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Perioperative nerve injuries have long been recog-
nized as a complication of regional anesthesia. Fortu-
nately, severe or disabling neurologic complications
rarely occur. Risk factors contributing to neurologic
deficit after regional anesthesia include neural ischemia
(hypothesized to be related to the use of vasoconstric-
tors or prolonged hypotension), traumatic injury to
the nerves during needle or catheter placement, infec-
tion, and choice of local anesthetic solution.1–3 In
addition, postoperative neurologic injury due to pres-
sure from improper patient positioning or from tightly
applied casts or surgical dressings, as well as surgical
trauma are often attributed to the regional anesthetic.4

Lynch et al.5 reported a 4.3% incidence of neurologic
complications following total shoulder arthroplasty.
The neurologic deficit localized to the brachial plexus
in 75% of affected patients. Importantly, the level of
injury occurred most commonly at the upper and
middle nerve trunks- the level at which an inter-
scalene block is performed, making it impossible to
determine the etiology of the nerve injury (surgical
versus anesthetic). Patient factors such as body habi-
tus and preexisting neurologic dysfunction may also
contribute. For example, the incidence of peroneal
nerve palsy following total knee replacement is in-
creased in patients with significant valgus or a preop-
erative neuropathy (Table 1).6,7

The safe conduct of regional anesthesia involves
knowledge of the large patient surveys as well as
individual case reports of neurologic deficits follow-
ing regional anesthetic techniques. Prevention of com-
plications, along with early diagnosis and treatment
are important in the management of regional anes-
thetic risks.

INCIDENCE AND ETIOLOGY OF
NEUROLOGIC COMPLICATIONS

A prospective survey in France recently evaluated
the incidence and characteristics of serious complica-
tions related to regional anesthesia.1 A total of 103,730
regional anesthetics, including 21,278 peripheral nerve
blocks, were performed over a five-month period. The
incidence of cardiac arrest and neurologic complica-
tions was significantly higher after spinal anesthesia
than other types of regional procedures (Table 2).
Neurologic complications related to the regional an-
esthetic technique occurred in 34 patients; recovery
was complete within three months in 19 of 34 patients.

In all cases of nerve injury peripheral block, needle
placement was associated with either paresthesia dur-
ing needle insertion, or pain with injection. In all cases,
the postoperative deficit had the same topography as
the associated paresthesia. The authors concluded that
needle trauma and local anesthetic neurotoxicity were
the etiologies of most neurologic complications. This
study demonstrated that the incidence of severe
anesthesia-related complications is very low. How-
ever, since serious complications were noted to occur
even in the presence of experienced anesthesiologists,
continued vigilance in patients undergoing regional
anesthesia is warranted. In a follow-up study involv-
ing over 150,000 regional anesthetics, Auroy et al.8

reported a decrease in the frequency of serious com-
plications related to the anesthetic technique.

Cheney et al.9 examined the American Society of
Anesthesiologists Closed Claims database to deter-
mine the role of nerve damage in malpractice claims
filed against anesthesia care providers. Of the 4,183
claims reviewed, 670 (16%) were for anesthesia-related
nerve injury. The most frequent sites of injury were
the ulnar nerve (190 claims), brachial plexus (137
claims), lumbosacral roots (105 claims), or spinal cord
(84 claims). Regional anesthesia was more frequently
associated with nerve damage claims. Ulnar nerve
injuries were more often associated with general an-
esthesia. However, spinal cord and lumbosacral nerve
root injuries having identifiable etiology were associ-
ated predominantly with a regional anesthetic tech-
nique, and were related to paresthesias during needle
or catheter placement or pain during injection of local
anesthetic. It is also notable that despite intensive
medicolegal investigation, a definite mechanism of
injury is rarely determined. The lack of apparent
mechanism often led the patient (and consulting spe-
cialists) to assume that something most have been
done incorrectly during the perioperative period to
cause the nerve injury.

