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ABSTRACT: Local anesthetics are one of the most commonly used drugs in the field of medicine. 

Local anesthetics are widely used to induce anesthesia and analgesia for surgical procedures and pain 

management. Local an aesthetic systemic toxicity (LAST) is a rare but potentially fatal complication of 

regional anesthesia and has been recognized and reported since the late1800s. This narrative review 

summarizes the pharmacology of local anesthetics, clinical manifestations of systemic toxicity 

associated with these agents, necessary preventive measures and recent treatment strategies. 
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INTRODUCTION: Local anesthesia as an alternative to general anesthesia has proved beneficial for 

both patients and doctors. LA drugs are generally safe when used in normal doses but unintentional 

over dosing results in high plasma concentration of drug which may lead to spectrum of toxicity 

ranging from localized reactions such as edema and dermatitis to neurological and cardiac 

complications with potential adverse effects. Unexpected local anesthetic toxicity can also occur 

where the pharmacokinetics of the drug is altered by co-morbid states such as cardiac, renal or 

hepatic failure. Vigilance during the performance of regional anesthesia and immediate intervention 

at the earliest sign of toxicity improves the chances of successful treatment. 

 

Historical perspectives of local anesthetics: Cocaine was isolated from the cocoa leaf by the 

German chemist, Albert Niemann in 1860 and in 1884; it was used clinically for the first time by the 

Viennese ophthalmologist, Carl Koller, when he performed the first surgical procedure using local 

anesthesia on a patient with glaucoma. Portentously, however, 200 cases of systemic toxicity and 13 

deaths were assigned to the drug during the period from 1884 to 18911. In 1904, another German 

chemist, Alfred Einhorn, synthesized the compound, novocaine, later known as procaine in the United 

States during World War 1. In 1943, the first amino-amide local anesthetic lidocaine was isolated. 

In1957, bupivacaine was synthesized by Bo afEkenstam and introduced into clinical practice ten 

years later. In 1979, George Albright highlighted five anecdotal reports of cardiac arrest following 

regional anesthesia with bupivacaine. These cases of almost simultaneous convulsions and cardiac 

arrest required prolonged and largely unsuccessful resuscitation following a presumed intravascular 

injection, illustrating the narrow margin that exists for bupivacaine-induced cerebral and cardiac 

toxicity. In October 1983, in an address to the United States Food and Drug Administration’s 

Anesthetic and Life Support Advisory Committee, Albright presented a series of 49 reports of cardiac 

arrest or ventricular tachycardia requiring cardio version that occurred over the previous ten years. 

Most of these cases involved obstetric epidural anesthesia using 0.75% bupivacaine. 
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In 1920s American Medical Association (AMA) established the Committee for the Study of 

Toxic Effects of Local Anesthetics2. Records from the American Society of Anesthesiologists Closed 

Claims Database show that between 1980 and 2000; LAST was associated with one-third of the 

claims of death and brain damage after regional anesthesia. The estimate of clinically important local 

anesthetic toxicity is from 7.5 to 20 occurrences per 10, 000peripheral nerve blocks and 

approximately 4 occurrences per 10, 000 epidurals3. 

The Association of Anesthetists of Great Britain and Ireland (AAGBI) in 2007 published the 

first set of standardized guidelines for severe LA toxicity4. In 2008, the American Society of 

Anesthesiologists Committee on Critical Care Medicine5, and Resuscitation Council of the United 

Kingdom6 also published protocols for the treatment of LAST. The American Society of Regional 

Anesthesia and Pain Medicine published practice advisory on LAST7. The guidelines emphasize on 

early cardiopulmonary resuscitation and the use of intravenous lipid emulsion in local anesthetic 

systemic toxicity. Moore and Bridenbaugh8 highlighted the importance of airway management and 

prevention of hypoxia and acidosis in treatment of LA systemic toxicity. 

 

Local 

Anesthetic 

Type of 

Structure 

Half Life 

(hours) 

Onset 

Time 

Protein 

Binding 

(%) 

Max. Dose 

(mg/kg) 

Duration 

Of 

Action 

pKa 

(25) 

Max. Dose 

(mg/kg)with 

epinephrine 

Bupivacaine Amide 2.7 Medium 90-97 1-2.5 Long 8.1 2 

L-bupivacaine Amide 1.3 Medium >97 2-2.5 Long 8.1 2 

Ropivacaine Amide 1.8 Medium 94 2.5-3 Long 8.0 3 

Prilocaine Amide 1.5 Short 55 5-7 Medium 8.9  

Lignocaine Amide 1.6 Short 60-75 4-5 Medium 7.9 7 

Cocaine Ester N/A Long N/A 1.5-3 Long N/A 3 

Pharmacological properties of individual local anesthetics 

 

*Dosing depends upon the clinical situation; higher doses may be allowed with the co-

administration of epinephrine. N/A denotes not applicable. 

