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Abstract: Regional anesthesia and analgesia have been associated with improved analgesia, 

decreased postoperative nausea and vomiting, and increased patient satisfaction for many types 

of surgical procedures. In obstetric anesthesia care, it has also been associated with improved 

maternal mortality and major morbidity. The majority of neurological adverse events following 

regional anesthesia administration result in temporary sensory symptoms; long-term or permanent 

disabling motor and sensory problems are very rare. Infection and hemorrhagic complications, 

particularly with neuraxial blocks, can cause neurological adverse events. More commonly, 

however, there are no associated secondary factors and some combination of needle trauma, 

intraneural injection, and/or local anesthetic toxicity may be associated, but their individual 

contributions to any event are difficult to define.

Keywords: postanesthetic neural deficits, transient neurologic symptoms, epidural abscess, 

neuraxial hematoma

“First do no harm.”

“Life is short; the art is long. ... experience treacherous …”

These statements attributed to Hippocrates have informed the thoughts and behavior of 

physicians for centuries and illustrate some of the challenges-facing anesthesiologists 

in the practice of regional anesthesia. Anesthesiologists recognize that there are risks 

associated with all procedures, but if they followed Hippocrates’ first and most famous 

dictum too literally it would be impossible to take any therapeutic first steps, particularly 

for practitioners venturing away from the often more familiar world of general anesthesia. 

When considering regional anesthesia, the risk of doing harm is kept in perspective by 

recognizing the harm that is visited on patients in the form of poorly controlled pain 

and a poorly planned recovery after a surgical procedure. Then the question becomes 

what are the best techniques for the care of a patient in a specific setting; refining of 

our knowledge of associated risks is crucial to answering this question.

Hippocrates’ other statement alludes to the limitations of relying solely on personal 

or local experience when it comes to building an understanding of a phenomenon such 

as neurological adverse events accompanying regional anesthesia, in part because they 

can be sufficiently uncommon that a perspective based even on a lifetime of personal 

experience will not provide a comprehensive view. The best understanding comes from 

balancing personal experience with a review of the best available external evidence, 

however incomplete that may be. The primary goal of this review is to inform the 

reader’s personal continuous quality improvement journey which is the foundation for 

any institutional quality improvement processes. The focus is on recent literature to 
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provide up to date information on neurological adverse events 

and how to prevent them or at least minimize their impact on 

patients receiving regional anesthesia or analgesia.

Overview
The ideal studies to accurately capture the incidence and 

effects of neurologic adverse events would be large, pro-

spective, multicenter studies with active surveillance, and an 

extended duration of follow-up. This sort of study requires 

extraordinary effort, coordination, and funding; consequently, 

the literature consists largely of smaller prospective studies 

from single centers or retrospective reviews with variable 

standards for outcome reporting.1 Studies of closed malprac-

tice claims and anesthesia incident  monitoring studies have 

the largest databases of complications, but the denominator 

for claim incidence is often insufficiently defined to make 

these good studies for precisely delineating the incidence of 

complications. They are more valuable for evaluating the type 

and severity of neurologic complications, particularly those 

with the most severe and long-lasting adverse outcomes.

Among the studies in the literature reporting on neurologic 

adverse events, there is wide variation in the estimates of inci-

dence, with a number of potential contributing factors. In part, 

this may be due to study designs that result in different degrees 

of under-reporting, which has been noted to be a particular 

problem with outcome studies focusing on complications.2 

Some of the variability in incidence may be due to differences 

in technique and practitioner experience from center to cen-

ter. For example, there are studies reporting the outcomes of 

regional anesthetic procedures performed by a single provider 

or a small group of experienced  providers; although these may 

provide information about what the optimal outcomes might 

be, these findings may not be  generalizable to situations where 

providers of many levels of experience are involved.

The difficulty in attributing specific outcomes accurately 

to either anesthetic or surgical factors is also likely to play a 

role in the variation in incidence reporting. Regional anes-

thetics can involve a potentially perfect overlap between the 

anesthetized area and the site of the surgical procedure mak-

ing the attribution of complications such as complex regional 

pain syndrome or nerve injury to either the anesthetic or the 

surgical procedure challenging if not, at times, impossible. 

