury in a dose-dependent manner.>® Intra-
neural local anesthetic or saline injection as well as intraneural
needle placement alone produce histologic evidence of nerve
injury and inflammation in animals.”® In clinical epidemiologic
studies, the occurrence of a paresthesia during block placement,

“... the distinction between
reversible nerve blockade
and reversible nerve injury
may be fuzzier than we dare

indicating that the needle is close
enough to cause nerve activation
by mechanical distortion, has been
associated with an increased likeli-
hood of nerve injury.”!® However,
when small groups of patients have
been followed after unintentional
intraneural injections, gross neu-
rologic function was intact several
weeks later.!!
evidence, it has been suggested that

From this clinical

intraneural injection might not be
as harmful as previously assumed.'
This viewpoint is supported by
studies showing that inadvertent
intraneural injection into the sciatic
nerve at the popliteal fossa using
only nerve stimulation as guidance
is surprisingly frequent, and again
no immediate neurologic injury was
clinically detectable.'>'4

How can these viewpoints be
reconciled? One potential expla-
nation is that peripheral nerves,
in particular the sciatic nerve,
have substantial connective tissue,’> which may serve as
safeguard against nerve damage secondary to intraneural
needle placement and/or local anesthetic injection. Even
after deliberate puncture of the sciatic nerve ex vivo, most
fascicles remain intact, suggesting nature to be “on our side”
as far as safety is concerned.'® Peripheral nerves also have a
remarkable potential to heal. This is supported by the obser-
vation that transient neurologic symptoms occur in some
patients after peripheral nerve blocks, but these tend to
resolve in the large majority of cases.!” Indeed, it is conceiv-
able that nerve blocks cause minor injury that goes unno-
ticed by both patient and practitioner relatively frequently.
Hence, the distinction between reversible nerve blockade
and reversible nerve injury may be fuzzier than we dare to
admit. Clearly, not every intraneural injection causes nerve
injury that is of concern to or even detectable by the patient
(small sample sizes)."! But by following many patients over
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time (large sample sizes), it becomes apparent that being too
close to or inside the nerve can lead to symptomatic nerve
injury in some.'’

The controversy has been compounded by the continu-
ing discussions over nomenclature. Conventionally, a needle
position inside the epineurium is called “intraneural,” but
in the case of the sciatic nerve, especially in the popliteal
fossa, the anatomy is more complex. Here, a connective tis-
sue sheath surrounds the sciatic nerve as it splits into the
tibial and the common peroneal nerve (fig. 1). And while
the existence of this distinct structure is now unchallenged,'
its accurate name is still debated (epineural sheath," com-
mon epineural sheath, paraneural sheath, circumneural
sheath,? paraneurium, perineural sheath, gliding apparatus
of the nerve, and Vloka sciatic nerve sheath,?! to name a
few), and its role is still being clarified. A needle can thus
be placed inside the compound structure we call the sciatic
nerve (within the paraneurium), but not inside the tibial or
the common peroneal nerve; this is not “intraneural” in the
histopathologic sense. The neurostimulation parameters,
injection pressure, patient symptoms (pain, paresthesia),
and ultrasonographic criteria for intraneural injection have
all been characterized, and most practitioners use some com-
bination of these to avoid intraneural injection.??

