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1. Introduction
Paraesthesia is commonly defined as an abnormal altered sensation ranging from
numbness, to burning, tingling or continual pain (Garisto et al. 2010). In regional anaesthesia
there should also be ”neural” quality as introduction of a needle can induce other causes of
pain e.g. skin, tissue or bone contact. So the definition is slightly modified to a burning,
shooting or electric sensation or pain usually radiating periferically e.g. to arms, legs or
buttocks (Aldrete 2003; Pong et al. 2009).
The aetiology of paraesthesia related to regional anaesthesia is not fully understood. Direct
trauma to nerves, local haemorrhage, hydrostatic pressure and neurotoxicity from the local
anaesthetic or other injected substances like preservatives and anti-microbial additives may
all play a part in the spectrum (Aldrete 2003; Garisto et al. 2010).
During the performance of regional anaesthesia paraesthesia is a frequently reported
phenomenon. In the context of paraesthesia two modalities of regional anaesthesia have to
be discussed, i.e. the peripheral nerve or conduction block and neuraxial procedures. Both
have their own specific clinical indications, applications and complications.
Pathophysiology of peripheral nerve injury and spinal cord injury is very similar. However
due to the difference in anatomical considerations and applied techniques it will be
discussed separately.

2. Peripheral nerve blocks
Peripheral nerve blocks are used to anaesthetize a part of the body, to avoid or complement
general anaesthesia and to benefit from good pain relief postoperatively. They can be used
for a wide range of unilateral procedures localized a limited body area varying from local
eye blocks to regional anaesthesia of upper or lower extremities and even a block of the
abdominal wall is possible. These nerve blocks can be performed at any level in the course
of a peripheral nerve e.g. the radial nerve can be anaesthetized at the level of the brachial
plexus, the elbow or at the wrist, separately or in adjunct to general anaesthesia. Currently
there is an increased interest in all kind of new techniques e.g. transverse abdominus plain
(TAP), ilioinguinal, iliohypogastric, lumbar plexus, psoas and paravertebral blocks and the
continuous use of peripheral nerve catheters in the ambulatory setting is advocated (Lee et
al. 2011). Nerve blocks for chronic pain treatment are beyond the scope of this chapter.
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2.1 Techniques and approaches localizing peripheral nerves
There are several techniques to localize peripheral nerves: blind techniques, fascial pops,
eliciting paraesthesia, trans- and peri-vascular approaches, electrical nerve stimulation,
ultrasound/ ultrasonography with or without electrical nerve stimulation, computer
tomography (CT) and magnetic resonance imaging (MRI). The first mentioned techniques
are frequently used, however in daily clinical practice CT and MRI are nor practically nor
workable in the care of the patient (Wedel 2008).
In earlier times elicting paraesthesia was the only way to localize a nerve to perform a
peripheral conduction block. Currently more sophisticated techniques are available to clinical
practice. Electrical nerve stimulation to elict a motor response of a peripheral nerve is
commonly used. However, both techniques are depending on anatomical landmarks and so
essentially blind with regard to the nerve itself. The required proximity of the needle to the
intended nerve is accompanied by the risk of nerve contact, puncture and damage of related
structures. With the use of ultrasound techniques are not blind anymore. Nerves, muscles,
blood vessels, pleura and even the spread of local anaesthetic peri-neurally can be visualised
(Jeng & Rosenblatt 2011; Marhofer et al. 2010). This does not imply that these techniques are
without complications. Although none of the patients suffered from postoperative
neurological complications an incidence of unintentional intraneural injection of 17% was
reported for ultrasound guided interscalene and supraclavicular nerve blocks (Liu et al. 2011).
There are no safety data available to support one of the mentioned techniques (Chin &
Handoll 2011) No technique is proven superior regarding safety and efficacy results are
inconsistent (Horlocker 2010). However ultrasounds block peripheral nerve localization
showed improved efficacy compared to electrical nerve stimulation techniques in several
systematic reviews (Abrahams et al. 2009; Neal, J. M. et al. 2008).
2.2 Paraesthesia and peripheral nerve injury
Fortunately serious neurological complications associated with regional anaesthesia are
rare. But this makes it difficult to obtain reliable data about the actual incidence of
peripheral nerve block related neurological symptoms. Recent prospective studies reported
an incidence of postoperative neurological symptoms between 8-11% direct postoperatively
to 0.6% at 6 months (Fredrickson & Kilfoyle 2009; Liu et al. 2009). The majority of the
patients reported transient neurological symptoms varying from tingling to paraesthesia
resolving between a few days and several months. In France 2.4 serious injuries per 10.000
peripheral nerve blocks were reported (Auroy et al. 2002) It was noted that in case of serious
injury or severe neurological complications, they were often related to paraesthesia during
needle insertion or pain during injection of the local anesthetics (Auroy et al. 1997). Though
permanent neurological injury after a peripheral nerve block is rare neuropathy was
reported < 3:100 (Brull et al. 2007). Recently a prospective Australian audit of more than
7000 peripheral nerve and plexus blocks showed and incidence of 0.4 block related nerve
injuries per 1000 blocks (Barrington et al. 2009).