Some studies use expert third-party assessment to attempt to 

determine the causes of neurologic adverse events, whereas 

other studies are not as clear or specific about the attribu-

tion process used. Although  having the apparent advantage 

of objectivity, independent third-party assessors should 

not be considered to have de facto superiority, particularly 

if the assessment has not been  supplemented by expert 

 interpretation of nerve conduction and/or  electromyographic 

(EMG) examinations and balanced with input from 

 experienced anesthesiologists.

The timing and type of surveillance for complications 

employed in a study are important factors contributing to 

variability in incidence reporting. Although some compli-

cations, such as local anesthetic systemic toxicity (LAST) 

from intravascular injection of local anesthetics, present 

 immediately and undeniably as seizures, the delayed appear-

ance of postoperative neural deficits pose a greater challenge 

for detection, particularly if a relatively passive process such 

as voluntary self-reporting is used as opposed to direct patient 

interviews and examinations.

Perhaps, the most significant factor in the variability of 

reporting the incidence of neurologic adverse events is that 

sampling infrequent and rare events are prone to error, due 

to the possibility for either case clustering or its opposite, a 

sampling interval without events. For example, an often quoted 

risk estimate for the occurrence of spinal canal hematoma with 

epidural anesthesia is 1/150,000.3,4 This means that if a group 

of dedicated investigators assembled a new case series or pro-

spective study of 50,000 patients with epidural anesthetics and 

did not have any patients experience an epidural hematoma, 

using Hanley’s rule for defining the 95% confidence interval 

for an event that did not occur,5 the updated risk estimate 

(0–1/16,667) would still include the historical estimate, adding 

to but not substantially refining our existing knowledge.

Utility of regional anesthesia
The most consistent benefits of regional anesthesia emerg-

ing from studies comparing it with general anesthesia have 

been improved analgesia, decreased postoperative nausea 

and vomiting, and increased patient satisfaction.6–10 For 

the practice of obstetric anesthesia, it is widely accepted 

that regional techniques have an advantage for maternal 

mortality.11,12 This mortality advantage has been asserted 

in other patient populations, but the results have not been 

as reproducible.13,14 Anecdotally, an opinion held by many 

anesthesiologists is that primary regional anesthesia is the 

safest form of anesthesia for patients with the most critical 

comorbidities. This notion will probably remain an assertion 

based primarily on experience and expert opinion; as it is 

unlikely to ever be validated or even tested within the context 

of an appropriately powered randomized clinical trial, due to 

the uncommon occurrence of mortality and major morbidity 

even in this high-risk group and the difficulties of random-

izing these vulnerable patients to a specific anesthetic.15
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Types of neurological adverse events
Postanesthetic neural deficits
Neural deficits after regional anesthesia can occur in asso-

ciation with complications that cause compression of nerves 

such as infection or hematoma or more commonly without 

other obvious contributing complications. In spite of the 

attempts that have been made to assess and understand the 

cause of postanesthetic neural deficits (PAND) that occur 

without accompanying hematoma or infection, a great deal 

of uncertainty remains. Some of the candidate component 

factors leading to injury include the following:

•	 direct mechanical needle trauma to nerves

•	 mechanical trauma due to intraneural injection

•	 local anesthetic neurotoxicity

•	 ischemia due pressure/hydrostatic effects of perineural/

intraneural injection

•	 neurotoxicity and ischemia due to added epinephrine.

It is likely that more than 1 factor is at issue with many 

of the incidents of PAND, but the precise contribution of any 

single component is difficult to delineate. For example, if a 

needle is introduced too close to a nerve, this could result in 

all of the following: mechanical cutting, concentrated and 

prolonged contact with local anesthetic due to breach of the 

epineurium, and an intraneural injection with pressure injec-

tion trauma and resultant ischemia to the nerve. Without the 

possibility of linking histological and functional examina-

tion in the intact human, the data in this realm have come 

almost exclusively from animal studies and extrapolation 

from animal models.

