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NERVE damage after regional anesthesia is appropriately regarded as a major complication and, when
the injury is severe, may take weeks or even months to recover completely.1,2 There are many possible
causes for such injuries.3,4 These include stretching, compression, ischemia, surgical trauma, and local
anesthetic toxicity.5-7 One causative factor that has been the subject of intense discussion involves the
direct intraneural injection of local anesthetics. The deleterious effect of such injections was
demonstrated by Selander et al. 3 nearly 30 yr ago. Since that time, we have been advised to avoid
direct contact between the needle and nerve and to think of the epineurium as a barrier that we should
not cross. One consequence of this advice has been a move away from seeking paresthesias during the
performance of blocks and the use of electrical stimulation and evoked motor responses to estimate
proximity to the nerve. However, in this issue of Anesthesiology, Dr. Bigeleisen8 has challenged the
idea that intraneural injection is uniformly damaging and is to be avoided at all costs.

In this study, videography and ultrasonography were used to assess local anesthetic distribution when
axillary brachial plexus block was performed according to his usual practice, which was seeking
paresthesia by needle manipulation. When paresthesia was established, 2-3 ml local anesthetic was
administered. If the injection appeared intraneurally, the needle was withdrawn until it appeared outside
the nerve, the injection was continued, and the block was completed. The patients were checked 6
months later for the occurrence of neuropathy. The results of the study were surprising: 22 of 26
patients (85%) had nerve puncture of at least one nerve, and 21 of 26 patients (81%) had an intraneural
injection of at least one nerve. Assessment 6 months later showed no clinical evidence of nerve
damage. Two important new considerations emerge from this investigation: First, intraneural injection of
local anesthetic, at least in a small volume, does not seem to result in nerve damage, and second,
performance of the paresthesia technique does result in frequent intraneural injection.

The belief that administration of local anesthetic inside the epineurium uniformly results in nerve
damage should be reconsidered in view of Bigeleisen's results.8 The study showed that injection of
local anesthetic (2-3 ml) inside the epineurium does not result in severe nerve damage. Some minor,
transient neurologic symptoms may have occurred between block performance and neurologic
assessment at 6 months and may have been unrecognized, but the occurrence of severe nerve damage
would most likely have been brought to the attention of the author or detected by the surgeon.

Ultrasonographic resolution does not allow us to differentiate between an injection into the
subepineurium or subperineurium. The perineurium, in contrast to the epineurium, is a tough and
resistant tissue withstanding very high pressure.3 The ability to expand the nerve, as shown in figure 2B
in Bigeleisen's article,8 suggests that the needle lies in a compliant space between the epineurium and
perineurium. However, the main issue coming from this investigation is that the barrier that should not
be penetrated to avoid severe neural damage is likely the perineurium. The next question, which cannot
be answered, is how much volume can be placed in this space until the pressure increases and
adversely affects the blood supply. A study will be needed to clarify this question.

A more recent study by Hadzic et al. 9 further evaluated the consequences of either subepineurium or
subperineurium injections in dogs. In this study, the authors placed the tip of the needle under
microscopic control either around the epineurium or intraneurally by piercing the epineurium. In the
control group, injection pressures were low (< 4 psi) in all animals. In the intraneural group, the authors
were able to distinguish two subgroups: one with a moderately increased injection pressure, and the
other with a very high injection pressure (25-45 psi). After the dogs awakened from general anesthesia,
motor function returned to normal within 3 h in all animals, except for those with very high injection
pressures. In this subgroup, severe and persistent motor deficits were recorded, with varying degrees of
damage to the neural architecture. The weakness of this investigation resides in the absence of proof
that the needle was effectively placed subperineurally. Similar studies using electronic microscopy and
injection of dye should be able to confirm these suppositions.