2.3 Risk factors for peripheral nerve injury
Risk factors known to be involved in peripheral nerve injury can be divided into patient
related, block related and surgery related risk factors.
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2.3.1 Patient related risk factors
In general patients who already suffer from medical conditions that affect nerve conduction
like multiple sclerosis, diabetic neuropathy, spinal stenosis and lumbar root disease,
neurotoxic chemotherapy and patients with peripheral vascular disease are more
susceptible to peripheral nerve block related complications. This could be due to increased
sensitivity of already damaged nerves or altered blood supply (Horlocker 2010; Jeng et al.
2010). Furthermore some of the patients e.g. obese, pregnant and patients that use potent
anti-coagulants are more prone to procedure related technical problems, haematoma and
multiple attempts (Brull et al. 2007; Watts & Sharma 2007), which are associated with
peripheral nerve injury.
2.3.2 Block related risk factors
Data from the ASA closed claims projects (Lee et al. 2011) show that upper extremity blocks
are more associated with claims regarding nerve injuries. The most performed types of
peripheral blocks were interscalene and axillary nerve blocks and intravenous regional
anaesthesia. The interscalene and axillary blocks were responsible for the majority of the
claims (42% and 26 % respectively) (Lee et al. 2011). The brachial plexus was most
frequently involved (32%) followed by the median nerve (21%), ulnar nerve (16%), spinal
cord (8%) and the phrenic nerve (8%) (Lee et al. 2011). One third of these injuries was
permanent and /or disabling (Lee et al. 2011). Spinal cord injuries were all associated with
permanent damage and were more frequently related with interscalene blocks under
general anesthesia. In 68 % of the claims for nerve injury it was designated as block related.
(Lee et al. 2011)
2.3.3 Surgery related risk factors
Surgery related risk factors are ill-defined. However there is an association with trauma.
Symptoms can be fracture related e.g. radial nerve injury in proximal humerus fractures or
cranial nerve injury after Le Fort I osteotomy (Kim et al. 2011). Furthermore nerve injury is
associated with the use of surgical instruments, diathermy, stretch, nerve compression,
ischemia, the use of a tourniquet, patient positioning e.g. lithotomy position and peripheral
nerve protection. However in what extent which factor contributes to nerve damage is
uncertain (Liguori 2004; Watts & Sharma 2007)
2.4 Pathophysiology of peripheral nerve injury
Several mechanisms of nerve injury following surgery under peripheral nerve block have
been proposed and described but their relative significance is unknown (Hogan 2008;
Liguori 2004).
2.4.1 Neurotoxicity
In cell cultures local anaesthetics in clinically used concentrations cause cytotoxic effects like
inhibition of cell growth, necrosis and apoptosis (Hogan 2008). Furthermore local
anaesthetics may cause neural membrane lysis due to detergent properties (Kitagawa et al.
2004). The size of these effects is strongly influenced by a prolonged duration of exposure
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and higher concentration of the local anaesthetics, with in vitro the lowest neurotoxicty for
procaine, mepivacaine and lidocaïne compared with ropivacaine and bupivacaine (Hogan
2008; Perez-Castro et al. 2009), however most clinical relevant toxicity is attributed to high
concentrations of lidocaïne (Zink & Graf 2003).
In a sciatic nerve rat model direct application of 3% 2-chloroprocaine or 1% tetracaine, but
not 2% lidocaïne or 0.75 % bupivacaine resulted in subperineural and endoneural oedema,
with mast cell degranulation, proliferation of endoneural fibroblasts, Schwann cell necrosis
and axonal dystrophy (Myers et al. 1986). Animal data suggest moreover that amino-ester
agents like procaine and tetracaine are more neurotoxic than amino-amide agents like
lidocaïne and bupivacaine (Zink & Graf 2003).
Other adjuvants injected together with the local anaesthetic e.g. anti-microbial preservatives
added to multi-use vials, anti-oxidants or addition of epinephrine or bicarbonate, may also
cause nerve damage (Hogan 2008; Zink & Graf 2003).