NERVE INJURY FROM NEEDLE AND
CATHETER PLACEMENT

Many anesthesiologists intentionally elicit a pares-
thesia during the performance of peripheral regional
techniques. Although the elicitation of a paresthesia
may represent direct needle trauma and increase the
risk of persistent paresthesia associated with regional
anesthesia, there are no clinical studies that defini-
tively either prove or refute the theory.10–13 Selander
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et al.10 reported a higher incidence of postoperative
nerve injury in patients where a paresthesia was
sought during axillary block (2.8%) compared to those
undergoing a perivascular technique (0.8%). How-
ever, the difference was not significant. Importantly,
40% of patients in the perivascular group reported
unintentional paresthesias during the procedure,
demonstrating the difficulty with standardization of
technique and analysis of neural injury. Postoperative
neurologic deficits ranged from slight hypersensitivity
to severe paresis, and persisted from two weeks to
greater than one year. In a prospective study utilizing
a variety of regional anesthetic approaches including
paresthesia, transarterial and nerve stimulator tech-
niques, Urban and Urquhart12 noted that mild pares-
thesias were common the day after surgery, occurring
after 9% of interscalene blocks and after 19% of
axillary blocks. At two weeks the incidence had de-
creased significantly, with near complete resolution
noted at four weeks. Stan et al.11 reported a 0.2%
incidence of neurologic complications after axillary
blocks performed with the transarterial approach.
However, vascular complications such as transient
arterial spasm, unintentional vascular injection and
hematoma formation occurred in 1.4% of patients.
Theoretically, localization of neural structures with a
nerve stimulator would allow a high success rate
without increasing the risk of neurologic complica-
tions, but this has not been formally evaluated. Fanelli

et al.13 prospectively evaluated 3996 patients under-
going sciatic-femoral, axillary, and interscalene blocks
using a multiple injection/nerve stimulator technique.
During the first month after surgery, 69 patients
(1.7%) developed neurologic dysfunction; recovery
was complete in all but one in 4–12 weeks. (This
frequency is similar to that reported using a paresthe-
sia technique). The only variable associated with neu-
rologic injury was tourniquet inflation pressure �400
mm|Hg. Use of a nerve stimulator does not prevent
intraneural injection. Indeed, serious neurologic injury
has been reported following uneventful brachial
plexus block using a nerve stimulator technique.14,15

Equally interesting are the cases in which apparent
intraneural injection did not result in neurologic in-
jury.16,17 Currently, no compelling evidence exists to
endorse a single technique as superior with respect to
success rate or incidence of complications. Needle
gauge, type (short vs long bevel), and bevel configu-
ration may also influence the degree of nerve injury,
although the findings are conflicting and there are no
confirmatory human studies.18,19

The passage and presence of an indwelling catheter
into a peripheral nerve sheath presents an additional
source of direct trauma. The risk of neurologic com-
plications resulting from plexus or peripheral nerve
catheters remains undefined.20,21 While difficulty dur-
ing catheter insertion may lead to vessel puncture,
tissue trauma and bleeding, significant complications
are uncommon and permanent sequelae are rare. In a
series of 405 continuous brachial plexus blocks, Berg-
man et al.22 reported 9 complications in 8 patients for
an overall frequency of 2.2%. Complications included
one each of the following: localized infection (treated
with catheter removal and antibiotics), axillary hema-
toma, and retained catheter fragment requiring sur-
gical excision. In addition, two patients reported
signs and symptoms of systemic (pre-seizure) local
anesthetic toxicity. Four (1.0%) patients reported
new neurologic deficits postoperatively. In two pa-
tients, the neural dysfunction was non-anesthesia
related. In a more recent prospective study involv-
ing 1,416 patients with continuous catheters, there
were 12 patients (0.84%) experiencing serious ad-
verse events and three (0.21%) patients had neuro-
logic lesions attributed to the continuous peripheral
nerve catheter.23

Table 1. Risk Profile for Peroneal Nerve Palsy After Total
Knee Arthroplasty

Risk factor
Peroneal palsy

(n � 8)