The role of the needle
Mechanical cutting of the nerve by a needle would appear 

to be an obvious primary cause of PAND, but the exact 

relationship between needle tip, needle type, nerve contact, 

and injury remains unclear. Deficits can occur without any 

sensory signal that a nerve was traumatized in a responsive 

patient and studies of peripheral nerve blocks comparing 

the paresthesia technique, which would at the very least 

suggest pressure deformation of nerves, to localization 

by peripheral nerve stimulator have not demonstrated a 

significant difference in PAND.16 Experimental work in 

animals regarding the optimal needle type, that is, short 

or long bevel, has been summarized by Selander as indi-

cating that long bevel (sharper) needles are associated 

with a greater incidence but lesser degree of severity of 

injury, whereas short bevel needles decrease the incidence 

of injuries but the injuries they produce could be more 

severe.17–19

Intraneural injection
Investigators have attempted to identify clinical indicators of 

intraneural injection and define the features that distinguish an 

intraneural/intrafascicular injection from the probably more 

benign intraneural but extrafascicular injection. A  landmark 

study using a rabbit sciatic nerve model indicated that direct 

topical application of local anesthetic to nerves did not cause 

any histopathologic change but intrafascicular injection of 

either physiologic saline or bupivacaine did.20 Hadzic et al21 

refined the understanding of intraneural injection by evaluat-

ing injection pressures and their relationship to nerve injury 

in a dog sciatic nerve model. They found that low injection 

pressures (,11 ψ or 75.8 kPa) during intentional  intraneural 

injection were associated with a return to  normal motor func-

tion, whereas persistent motor deficits were observed in all 

nerves where high-injection pressures (.25 ψ or 172.3 kPa) 

were observed. In addition to these changes in function, 

subsequent histologic examination showed destruction of 

neural architecture and degeneration of axons in all nerves 

with high-pressure injections. Using the same model, other 

investigators reported similar findings in that all perineural 

injections were associated with injection  pressures less 

than 5 ψ (34.5 kPa), whereas intraneural injections with 

 pressures less than 12 ψ (82.7 kPa) were associated with 

more prolonged blocks (24 hours) but no persistent deficits 

and injections with pressures greater than 20 ψ (137.9 kPa) 

were associated with persistent deficits.22

A recent study by Lupu et al23 using ultrasound to visual-

ize neural expansion with intraneural injection in a pig model 

were consistent with other studies of intraneural injection 

when some of the essential differences in study design are 

considered. Lupu’s group did not find any persistent nerve 

deficits with their experimental intraneural injections, but 

they did not generate any injection pressures in the range that 

was associated with persistent deficits in other studies. Their 

data did not suggest any correlation between the maximum 

volume injected, pressure generated, or the relative increase 

in nerve cross-sectional area with the semiquantitative or 

graded presence of any histologic markers of inflammation 

or injury.

In another study of ultrasound visualization of intraneural 

injection, Bigeleisen24 documented ultrasound visualized 

neural expansion in 72 out of a total of 104 nerves injected in 

a cohort of 26 adults receiving an axillary block, with no clini-

cal evidence of deficits at 6 months. Bigeleisen’s case series 

is underpowered to address the safety of intraneural injection 

as determined by ultrasound. From this work, we can only 

conclude that it does not invariably result in long-term injury, 
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but the practice of actively seeking to achieve nerve expansion 

on ultrasound-guided injection cannot be recommended.

Neurotoxicity of local anesthetics
The desired effects of sensory and motor neural signal inhibi-

tion by local anesthetics are in themselves evidence of their 

toxicity, which under most conditions appears to be entirely 

reversible. Animal studies using varied end points such as per-

centage of nerves demonstrating axonal  degeneration, decrease 

in neural blood flow, inhibition of rapid axonal transport, and 

formation of endoneurial edema have  suggested that the occur-

rence of these potential  indicators of neurotoxicity paralleled 

the potency of the local anesthetic used and increased with both 

concentration and time duration of the application.25–28

The role of epinephrine
Epinephrine has an established position of being one of the 

most frequently used additives to local anesthetics with a 

possible role as a marker of intravascular injection and a 

role in decreasing the reabsorption of local anesthetic in 

order to extend the duration of action and decrease the peak 

plasma level. The evidence for these beneficial effects must 

be weighed against findings from animal studies indicating 

that when epinephrine is used as an additive, there is a greater 

degree of histopathologic change with intrafascicular injec-

tion, a more significant decrease in neural blood flow, and 

greater inhibition of rapid axonal transport.20,26

Incidence of postanesthetic  
nerve deficits
Prospective studies with active surveillance by multiple 

assessments generally produce higher estimates of risk for 

PAND than do studies with more passive systems of detec-

tion of complications, for example, patient self-reporting or 

anesthesiologist voluntary reporting. This is most dramati-

cally illustrated in a comparison of Borgeat et al’s study of 

nerve deficits after interscalene block with the national 

prospective survey of voluntary self-reporting by French 

anesthesiologists by Auroy et al.29,30 Borgeat performed a 

prospective study with multiple interviews and follow-up 

with EMG studies for symptomatic patients and found that at 

day 10, 14% of patients had paresthesia, dysesthesia, or pain 

apparently unrelated to surgery. At 1 month, the incidence 

had declined to 8% and at 9 months after surgery to 0.2%. 

