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SRA Practice Advisory on Neurologic Complications

SRA Practice Advisory on Neurologic
omplications in Regional Anesthesia
nd Pain Medicine

oseph M. Neal, M.D., Christopher M. Bernards, M.D., Admir Hadzic, M.D.,
ames R. Hebl, M.D., Quinn H. Hogan, M.D., Terese T. Horlocker, M.D.,
orri A. Lee, M.D., James P. Rathmell, M.D., Eric J. Sorenson, M.D.,
anthanam Suresh, M.D., and Denise J. Wedel, M.D.

Neurologic complications associated with regional anesthesia and pain medicine practice are extremely rare. The
ASRA Practice Advisory on Neurologic Complications in Regional Anesthesia and Pain Medicine addresses the
etiology, differential diagnosis, prevention, and treatment of these complications. This Advisory does not focus
on hemorrhagic and infectious complications, because they have been addressed by other recent ASRA Practice
Advisories. The current Practice Advisory offers recommendations to aid in the understanding and potential
limitation of neurologic complications that may arise during the practice of regional anesthesia and pain
medicine. Reg Anesth Pain Med 2008;33:404-415.

Key Words: Complications of anesthesia, Nerve injury, Spinal anesthesia, Epidural anesthesia, Peripheral
nerve block, Regional anesthesia, Pain medicine, Transforaminal block.
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he American Society of Regional Anesthesia
and Pain Medicine (ASRA) convened a group

f experts to develop a Practice Advisory on Neu-
ologic Complications in Regional Anesthesia and
ain Medicine. The goal of this Practice Advisory is
o provide information for practitioners of regional
nesthesia and pain medicine regarding the etiol-
gy, differential diagnosis, prevention, and treat-
ent of neurologic complications. This Practice Ad-

isory focuses on neurologic injuries apart from
hose caused by hemorrhagic1 or infectious2-6 com-
lications, both of which have been the subject of
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04 Regional Anesthesia and Pain Medicine, Vol 33, No
ther recent ASRA-sponsored Practice Advisories.
he current report is a summation of the Practice
dvisory’s findings and recommendations. Anes-

hesiologists are strongly encouraged to read the
anuscripts that accompany the present summary

ocument, because they contain the details upon
hich recommendations are based. The accompa-
ying manuscripts represent most of the subtopics
iscussed at the conference.

ethodology

The ASRA Practice Advisory on Neurologic Com-
lications in Regional Anesthesia and Pain Medi-
ine was convened on April 23, 2005 at the ASRA
nnual Meeting in Toronto, Ontario, Canada. The
roject was approved by the ASRA Education Com-
ittee and Board of Directors. The panelists were

hosen by ASRA based on demonstrated expertise
n issues related to neurologic injury, and included
ll of the authors of this manuscript in addition to a
alpractice attorney.* Panelists received no com-

ensation for their contributions to the Practice Ad-
isory, nor did any declare a conflict of interest
ertinent to the topic. Panelists were charged with
erforming an extensive review of the literature,
ummarizing and presenting their findings at the
*Ritchie E. Berger, Esq., Burlington, VT.
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onference, and producing a manuscript based on
heir scholarly work. During the Toronto confer-
nce, panelists and attendees discussed several is-
ues related to neurologic injury in an open forum
ormat. All subsequent recommendations were re-
iewed and approved by members of the panel.
anuscripts were first peer reviewed internally by
members of the expert panel and subsequently

eer reviewed externally using this journal’s stan-
ard review process.
The recommendations contained within this Prac-

ice Advisory represent the opinions of a small group
f expert panelists and are based upon their clinical
xperience, review of limited scientific literature (an-
tomic and physiologic studies of animals and human
adavers, case reports, retrospective case series, and
on-randomized trials), and open forum discussion.

mportantly, in this imperfect setting of controver-
ial topics, limited data, and bias inherent to expert
pinion, the Panel consistently tended towards
aking conservative recommendations. We ac-

nowledge that other experts analyzing the same
nformation may arrive at recommendations dif-
erent than ours. The recommendations con-
ained herein are not intended to define standard
ractice or to ensure the avoidance of adverse
utcomes. Furthermore, the recommendations
re subject to change as new information be-
omes available. Recommendations from the
ractice Advisory are not intended to replace clin-

cal judgment, and specific risk-to-benefit discus-
ions as they pertain to individual patients.

Because neurologic injuries related to anesthesia
nd pain medicine practice are extremely rare, stan-
ard tools of evidence-based medicine such as ran-
omized controlled trials, meta-analysis, and prospec-
ive human studies rarely exist—and are unlikely to be
vailable in the future. Therefore, recommendations
ontained within this Practice Advisory could not be
asily graded based on traditional stratification meth-
ds, such as those used by the United States Agency
or Health Care Policy and Research.7 Consequently,
he Panel chose to stratify its recommendations based
n a simplified schema used by other medical special-
ies facing similar circumstances (Table 1).8

verview of Anesthesia-Related
eurologic Injury

ncidence

Because of the infrequency at which anesthesia-
nd pain medicine-related neurologic injuries oc-
ur, it is extremely difficult to obtain reliable and
onsistent incidence data. Medicolegal and insurance-
ased data are biased by the very presence of injury,

hereas underreporting may bias clinical-based data. u
herefore, medicolegal data such as that provided by
he American Society of Anesthesiologists (ASA)
losed Claims Project may overestimate the occur-
ence of injury, while clinical studies potentially un-
erestimate the true incidence. Academic regional an-
sthesiologists are reasonably accurate in estimating
he incidence of permanent neuropathy from
euraxial or peripheral blocks.9 However, it is perhaps
orrisome that the risk of permanent injury is only