2.4.2 Mechanical nerve damage
Nerve injury from nerve contact or penetration is more likely to result due to sharp-bevelled
needles than to blunt bevelled needles. However needle-tip penetration is not always the
cause of nerve injury. Penetration of fascicles with or without infusion of saline did not
result in changes in microscopy or alterations of diffusion barriers, despite high infusion
pressures (Hogan 2008). But nerves are not homogenous structures so it is possible to
penetrate a nerve without reaching and damaging a neuronal structure.
High injection pressures moreover are associated with persistent neurological deficits after
intra neural injections indicating that the surrounding perineurium is very important to
protect the fascicles from the cytotoxic effects of the local anaesthetics (Hogan 2008; Jeng &
Rosenblatt 2011).
It remains unclear whether a block technique to elict paraesthesia increases the risk of
peripheral nerve injury (Horlocker 2001). Nevertheless peripheral nerve damage remains
associated with injection of local anaesthetic and paraesthesia or pain on injection of a local
anaesthetic (Auroy et al. 2002; Hogan 2008).
Other mechanisms of mechanical nerve damage include surgical trauma, peri- and postoperative positioning and damage from tourniquets. If the latter is a result of ischemia or
mechanical deformation is unclear. However by compression of the nerve under the edge of
a pneumatic cuff substantial distortion of myelin lamellae and axonal shrinkage is reported
as early as 2-4 hours after tourniquet inflation (Hogan 2008; Liguori 2004).
2.4.3 Ischemia
The earliest response to ischemia of a peripheral neuron is depolarisation and spontaneous
activity, perceived by the patient as paraesthesia. Nerve function is restored completely after
ischemia of less than 2 hours and ischemic periods to up to 6 hours failed to produce
permanent structural nerve changes. However histological examination showed oedema
and fiber degeneration (Hogan 2008). Ischemic injury may result from pressure and volume
of the local anesthetic or added vasoconstrictors. Moreover local anaesthetics like lidocaïne
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and bupivacaine decrease neuronal blood flow. However contribution of vasoconstriction to
peripheral nerve injury has not been proved (Hogan 2008).
Haematoma and vascular injury are difficult to classify as they may cause local ischemia but
may provoke local high pressures as well (Liguori 2004).
2.5 Diagnosis and management of peripheral nerve injury
The best treatment of neurological deficit is prevention and starts with a good pre-operative
preparation and complete documentation of the block. This includes information about the
pre-existent condition of the patient, concomitant diseases, used techniques, local
anaesthetics and adjuvants used, complications or difficulties during the procedure, the
efficacy and the duration of the block and the surgical procedure. Direct postoperative
follow-up should be performed in all patients. If symptoms occur careful physical
examinations should be performed and an expert e.g. neurologist should be consulted.
Electrophysiological testing should be performed to define a neurogenic basis of nerve
damage, to localize the site of injury and to define the severity of the injury.
If compression is suspected ultrasonography or an MRI of the plexus has to be done.
(Borgeat 2005; Mayfield 2005; Neal, J. M. et al. 2008)

3. Neuraxial block
Neuraxial blocks are applied to induce anaesthesia or analgesia in a limited part of the body.
Especially patients scheduled for major thoracic or abdominal procedures or procedures in
the lower extremities or pelvis can benefit from these techniques.
There are 3 techniques to provide neuraxial blockade: Spinal, epidural and a combination of
both for longer lasting analgesia i.e. combined spinal-epidural anaesthesia (CSE) as a needle
through needle procedure or with the insertion of a catheter at a different level (Warren
2008).
Spinal or dural anaesthesia implies perforation of the dura and arachnoid matter, and after
aspiration of cerebrospinal fluid, injection of local anaesthetic. Whereas in epidural
anaesthesia the dura remains intact. Spinal anaesthesia is restricted to the lumbar region due
to the presence of the conus medullaris at the level of L1-L2 in the adult, but a wide
variation exists between as high as T12 to as low as L4. Especially in patients with difficult
surface landmarks these anatomical variations can lead to more cephalad needle placement
than intended (Neal, J.M 2008). However recently experimental higher spinal techniques are
described in literature (van Zundert et al. 2007).
The epidural space can be accessed at any level up to C7 to induce a segmental anaesthetic
block depending on the site of injection of local anaesthetics (Warren 2008). The technique
relies on anatomical landmarks for penetration of the ligamentum flavum to localize the
epidural space. The ligamentum flavum however fuses not always in the midline, especially
in the upper thoracic en cervical levels. Moreover the depth of the epidural space itself
decreases from 5-8 mm in the lumbar region to 1-2 mm in the upper thoracic and cervical
regions (Neal, J.M 2008).