If one considers the 14% incidence of largely temporary 

complications from Borgeat’s study, then there is an almost 

500-fold difference in incidence in comparison to Auroy’s 

study where voluntary reports by anesthesiologists generated 

a 0.03% incidence for peripheral nerve blocks in the same 

anatomic site. Admittedly, Auroy’s group was focusing on 

what they described as “major complications,” but the degree 

of patient distress caused by temporary neural deficits should 

not be dismissed as minor in all situations.

Brull et al31 generated risk estimates for neurological 

complications for both central and peripheral nerve blocks by 

reviewing studies of regional anesthesia complications pub-

lished between 1995 and 2005 and found significant hetero-

geneity among studies with regard to design and execution. In 

spite of this heterogeneity, there were substantial similarities 

in the patterns of injuries, that is, neurological complications 

were primarily sensory and almost all injuries resolved within 

months of the onset. Examining and combining the results 

of all these studies, Brull et al produced contemporary risk 

estimates: for all neurological injuries after spinal anesthesia, 

their estimate was 3.78/10,000 with a range of 0–4.2/10,000 

for permanent injury, whereas for epidural anesthesia, the 

estimates were 2.19/10,000 for all injuries and a range of 

0–7.6/10,000 for permanent injury. The incidence rates of 

neural deficits with peripheral nerve blocks were significantly 

higher, but the risk of permanent injury was less as there was 

only 1 report of a peripheral nerve block associated permanent 

injury in all the studies included in the review. Interscalene 

brachial plexus block was associated with a risk of temporary 

injury of 2.84/100, axillary brachial plexus block with an 

estimate of 1.48/100, and the risk for femoral nerve block 

was 0.34/100. Case reports of permanent sensory and motor 

injuries after peripheral nerve block are uncommon, but are 

worrisome to any practitioner of regional anesthesia as they 

appear to defy any systematic examination for common causal 

factors and preventive strategies.32,33

Hemorrhagic complications  
causing neural deficits
The anatomic features of the neuraxis that make regional 

anesthetic blocks so effective in this area make the complica-

tions associated with them potentially more devastating. One 

of the most feared is vertebral canal hematoma. Hemorrhagic 

complications can also occur with peripheral nerve blocks, but 

rarely does this result in longer term neurologic  consequences. 

The incidence of vertebral canal hematoma associated with 

prolonged neurologic injury has been estimated as being as 

uncommon as 1:1,000,000,34 other studies have, however, 

reported a much higher incidence (Table 1).35

Studies with sufficiently large numbers to define subgroups 

suggest that the risk of hematoma is substantially  different for 

select patient populations. Moen et al41 reported an incidence 

of epidural hematoma in women receiving  epidural labor 

analgesia of 1/200,000, whereas it was  estimated to be as 
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high as 1/3,600 in women receiving epidurals for total knee 

arthroplasty. However, even in this relatively large study, the 

number of cases available for risk calculation in the smaller 

subgroups results in wide  confidence intervals leaving open 

the possibility that this high incidence may be the result of 

case clustering.  Analysis of individual case reports of hema-

toma have suggested that the use of anticoagulation therapy 

around the time of the block placement or catheter removal, 

advanced age of the patient, female gender, and reduced renal 

function are features combining to create a potentially higher 

risk profile for this complication.42

Only 38% of patients with symptomatic vertebral canal 

hematomas will present with radicular pain, so the new onset 

of motor block may be the first and most reliable sign.43 Regu-

lar neurologic examinations and the use of analgesic solutions 

with dilute local anesthetic concentrations to minimize the 

occurrence of dense motor block during continuous epidural 

analgesia may enhance the early detection and diagnosis of 

vertebral canal hematomas accompanying regional  analgesia. 