ncluded in 42% to 77% of their informed consent
iscussions with patients.9,10

Recent clinical data from Sweden suggest that the
requency of hematoma is 1.3 to 2.7 per 100,000
95% confidence interval [CI]) neuraxial anesthet-
cs.11 Neuraxial infectious complications (epidural ab-
cess and meningitis) range from 0 infections in over
0,000 epidural and spinal anesthetics12 to 1 abscess
er 1,930 epidural anesthetics.13 Hematoma and in-
ectious complications are relatively common as com-
ared with conditions such as anterior spinal artery
yndrome (ASAS), and direct needle trauma. For
nstance, no cases of ischemic spinal cord injury
ere reported in over 70,000 neuraxial anesthetics
erformed in France over a 10 month period.12

nly 12% of neuraxial injuries in the ASA Closed
laims Database were associated with ASAS or spi-
al cord infarction; only 6 of 821 neuraxial claims

nvolved suspected direct spinal cord trauma.14 In
ontrast to the often transient nature of peripheral
erve injuries, most neuraxial injuries are perma-
ent. In fact, permanent nerve injury has been
hown to range from 15% in French surveillance
tudies12 to 80% to 100% in the ASA Closed Claims
atabase—with the frequency being highly depen-
ent on the type of neural lesion.14

In the early postoperative period, mild paresthe-
ias may be present in up to 15% of patients that

Table 1. Strength of Recommendations

Classification

I Animal and/or human evidence, and/or
general agreement of expert
opinion, support the effectiveness
and usefulness of the
recommendation.

II The weight of conflicting evidence and/
or the weight of expert opinion
support the usefulness of the
recommendation.

III The usefulness of the recommendation
is limited by absent or conflicting
evidence and/or divergent expert
opinion.

NOTE. This classification system is significantly modified from
he American College of Cardiology/American Heart Association
onstruct for classifying strength of evidence.8
ndergo peripheral nerve block.15 Most of these
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ymptoms resolve within days to weeks, with over
9% completely resolving by 1 year.16,17 Serious
eurologic injury reported in a large prospective
tudy occurred in 2.4 per 10,000 peripheral nerve
locks.18

isk Factors Unrelated to Anesthesia

Proper evaluation of perioperative nerve injuries
ncludes a search for causes unrelated to anesthetic
echnique. The plethora of factors that can contrib-
te in whole or in part to perioperative neural

njury underlies the difficulties encountered in both
he academic study and clinical evaluation of this
henomenon. In brief, patient-specific risk factors
or perioperative nerve injury include pre-existing
eurologic disorders, diabetes mellitus, extremes of
ody habitus, male gender, and advanced age. Sur-
ical risk factors include direct surgical trauma or
tretch, compressive dressings or casts, tourniquet
nflation, hematoma or abscess formation, periop-
rative inflammation, and improper patient posi-
ioning.17

SA Closed Claims Perspective

Excluding obstetric and pain management cases,
he ASA Closed Claims Database (1980-1999)
howed that neuraxial blocks were associated with
emporary nerve injury in 38% and permanent
erve injury in 26% of cases with complications
eported to the database. Of those neuraxial injuries
elieved to be block-related (41%), 45% were at-
ributed to the block technique, including direct
eedle or catheter damage to the neuraxis or adja-
ent nerves. Most permanent injuries involved the
umbosacral nerve roots or the thoracolumbar spi-
al cord. Over half of the neuraxial injuries were
aused by an epidural hematoma, with the remain-
ng injuries being caused by assorted conditions
uch as ASAS, epidural abscess formation, or men-
ngitis.14

Of all claims associated with neuraxial chronic
ain management, 25% involved nerve damage.
njuries associated with treatment for chronic pain
ere most likely to result from an infectious cause,
ith hematoma and direct needle injury occurring

ess frequently. The most striking finding stemming
rom the ASA analysis of chronic pain claims was
hat use of local anesthetic and/or opioid during
pidural steroid injection was associated with 9
eaths or brain damage, while there were no deaths
r brain damage when local anesthetic and/or opi-
id was not used as part of the neuraxial injectate.
he authors warn that injection of neuraxial local
nesthetic and/or opioid for pain treatment in the

mbulatory setting should be accompanied by the m
ame close monitoring, and the ability to perform
esuscitative maneuvers that are available to those
atients receiving neuraxial local anesthetic and/or
pioid in the operating room or obstetric set-
ings.19,20

Most claims involving peripheral nerve injury
ere for temporary injury (56%) with half of the
eficits believed to be block-related. The brachial
lexus is the most commonly injured peripheral
erve structure in the Closed Claims Database, fol-

owed by the median, ulnar, and radial nerves.
ower extremity nerve injuries are rare in the
losed Claims Database, most likely reflecting the

ess frequent practice of lower extremity regional
nesthesia. A notable increase in claims involving
ye blocks performed by anesthesiologists has oc-
urred since 1980.21 The most serious injuries from
eripheral nerve or facet blocks placed for chronic
ain involved blocks performed in the neck or near
he neuraxis that ultimately injured neuraxial
tructures.20

athophysiology of Neuraxial Injury

Neuraxial injury may involve the spinal cord,
pinal nerve roots, spinal nerves, or spinal vascula-
ure. With the exception of obvious compressive
esions such as an epidural hematoma or abscess,
he etiology of neuraxial injuries is rarely apparent.
euraxial injuries are typically linked to needle- or
atheter-related mechanical damage to the neural
r vascular components, to space-occupying lesions
ompeting for limited cross-sectional area within
he spinal canal, to ischemia, or to drug-related
eurotoxicity.
Direct needle or catheter trauma to the spinal cord
ay be associated with inaccurate determination of

ertebral levels, anatomical variation in the terminal
ortion of the conus medullaris, incompletely fused
igamentum flavum, or progressive (caudad to ceph-
lad) posterior-to-anterior epidural space narrowing.
aterally directed needles intended to enter the dorsal
pidural space may injure spinal nerves or vasculature
ear the medial aspect of the intervertebral foramina,
hile needles advanced medially during transfo-

aminal injection may injure these same structures
ithin or just lateral to the intervertebral foramina.
irect trauma is further complicated by inconsistent
nd unreliable signals when needles or catheters
ontact or enter the spinal cord. The spinal cord has
o sensory receptors and sensory input from the
eninges is inconsistent. This may explain, in part,

eported cases in which needle entry into the spinal
ord was not recognized even in awake patients.
ctual injection into the spinal cord appears to

ore consistently elicit a painful response, most
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ikely because of pressure-related stimulation of af-
erent neurons.22