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3.1 Paraesthesia and the neuraxial block
In contrast to the peripheral conduction block elicting paraesthesia for neuraxial block is
never aimed for. As there are no nerve roots in the posterior epidural space the occurrence
of paraesthesia implies perforation of the dural sac with direct contact or puncture of the
spinal cord, intrathecal contact with nerve roots, or, more frequently, extradurally contact
with an exciting nerve root. Paraesthesia usually does not lead to neurological sequelae but
is an unpleasant sensation for the patient and the significance still remains unclear (Aldrete
2003; Neal, J.M 2008).
3.2 Paraesthesia and spinal, epidural and combined spinal epidural anaesthesia
Reported incidences of paraesthesia vary between 0.2 and 56% depending on approach
(Leeda et al. 2005), patient characteristics (Hebl et al. 2010; Spiegel et al. 2009), technique
(Hebl et al. 2006; McAndrew & Harms 2003; van den Berg et al. 2011), different catheters
(Bouman et al. 2007; Jaime et al. 2000)and depth of insertion (Cartagena & Gaiser 2005).
Even an incidence as high as 81% -89% was reported (Hetherington et al. 1994; van den Berg
et al. 2005).
The symptoms of paraesthesia during conduct of neuraxial anaesthesia are frequently mild
and transient. However sometimes they are so intense that the procedure must be aborted.
Fortunately the incidence of permanent neurological damage of 1:20.000-30.000 for spinal
anaesthesia and 1:25.000 for obstetric epidurals and 1:3600 in other epidurals remains low
(Moen et al. 2004), but in France two thirds of the patients with neurological deficits
reported paraesthesia during needle placement or pain on injectionof local anaesthetics
(Auroy et al. 1997).
Moreover it seems that paraesthesia is like pre-existing neurological disease, degenerative
spinal disease, obesity, female sex and anti-coagulation a risk factor for or an indicator of a
complicated procedure and therefore for permanent neurological injury (Aldrete 2003; Brull
et al. 2007; Fowler 2007).
3.3 Transient neurological symptoms
Transient neurological symptoms (TNS) were first reported in 1993. After an uneventful
spinal anaesthesia and after full recovery, within a few hours symptoms of light to severe
pain in the gluteal region (buttocks) radiating to both lower extremities start with a duration
of 6 hours up to 5 days. Furthermore no abnormalities on neurological examination, MRI or
electrophysiological testing should be demonstrated (Pollock 2003; Zaric & Pace 2009).
The highest incidences of TNS are found in patients with intrathecal lidocaïne undergoing
surgery in lithotomy position (30-36%), arthroscopic knee surgery (18-22%), while in
patients undergoing other surgery in supine position the incidences are 4-8% (Pollock 2003).
Although interpreted as possible neurotoxicity of lidocaine TNS is associated with all other
local anaesthetics however in a lower incidence (Zaric & Pace 2009). Decreasing lidocaïne
concentration from 5 to 0.5 % does not decrease the incidence of TNS. Glucose, hyperbaricity
and hyperosmolarity are not contributing factors (Pollock 2003).
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Other possible causes are direct needle trauma, neural ischemia secondary to sciatic
stretching, patient positioning, pooling of local anaesthetics, muscle spasm, early
mobilization and irritation of the dorsal root ganglion (Pollock 2003).
Treatment can be very difficult. In general non-steroidal anti-inflammatory drugs are
prescribed; occasionally opioids are necessary to treat the symptoms. Prevention is essential
as treatment is not always successful. If neurological examination is abnormal other possible
complications have to be ruled out e.g. epidural haematoma or nerve root damage (Pollock
2003).
3.4 Serious neurological complications
Although rare, if neurological deficits occur serious complications have to be ruled out.
Most cases of spinal haematoma are characterized by an acute or subacute course with acute
onset of pain at the level of the haemorrhage with more or less severe paralysis with or
without bladder/intestinal disturbances (Kreppel et al. 2003).
Direct neurological or neurosurgical consultation, MRI and neurophysiolocal testing is
required because possible treatment options. Decompressive laminectomy for epidural
haematoma, antibiotics and possible surgical drainage for epidural abscess and
meningitis, hypertensive therapy for anterior spinal artery syndrome are necessary to
reduce morbidity.
A decompressive laminectomy should be done within 6-8 hours after start of the symptoms
to avoid permanent spinal cord injury (Kreppel et al. 2003; Neal, J. M. et al. 2008). For spinal
nerve injury, adhesive arachnoiditis and cauda equine syndrome no effective treatment is
available (Naguib et al. 1998; Pollock 2003).
Epidural abscess and meningitis are not further discussed as there no obvious relation with
paraesthesia.
