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Strategie per ridurre il rischio in ALR



Presentation and management of peripheral nerve injury
Anaesthetists, and their patients, are often unaware of the presence of a 
peripheral nerve injury in the days and weeks following anaesthesia, since this 
period is often characterised by the presence of residual anaesthetic agents, 
postsurgical pain, strong analgesic regimens and a focus on recovery to pre-
operative functional levels. Nerve injury may only become apparent days or 
weeks after anaesthesia/surgery, although many patients are aware of 
abnormal pain, weakness or sensation immediately following anaesthesia. 



Acute mononeuropathy demands urgent investigation, and patients’ 
concerns regarding motor or sensory abnormalities should be 
escalated immediately to an experienced anaesthetist, who should 
synthesise the history and examination findings to determine whether 
onward referral and investigation is warranted. Patients may present 
with impaired power or altered sensation (or both). Altered sensation 
often manifests as paraesthesia, pain or persistent anaesthesia. 



The commonest differential diagnoses to consider in cases where 
peripheral nerve injury during anaesthesia is suspected are as follows: 
peripheral neuropathy due to diabetes mellitus; alcohol; 
hypothyroidism or nutritional deficiency; myelopathy; radiculopathy; 
spinal cord trauma or infarction; and muscle disease. The prevalence 
of pre-existing peripheral neuropathy should not be underestimated; 
this is present in 2–8% of the general population , increasing to 26% 
of patients with type-2 diabetes mellitus and 58% of patients with 
established type-1 diabetes mellitus . 



An anaesthetist presented with a suspected perioperative peripheral 
nerve injury should document a history of the symptoms, systemic 
examination and motor and sensory examination of all four limbs and 
the cranial nerves. 



If the diagnosis points towards a nerve injury occurring 
during the peri-operative period, then it is important to 
recognise that injury during anaesthesia is not the same as 
injury caused by anaesthesia (or the anaesthetist); the most 
severe peri-operative nerve injuries are often associated with 
surgical incision/retraction, rather than anaesthetic technique 
or patient positioning . 





Optimal peripheral nerve blocks should demonstrate sufficient duration of action 
while minimizing the risk of complications. The utilization of ultrasound technology 
has contributed to the popularization of regional anesthesia due to its ability to aid 
clinicians in depositing local anesthetics in precise proximity to peripheral nerves of 
interest. However, regional anesthesia still presents serious complications such as 
nerve injury, catheter infection, and local anesthetic systemic toxicity (LAST). 
Additionally, patients with preexisting sensory or motor deficits are more likely to 
develop new deficits following a nerve block .The use of ultrasound-guided nerve 
blocks has demonstrated that intraneural injections do not necessarily result in 
permanent injury . Although the use of ultrasound guidance has increased in 
popularity, this technique has not been associated with a reduction in postoperative 
neurologic symptoms or long-term peripheral nerve injury compared to peripheral 
nerve stimulation. 



Nonetheless, serious nerve injury is extremely rare, with most 
injuries being transient—lasting days to weeks—and often 
subclinical. 
Understanding the etiologies of the complications associated with 
regional anesthesia and implementing methods to reduce their 
occurrence will foster a safer practice of regional anesthesia. 



- Prior to block obtain detailed history regarding previous abnormal coagulation 
events as well as current medications and dietary supplements  
- Increased needle size, number of tissue or vascular punctures, and underlying 
coagulation abnormalities are associated with increased blood loss 
- Non-compressible bleeding sites

- Active pharmacologic anticoagulation
- Bruising and oozing blood at needle insertion site are to be expected - 

- Hematoma formation with potential compressive complications  

Bleeding



- Overall rare given sterile technique and antimicrobial effects of local 
anesthetics
- Associated with multiple attempts and the use of continuous peripheral 
nerve catheters 

- Sterile technique reduces the risk of infection (using betadine or 
chlorhexidine, and sterile needles and gloves). There has been no 
association between sterile gown use and infection risk.
- Active infections including sepsis or cellulitis may place patients at 
higher infection risk. Active infectious sites should be avoided during 
needle puncture.
- There is no evidence to support prophylactic antibiotic therapy 

Infection



Obtain thorough drug and allergy history prior to procedure
- Reactions to local anesthetics themselves is uncommon
- Preservative compounds found in local anesthetics such as paraaminobenzoic acid, 
methylparaben, and metabisulfite are often found to be the culprit of allergic 
reactions 

Allergic reaction

- Toxic dose calculations are effected by patient’s body size, age, weight, number of 
blocks performed, and site of local anesthetic administration 
- CNS toxicity—related to both total dose and injection site. As little as 0.5–1 mL of local 
anesthetic injected inappropriately has demonstrated seizure activity. 

