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Case #1

A 17 y/o female presents to the OR for outpatient 
hand surgery.  During performance of a 
peripheral nerve block with bupivicaine, the 
patient begins to seize.  Her EKG goes from 
sinus rhythm to complete heart block followed 
by asystole.  
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Case #2

43 year old patient presents to the OR for open reduction 
and internal fixation (ORIF) of a fractured radius.  
You choose to anesthetize the arm with a brachial 
plexus nerve block.  The surgeon is complaining that 
it will take to long for the block to work.

1. How will you choose which local anesthetic to use?
2. How could you speed the onset time for the block?

Local Anesthetics: History

 Cocaine
 Refined from coca leaf and named by Albert 

Niemann
 Koller first used as surgical anesthetic for an 

ophthalmic surgery in 1884
 Halstead injected directly into brachial plexus in 

1884
 Corning coined the term “spinal anesthesia” after 

using it on a dog
 Then performed first neuraxial block on a man

Local Anesthetics: History

 Cocaine
 August Beir performed the first spinal anesthetic in 

1899
 Failure

 Self experimentation successful
 “A strong blow with an iron hammer against the tibia was 

not felt as pain…Strong pressure and pulling on a testicle 
were not painful.”

 Were rewarded with the first cases of spinal 
headache
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Local Anesthetics: History

 Synthetic local anesthetics
 Procaine (Novocain)

 1905

 Lidocaine
 1943

 New drugs are continuing to be synthesized
 Decreased toxicity

 Increased duration

Local anesthetics : Big Picture

 Local anesthetics bind to Sodium channels in 
nerves to block nerve transmission
 Peripheral nerve blocks

 Neuraxial

 Subcutaneous

 Topical

 Can be used for surgical anesthesia or to Lessen 
post-op pain 

Nerve Anatomy

 Myelinated vs. Non-myelinated
 Must block ~3 nodes of ranvier 

 Core vs. Mantle (peripheral) fibers
 Block onset is proximal to distal for peripheral nerve 

blocks

 Nerve fiber types
 A,B,C
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Fiber
Class Subclass Myelin

Diameter 
(µm)

Conduction 
Velocity 
(m/sec) Location Function

Block 
Susceptib
ility

A α + 6–22 30–120 Efferent to 
muscles Motor ++

β + 6–22 30–120 Afferent from 
skin and 
joints

Tactile, 
proprioception

++

γ + 3–6 15–35 Efferent to 
muscle 
spindles

Muscle tone ++
++

δ + 1–4 5–25 Afferent 
sensory 
nerves

Pain, cold 
temperature

++
+

B + <3 3–15 Preganglionic 
sympathetic

Various autonomic functions

++
+

C SC - 0.3–1.3 0.7–1.3 Postganglionic 
sympathetic

Various autonomic functions

++
dγC - 0.4–1.2 0.1–2.0 Afferent sensory nerves

Visceral Pain +
Original figure 
S.B.

Implications of Differential Blockade

 Spinal/epidural anesthesia
 Sympathectomy>sensory>motor

 Peripheral nerve blocks
 First sign may be lack of proximal muscle 

coordination
 Finger nose

Electrophysiology of Nerve 
conduction

 Resting membrane potential
 -70mV

 Action potential 
 Activates voltage gated sodium channels

 Induces further depolarization

 Voltage gated sodium channels 
 M and H gates

 3 distinct states of channel
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States of Voltage gated sodium 
channels

 Resting

 Open 

 Inactivated

 Local anesthetics preferentially bind to 
inactivated and open states rather than resting
 Frequency dependent blockade

 Candido et al. failed to show clinical significance

 Local anesthetics bind at site R

Figure 26-2 Katzung’s Basic and Clinical Pharmacology 11th Ed

Voltage gated sodium channel

Molecular structure of Local 
Anesthetics

 Amides vs. Esters

 3 parts
 Benzene ring

 Alkyl chain

 Tertiary amine group
 Weak bases

 pKa and pH

 R3NH+                           R3N +  H+
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Katzung’s Basic and Clinical Pharmacology 11th Ed

Pharmacokinetics/Pharmacodynamics
of Local Anesthetics

 Binding occurs on the cytoplasmic (inside) side 
of the receptor

 Local must traverse the membrane
 Only uncharged portion can cross

 Charged form is the active form

 Henderson-Hasselbalch
 pH=pKa + log [A-]/[HA]