Another mechanism leading to neuraxial injury
s the presence of a mass lesion that compresses the
pinal cord within the fixed cross-sectional area of
he spinal canal. Intradural or extradural compres-
ion of the cerebrospinal fluid (CSF) or the spinal
ord itself, especially when it develops rapidly, may
enerate pressures sufficient to compromise blood
ow and cause ischemia or infarction. Hematoma
nd abscess are relatively common mass lesions that
re of sufficient size to impair spinal cord function.
n contrast, abnormal epidural fat, tumor, hyper-
rophic ligamentum flava, bony overgrowth of the
ertebral canal or foramina, temporary mass effect
rom local anesthetic, or a relative change in cross-
ectional area secondary to various surgical posi-
ions may occur less often. Although these condi-
ions have the potential to compress the neuraxis,
heir primary importance lies in further reducing
vailable spinal canal cross-sectional area should a
ore acute process such as an epidural hematoma

ccur.22

Although isolated case reports describe what is
peculated to be local anesthetic-induced spinal in-
ury in presumably normal individuals, local anes-
hetics are rarely neurotoxic when administered in
ecommended concentrations and dosages. The po-
ential for toxicity is heightened when mechanical
amage to the spinal cord or neural fibers damages
heir normally protective connective tissue barriers,
hen injection or catheter insertion physically dis-

upts the structural integrity of the spinal cord, or
hen vasoconstrictors impede local anesthetic

learance. Some neuraxial components may theo-
etically be more susceptible to local anesthetic
eurotoxicity—such as the cauda equina because it

s partially unmyelinated and has a large surface
rea, and the spinal nerve roots contained within
he dural root cuffs because they lack the mechan-
cal and metabolic protection afforded peripheral
erves.22

Vascular injury within the neuraxis during re-
ional anesthesia or pain medicine is also extremely
are and arguably more difficult to understand. Al-
hough hypotension and vasoconstrictors are often
ited as the “diagnosis of exclusion” of unexplained
erioperative spinal cord injury, neither factor
eems to be supported by physiologic principles.
pinal cord blood flow (SCBF) is autoregulated
ithin the same physiological range as the brain.
herefore, blood pressure within the normal auto-
egulatory range has no adverse effect on SCBF.
here are no human data to support diminution of
CBF from vasoconstrictors such as epinephrine.23
pinal cord blood supply can be tenuous, particu- h
arly to the anterior cord and the lower thoracic and
umbosacral segments. Although mechanical dam-
ge to the arterius radicularis magnus could com-
romise spinal cord circulation, this vessel and the
nterior spinal artery system are quite distant from
eedles used for neuraxial and perineuraxial pain
rocedures.22 However, transforaminal approaches
ay have a higher potential for encountering major

pinal arteries as they traverse the intervertebral
oramen.24

In summary, the pathophysiology of neuraxial in-
ury involves various, and perhaps combined me-
hanical, ischemic, and neurotoxic insults. Although a
efinitive etiology is apparent in the case of hema-
oma or infection, the link between specific factors
nd most other neuraxial injuries are associative—
ather than causative—in nature. Our inability to pro-
pectively identify patients at risk suggests that most
f these injuries are neither completely predictable
or preventable. Furthermore, serious injuries are
nown to occur in healthy patients who have re-
eived competent and standard care.

athophysiology of Peripheral
erve Injury

Similar to neuraxial injury, peripheral nerve injury
s commonly linked to trauma from needles or cath-
ters, ischemia, drug toxicity, compression, or neural
tretch. Central to prognosis is whether or not the
xon is preserved. Neuropraxic lesions, which dam-
ge the myelin sheath but preserve the axon, are
ypically associated with compressive or stretch inju-
ies and are perhaps more likely to resolve. Con-
ersely, if the axon is completely disrupted, recov-
ry is slower and more likely to be incomplete. The
ouble crush theory25 and some clinical evi-
ence16,26 suggest that patients with pre-existing
eripheral nerve injury—even if subclinical—are
ore likely to sustain further nerve damage if a

econd subclinical or obvious injury occurs.27

Permanent peripheral nerve injury is not com-
letely preventable—even in healthy patients receiv-
ng competent, standard care. Nerve injury theory
uggests that more than 1 insult is often necessary to
ause damage. Peripheral nerve injury appears to
equire the breach of connective tissue barriers such
s the perineurium that surrounds individual nerve
ascicles and protects them from the external mi-
ieu. Disruption of the perineurium from needle or
atheter trauma is remarkably difficult to accom-
lish. Animal studies and experience with ultra-
ound-guided nerve localization has shown that
erves tend to move away from approaching nee-
les. When nerves are impaled, the needle may pass

armlessly into or through connective tissue, which
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onstitutes up to 70% of a nerve’s cross-sectional
rea.28 However, if the fascicle is penetrated, neu-
ons are exposed to local anesthetics that can cause
ime- and concentration-dependent injury. Vaso-
onstrictors play a role by limiting local anesthetic
learance and thereby enhancing the time-depen-
ent component of injury. Decreased neural blood
ow from edema or mass effect can also potentiate
ytotoxicity. In summary, peripheral nerve injury
ssociated with regional anesthesia is likely caused
y a combination of insults to the nerve’s internal
ilieu. However, the exact sequence and relative