Another interesting point made by Bigeleisen8 is the apparent high frequency of subepineurium local
anesthetic deposition when using the paresthesia technique for performing peripheral nerve block.
These findings give support to those promoting the use of electrical nerve stimulation. However, the
volume of the injection that enters subepineurally is unknown in this context, but this observation may
explain the greater incidence of minor neurologic symptoms observed by some authors using the
paresthesia technique10 and the observation that the incidence of severe neurologic complication is not



greater when using the paresthesia technique compared with electrical nerve stimulation.10 Therefore,
intraneural injection may not cause severe neurologic deficits and might be explained by the relatively
good tolerance of low or moderate volume of local anesthetics between the epineurium and
perineurium. Another interesting finding reported by Bigeleisen8 is the heterogeneous description of
symptoms observed after eliciting paresthesia-a phenomenon that is poorly explained. It must be
emphasized that the possibility to contact the nerve without eliciting any paresthesia or dysesthesia may
occur. This phenomenon has occasionally been reported in the literature.11

This investigation has some limitations. Detractors will criticize the current study because of its relatively
small sample size and the lack of any neurologic assessment until 6 months after the injection. It has
been demonstrated that most peripheral nerve injuries are transient after regional blocks and resolve
within a few weeks after the injury.1,2 However, this study raises pertinent questions about the
importance of penetrating the epineurium and nerve damage during regional anesthesia.

In summary, for neurologic complications from regional anesthesia, the belief that the epineurium as the
last barrier should be balanced-local anesthetics should be injected outside of it-but we should
recognize that some local anesthetics can be injected without uniformly damaging the nerve. Evidence
is growing that the key barrier is the perineurium. The work performed by Bigeleisen8 contributes to this
understanding. However, this new information should not yet change our clinical practice: Nerves should
be treated with care, and the basic rule not to inject local anesthetics into the nerve remains.
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Abstract

Background: Nerve puncture by the block needle and intraneural injection of local anesthetic are thought
to be major risk factors leading to neurologic injury after peripheral nerve blocks. In this study, the
author sought to determine the needle-nerve relation and location of the injectate during ultrasound-
guided axillary plexus block.

Methods: Using ultrasound-guided axillary plexus block (10-MHz linear transducer, SonoSite, Bothel,
WA; 22-gauge B-bevel needle, Becton Dickinson, Franklin Parks, NJ), the incidence of apparent nerve
puncture and intraneural injection of local anesthetic was prospectively studied in 26 patients. To
determine the onset, success rate, and any residual neurologic deficit, qualitative sensory and
quantitative motor testing were performed before and 5 and 20 min after block placement. At a follow-up
6 months after the blocks, the patients were examined for any neurologic deficit.

Results: Twenty-two of 26 patients had nerve puncture of at least one nerve, and 21 of 26 patients had
intraneural injection of at least one nerve. In the entire cohort, 72 of a total of 104 nerves had intraneural
injection. Sensory and motor testing before and 6 months after the nerve injections were unchanged.

Conclusions: Under the conditions of this study, puncturing of the peripheral nerves and apparent
intraneural injection during axillary plexus block did not lead to a neurologic injury.

ULTRASOUND is a useful aid for the performance of peripheral nerve block. Its use has resulted in a
decreased incidence of vascular puncture, faster onset times, decreased dose requirements, and higher
success rates.1-4 The practice of ultrasound-guided nerve block is still evolving. Most practitioners
continue to use a nerve stimulator even while performing the procedure under real-time viewing. There
is also considerable debate about what the images mean. Most publications have shown a black
(hypoechoic) local anesthetic ring around the nerve after injection is done (fig. 1). This is consistent with
a nerve that is surrounded by a tissue plane that is separated from the epineurium. Local anesthetic is
injected into this potential space.



Fig. 1. Injection of local anesthetic around peripheral nerve.

In the author's experience, as the needle touches the nerve, the nerve moves 1 or 2 cm before the
needle pierces an anatomical structure that may be the fascia. As the needle pierces this anatomical
structure/fascia, the practitioner may feel a pop, and the patient often reports a paresthesia or
dysesthesia. Simultaneously, the needle seems to enter the substance of the nerve. Injection of 2-3 ml
of local anesthetic usually proceeds with minimal pain and resistance. When compared with the
undisturbed nerve (fig. 2A), the injected nerve seems to swell with a uniform stippled image and little or
no black ring around it (fig. 2B). Some of the local anesthetic forms a black hypoechoic shadow in the
nerve, and some of the local anesthetic leaks out of the nerve, forming a small hypoechoic ring around
the nerve (fig. 2C). These observations are intriguing because they contradict the common assumptions
that needle-nerve contact and intraneural injection are invariably associated with neurologic injury. A
retrospective review of 50 ultrasound-guided blocks in the author's archive showed that one or more
nerves in each patient was punctured and followed by an intraneural injection with local anesthetic.
Because these patients did not experience any known sequelae, the author decided to perform a
prospective study of his ultrasound-guided axillary blocks to determine the incidence of needle entry into
the nerve as well as the images formed if local anesthetic was injected into the nerve. The author also
studied any transient or permanent injuries to the nerves.
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Fig. 2. Intraneural puncture and injection of peripheral nerve.
Materials and Methods TOP