Data suggest that the time from onset of symptomatic 

 vertebral canal hematomas to the time of  surgical intervention 

is crucial to improving outcomes, with some investigators 

expressing the opinion that the goal should be to keep that 

interval to less than 8 hours.42

Peripheral nerve blocks have not been associated with 

significant hemorrhagic complications leading to neurologic 

adverse events as frequently as neuraxial blocks; however, 

when the American Society of Regional Anesthesia updated its 

guidelines regarding regional anesthesia and anticoagulation 

in 2009, the authors indicated that the guidelines for neuraxial 

blocks and anticoagulation should now also be applied to 

peripheral nerve blocks.42 The level of evidence supporting this 

extension of the recommendations was graded as 1C, indicat-

ing that the published evidence was weak, but the authors were 

unanimous in their agreement on the guideline. They also noted 

that there was a paucity of information on which to establish 

the recommendation as there were only 26 cases of peripheral 

nerve block with hemorrhagic complications in the literature. 

These complications have been reported in patients with nor-

mal coagulation profiles, but the most severe, including death 

due to hemorrhage, occurred with deep blocks such as lumbar 

sympathetic blocks in anticoagulated patients.44

Infection causing neurological 
adverse events
Similar to hemorrhagic complications, infection is another 

complication that is most devastating when it occurs in the 

setting of neuraxial anesthesia and has widely variable esti-

mates of incidence of many of its manifestations. Meningitis 

after spinal anesthesia has been estimated to be as infrequent 

as 1 in 21,000–53,00045 in a 1994 study and at 1/235,000 in a 

more recent study.38 This makes the occurrence of 2 recently 

reported clusters of meningitis after intrapartum spinal anal-

gesia all the more notable.46 These clusters, 1 of 3 cases and 

a second of 2 cases, were linked to bacteria cultured from 

the oral flora of the 2 anesthesiologists who did not wear 

masks during the procedures, reinforcing the importance of 

following asepsis guidelines for regional anesthesia proce-

dures. A 2006 review by Hebl comprehensively examined the 

importance of asepsis in the practice of regional anesthesia, 

including the potential advantages of the use of chlorhexidine 

for skin preparation.47–49

The more common infectious complication associated 

with neuraxial anesthesia and analgesia is that of deep 

space infection associated with epidural catheters. Table 2 

summarizes incidence results from representative studies 

of this complication. Although signs and symptoms such as 

severe back pain, local back tenderness, and fever have been 

Table 1 Hematoma associated with neuraxial anesthesia

Author Country/region Type of neuraxial block Time period of study Incidence of vertebral  
canal hematoma

Dahlgren  
and Tornebrandt35

Sweden epidural 1991–1994 3/9,232 (0.03%) all resulting  
in paraplegia

Cameron et al36 Australia epidural 1990–2005 2/8,210 (0.024%) no persistent  
deficits

Christie et al37 New Zealand epidural 2000–2005 3/8,100 (0.037%) 1 complete  
recovery, 2 persistent deficits

Cook et al38 United Kingdom epidural 2006–2008 6/707,000 (0.00085%) 3 partial  
neurologic recovery, 1 complete 
recovery

Pöpping et al39 Germany epidural 1998–2006 1/4,741 (0.02%)
Scott et al40 Australia epidural 1990–1993 2/1,014 (0.2%)
Moen et al41 Sweden epidural/CSe  

SAB/continuous SAB
1990–1999 1/10,300 (0.0097%) for epidural  

and CSe combined 1/480,000  
(0.0002%) for SAB

Abbreviations: CSe, combined spinal-epidural; SAB, subarachnoid block.
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associated in some series with epidural abscess,50 other case 