mportance of these insults remain unknown.29

iagnosis and Treatment

Suspected compressive lesions of the neuraxis
equire rapid diagnosis and treatment. The likeli-
ood of full or partial recovery in these circum-
tances rapidly diminishes as time to decompression
pproaches or exceeds 8 hours.1 In most cases,
agnetic resonance imaging (MRI) is the preferred

maging modality for spinal canal pathology, al-
hough diagnosis should not be delayed if only
omputed tomography (CT) is available.
Diagnosis of suspected peripheral nerve injury is

uided by presenting symptoms, history, and phys-
cal examination. Complete or progressive neural deficits
hould prompt urgent evaluation by a neurologist
r peripheral nerve surgeon. Mild and/or resolving
ymptoms without objective evidence of neural def-
cit typically indicate excellent prognosis and re-
uire only patient reassurance. If symptoms fail to
rogressively improve, neurological consultation
hould be sought in 2 to 3 weeks. Incomplete lesions
ith evidence of moderate or severe deficit are an indi-
ation for early neurological consultation and con-
ideration of neurophysiologic testing (nerve con-
uction studies and electromyography) or MRI
maging of the nerve(s). Neurophysiologic testing
an help quantify nerve damage and, together with
RI, can establish injury location. Although neuro-

hysiologic changes are most apparent 14 to 21 days
fter injury, earlier testing may be indicated to rule
ut pre-existing (including bilateral) disease, establish
aseline, and aid in prognosis. After initial evaluation,
ncomplete and unresolved lesions should be fol-
owed up in 3 to 5 months. Improvement and evi-
ence of reinnervation suggest further conservative
anagement. However, no improvement or rein-
ervation might prompt referral to a peripheral
erve surgeon, although there is no consensus with
egards to when an injured nerve warrants surgical

xploration.27 r
ecommendations of the Practice
dvisory Panel

As previously noted, the following recommenda-
ions are based on existing scientific literature and
xpert opinion, and tend toward conservative in-
erpretation of this information. They are intended
o promote understanding of neurologic complica-
ions associated with regional anesthesia and pain
edicine. However, the recommendations cannot

nsure the absence of adverse outcomes nor should
hey supersede physician judgment in specific clin-
cal situations. The strength of each recommenda-
ion is stratified according to the evidence-based
rading scheme described in Table 1.

euraxial Injuries

Neuraxial injuries may be limited by possessing a
etailed knowledge of those anatomic conditions that
lace the spinal cord, spinal nerves, or spinal vascula-
ure at risk for mechanically induced injury from nee-
les, catheters, improper positioning, space-occupy-
ng lesions, or drug-induced neurotoxicity. When
eurologic injury is suspected, diagnosis and treat-
ent must proceed without delay to avoid adverse

r incomplete recovery. Recommendations are
isted in Table 2.

eripheral Injuries

Although peripheral nerve injuries may be re-
uced by minimizing trauma to neural fibers, no
erve localization or monitoring technique has
een shown to be clearly superior in terms of re-
ucing the frequency of clinical injury. These tech-
iques include paresthesia-seeking, peripheral nerve
timulation, defined minimal or maximal milliamperage
or acceptance of a motor response,30,31 ultrasound guid-
nce, or monitoring of injection pressures.31-35 Ultra-
ound guidance, advances in peripheral nerve stim-
lation,36 and pressure monitoring in particular are
elatively new technologies; therefore, clinical ex-
erience and scientific study regarding their poten-
ial role in injury avoidance are limited.37 In pa-
ients with pre-existing clinical or suspected
ubclinical peripheral nerve injury, consideration
hould be given to modifying the regional tech-
ique to minimize the introduction of additional
otential neural insults. Reducing the dose, concen-
ration, or potency of local anesthetic, or eliminat-
ng or reducing the concentration of vasoconstric-
ive additives are potential considerations, based on
oderately extensive animal data.17,23 Limited hu-
an data neither support nor refute this recom-
endation. The diagnosis and prognosis of pe-
ipheral nerve injury largely depends on the
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everity of symptoms upon presentation. Recom-
endations are listed in Table 3.

egional Anesthesia and the Patient With
re-Existing Neurologic Disease

Pre-existing disorders of the central nervous sys-
em (CNS) and peripheral nervous system, such as
ultiple sclerosis, amyotrophic lateral sclerosis, and

Table 2. Recommendations: Limiting,

imiting injury
● Misidentification of vertebral level, unrecognized lateral nee

cord, or failure of the ligamentum flavum to fuse in the midl
are advised to be aware of these anatomic conditions, parti

● Clinicians are advised to be aware of and to avoid condition
epidural abscess, as noted in previous ASRA Practice Advi
anticoagulation, the use of multiple anticoagulants, imprope
infection.1,3 (Class I)

● Patients with known tumor in the epidural space should und
the tumor is close to the planned site of epidural solution in
considered. (Class II)

● Surgical positioning and specific space-occupying extradura
ligamentum flavum hypertrophy, or ependymoma) have bee
conjunction with neuraxial regional anesthetic techniques. T
epidural hematoma or abscess. Awareness of these conditi
contemplating neuraxial regional anesthetic techniques. (Cla

● Initial dosing or redosing of subarachnoid local anesthetic in
of spinal cord or spinal nerve root neurotoxicity and should

● Epidural anesthetic procedures using the thoracic approa
(Class I)

● The use of local anesthetic and/or opioid during neuraxial b
accompanied by the same close monitoring and ability to pe
receiving neuraxial local anesthetic and/or opioid in the ope

iagnosis and treatment
● Magnetic resonance imaging (MRI) is the diagnostic modali

(CT) should be used for rapid diagnosis if MRI is not immed
suspected. (Class I)

● Diagnosis of a compressive lesion within or near the neurax
decompression. (Class I)