No peroneal
nerve palsy

(n � 353)
Age (yr) 64 � 10 69 � 10
Valgus (degrees) 13 � 5* 9 � 7
Tourniquet time (min) 141 � 52* 103 � 28
Neurologic condition 4* 30
Anesthetic technique 3 112
General

Spinal 1 67
Epidural 4 174
Epidural analgesia 4** 104
Postoperative bleeding 3* 4

* P � 0.05.
** Although postoperative epidural analgesia was not a risk factor for peroneal nerve palsy,
all cases of peroneal nerve palsy with motor deficits occurred in patients with postoperative
epidural analgesia. Adapted from Horlocker et al. (6). Used with permission.

Table 2. Complications Related to Regional Anesthesia

Technique Cardiac arrest Death Seizure Neurologic injury
Spinal (N � 40,640) 26 (3.9–8.9) 6 (0.3–2.7) 0 (0–0.9) 24 (3.5–8.3)
Epidural (N � 30,413) 3* (0.2–2.9) 0 (0–1.2) 4 (0.4–3.4) 6* (0.4–3.6)
Peripheral blocks (N � 21,278) 3� (0.3–4.1) 1 (0–2.6) 16# (3.9–11.2) 4# (0.5–4.8)
IV regional (N � 11,229) 0 (0–3.3) 0 (0–3.3) 3 (0.5–7.8) 0 (0–3.3)
Data presented are number and (95% confidence interval). * Epidural versus spinal (P � 0.05).
� Peripheral nerve blocks versus spinal (P � 0.05). # Peripheral nerve blocks versus epidural (P � 0.05).
Adapted from Auroy et al. (1). Used with permission.
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LOCAL ANESTHETIC TOXICITY
Neurologic complications following regional anes-

thesia may be a direct result of local anesthetic toxic-
ity. Although most local anesthetics administered in
clinical concentrations and doses do not cause nerve
damage, prolonged exposure, high dose and/or high
concentrations of local anesthetic solutions may result
in permanent neurologic deficits. There is both labo-
ratory and clinical evidence that local anesthetic solu-
tions are potentially neurotoxic and that the neurotoxicity
varies among local anesthetic solutions.2,24–27 Differ-
ences in neurotoxicity are dependent on pKa, lipid
solubility, protein binding and potency. In histopatho-
logic, electrophysiologic, and neuronal cell models,
lidocaine and tetracaine appear to have a greater
potential for neurotoxicity than bupivacaine at clini-
cally relevant concentrations.25,28 Additives such as
epinephrine and bicarbonate may also affect neurotox-
icity. Addition of 5 �g/mL of epinephrine increases
the toxicity of both lidocaine and bupivacaine. The
presence of a preexisting neurologic condition may
predispose the nerve to the neurotoxic effects of local
anesthetics.6,12 The presumed mechanism is a “double
crush” of the nerve at two locations resulting in a
nerve injury of clinical significance.29 The double
crush concept suggests that nerve damage caused by
traumatic needle placement/local anesthetic toxicity
during the performance of a regional anesthetic may
worsen neurologic outcome in the presence of an
additional patient factor or surgical injury. Finally,
intraneuronal injection may potentiate the neurotoxic
effects of higher concentrations of local anesthetic as
well as the addition of vasoconstrictors.

NEURAL ISCHEMIA
Peripheral nerves have a dual blood supply consist-

ing of intrinsic endoneural vessels and extrinsic
epineural vessels. A reduction or disruption of nerve
blood flow may result in neural ischemia. Intraneural
injection of volumes as small as 50-l00 �L may gener-
ate intraneural pressures which exceed capillary per-
fusion pressure for as long as 10 minutes and thus
cause neural ischemia.30 Endoneural hematomas have
also been reported after intraneural injection.19

Epineural blood flow is also responsive to adrenergic
stimuli.31,32 The use of local anesthetic solutions con-
taining epinephrine theoretically may produce peripheral
nerve ischemia, especially in patients with microvas-
cular disease.2,26