3.5 Pathophysiology of spinal cord, spinal root and spinal nerve injury
Like peripheral nerve injury spinal cord and spinal root injury after the conduct of a
neuraxial block has several proposed mechanisms. Sometimes the mechanism is obvious
like in case of epidural haematoma, but often the cause of spinal cord injury remains unclear
of multifactorial.
3.5.1 Mechanical injury of the spinal cord and spinal nerve damage
Mechanical injury of the spinal cord and spinal nerves during of after conduct of a neuraxial
block can be caused by several mechanisms.
The vertebral column protects spinal cord and spinal nerves to mechanical injury. To
perform a neuraxial block it is necessary to precisely avoid this defence. The access to the
spinal canal is based on landmark techniques, but ultrasound becomes more common
practice (Balki 2010; Perlas 2010). However as earlier indicated human anatomy varies and
this can lead to failure to contact identifiable landmarks, unintentional cephalad needle
placement, and unintentional penetration of the dura.
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Penetration of the spinal cord can provoke intense pain, pressure or paraesthesia or no
sensation at all. After penetration of the spinal cord, damage can occur from injury of neural
structures, haematoma, oedema, central syrinx creation, local anaesthetic or adjuvant
toxicity or a combination of these factors (Neal, J.M 2008).
Furthermore reduction of the vertebral canal diameter by degenerative changes, intra- and
extradural mass lesions e.g. haematoma, and patient positioning may compromise spinal
cord blood flow. This by increasing spinal cord or CSF pressure, decreasing arterial inflow
and venous outflow leading to spinal cord ischemia, possibly worsened by injected or
infused local anaesthetic (Neal, J.M 2008).
3.5.2 Vascular injury
The spinal cord and cauda equine receive two thirds of their blood supply from the anterior
spinal artery (ASA). The lower thoracic and lumbar sacral spinal cord are supplied by the
arteria radicularis magna or artery of Adamkiewicz which provides 25-50% of the total
spinal cord blood flow (Biglioli et al. 2004; Neal, J.M 2008). Spinal cord blood flow is like the
cerebral blood flow auto regulated with mean arterial pressures between 50/60 – 120 mmHg
in animal models and hypoperfusion with hypo perfusion is an often suggested cause of
spinal cord damage. However in patients undergoing spine surgery prolonged periods of
hypotension induced no detectable spinal cord injury, nor is anterior spinal artery syndrome
associated with cardiopulmonary bypass or induced hypotension. Nevertheless the
diagnosis anterior spinal artery syndrome has been made in cases with unexplained injury
associated with neuraxial blocks. Underlying medical conditions like atherosclerosis are
more probable explanations than hypotension or vasoactive agents (Neal, J.M 2008).
Direct vascular trauma from midline and paramedian approaches is anatomically unlikely,
but possible during lateral or peri-spinal approaches as psoas compartment or celiac plexus
blocks, but no human data supports this view (Neal, J.M 2008).
3.5.3 Neurotoxicity
As earlier mentioned all local anaesthetics have the potential of neurotoxicity. However in
clinically used doses local anaesthetics, opioids, adjuvants and preservatives are relatively safe
(Hodgson et al. 1999). However after disruption of the blood-spinal cord barrier certain
anatomic conditions may contribute to increased susceptibility to injury. The cauda equina
consists of partly unmyelinated nerve fibres with a relative high surface area which is exposed
to potentially neurotoxic agents. Secondly, nerve roots in the blood-spinal cord barrier lack
connective tissue which provides mechanical and metabolic protection compared with
peripheral nerves. Furthermore clearance of toxic substances by CSF is not as efficient as vascular
clearance which causes spinal cord and spinal nerve roots to be exposed to drug maldistribution
and local high drug doses. These factors are believed to have contributed to cases with cauda
equina syndrome after spinal anaesthesia with micro catheters (Neal, J.M 2008).

4. Conclusions
During the conduct of regional anaesthesia paraesthesia is a frequently reported phenomenon.
It is a risk factor for or an identifier of a complicated procedure and in such a way for
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permanent neurological injury. Other risk factors are patient, procedure or block related.
Possible causes of neurological injury are mechanical, vascular or ischemia and neurotoxicity.
Although rare, if neurological deficits occur serious complications have to be ruled out, by
neurological or neurosurgical consultation, and neurophysiolocal testing. This because
possible treatment options have to be enforced as soon as possible to minimize morbidity.
MRI is the preferred mode of imaging to demonstrate spinal canal pathology. The best
treatment of neurological deficit is prevention and starts with a good pre-operative
preparation and complete documentation of the block.
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