Table 3. Recommendations: Limiting, Dia

imiting injury
● There are no animal or human data to support the superior

stimulation, ultrasound—over another with regards to reduc
● Animal data have linked high injection pressures to subsequ

refute the effectiveness of injection pressure monitoring for
● There are no human data to support the superiority of one

likelihood of neurotoxicity. (Class I)
● Patients with diseased or previously injured nerves (e.g., di

may theoretically be at increased risk for block-related nerv
progressive neurologic deficits after regional anesthetic tech
chemotherapy, clinical experience can neither refute nor co
may be given to avoiding more potent local anesthetics, red
limiting vasoconstrictive additives in these patients. (Class I

● If damage to protective tissue barriers such as the perineur
injection of local anesthetic, further injection should be halte
may be given to aborting the block procedure so as to avoi

iagnosis and treatment
● Complete absence of nerve function beyond the duration of

prompt urgent neurological or neurosurgical consultation an
● Incomplete lesions associated with moderate-to-severe neu

consideration of electrophysiological studies and/or radiolog
and early studies to establish baseline, pre-existing lesions,

● Nerve lesions that fail to resolve 2 to 5 months after initial n

consultation. (Class II)
ostpolio syndrome, present challenges to patients
nd anesthesiologists who desire to use neuraxial
nesthetic techniques. Because these diseases in-
olve damage to the CNS, the concern is that peri-
perative stress or further mechanical trauma, or
rug-induced toxicity could exacerbate the underly-
ng disease process or lead to a relapse of symptoms.
he rarity of these diseases results in a paucity of data

osing, and Treating Neuraxial Injury

cement or deviation, abnormal caudad termination of the spinal
y contribute to direct needle injury to the spinal cord. Clinicians
in patients with challenging surface anatomy. (Class I)
have been linked to the formation of epidural hematoma or
Such conditions include concurrent or imminent
ic technique, and needle placement during untreated active

euraxial imaging studies to define the extent of tumor mass. If
, alternative methods of anesthesia or analgesia should be

s (e.g., severe spinal stenosis, epidural lipomatosis,
ciated with temporary or permanent spinal cord injury in
onditions are particularly relevant when they coexist with an
ould prompt consideration of risk vs. benefit when

s of the maximum recommended dose may increase the risk
ided. (Class I)
neither safer nor riskier than using the lumbar approach.

r chronic pain treatments in the ambulatory setting should be
resuscitative maneuvers that are available to those patients
room. (Class I)

oice for suspected neuraxial lesions. Computed tomography
unavailable, especially when neuraxial compression injury is

ands immediate neurosurgical consultation for consideration of

ng, and Treating Peripheral Nerve Injury

ne nerve localization technique—paresthesia, nerve
likelihood of nerve injury. (Class I)

scicular injury, but there are no human data that confirm or
nerve injury. (Class II)
esthetic or additive over another with regards to reducing the

mellitus, severe peripheral vascular disease, or chemotherapy)
. Although isolated case reports have described new or
in patients with multiple sclerosis or previous exposure to
ese concerns. Based on limited animal data, consideration

local anesthetic dose and/or concentration, and avoiding or

suspected from an abnormally painful paresthesia or pain on
ediately, and the needle repositioned. (Class I) Consideration
r deposition of local anesthetic and additive. (Class III)

esthetic or the progression of neurologic deficit(s) should
ation. (Class I)

cit should prompt neurologic consultation and evaluation for
ing. Consideration should be given to bilateral examination

rognosis. (Class I)
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hat are often conflicting. For instance, an isolated
ase report describes a patient with postpolio syn-
rome who did not develop progression of his neu-
ologic symptoms after spinal anesthesia.38 Small
ase series note an increase in the relapse rate of
ultiple sclerosis after spinal anesthesia in surgical

atients39 vs. a statistically similar incidence of re-
apse rates in women who received neuraxial anes-
hesia and analgesia for obstetric indications.40 A
etrospective investigation of 139 patients with pre-
xisting CNS disease (multiple sclerosis, postpolio
yndrome, traumatic spinal cord injury, etc.) who
nderwent neuraxial anesthesia revealed no sub-
equent exacerbation of disease process (0.0%-
.3%, 95% CI).41 Another retrospective study of
euraxial anesthesia in patients with pre-existing
ensorimotor neuropathy or diabetic polyneurop-
thy noted the onset of new or progressive neuro-
ogic deficit in 0.4% (0.1% to 1.3%, 95% CI) of
atients—an incidence that is higher than expected
ithin the general population.42 However, the ex-

sting literature neither confirms nor refutes the
afety of neuraxial anesthesia in patients with CNS
r peripheral nervous system neurologic disorders,
or does it definitively address the relative safety of

Table 4. Recommendations: Performing Regional An

re-existing peripheral neuropathy
● Patients with chronic diabetes mellitus, severe peripheral va

chemotherapy (e.g., cisplatin or vincristine) may have clinic
Peripheral nerve block may theoretically increase the risk o
patients. However, existing data can neither confirm nor ref
careful risk-to-benefit assessment of regional anesthesia to
be considered. (Class II)

re-existing central nervous system disorders
● Definitive evidence indicating that neuraxial anesthesia or a

neurologic complications in patients with pre-existing centra
syndrome) is lacking. However, under these clinical conditio
alternative perioperative anesthesia and analgesia techniqu

pinal stenosis or mass lesions within the spinal canal
● When neuraxial anesthesia is complicated by the developm

abscess), resultant postoperative neurologic complications m
severe spinal stenosis or other obstructive spinal canal path
within the spinal canal, a careful risk-to-benefit assessment
analgesia techniques should be considered. In these patien
anesthesia) may be associated with a higher risk of progres
spinal anesthesia). (Class II)