Neural ischemia may also result from expanding
hematoma. In the series of 1000 transarterial axillary
blocks, Stan et al.11 reported vascular complications
such as transient arterial spasm, unintentional vascu-
lar injection and hematoma formation occurred in
1.4% of patients. A case report of axillary block
complicated by hematoma and radial nerve injury has
been described.33

Few data exist on the risk of hemorrhagic complica-
tions in patients undergoing peripheral block while
receiving hemostasis-altering medications. Although the
Consensus Statements on Neuraxial Anesthesia and
Anticoagulation published by the American Society of
Regional Anesthesia34 could be applied to any regional
anesthetic technique, a more liberal application, taking
into account the compressibility of the needle insertion
site and the vascular structure at risk.35–37 Bleeding into
a nerve sheath does not represent the same catastrophe
as bleeding into the spinal canal, both in severity and
significance of neural compromise. Certainly, cardiac
catheterization involves the placement of a large cannula
in a femoral or brachial vessel with subsequent antico-
agulation, yet the frequency of neurologic dysfunction is
rare. Indeed, single dose and continuous peripheral
blocks may represent a suitable alternative to neuraxial
techniques in the anticoagulated patient. Communica-
tion between clinicians involved in the perioperative
management of patients receiving anticoagulants for
thromboprophylaxis is essential in order to decrease the
risk of serious hemorrhagic complications. Patients
should be closely monitored in the perioperative period
for early signs of neural compression such as pain,
numbness, or weakness. A delay in diagnosis and inter-
vention may lead to irreversible neural ischemia.

INFECTIOUS COMPLICATIONS
Infection can complicate any regional technique,

but neurologic sequelae are rare. The infectious source
can be exogenous due to contaminated equipment or
medication, or endogenous secondary to a bacterial
source in the patient seeding to the remote site of
needle or catheter insertion. Although infection at the
site of needle insertion is an absolute contraindication
to regional anesthesia, common sense dictates that en-
croaching cellulitis, lymphangitis, or erythema would
also preclude a regional technique. Indwelling catheters
theoretically increase the risk of infectious complications.
However, while colonization may occur, infection is
rare.22,23,38–40 Local infections are treated with catheter
removal and antibiotics. Retained catheter fragments
may be a source of infection.22 Strict attention to aseptic
technique is crucial to reducing regional anesthesia re-
lated infections, particularly in the presence of indwell-
ing catheters.41

PATIENTS WITH PREEXISTING
NEUROLOGIC DISORDERS

Patients with preexisting neurologic disease present a
unique challenge to the anesthesiologist. The cause of
postoperative deficits is difficult to evaluate, because
neural injury may occur as a result of surgical trauma,
tourniquet pressure, prolonged labor, improper patient
positioning, and/or anesthetic technique. Progressive
neurologic diseases may coincidentally worsen periop-
eratively, independent of the anesthetic method.42,43 The
decision to proceed with a regional anesthesia in these
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patients should be made on a case-by-case basis and
involves understanding the pathophysiology of neuro-
logic disorders, the mechanisms of neural injury associ-
ated with regional anesthesia, and the overall incidence
of neurologic complications after regional techniques. If
a regional anesthetic is indicated or requested, the pa-
tient’s preoperative neurologic examination should be
formally documented and the patient must be made
aware of the possible progression of the underlying
disease process.