Drug toxicity



Having a thorough understanding of anatomy including anatomical variations is critical 
for reducing complications associated with operator error 
 Reported errors associated with excessive needle depth include spinal cord injuries 
during interscalene blocks, pneumothoraxes during thoracic paravertebral blocks, and 
kidney hematoma’s during lumbar paravertebral blocks 
- Patient feedback is critical in minimizing adverse outcomes and the practitioner should 
pay special attention to patient reported pain or paresthesia’s throughout the procedure 

Operator factors



Performing regional blocks on patients with peripheral neuropathies due to diseases such as diabetes 
may require stronger nerve stimulator currents putting the patient at risk for additional neurologic 
injury 
- Successful blocks in obese individuals or trauma patients are increasingly more difficult due to 

complications in identifying landmarks and anatomical variations respectfully. In the setting of 
traumas out of the concern for developing compartment syndrome, alternative anesthetic 
techniques should be considered 

- Contraindications—preexisting neurologic deficit, changing neurologic deficit, or inability to 
conduct appropriate postop neurologic evaluation 

- Deep sedation or general anesthesia in adults adds risk of unintended intraneural injection without 
the patient having the capacity to communicate that the needle is placed in the wrong position 

Patient factors



Ultrasound imaging—inexperience associated with increased complications

Pressure manometers—evaluate injection pressure during performance, high pressure 
at the onset may indicate intraneural needle 
placement leading to fascicular injury and neurologic deficits 

Equipment



Nerve localisation methods 
No nerve localisation technique during needling (i.e. ultrasound guidance, nerve stimulation, elicited 
paraesthesia) has been demonstrated scientifically to be superior in terms of reducing the risk of nerve 
injury following peripheral nerve blockade in clinical trials . Peripheral nerve stimulation has a 75% 
chance to detect needle-to-nerve contact confirmed on ultrasonography , with motor response to 
currents of 0.2 mA or less reliably indicating intraneural placement of the needle . Paraesthesia elicited 
by needle advancement has only a 38% chance of detecting needle-to-nerve contact and cannot be relied 
upon to indicate intraneural placement. Paraesthesia or pain during needling or injection should alert 
the anaesthetist to cease needle advancement and/or injection and to reposition the needle. A large 
prospective survey of postoperative nerve injury identified four serious neurological injuries following 
21,778 peripheral nerve blocks, but found that in each case, the injury was preceded by either 
paraesthesia on needling or pain on injection . 



The management of nerve injury following anaesthesia has three 
aims: 
first, to correct the underlying pathology; 
second, to alleviate symptoms; and 
third, to support, reassure and inform the patient. 



A 2015 review article found that postoperative neurological symptoms 
suggestive of nerve injury after peripheral nerve blockade occur in 0–2.2% of 
patients at 3months, 0–0.8% of patients at 6 months and 0–0.2% of patients at 
1 year. 



Why  peripheral nerve injury ?



Mechanisms of peripheral nerve injury

1) blunt trauma
2) toxic injury
3) compressive injury
4) stretch injury
5) ischemic injury
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Reg Anesth Pain Med 2009;34: 201Y205 
Injury to the Human Sciatic Nerve After Intraneural Needle Insertion
Xavier Sala-Blanch, MD,* Teresa Ribalta, MD, PhD,Þ Eva Rivas, MD,þ Ana 
Carrera, MD, PhD,§ Albert Gaspa, MD,Þ Miguel A. Reina, MD, PhD,|| and Admir 
Hadzic, MD, PhD¶

In summary, our experimental data suggest that intraneural 
needles likely traverse connective tissue rather than fascicular 
tissue. This is probably due to the differences in consistency 
between the densely packed, poorly compliant fascicles 
protected by the perineurium and the surrounding connective 
tissue within the epineurium. As a result, the advancing needle 
is more likely to traverse the nerve between the fascicles 
rather than through the fascicles.