● For patients receiving neuraxial injection for treatment of pa
route), radiologic imaging studies such as computed tomog
dimensions of the spinal canal, and this information should
guiding the selection of the safest level for entry. (Class II)

verall approach to patients with pre-existing neurologic de
● Patients with pre-existing neurologic disease may be at incr

technique. When regional anesthesia is thought to be appro
minimize potential risk. Based on a moderate amount of an
anesthetic, minimizing local anesthetic dose, volume, and/o
vasoconstrictive additives. Limited human data neither confi

atients with previous spinal surgery
● Prior spinal fusion or spinal corrective surgeries are not a c

spinal anesthesia may be technically easier to perform and
imaging and/or the use of fluoroscopy are recommended to
pinal vs epidural anesthesia or analgesia in these b
atients. Recommendations regarding patients with
re-existing CNS disorders are listed in Table 4.
Peripheral nerve block may also be problematic

n patients with pre-existing clinical or suspected
ubclinical neurologic disease from diabetes melli-
us, neurotoxic chemotherapeutic agents (e.g., vin-
ristine or cisplatin), or in patients who are sched-
led to undergo surgery on a nerve within the
xpected distribution of neural block. Although
ide clinical experience suggests that neural block

n these patients rarely exacerbates pre-existing
erve injury, animal data and isolated human re-
orts give some cause for concern. For instance,
iabetic rats are more prone to the neurotoxic ef-
ects of local anesthetic.43 Patients undergoing ulnar
erve transposition are at no increased risk of post-
perative neural deficit regardless of whether they
eceive general or regional anesthesia. However,
eural deficits that did occur within the regional
nesthesia group were associated with either an
lnar nerve paresthesia or motor response during
lock placement.44 In addition, 2 case reports de-
cribe patients with presumed subclinical neuropa-
hy from cisplatin26 and multiple sclerosis37,45 who
eveloped a new neural injury after uncomplicated

sia in Patients With Pre-Existing Neurologic Deficits

disease, multiple sclerosis, or previous exposure to
bclinical evidence of a pre-existing peripheral neuropathy.
r progressive postoperative neurologic complications in these
theory in clinical practice. Under these clinical conditions, a

tive perioperative anesthesia and analgesia techniques should

ia may increase the risk of new or progressive postoperative
us system disorders (e.g., multiple sclerosis, postpolio
areful risk-to-benefit assessment of regional anesthesia to
uld be considered. (Class II)

mass lesions within the spinal canal (e.g., hematoma or
more likely or more severe in patients with pre-existing
In patients with known severe spinal stenosis or mass lesions
onal anesthesia to alternative perioperative anesthesia and

local anesthetic volume neuraxial techniques (i.e., epidural
ass effect when compared with low volume techniques (i.e.,

., cervical epidural injection of steroids via an interlaminar
r magnetic resonance imaging should be used to assess the
sidered in the overall risk-to-benefit analysis, as well as

risk of new or worsening injury regardless of anesthetic
for these patients, modifying the anesthetic technique may
ta, such modifications may include using a less potent local
ntration, and avoiding or using a lower concentration of
refute these modifications. (Class II)

dication to neuraxial anesthesia or analgesia. In these patients,
eliable than epidural anesthesia. A review of radiologic
the approach to the neuraxis. (Class II)
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iterature is unable to definitively support or refute
he use of regional anesthesia in patients with pre-
xisting peripheral neuropathy. Recommendations
or these patients are listed in Table 4.

Patients with a history of prior spinal surgery
resent unique technical challenges for neuraxial
egional techniques. Various spine stabilization and
usion procedures can involve autologous bone
rafts, screws placed into pedicles, and anterior or
osterior instrumentation. Most instrumentation
oes not alter the architectural integrity of the pos-
erior spinal elements. Therefore, neuraxial anes-
hesia or pain medicine procedures are frequently
ossible in these patients.46 Plain radiographs or
uoroscopy can be beneficial in planning or exe-
uting neuraxial techniques within these patients.
urthermore, imaging may decrease the frequency
f multiple attempts at block placement or unsuc-
essful identification of the epidural space.47 Be-
ause of surgically induced epidural space scarring,
ocal anesthetic spread may be abnormal in these
atients; thus spinal anesthesia may be the pre-
erred neuraxial technique when appropriate.48

rior lumbar spine surgery may also increase the
isk of paraplegia associated with transforaminal
pidural steroid injections (Table 4).49,50

In summary, existing scientific literature and expert
pinion can neither confirm nor refute an adverse
ffect of regional anesthesia in patients with pre-ex-
sting neurologic disease. However, most existing data
uggest that any increased risk, if present, is likely of
inimal magnitude. More importantly, patients with

re-existing neurologic disease may develop new or
rogressive deficits during the perioperative period
ndependent of anesthetic choice — from surgical fac-
ors, perioperative stress, or their underlying comor-
idity.

egional Anesthesia in Anesthetized or Heavily
edated Patients

One of the most controversial areas of regional
nesthesia and pain medicine practice is whether or
ot it is advisable to perform blocks in patients that
re either anesthetized (under general anesthesia)
r sedated to the point of being unable to recognize
nd/or report any sensation that the physician
ould interpret as atypical during block placement

hereafter referred to as heavy sedation). This seemingly
imple question is indeed tremendously complex.
entral to its answer is whether or not the subjec-

ive sensations that herald systemic local anesthetic
oxicity or impending neural injury are specific
nd/or sensitive enough to constitute reliable, con-
istent warning signs. If these symptoms are indeed

eliable, do they substantively differ depending on r
he patient’s degree of wakefulness? Finally, should
ecommendations regarding block placement in
nesthetized or heavily sedated patients differ based
n patient age, block site, or risk-to-benefit ratio?
Avoiding systemic (cardiac or central nervous sys-