After institutional review board approval at Lindsay House Surgery Center and written patient consent,
50 American Society of Anesthesiologists physical status I-1ll patients who were older than 17 yr were
enrolled in the study. All patients had previously consented to an ultrasound-guided axillary block for
surgical repair of the basal joint of the thumb. An anesthesiologist with experience performing
ultrasound-guided nerve blocks conducted the study. Before the performance of the block and before
sedation, each patient was given a sensory and motor examination of the musculocutaneous nerve,
median nerve, radial nerve, and ulnar nerve. The sensory examination was performed as follows:
musculocutaneous nerve in the distribution of the lateral antebrachial nerve, median nerve in the palmar
tip of the middle finger, radial nerve on the dorsum of the wrist proximal to the incision site, ulnar nerve
in the palmar surface of the fifth finger. The following modalities were used: pinprick, alcohol wipe (cold),
and a soft brush (light touch). A score of 1 was given if the patient could identify the modality, and a
score of 0 was given if the patient could not identify the modality.

A qualitative muscular examination using the Medical Research Council Scalet (5 = full strength, 0 = no
movement) was conducted by asking the patient to perform the following maneuvers:
musculocutaneous nerve (flex forearm), median nerve (flex distal interphalangeal joint of second finger),
radial nerve (extend wrist), ulnar nerve (abduct third and fourth fingers). Any patient who had
deficiencies in any of the sensory or motor tests was excluded from the study. There were no other
exclusionary criteria. A quantitative muscular examination was also conducted using grip strength and a
force meter. With the forearm pronated and the wrist extended, the force meter was squeezed between
the index finger and thumb. With the forearm supinated, the force meter was squeezed between the
index finger and thumb. These maneuvers collectively test the median (index finger flexion), radial (wrist
extension), and ulnar nerves (thumb apposition).

All axillary blocks were performed with the arm abducted 120°, the shoulder externally rotated, and the
forearm flexed 90°. Patients received premedication with 1-2 mg midazolam and 50-100 pg fentanyl. A
22-gauge, short-bevel needle designed for nerve blocks (Becton Dickinson, Franklin Parks, NJ) was
used for all injections. A 10-MHz linear transducer was sited in the axilla over the axillary artery. The
axillary artery, vein, pectoralis major muscle, biceps muscle, and coracobrachialis muscle were
identified on ultrasound. To the best of the author's ability, the musculocutaneous, median, ulnar, and
radial nerves were also identified on ultrasound as well. Each nerve was anesthetized in the order
described above by eliciting a paresthesia or piercing the fascia around the nerve by the sensation of a
pop. After a paresthesia had been elicited or pop had been felt, 2-3 ml of anesthetic mixture (2.5 mg/ml
bupivacaine, 10 mg/ml lidocaine, 3 ug/ml epinephrine) was injected. If the injection appeared
intraneural, the needle was withdrawn and 2-3 ml of local anesthetic mixture was injected around the
nerve. If the initial injection produced a halo, an additional 2-3 ml of local anesthetic was injected around
the nerve. If neither an intraneural injection nor a halo appeared, the process was repeated one more
time with the exception of the musculocutaneous nerve. In the case of the musculocutaneous nerve, if
neither an intraneural injection nor a halo could be achieved on the first injection, a total of 10 ml of local
anesthetic was injected into the coracobrachialis muscle. The musculocutaneous and median nerves
were anesthetized using an approach superior to the axillary artery. The ulnar and radial nerves were
anesthetized using an approach inferior to the artery. The total dose of local anesthetic injected was
recorded for each patient.