Cappelleri et al. contribute another key piece of evidence
to the ongoing controversy about the safety of intraneural
injection.? They performed intentional intraneural injection
in 47 patients and performed clinical and neurophysiologic
examinations at 5 weeks and 6 months. They report the min-
imal effective local anesthetic volume of 1% ropivacaine esti-
mated to be effective in 90% of patients (MEV90), as well
as functional and neurologic consequences of intraneural
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injection into the sciatic nerve. The two main findings are
a MEV90 of 6.6 ml and a sustained decrease of compound
motor action potential amplitude persisting 6 months beyond
intraneural nerve block, despite a lack of clinical neurologic
deficits. A previous study by the same group comparing sub-
epineural and subparaneural block with 15 ml of ropivacaine
1% found similar decreases in amplitude in both groups at 5
weeks, but normal clinical examination at 6 months.?
While the present study? sets the standard for investi-
gations into sequelae of regional anesthesia by combining
neurophysiology and clinical examinations, some aspects
need clarification. The precise site of injection for indi-
vidual patients in this specific study is not clearly illus-
trated, but referenced to a previously published study.?® It
remains unclear from the description provided in the pres-
ent article whether the needle had pierced the paraneurium
but not the tibial/common peroneal nerve, or whether
it had indeed entered the individual nerves. In addition,
only average numbers are given for neurologic param-
eters. Knowing the needle position, injected volume, and
neurologic outcome for each individual patient is impor-
tant for assessing what might have caused the injury and
how profoundly each individual patient was affected. In
future trials, true extraneural comparison groups should be
included to assess whether the nerve damage observed in
the present study is related to the nerve block in general, or
to the intraneural injection specifically. Surprisingly, in the
present study, pathologic reductions of compound motor
action potential amplitude of 40 to 50% at 6 months, simi-
lar to those seen at 5 weeks, were not associated with signs

of injury on clinical examination.?
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Fig. 1. Anatomy and needle-nerve relationships in peripheral nerves and the sciatic nerve at the popliteal fossa.
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Also important is the optimal choice of local anesthetic
concentration.>* Ropivacaine 1% is not universally used for
conventional peripheral nerve blocks, and such concentra-
tion may be considered too high, especially for the direct
“intimate” delivery to the unprotected axons as intended
in an intraneural injection. The use of 5% lidocaine for
spinal anesthesia decades ago and the associated persistent
neurologic symptoms underscores the risks of nerve injury
associated with concentrated local anesthetic solutions.?*
Satisfactory surgical anesthesia can be readily achieved with
0.5% and 0.75% solutions of ropivacaine.?

The rationale given for performing the present study’
using intraneural injection was to reduce the dose of local
anesthetic to minimize the likelihood of local anesthetic sys-
temic toxicity. However, the notion that intraneural injec-
tion may actually 7ncrease the safety of regional anesthesia by
decreasing the amount of local anesthetic necessary to achieve
a block, is not well founded. First, the volume described
here as the MEV90 (6.6 ml)? is not clinically different from
the effective volume (estimated to be effective in 99% of
patients—EV99) of less than 6 ml (or 0.1 ml/mm?) of mepi-
vacaine reported by Latzke ez al., after extraneural subgluteal
sciatic nerve block.2° Second, the use of ultrasound guidance
itself has already decreased the incidence of local anesthetic
toxicity from 1:1,000 to 1:1,600 patients,” and large case
series have been reported with zero incidence of serious local
anesthetic toxicity.® The clinical problem of local anesthetic
toxicity is certainly relevant, but perhaps not pressing enough
to warrant a move toward intraneural injection. An increase
in block efficacy and reliability would be a plausible argu-
ment for intraneural injection, but clinical success rates in
studies by expert groups are already near ideal,”” and local
anesthetic volumes used in contemporary practice are low
enough for rescue blocks to be entirely feasible when needed.
The potential additional gain from intraneural injections may
not be worth the known risk. Finally, both Cappelleri et a/.?
and Choquet et al* reported significant numbers of unin-
tended intraneural injections when the objective was to inject
subparaneurally, indicating that even for experienced opera-
tors armed with state-of-the-art high-definition ultrasound
technology, pinpointing the exact needle position within the
sciatic nerve is not always straightforward.

We would like to thank Cappelleri et a/. for their contri-
butions to further clarifying the risks of intraneural injec-
tion. We feel that the results are best interpreted as yet more
proof that intraneural injections should be avoided and not
encouraged as a safer alternative, since even small injected
volumes consistently cause long-term electrophysiologic
changes indicating nerve injury. The unique morphology
of the sciatic nerve and the regenerative capacity of periph-
eral nerves that allow for many manifestations of peripheral
nerve damage to remain subclinical, or fade over time, may
be masking the true danger. We respectfully submit that in
expert hands, true intraneural injections are unnecessary,
and in less qualified hands, they are prohibitively dangerous.
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