em) local anesthetic toxicity is predicated on early
etection of intravascular injection of local anesthetic.
his is accomplished using objective measures such as
est doses or the awareness of subjective symptoms of
ocal anesthetic toxicity—including auditory en-
ancement, circumoral numbness, or metallic taste.
eizures after local anesthetic injection into arteries
irectly supplying the brain occur too rapidly for any
arning to be effective. However, seizures or cardiac

igns consequent to tissue absorption typically happen
fter detection measures are complete. Because sub-
ective signs of local anesthetic toxicity are unreliable
ven in mildly sedated patients,51 only imperfect
bjective measures such as epinephrine-containing
est doses52 can potentially detect intravenous local
nesthetic injection, regardless of patient wakeful-
ess. Furthermore, anesthetic and sedative agents
an lower the risk of systemic local anesthetic tox-
city by raising seizure threshold and altering unto-
ard hemodynamic manifestations of local anes-

hetic toxicity (Table 5).53

Patient wakefulness as a factor related to neuraxial
r peripheral nerve injury is more complicated. Pro-
onents for only performing blocks in patients that
re mildly to moderately sedated argue that such
atients are able to recognize and communicate to
he anesthesiologist worrisome sensations or pain,
hich in turn may modify the anesthetic procedure

nd prevent or lessen the severity of injury. Propo-
ents for performing blocks in anesthetized or
eavily sedated patients argue that this practice
romotes the benefits of regional anesthesia to a
ider range of patients who may otherwise refuse

he procedure because of anxiety, or may reduce
he likelihood of unintentional movement during
rocedures near critical structures. The latter point
s debatable, because disinhibited patients may also

ove at inopportune times. Furthermore, these
roponents note that neural injury has been re-
orted in both anesthetized and awake patients.
here is no scientifically valid answer to this ques-
ion; randomized controlled trials are unlikely be-
ause of the large numbers of patients that would
e required for statistical validity. Existing animal
nd human data on this topic suggest the following:
1) the experience of a paresthesia or pain on in-
ection during block placement is neither sensitive
or specific for nerve injury, even though it may
e sensitive for needle-to-nerve proximity; (2)
euraxial and peripheral nerve injury has been

eported both in awake patients who experienced
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o atypical sensation, and in those who experi-
nced severe paresthesia or pain on injection (with
r without subsequent injection of local anesthet-
c); and (3) awake patients most commonly suffer
o injury regardless of the presence or absence of
typical sensation during nerve block placement.
hus, the presence of general anesthesia or heavy
edation eliminates patient recognition and/or re-
ort of abnormal sensation, but may or may not
mpact the actual occurrence of injury.

While acknowledging the conflicting literature
elevant to this topic, the Panel’s conservative
pinion is that general anesthesia or heavy seda-
ion removes all opportunity for the patient
nd/or physician to recognize, report, and re-
pond to an atypical symptom during block place-
ent. This opinion is in part based on a major
nknown in anesthesia-related nerve injury—
ow often, when a patient reports an atypical
ensation or the anesthesiologist perceives some-
hing atypical during block performance, does the
nesthesiologist consciously or unconsciously
odify technique, possibly avoiding injury?

herefore, the weight of the Panel’s opinion is
hat regional anesthetic or pain blocks should not

Table 5. Recommendations: Performing Regional A

imiting local anesthetic systemic toxicity
● The potential ability of general anesthesia or heavy sedat

a valid reason to forgo performing peripheral nerve or ep
imiting neural injury
Monitoring and prevention

● There are no data to support the concept that peripheral
monitoring reduce the risk of peripheral nerve injury in pa

● Because ultrasound-guided peripheral nerve block and pr
recommendation may change with the acquisition of more

Adult neuraxis
● Warning signs, such as paresthesia or pain on injection o

cord. Nevertheless, some patients do report warning sign
sedation removes any ability for the patient to recognize
anesthesia should be performed rarely in adult patients w
sedation. (Class II)

Pediatric neuraxis
● The benefit of ensuring a cooperative and immobile infan

anesthesia in pediatric patients undergoing general anest
should be weighed against its expected benefit. (Class II)

Interscalene blocks
● Case reports document spinal cord injury during the place

which heightens concern associated with this practice. In
sedated adult or pediatric patients. (Class I)

Adult peripheral nerve blocks
● Because general anesthesia or heavy sedation removes

injury, peripheral nerve block should not be routinely perf
However, the risk-to-benefit ratio of performing peripheral
populations (e.g., dementia, developmental delay, or whe

Pediatric peripheral nerve blocks
● Regardless of wakefulness, infants and children may be u

However, uncontrolled movement may increase the risk o
children undergoing general anesthesia or heavy sedation
ratio. (Class II)

*Anesthetized refers to patients under general anesthesia. Hea
nable to recognize and/or report any sensation that the physici
e performed in adults with concurrent general p
nesthesia or heavy sedation except in those cir-
umstances when the physician and patient con-
lude that benefit clearly outweighs risk. The
anel further acknowledges that the risk of injur-
ng an anesthetized, heavily sedated, or awake
atient may differ as a function of block site. For
nstance, most reports of injury involve inter-
calene block in anesthetized or heavily sedated
atients, thus the Panel makes a separate recom-
endation specific to interscalene block (Table

). However, there are relatively fewer reports of
njury to lower extremity nerves in anesthetized
r heavily sedated patients.54 Whether this vari-
tion in reported injury is a function of relative
lock frequency, practice patterns, or reflects an
nherent difference in risk is unknown. Finally,
ata are limited with regards to the risk, if any, of
erforming peripheral nerve blocks in the setting of
n incomplete proximal peripheral nerve or plexus
lock, or an unresolved neuraxial block. However,
everal studies have linked selective nerve “rescue
locks” to peripheral nerve injury.55,56