The ultrasound sequence was recorded on a digital recorder, and a nurse recorded the clinical activities
of the author and patient response during the injections with a digital video recorder. The ultrasound
tape and clinical video were then spliced together using Adobe Premiere (San Jose, CA) so that both
ultrasound and clinical sequences could be viewed simultaneously. A licensed sonographer, trained in
musculoskeletal imaging, reviewed each spliced tape to ascertain whether the needle appeared to enter
the substance of the nerve during injection. The sonographer also noted whether the nerve appeared to
swell, to become surrounded by a dark ring, or both. Finally, the sonographer noted whether the patient
appeared to have a paresthesia or dysesthesia during the fascial puncture or injection by studying
whether the patient moved or reported tingling or pain. Any occurrence of vascular puncture or
hematoma formation was also tallied.

Qualitative sensory and muscle testing was repeated on each patient using the same maneuvers as
described above. These tests were repeated at 5 min, and 20 minutes after the block was completed by
the author. The same examination, including quantitative muscle testing, was repeated at a follow-up
visit 6 months after the patient's surgery. The 6-month follow-up examinations were performed by a
nurse practitioner or physical therapist who was blinded to the results of the preoperative examinations.
A tally was also made of the number of patients who reported surgical pain during the surgery or in the



recovery room. Statistical analysis of quantitative strength was done using a one-sided t test. A value of
0.05 was assumed to be statistically significant. All patients were contacted 24-48 h after surgery to
determine whether they had residual anesthesia in their surgical limb. They were also questioned about
whether they had paresthesias, dysesthesias, weakness in the surgical limb, or pain at the injection site.
All patients were seen within 96 h after the surgery, at 3 weeks, and again at 6 months by the surgeon.
She was asked to report any abnormalities in the patients' sensory or motor examinations to the author.

Results

Twenty-two patients were excluded from the study because of preoperative abnormalities in their
qualitative sensory or motor examinations. Two patients were lost to follow-up. The musculocutaneous
and radial nerves were the easiest to block (tables 1 and 2). None of the patients reported surgical pain
during the procedure, and all of the patients completed the surgery without local anesthetic
supplementation by the surgeon or the need for general anesthesia. None of the patients required
analgesia in the recovery room. All 26 patients who completed the study had normal qualitative sensory
and motor examinations at 6-month follow-up. There was no significant difference in quantitative muscle
testing preoperatively and at 6-month follow-up (table 3). The incidence of nerve puncture, halo around
the nerve, nerve swelling, halo and nerve swelling, and paresthesias or dysesthesias are listed in table
4.

Puncture, intraneural injection, or halo around the musculocutaneous nerve did not produce any
paresthesias or dysesthesias. Injection into the coracobrachialis muscle produced a paresthesia in 4
patients. Puncture of the median nerve produced a paresthesia or dysesthesia in 18 patients. In 15
patients, this paresthesia diminished during intraneural injection. In 3 patients, the paresthesia
intensified during injection in to the median nerve. In 4 patients, puncture or injection of the median
nerve did not produce any sensation. Halo alone of the median nerve produced a paresthesia when the
nerve was initially contacted in 1 patient. Augmentation of the paresthesia occurred in this patient during
injection. In 10 patients, puncture of the ulnar nerve produced a paresthesia or dysesthesia, which was
diminished on intraneural injection. Halo alone produced a paresthesia in 5 patients during contact of
the ulnar nerve. Three of these patients had a paresthesia or dysesthesia during injection around the
ulnar nerve. Puncture of the radial nerve produced a paresthesia or dysesthesia in 21 patients. In 14
patients, this paresthesia diminished during intraneural injection. In 7 patients, the paresthesia
increased with injection of the radial nerve. Halo alone produced a paresthesia or dysesthesia on radial
nerve contact in 3 patients but no sensation during injection. Three patients reported tenderness at the
injection site in the axilla on the day after surgery. This complication resolved by 3 weeks in all 3
patients without treatment. None of the patients reported paresthesias or dysesthesias in the distribution
of the four injected nerves after surgery. The mean dose of local anesthetic used was 26 + 12 ml (range,
17-45 ml). There were no vascular punctures or hematomas.