reports and series emphasize the potential for both atypical 

and delayed presentations of this problem, suggesting that a 

high index of suspicion has to be maintained when assess-

ing signs and symptoms occurring after the use of neuraxial 

anesthesia or analgesia.51,52

In a manner analogous to single shot and continuous 

neuraxial blocks, single shot peripheral nerve blocks appear 

to be at less of a risk for infection than continuous peripheral 

blocks and when they do happen, less of a risk for persistent 

nerve deficits. A case report of fatal necrotizing fasciitis after 

a single shot axillary block, however, emphasizes that even 

in this lower risk setting there is a need for constant vigilance 

toward maintaining aseptic technique, as this complication 

occurred in the setting of the provider not wearing a mask.55 

There is variability in the reported frequency of infection with 

continuous peripheral nerve block with localized infection 

occurring between 0% and 3% of the time, whereas proven 

systemic infection related to the catheter site occurred with 

0%–0.9% of blocks.56 Many episodes are associated with no 

more than redness at the catheter site with treatment consist-

ing of catheter removal, occasionally antibiotic therapy, and 

rarely surgical drainage. There have, however, been at least 

2 case reports of severe life-threatening infections with con-

tinuous peripheral nerve blocks, both were at the interscalene 

site and both had a delay in onset of signs and symptoms 

until after the catheter had been removed.57,58 These infections 

required surgical drainage, prolonged antibiotic treatment, 

and prolonged intensive care unit stays.

Intravascular injection of local  
anesthetic and local  
anesthetic toxicity
Unrecognized intravascular injection of local  anesthetic 

with resultant toxicity is a dramatic complication when it 

results in neurologic toxicity with seizures and potentially 

fatal when the intravascular dose reaches the cardiovascular 

toxicity threshold. The reports primarily refer to neurologic 

toxicity, that is seizures and alterations in  consciousness, 

as cardiovascular collapse and death are exceedingly rare. 

The reported rate of occurrence varies with the anatomical 

 location of the block in part due to the relative  vascularity of 

the nerve or plexus being blocked, but has also  varied con-

siderably with the type of study reporting this  complication. 

Auroy et al29 reported an incidence of seizures in upper 

extremity blocks of 3 in 23,784 (0.013%).29 At the upper 

range of incidence for larger studies reporting on upper 

extremity blocks, is Orebaugh et al’s59 retrospective series 

gathered for a quality improvement study done in part to 

assess the introduction and use of ultrasound guidance 

in their practice. In this study, brachial plexus blocks 

 performed with a peripheral nerve stimulator were associ-

ated with an incidence of LAST of 4 in 988 (0.4%), 30 times 

higher than that of Auroy’s study, whereas none of the 1,313 

blocks performed with ultrasound guidance were associated 

with this complication. This was a statistically significant 

difference making this one of the only  publications with 

outcome data supporting the conjecture that there is a 

safety advantage for ultrasound guidance.60 These data 

are weakened, however, by their use of historic controls. 

Other case reports of unrecognized intravascular injection 

during the performance of peripheral nerve blocks with 

ultrasound guidance61 emphasize that the use of ultrasound 

cannot supplant the practice of intermittent aspiration and 

injection of volumes of local anesthetic slowly enough for 

each individual injection to act as a test dose. Intermediate 

between the incidence estimates generated by these studies 

above is Brown’s et al’s large single center retrospective 

study reporting a seizure incidence of 0.2%.62 Findings 

in smaller studies by Weber and Jain 0.5%63 and Borgeat 

0.2%30 are in accord with all the other estimates except that 

of Auroy, raising the question of either a significant differ-

ence in technique between the settings for these studies or 

of the possibility of under-reporting.

Transient neurologic symptoms 
after spinal anesthesia
Mild to severe pain originating in the gluteal region, usu-

ally appearing within the first 24 hours after recovery from 

a spinal anesthetic and radiating to both lower extremities, 

has been called transient neurologic symptoms (TNS).64,65 

This clinical constellation had previously been called 

both transient radicular irritation and transient neurologic 

 toxicity. TNS has been defined only by clinical symptoms 

as there have been no associated abnormalities on magnetic 

resonance imaging, electropathological testing, or clinical 

examination.66 TNS has been associated with the use of 

Table 2 Deep space infections associated epidural catheters

Author Country Study time 
frame

Incidence

Green and 
Paech53

Australia 2002–2005 0.04% deep space infection 
0.02% paraspinous and 
epidural abscess

Cameron et al36 Australia – 0.07% epidural abscess
Popping et al39 Germany 1998–2006 0.014% epidural abscess
wang et al54 Denmark 1997–1998 0.05% epidural abscess
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 lidocaine for spinal anesthesia, lithotomy position, and degree 

of activity postoperatively. The recognition of TNS has led 

many practitioners to abandon the use of lidocaine for spinal 

anesthesia, with the strongest association having been with 

5% hyperbaric lidocaine and spinal microcatheters.67

Miscellaneous neurological  
adverse events
Any anatomic structure in close proximity to nerve block sites 

is potentially vulnerable to trauma from misdirection of the 

block needle, and other “bystander” nerves are susceptible 

to both needle trauma and unintentional block with local 

anesthetic. The interscalene and supraclavicular blocks have 

perhaps the greatest potential for the occurrence of these 

problems due to the proximity of the block sites to critical 

anatomical structures in the neck. Interscalene blocks have 

been associated with ipsilateral phrenic nerve block with an 

incidence as high as 100% and this has occurred in up to 

67% supraclavicular blocks.68,69 It is more useful to consider 

the transient hemi-diaphragmatic dysfunction that occurs 

due to phrenic nerve block to be a complication only when 

it results in respiratory distress, which is far less common. 