The presence of preexisting deficits, signifying
chronic neural compromise, theoretically places these
patients at increased risk for further neurologic injury.29

It is difficult to define the actual risk of neurologic
complications in patients with preexisting neurologic
disorders who receive regional anesthesia; no controlled
studies have been performed, and accounts of complica-
tions have appeared in the literature as individual case
reports. In a study examining the effect of local anesthet-
ics on nerve conduction block and injury in diabetic rats,
Kalichman and Calcutt26 reported that the local anes-
thetic requirement is decreased and the risk of local
anesthetic-induced nerve injury is increased in diabetes.
Clinically, the success rate of regional techniques is
increased in diabetic patients.44 These findings suggest
that diabetic patients may require less local anesthetic to
produce anesthesia and that a reduction in dose may be
necessary to reduce the risk of neural injury by doses
considered safe in nondiabetic patients. However, con-
firmatory human studies are lacking. Conversely, Hebl
et al.45 noted no difference in neurologic function in
patients undergoing ulnar nerve transposition under
axillary block versus general anesthesia. However, all
patients in the axillary block group with postoperative
worsening of neurologic function had an ulnar paresthe-
sia or nerve stimulator response reported during their
regional technique.

Patients with preoperative neurologic deficits may
undergo further nerve damage more readily from needle
or catheter placement, local anesthetic systemic toxicity,
and vasopressor-induced neural ischemia. Dilute or less
potent local anesthetic solutions should be used when
feasible to decrease the risk of local anesthetic toxicity.
The use of epinephrine-containing solutions in patients
with preexisting neurologic deficits is controversial. The
potential risk of vasoconstrictor-induced nerve ischemia
must be weighed against the advantages of improved
quality and duration of block. Because epinephrine and
phenylephrine also prolong the block and therefore
neural exposure to local anesthetics, the appropriate
concentration and dose of local anesthetic solutions must
be thoughtfully considered.2

PERFORMANCE OF REGIONAL TECHNIQUES IN
ANESTHETIZED PATIENTS

The performance of regional blockade on anesthe-
tized patients theoretically increases the risk of peri-
operative neurologic complications, since these patients

are unable to respond to the pain associated with
needle- or catheter-induced paresthesias or intraneu-
ral injections. However, there are few data to support
these concerns. Cases are typically reported individu-
ally; no randomized study or large review has been
performed to date.14,15 There are also medicolegal
issues. The actual risk of neurologic complications in
patients undergoing regional techniques while anes-
thetized or heavily sedated has not been formally
evaluated. The apparent safety of performing regional
techniques under general anesthesia that is demon-
strated in the pediatric literature must be carefully
interpreted. As previously mentioned, epidemiologic
series report direct trauma and toxicity as the etiolo-
gies of most neurologic complications, and have iden-
tified pain during needle placement or injection of
local anesthetic as risk major factors.1,8,9

Peripheral and plexus blocks (compared to
neuraxial techniques) represent additional risk when
performed on an anesthetized patient. The larger dose
of local anesthetic given as a single bolus over a
relatively short interval increases the risk of systemic
toxicity while heavy sedation or general anesthesia
diminishes the patient’s ability to report early signs of
rising local anesthetic blood levels. In addition, al-
though some peripheral techniques are performed as a
field block, most require that the nerve or sheath be
directly identified by eliciting a paresthesia or nerve
stimulator response or by locating an adjacent vascu-
lar structure. However, the use of a nerve stimulator
does not replace the patient’s ability to respond to the
pain of needle trauma or intraneural injection. Urmey
et al.46 performed interscalene blocks on unpremedi-
cated patients using the paresthesia technique with
insulated (10 patients) and noninsulated (20 patients)
needles. Paresthesias were elicited with the nerve
stimulator power off. Upon elicitation of the paresthe-
sia, the nerve stimulator was turned on and the
amperage slowly increased to a maximum of 1.0
milliamperes. Only 30% of patients exhibited any
motor response. There was no correlation between site
of paresthesia and associated motor response. These
results suggest that since it is possible to have sensory
nerve contact and not elicit a motor response, use of a
nerve stimulator does not protect the anesthetized
patient from nerve injury. Passannante15 described a
case report of spinal anesthesia and permanent bra-
chial plexopathy in a patient who underwent an
interscalene block using a nerve stimulator while
anesthetized. Motor response in the hand was ob-
tained at 0.2 milliamperes; no blood or CSF was
aspirated. It was postulated the needle tip was in a
dural sleeve or the subarachnoid space, with a portion
of the local anesthetic injected intraneurally. The pa-
tient’s inability to respond to pain allowed a larger
intraneural injection and increased the severity of
nerve injury. Benumof14 reported four cases of perma-
nent cervical spinal cord injury following interscalene
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block performed with the patient under general anes-
thesia or heavy sedation. In three cases, a nerve
stimulator was used to localize the brachial plexus.