Pharmacokinetics/Pharmacodynamics
of Local Anesthetics

 pH and pKa

 Onset time

 Addition of Sodium bicarbonate

 Lipid solubility
 Potency

 Protein Binding
 Duration
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Adjuncts to LA

 Epinephrine
 Vasoconstriction

 Most effective for LA with vasodilator activity
 Lidocaine, mepivicaine

 Less effective for highly protein bound drug
 Ropivicaine, bupivicaine

 Marker for intravascular injection

 α2 agonists
 epinephrine
 Dexmedetomidine, clonidine

 Decrease release of substance P

Clinical Uses for LA

 IV
 Arrhythmias, Beir Block

 Epidural
 Caudal
 Intrathecal (spinal)
 Peripheral Nerve

 Brachial plexus, sciatic, femoral

 SQ
 Topical

Interscalene approach to Brachial 
Plexus Block
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Neuraxial Blocks

 Indications and contraindications

 Anatomy

 Physiologic effects

 Complications and Side effects

Neuraxial Anesthesia

 Indications

 Contraindications (absolute and relative)
 Absolute: patient refusal, infection at site of 

insertion, elevated ICP, bleeding diathesis

 Relative: bacteremia, pre-existing neurologic disease, 
abnormal coagulation (www.asra.com), cardiac 
disease (e.g., aortic stenosis, HOCM)

Anatomy of Neuraxial Anesthesia

 Termination of spinal cord at L1-2

 L2-3 in infant 

 Termination of dural sac at S1-2

 Distances
 Skin to ligament: 3-8 cm

 Ligamentum: 5-6 mm

 Angle of insertion
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 Spinal
 Subarachnoid block

 Needle inserted at L3-L5 
(Tuffier’s Line)

 Drug deposited around cauda 
equina

 Epidural
 Any level

 Volume dependent segmental 
blockade

 Concentration effects block 
quality

 Site of action is nerve roots

Figure 26-4 Katzung’s Basic and Clinical Pharmacology 11th Ed

Spinal vs. Epidural

Respiratory Effects of Neuraxial 
Anesthesia

 Thoracic level of blockade
 Tidal volume normal
 Minimal reduction in vital capacity with abdominal muscle 

paralysis
 Loss of proprioception can be upsetting to patient

 High spinal with respiratory arrest
 NEVER because of paralyzed phrenic nerves
 Results from hypoperfusion of respiratory center in fourth 

ventricle
 Rx: vasopressors and supportive ventilation

Cardiovascular Effects of Neuraxial 
Anesthesia

 Vascular bed
 Sympathectomyarterial dilation (15-20% reduction 

in SVR) & profound venodilation
 Venodilation⇊venous return and reduced BP

 Heart 
 Cardioaccelerator fibers: T1-4
 Bradycardia (unopposed vagal stimulation, decreased 

venous return—Bezold-Jarisch Reflex)
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Pharmacokinetics

 Absorption
 Depends on multiple factors

 Vascularity
 ICNB>caudal>epidural>brachial plexus>sciatic

 Properties of the drug
 Protein binding, lipid solubility

 Properties of the patient
 Renal failure/acidosis

 Addition of vasoconstrictors

Pharmacokinetics

 Elimination
 Esters

 Plasma cholinesterase (pseudo cholinesterase)

 Amides
 Liver

 Hydrolysis by Cytochrome p450

 More important for drugs with high hepatic extraction ratio

 Lidocaine

Maximum Recommended Doses

 mg/kg dose recommendations are not based on 
evidence

 Bupivicaine
 3 mg/kg

 2.5 mg/kg neonates

 Lidocaine
 5 mg/kg plain

 7 mg/kg with epinephrine
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Toxicity of LA

 Neurotoxicity
 Inhibition of inhibitory neurons > excitatory neurons

 Signs/Symptoms
 Lightheadedness

 Peri-oral numbness

 Tinnitus

 Seizures

 Worsened by acidosis (respiratory or metabolic)
 Decreased protein binding

 Increased Cerebral blood flow

Toxicity of LA

 Neurotoxicity
 Treatment for LA induced seizures

 Benzodiazepines, propofol, thiopental

 Succinylcholine

 hyperventilation

Toxicity of LA
 Cardiovascular toxicity

 Occur at higher concentrations that neurotoxicity
 4x neurotoxic dose with lidocaine
 2x neurotoxic dose with bupivicaine

 Cardiac sodium channel blockade
 Bupivicaine disassociates from cardiac sodium channels  more slowly 

than lidocaine
 Direct vasodilator effects
 Inhibition of SNS reflexes
 Neuro mediated cardiovascular effects