Investigators have assessed the use of ultrasound guidance 

and reductions in local anesthetic volume on the incidence 

of phrenic nerve block and have found that they were able 

to provide clinically effective analgesia with 5 and 10 mL 

of local anesthetic with an incidence of phrenic nerve block 

of 13% in 1 study and 45% in another.70,71

The nerves of the cervical plexus are obviously vulner-

able to injury with cervical plexus blocks, but they are also 

subjected to bystander injury with brachial plexus blocks 

above the clavicle. Christ et al72 evaluated patients who 

received an interscalene block with the modified lateral 

approach and found that 8% of patients showed symptoms 

consistent with superficial cervical plexus neuropathy at 

24 hours. The symptoms consisted of hypesthesia in 1–4 

cutaneous branches of the cervical plexus. Symptoms lasted 

for more than 1 month in 2% of patients, but had all resolved 

after 6 months.

Misdirected needles near the spinal cord have resulted in 

total spinal anesthesia and in catastrophic incidents of spinal 

cord damage with interscalene, lumbar plexus, and celiac 

plexus blocks.73–75 A published case series of total spinal 

anesthesia and injections into the spinal cord with intersca-

lene blocks done with the patients under general anesthesia 

initiated an ongoing discussion with regard to the safety and 

appropriateness of performing any peripheral nerve blocks 

in adults under general anesthesia.76,77

The impact of ultrasound guidance 
on neurological adverse outcomes
Due to their uncommon nature, a sufficiently powered, ran-

domized trial examining the incidence of PAND with ultra-

sound guidance in comparison to other localizing techniques 

has not been completed nor is it likely to be forthcoming.60,78 

Liu et al79 examined the incidence of postoperative neuro-

logical symptoms after interscalene blocks performed with 

ultrasound or peripheral nerve stimulator and did not detect 

any difference, but with 219 patients completing the study 

it appears to have been underpowered for studying PAND. 

Orebaugh et al’s59 aforementioned retrospective review sug-

gested that the risk of intravascular injection could be reduced 

with the use of ultrasound but an audit by Barrington et al61 

reported no difference in the incidence of LAST when it has 

been used, in spite of its use having been associated with a 

statistically significant fewer number of vascular punctures. 

In contrast to the supposition of increased safety with ultra-

sound, 1 expert hypothesized that the use of ultrasound is not 

only unproven to enhance safety, but also that the ultrasound 

transducer has potential to increase the risk of contamination 

and infection.78 There are, however no case reports or other 

evidence supporting this assertion. Comparison of rates of 

neurological adverse events in studies using ultrasound to 

other techniques must be considered in light of the validity 

of using historic controls and the difficulty of generating 

sufficient statistical power even when using data from rela-

tively large audits. At this point, there does not appear to be 

evidence to support or refute the suggestion of a significant 

reduction in neurological adverse outcomes associated with 

the use of ultrasound guidance in regional anesthesia.

Conclusions
The uncommon nature of severe neurological adverse 

events associated with regional anesthesia is to some 

extent  reassuring to its practitioners and their patients who 

 benefit from its application, but this does not diminish 

their  significance nor does it obviate the need to strive for 

even greater safety.  Further decreases in the frequency of 

 neurological complications may come with incremental 

advances of our knowledge and the application of new 

technology but it is unlikely that there will be any silver 

bullets that will eliminate the problem completely, including 

ultrasound guidance. Incidence estimates for many of the 

neurological adverse events vary widely due to the challenges 

associated with the study of rare events.  Further refinements 

and expansion of our admittedly  incomplete knowledge of 

the prevention of neurological adverse events will help us 
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balance the many benefits of regional anesthesia against its 

infrequent but important complications.
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