There is no localization or monitoring device, or
pproach to the neuraxis, that ensures protection
rom nerve injury. Some studies have compared

esia in Anesthetized or Heavily Sedated* Patients

obscure early signs of systemic local anesthetic toxicity is not
locks in anesthetized or heavily sedated patients. (Class I)

timulation or ultrasound guidance, and/or injection pressure
nder general anesthesia or heavy sedation. (Class I)
monitoring are relatively new technologies, this

al experience and data.

anesthetic, inconsistently herald needle contact with the spinal
edle-to-neuraxis proximity. General anesthesia or heavy
ort warning signs. This suggests that neuraxial regional
ensorium is compromised by general anesthesia or heavy

ild may outweigh the risk of performing neuraxial regional
r heavy sedation. The overall risk of neuraxial anesthesia

of interscalene blocks in patients under general anesthesia,
ne blocks should not be performed in anesthetized or heavily

ortunity for adults to communicate symptoms of potential nerve
in most adults during general anesthesia or heavy sedation.
block under these conditions may improve in select patient
ended movement could compromise vital structures). (Class II)

to communicate symptoms of potential peripheral nerve injury.
. Therefore, the placement of peripheral nerve blocks in
be appropriate after duly considering individual risk-to-benefit

ation is defined as the patient being sedated to the point of being
ld interpret as atypical during block placement.
nesth
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ndicators of needle-to-nerve contact,31,32 while an-
ther has compared paresthesia or peripheral nerve
timulation with ultrasound-guided nerve localiza-
ion.33 These studies clearly illustrate the differ-
nces between localization modalities, but fail to
etermine superiority. Importantly, none of these
bservations have been clinically linked to fewer
eural injuries. The use of a peripheral nerve stim-
lator does not prevent nerve injury in anesthe-
ized patients.57 There are no data to establish the
afety of performing ultrasound-guided blocks in
nesthetized or heavily sedated patients. Similarly,
ecent data suggest that high pressures during the
njection of intrafascicular local anesthetic is fre-
uently, but not always, associated with neural in-
ury in dogs,34 and methods have been proposed to
void high injection pressure.35 In part because ul-
rasound and pressure monitoring are relatively
ew technologies, there are no human data to con-
rm or refute these findings. Finally, there is no
linical evidence in nonanesthetized patients, that
pproaching the epidural space at the lumbar level
s more or less safe than at the thoracic level;58,59

herefore, there is no reason to assume that either
pproach is inherently safer in the anesthetized or
eavily sedated patient.
Recognizing the absence of incontrovertible clin-

cal data and the conflicting nature of case reports
nd case series regarding neural injury as a function
f patient wakefulness,53 the Practice Advisory’s
ecommendations are listed in Table 5.

Performing regional anesthesia or pain proce-
ures in anesthetized or heavily sedated pediatric
atients represents a distinct subset of recom-
endations, which in part recognizes that this

epresents standard practice for many anesthesi-
logists. The Panel acknowledges that there are
o data to confirm or refute the concept that
erforming blocks in anesthetized or heavily se-
ated pediatric patients is inherently riskier or
afer than doing so in adults. Particularly with
nfants and younger children, the ability to rec-
gnize and verbalize specific block-related sensa-
ions may be absent regardless of wakefulness.
onversely, a struggling child may well increase

he risk of an untoward event during needle
lacement. Thus, the Practice Advisory recom-
ends that performing neuraxial and peripheral
erve block in anesthetized or heavily sedated
ediatric patients may constitute an acceptable
enefit-to-risk ratio (Table 5). Although ultra-
ound can accurately determine the skin-to-liga-
entum flavum distance in infants and chil-

ren,60 there is no clinical evidence that such

reprocedural measurements will increase safety. e
ransforaminal Injection of Steroids

Transforaminal injection of steroids, often used
n the treatment of acute radicular pain, has been
inked to cases of spinal cord infarction, cortical
lindness, paralysis, and death.24,50,61 The pre-
umed mechanism of these complications in-
olves unintentional needle entry into a small
rtery that traverses the intervertebral foramen to
oin the arterial supply to the spinal cord or poste-
ior circulation of the brain. This can occur at var-
ous levels, including the vertebral artery anterior to
he cervical intervertebral foramina, or the spinal
edullary or radicular arteries within the foramina

t variable levels within the cervical,62,63 thoracic,
umbar, and sacral portions of the spine. Subse-
uent injection of particulate steroid preparations
an result in occlusion of the distal arterioles within
he spinal cord or brain and lead to infarction.61 In
itro studies note that methylprednisolone has the
argest particles, betamethasone the smallest, and
examethasone has no particulate matter.64 While
vidence of unintended injection into perispinal
essels during transforaminal injection has been
eported, direct evidence to confirm or refute the
ole of particulate steroids in causing subsequent
euronal injury is lacking (Table 6).

ummary

Neurologic complications associated with regional
nesthesia and pain medicine are rare—particularly
hose complications that do not involve hematoma or
nfection. Understanding the pathophysiology and
isk factors associated with neuraxial and peripheral
erve injury may allow anesthesiologists to minimize
he number of adverse neurologic outcomes. Unfor-
unately, even with flawless care of otherwise healthy
atients by well trained physicians, these complica-
ions are neither completely predictable nor prevent-
ble. This Practice Advisory offers a number of recom-
endations specific to common clinical scenarios

Table 6. Recommendations: Transforaminal Injection
of Steroids

To avoid direct injection into critical structures, final position
of an immobile needle during transforaminal injection should
be confirmed using anterior-posterior and lateral radiography.
(Class III)
After the final needle position is confirmed, injection of
radiographic contrast under real-time fluoroscopy should be
used to exclude intra-arterial needle location before injection
of particulate steroid. When intra-arterial injection occurs, the
needle should be removed without subsequent injection of
steroid, and an alternate approach (e.g., interlaminar route)
should be used. (Class III)
When available, monitoring the injection using digital
subtraction imaging technology is recommended. (Class III)
ncountered in everyday practice.
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