“…Mechanical injury can result from forceful needle-nerve contact from an approaching 
needle or injection inside the nerve itself.  “Nerve compression or entrapment may 
produce a conduction block and, if prolonged, a focal demyelination of some axons along 
with an increase in neuropeptide production and dorsal horn activity. Intraneural injection 
may lead to sustained high intraneural pressure, which when exceeding capillary 
occlusion pressure may lead to nerve ischemia. The main source of block-related PNI is 

injection of local anesthetic into a FASCICLE causing direct needle 
and injection trauma, rupture of perineurium, and loss of the protective environment 
within the fascicle with consequent myelin and axonal degeneration. Of note, even 
intrafascicular injection of saline can result in axonal degeneration. Location of the 
NEEDLE TIP during injection of the local anesthetic appears to play a 
crucial role in determining the likelihood and severity of nerve injury…”



Direct trauma to nerve fascicles during 
needling accounts for a proportion of nerve 
injuries following peripheral nerve blockade. 
In an animal model, needles with 45° (‘short’) 
bevel angles produce less frequent fascicular 
damage than needles with 14° (‘long’) bevels . 
This may be because the nerve fascicle rolls 
away from a short-bevel needle, rather than 
being impaled by a long-bevel (sharp) point, 
and because a short bevel elicits paraesthesia, 
signifying impending nerve damage, sooner 
than a cutting, long-bevel needle. 










Mechanisms of peripheral nerve injury

1) blunt trauma
2) toxic injury
3) compressive injury
4) stretch injury
5) ischemic injury





Reg Anesth Pain Med 2008;33:435-441.
Pathophysiology of Peripheral Nerve Injury During Regional 
Anesthesia
Quinn H. Hogan, M.D.

After application of local anesthetics 
outside the perineurium the normally 
hypertonic endoneural fluid that 
permeates between the neuronal fibers 
within the fascicle becomes hypotonic, 
with the accumulation of edema. High 
concentrations of extrafascicular 
anesthetics produce axonal injury 
independent of edema formation and 
elevated endoneurial fluid pressure.



Injection of local anesthetic within a 
nerve fascicle is clearly neurotoxic. 

Reg Anesth Pain Med 2008;33:435-441.
Pathophysiology of Peripheral Nerve Injury During Regional 
Anesthesia
Quinn H. Hogan, M.D.

Together, these various observations 
lead to the conclusion that the 
surrounding perineurium plays an 
important role in protecting the 
fascicular contents from the cytotoxic 
effects of local anesthetics.



High injection pressure (> 170 kPa/25 psi) in animal models indicates, with 
some reliability, intrafascicular needle-tip placement, whereas low injection 
pressures indicates extrafascicular needle-tip placement. A similar 
relationship between injection pressure and needle-to-nerve contact has been 
described in humans , although the significance of needle-to-nerve contact, as 
opposed to fascicular penetration, is unclear. 

It is pragmatic and reasonable, therefore, to use large volume syringes (i.e. preferably 20 ml or 
more) for peripheral nerve blockade since these make the requirement for greater force of 
injection more obvious. 







Buprenorphine, clonidine, dexamethasone, 
magnesium, and dexmedetomidine are 
promising agents for use in prolongation of 
local anesthetic peripheral nerve blocks, and 
further studies of safety and efficacy are 
merited. However, caution is recommended 
with use of any perineural adjuvant, as none 
have Food and Drug Administration 
approval, and concerns for side effects and 
potential toxicity persist. 









To prove that UGRA could reduce this incidence by 50% (as compared with PNS) would require 
approximately 3000 patients per group.4 Although this study may be possible in a busy center, the results 
might not be as helpful as we would wish for because most of early postoperative nerve symptoms are 
transient. Indeed, a reasonable estimate is that only 4 of 10,000 patients undergoing peripheral nerve block 
will have a needle placement-related deficit 12 months afterward.5,6 Using this number, we calculate that more 
than 70,000 patients per group would be required to prove a 50% reduction (> = 0.05, A = 0.8). Such a study is 
unlikely to be undertaken in the resource-limited world of anesthesiology research. In addition, because the 
frequency of nerve injury varies by block,3 a well-designed study would be exponentially more difficult if 
limited to a single block with idealized standardization of local anesthetic concentration and volume, adjuvant, 
needle type, and so on.

Ultrasound Guidance and Peripheral Nerve Injury
Is Our Vision as Sharp as We Think It Is?
Joseph M. Neal, MD* and Denise J. Wedel, MDÞ

Regional Anesthesia and Pain Medicine & Volume 35, Number 4, July-August 2010



DECALOGO PER NON PROVOCARE 
LESIONI NERVOSE.

INTERROMPERE L’INIEZIONE ALLA PRESENZA DI DOLORE
 INIETTARE LENTAMENTE E ASPIRARE SEMPRE

 EVITARE LA FORZA, NON >20 PSI
 NON INIETTARE A<0,20 MA

 CONOSCERE LO STIMOLATORE
 LIMITARE VOLUME, CONCENTRAZIONE E DOSE TOTALE DEGLI 

ANESTETICI LOCALI
 USARE AGHI APPROPRIATI E CATETERI

 NO BLOCCHI IN PZ.ANESTETIZZATI
 SELEZIONARE I PZ.