Discussion

The incidence of nerve puncture was lowest for the musculocutaneous nerve. This is most likely
because the musculocutaneous nerve is the smallest in diameter and therefore the most difficult to
puncture. The incidence of halo or swelling alone after injection was very low for all nerves. In most
cases, there was both a halo and swelling because some of the local anesthetic infiltrated the nerve
itself, whereas some of the local anesthetic filled a potential space around the nerve. The absence of
measurable neurologic injury (qualitative sensory and qualitative and quantitative motor testing) in any
of the patients at 6-month follow-up suggests that neural puncture and or injection, per se, are not the
immediate or most likely cause of neural injury after nerve block using the techniques described in this
study. Unfortunately, the author did not have access to diagnostic electrophysiologic tools such as
sensory nerve conduction thresholds, nerve conduction velocity, or electromyography, which may have
added useful information to the study. It is also possible that the surgeon missed transient injuries in the
early postoperative period, which may have resolved by the 6-month follow-up.

This study does not explain the cause of neural injury after nerve block, and the study was likely
underpowered to elucidate the cause of neural injury because the incidence of nerve injury after neural
block is so low.5 The large number of patients excluded from the study because of neurologic
abnormalities also decreased the robustness of the study. Other mechanisms, however, may be the
cause of neural injury. Ultrasound does not have the resolution to differentiate between injection into the
stroma of the nerve or a fascicle of the nerve. Intrafascicular injection may be one cause of nerve injury.
High injection pressure is also thought to be one cause of neural injury.6 Unfortunately, the author did
not have the equipment to perform manometry. However, small aliquots of local were injected into or
around the nerve; therefore, high injection pressure was less likely. In traditional nerve block techniques,
the nerve is localized by paresthesia or electrolocation. When the nerve or plexus is located, many
practitioners inject 30-40 ml of local anesthetic at one site. This is more likely to create a high pressure if



the injection is intraneural. Finally, dysesthesia without motor deficit after a nerve block may be due to
injury of the nervi nervorum, which innervate the epineurium and mesoneurium. If this is the mechanism
of injury, puncture or injection of the epineurium may be the cause of injury. Again, this study does not
have the spatial resolution to identify this type of injury.

Bevel type and needle gauge may also influence the incidence of nerve injury. In this study, we used a
short-bevel, 22-gauge needle. One may not assume that needles of different gauge or with different
bevel types, used in the same manner, will result in the same safety record. Inglis etal. 7 found that
conduction deficits occurred after individual axon impalement by microelectrodes. Finally, the type and
location of the nerve may influence the way ultrasound-guided injections proceed. Nerves in the axilla
have little or no fascia surrounding them and are frequently septated with large amounts of stroma
between the fascicles (fig. 3). A blunt needle that pierces these small nerves may be less likely to
puncture a fascicle. Moreover, these small nerves are freer to swell because they are not constrained by
dense fascia. Finally, the cross section of a peripheral nerve is comprised of approximately 50%
neurons and 50% fat and connective tissue.8,9 Thus, there is a significant probability of puncturing a
peripheral nerve without contacting a fascicle or damaging the neurons. Case reports describe similar
scenarios. Impalement of the femoral nerve under ultrasound guidance resulted in temporary injury,10
whereas the placement of a catheter within the sciatic nerve under computed tomography guidance did
not cause any clinical injury.11 These may be reasons why puncture and injection of small doses of
local anesthetic into nerves did not cause injury. Nerve roots and nerve trunks have larger fascicles with
virtually no intraneural stroma and are much more heavily invested with fascia.9 Injection into these
structures, even with small doses of local anesthetic, may produce higher pressures and permanent
injury.
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Fig. 3. Cross-section of peripheral nerve.

In summary, the author has used ultrasound to study, in real time, the injection of local anesthetic during
nerve block in the axilla. Nerves were frequently punctured and infiltrated with local anesthetic. This did
not seem to cause any long-term damage to the nerves under the conditions used in this study. Injection
into the nerve after eliciting a paresthesia/dysesthesia produced a heterogeneous set of sensations.
Sometimes the paresthesia/dysesthesia was augmented by injection, whereas in other instances, the
paresthesia/dysesthesia was diminished or absent during intraneural injection. This study is
underpowered to assert that intraneural injections or nerve puncture are inconsequential. However,
these data and recent reports suggest that nerve puncture or intraneural injection does not inevitably
lead to neurologic injury.
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