 Solitary nucleus
 Cocaine specific

 Coronary vasospasm
 arrhythmias
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Toxicity of LA

 Cardiovascular toxicity
 EKG findings

 Atrio-ventricular conductional blockade
 1st degree , 2nd degree, or complete (3rd degree)

 Slurred QRS

 Ventricular fibrillation

 Ventricular tachycardia

Toxicity of LA

 Treatment
 Prevention is key

 Fractionated injection with intermittent aspiration
 Use of epinephrine as intravascular marker
 Monitor patient (EKG, pulse ox, BP)

 Supportive therapies
 Maintain oxygenation and ventilation
 Treat seizures
 Treat arrhythmias

 Epi, atropine, vasopressin, amiodarone
 DO NOT USE LIDOCAINE 
 Defibrillation

Toxicity of LA

 Treatment
 Specific therapy

 20% Intralipid
 1cc/kg bolus

 0.5cc/kg/min infusion

 Creates a “sink” that LA can be sequestered into 
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Direct Neural Toxicity of LA
 Irreversible Injury to nerve tissue from direct exposure

 Inhibition of axonal transport

 Disruption of blood-nerve barriers

 Schwann cell damage

 Ischemia

 Vasoconstrictors

 Insensate limbs

 Disruption of membrane integrity

 Concentration dependent
 Clinically used concentrations are generally safe

Complications of Neuraxial 
Anesthesia

 Postdural puncture headache (PDPH)

 Transient Neurologic Symptoms (TNS)

 Backache

Transient Neurologic Symptoms 
(TNS)

 Syndrome consisting of 
 Sensory disturbances or pain in back or lower 

extremities following spinal anesthesia
 Incidence 4-40% with lidocaine
 Worsened with lithotomy position
 May be seen with other local anesthetics
 Differs from direct neural toxicity

 Not concentration dependent
 No difference in nerve conduction studies, EMG, or SSEP

 Potential etiologies
 Nerve stretch, muscle spasm, myofascial strain
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Post Dural Puncture Headache

 Frontal or Occipital

 Positional

 Photophobia/Phonophobia

 May have neurologic deficits
 Lateral rectus palsy (CN VI)

 SDH

Factors that May Increase the Incidence 
of Postdural Puncture Headache

Age: Younger more frequent

Gender: Females > males

Needle size: Larger > smaller

Needle bevel: Less when needle bevel placed in the long 
axis of  neuraxis

Pregnancy: More when pregnant

Dural punctures (#): More with multiple punctures

Factors Not Increasing the Incidence of  Postdural Puncture Headache

Timing of  ambulation

Treatment of PDPH

 Prevention

 Fluids

 Analgesics

 Caffeine

 Blood patch
 Effective in 1-24 hours in 85+% of patients
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Backache after Neuraxial

 No increased incidence of backache after spinal 
or epidural

 ~50% of women have post partum back pain 
regardless of type of anesthetic

Myotoxicity of LA

 Reversible muscle necrosis
 Uncommon

 Clinically relevant concentrations

 No clinically relevant symptoms

 Mechanism 
 Dysregulation of intracellular calcium

Allergic Reaction

 Type I or Type IV hypersensitivity
 Almost always esters

 PABA

 If Pt reports amide allergy is likely to be from 
additive
 Epi- “heart racing”

 Preservative

 If there is a question send the patient for skin testing
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Summary

 Local anesthetics block voltage-gated sodium channels
 Inside of the cell
 Inactivated and open states

 The relationship of the pH to the pKa determines the 
speed of onset

 Small myelinated fibers are generally easiest to block
 PDPH is a common complication of neuraxial 

anesthesia its incidence is influenced by many factors
 Cardiovascular toxicity is a rare but deadly 

complication of local anesthetics
 intralipid

Case #1

17 y/o female for outpatient hand surgery  
During performance of a peripheral nerve 

block with bupivicaine, the patient begins to 
seize.  Then her EKG goes from sinus rhythm 
to complete heart block followed by asystole.  

1. What is the first step in management?
ABC’s

2. What specific treatments are available?
Intralipid

Case #2

43 year old patient for open reduction and internal 
fixation (ORIF) of fractured radius.  You choose to 
anesthetize the arm with a brachial plexus nerve 
block.  The surgeon is complaining that it will take to 
long for the block to work.

1. How will you choose which local anesthetic to use?
Use a drug with a low pKa

2. How could you speed the onset time for the block?
Add Sodium bicarbonate
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Questions?