 NO IN PZ.CHE NON VOGLIONO E SE IL CHIRURGO NON È 
CONCORDE.



Ultrasound Guidance and Peripheral Nerve Injury
Is Our Vision as Sharp as We Think It Is?
Joseph M. Neal, MD* and Denise J. Wedel, MDÞ

Regional Anesthesia and Pain Medicine & Volume 35, Number 4, July-August 2010

To prove that UGRA could reduce this 
incidence by 50%, persistent neurologic 
symptom, (as compared with PNS) would 
require approximately 70,000 patients per 
group.

Acknowledging the absent “Holy Grail” of a definitive and 
sufficiently powered randomized controlled trial, what do we 
currently know about peripheral nerve injury and UGRA?

The importance of the thought-provoking case reports discussed 
here is not that they “proved” injury can happen despite the use 
of ultrasound guidance, but that they remind us that safe and 
effective practice of regional anesthesia does not reside (and 
never has resided) in the use of a single piece of equipment. 
Safety is a mix of proper training, reliable monitors, good 
judgment, and plain old common sense. We should not expect 
ultrasound to solve all of our problems, nor should we 
extrapolate its benefits as justification for pushing the limits of 
patient safety.







LAST
Local Anaesthetic Systemic Toxicity



The highly publicized case in 2004 of Mayra 
Cabrera, a theatre nurse who died shortly after 
delivery of her baby boy when her epidural 
infusion of bupivacaine was mistakenly 
connected to her i.v. line, reminds us to be 
vigilant and to learn from such rare events.

While prevention is clearly the most important 
element in avoiding morbidity and mortality 
associated with local anaesthetic systemic 
toxicity (LAST), such cases still occur despite 
best practice. Knowing how to manage these 
uncommon events is vital.



Incidence
LAST has been recognized for more than a hundred years, but the precise incidence is 
currently unknown. In 1928, the American Medical Association reported 40 deaths 
attributable to LAs.1 Cocaine was responsible for half of these deaths, but procaine 
was also implicated. These findings prompted the search for less toxic agents. 
Lidocaine, first synthesized in 1944, was the first amide LA to be used clinically. 
However, in1979, the potentially fatal toxicity of amide LAs was highlighted by 
Albright.2 More recently, studies from 1993 to 1997 reported a rate of LAST for 
epidural anaesthesia of 1.2–11 per 10 000 anaesthetics.3 The rate of LAST for 
peripheral nerve block was reported as 7.5 per 10 000 in 1997, 2.5 per 10 000 in 
2004,4 9.8 per 10 000 in 2009,5 and when using ultrasound 8.7 per 10 000 in 2013.6

The National Audit Project 3 (NAP3), by the Royal College of 
Anaesthetists, investigated the major complications of central 
neuraxial block (http://www.rcoa.ac.uk/system/files/CSQ-
NAP3-Full_1.pdf). Eleven cases of wrong-route 
administration in the UK over a 1 yr period were identified, six 
involving i.v. bupivacaine injection.

http://www.rcoa.ac.uk/system/files/CSQ-NAP3-Full_1.pdf
http://www.rcoa.ac.uk/system/files/CSQ-NAP3-Full_1.pdf






Conclusions/Summary 
Complications from regional anesthesia remain relatively rare. Although with an overall benign safety 
profile with an estimated complication rate of 5 in every 10,000 patients, regional anesthesia is not 
without risks , anesthesia providers should be aware of some of the risks associated with these 
procedures. Serious complications of peripheral nerve blocks include nerve injury, catheter infection, 
bleeding, and LAST. 

In recent years, an ASA Closed Claims study revealed an increased rate of injury in patients undergoing certain 
interventional pain while under deep sedation or general anesthesia and for similar reasons, an inability of the 
patient to communicate seems likely to increase risk of intraneural injection and potential complications 

Overall, regional anesthesia remains a safe option for many patients. Peripheral nerve 
blocks provide many advantages for patients and providers including improved pain 
control, reduced opioid consumption, and decreased length of stay. 



Any general or regional anesthetic technique must always be 
tailored to both the individual patient and the operation, 
considering the potential benefits and risks. The contri- 
bution of the individual anesthetist in managing the RA (or 
GA) technique effectively and safely in order to achieve a 
good outcome must not be underestimated. 



“Regional anesthesia is an art. Remembering that 
even experts may fail, we should try often and again, 
observing scrupulously its principles, until we 
succeed.”
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