DIAGNOSIS AND EVALUATION OF
NEUROLOGIC COMPLICATIONS

Neurologic deficits that arise within the first 24
hours most likely represent extra- or intraneural he-
matoma, intraneural edema, or a lesion involving a
sufficient number of nerve fibers to allow immediate
diagnosis. However, in many cases of persistent pare-
thesias after regional anesthesia, the symptoms of
nerve injury do not develop immediately after the
injury, but have their onset days or weeks later.10 In a
study evaluating nerve conduction after nerve block at
the elbow, Löfström et al.47 observed that while ulnar
nerve action potential had returned to normal 24
hours after injection, subsequent examinations at
weekly intervals detected abnormally low amplitudes
in 3 of 28 subjects, although only 1 complained of
neurologic dysfunction. Late disturbances in nerve
function have also been reported after human micro-
neurography, a technique involving percutaneous
electrical stimulation of a nerve.48 The presentation of
late disturbances in nerve function suggests an alter-
native etiology such as tissue reaction or scar forma-
tion, although it is not possible with the existing data
to determine whether this reaction is due to mechani-
cal trauma, chemical trauma, or both.

Although most neurologic complications resolve
completely within several days or weeks, significant
neural injuries necessitate neurologic consultation to
document the degree of involvement and coordinate
further work-up. Neurophysiologic testing, such as
nerve conduction studies, evoked potentials, and elec-
tromyography are often useful in establishing a diag-
nosis and prognosis.49,50 A reduced amplitude in
evoked responses indicates axonal loss, while in-
creased latency occurs in the presence of demyelina-
tion. Fibrillation potentials are present during active
axonal degeneration. They appear 2–3 weeks after
injury and are maximal at 1–3 months (Table 3).
Because of the decreased number of axons present in
patients with neurologic conditions, there is a reduc-
tion in neuron recruitment during voluntary effort.
The degree of reduction parallels the severity of the
disorder. Despite many applications, nerve conduc-
tion studies have several limitations. Typically only
the large sensory and motor nerve fibers are evalu-
ated; dysfunction of small unmyelinated fibers would

not be detected. In addition, abnormalities will not be
noted on EMG immediately after injury, but rather
require several weeks to evolve. Although it is often
recommended to wait until evidence of denervation
has appeared before performing neurophysiologic
testing, a baseline study (including evaluation of the
contralateral extremity) would be helpful in ruling out
underlying pathology or a preexisting condition.

In conclusion, major complications after regional an-
esthetic techniques are rare, but can be devastating to the
patient and the anesthesiologist. Prevention and man-
agement begin during the preoperative visit with a
careful evaluation of the patient’s medical history and
appropriate preoperative discussion of the risks and
benefits of the available anesthetic techniques. Alterna-
tive anesthetic techniques such as peripheral blocks or
general anesthesia should be considered for patients at
increased risk for neurologic complications following
neuraxial block. The decision to perform a regional
anesthetic technique on an anesthetized patient must be
made with care since these patients are unable to report
pain on needle placement or injection of local anesthetic.
Efforts should also be made to decrease neural injury in
the operating room through careful patient positioning.
Postoperatively, patients must be followed closely to
detect potentially treatable sources of neurologic injury,
including hematoma or abscess, constrictive dressings,
improperly applied casts, and increased pressure on
neurologically vulnerable sites. New neurologic deficits
should be evaluated promptly by a neurologist, or
neurosurgeon, to document formally the patient’s evolv-
ing neurologic status, arrange further testing or interven-
tion, and provide long-term follow-up.
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