 

Determinants of systemic toxicity: 

I) Pharmacokinetic factors: The incidence and intensity of systemic drug toxicity generally depends 

on concentration of the drug in the free form. Tissue vascularity is another important consideration. 

The uptake of local anesthetic from greatest to least is as follows: blood/trachea > intercostal > 

caudal/paracervical> epidural >perivascular brachial plexus > sciatic > subcutaneous. It is important 

to consider both “safe maximal” local anesthetic dose, vascularity of the tissue and site of 

administration. Amide-linked LAs are eliminated mainly through hepatic metabolism and ester linked 

LAs are degraded by plasma esterases. In patient having markedly impaired hepatic function, levels 

of the amide agents remain high. Anesthetic activity of LA also depends on dissociation constant 

(pKa), pH, lipid solubility, vascularity at injection site, and protein binding. 

Patient specific conditions can influence the systemic uptake and toxicity of even 

appropriately administered LAs. Conditions that affect the binding of amide linked LAs to albumin 
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and α1 acid glycoprotein also affects the free concentration of drug. Pregnant women have a high 

cardiac output which accelerates the vascular absorption of drugs from tissues9. Also the gravid 

uterus causes epidural venous distension, decreasing LA required to achieve a given level of neural 

blockade10.Pregnancy also diminishes the protein binding of bupivacaine, so sensitivity for cardiac 

toxicity increases11, 12.Gestation is also thought to aggravate myocardial and neuronal toxicity to some 

LAs, possibly because of effect of progesterone13, 14. 

In renal failure, cardiac output rises to compensate for anemia which increases the systemic 

uptake of LA from tissues, hence shortening the duration of local and regional anaesthesia9. Renal 

failure also reduces the excretion and metabolism of LAs. Other factors like heart failure, β-

adrenergic-blocking drugs and ageing retard the clearance of LA by reducing cardiac output and 

hepatic perfusion15. 

 

II) Pharmacodynamic factors: Stereoisomerism contributes to different pharmacological activity of 

local anesthetics and is an important factor to decide the relative potency. Local anesthetics have 

three basic components to their chemical structure: a lipophilic (aromatic) end, a hydrophilic (amine) 

end and a link between the two ends. High molecular weight LAs are more lipid soluble. They readily 

cross cell membranes and has increased affinity for binding ion channels which increases the potency 

for LAST16. Bupivacaine molecule has an asymmetric (chiral) carbon so there are two stereoisomers 

of this anesthetic; with the (S-) enantiomer (levobupivacaine) generally considered to bear a lesser 

propensity to induce severe systemic toxicity than the (R+) enantiomer or the standard racemic 

mixture. Ropivacaine, a derivative of bupivacaine, is also commercially produced in the form of its   

(S-) enantiomer. In studies on isolated mammalian hearts, (R+) bupivacaine was found to be more 

arrhythmogenic than levobupivacaine17-19. 

 

Central Nervous System Toxicity by Las: The central nervous system is more sensitive to LA 

toxicity than the cardiovascular system20. Therefore CNS manifestations tend to occur earlier. Toxic 

response of the central nervous system to local anesthetic effect is a complex interplay between 

excitatory and inhibitory pathways21.CNS toxicity is biphasic because LAs first block sodium channels 

present in the inhibitory neurons which allows the excitatory neurons to act unopposed and creating 

an excitatory state. Consequently, both inhibitory and excitatory pathways get blocked which results 

in total CNS inhibition16. 

 

Cardiac toxicity of local anesthetics: Cardiovascular toxicity produces changes in cardiac 

conduction, impairment of contractility and myocardial metabolic changes. Cardiotoxic effects of LA 

can be compared using the CC/CNS ratio (ratio of the dosage required for cardiovascular collapse and 

dosage that will produce convulsion). Lower is the ratio, the more cardiotoxic is the drug. Ratio of 

bupivacaine is 2.0, ropivacaine is 2.2, and lignocaine is 7.1. Bupivacaine acts by blocking SA node 

resulting in prolong PR interval, induces ventricular arrhythmias including fibrillation and re-entrant 

type of arrhythmias. The ascending order of cardiotoxicity is lignocaine, ropivacaine, 

levobupivacaine, bupivacaine22, 23. Classically CNS toxiciy precedes CVS toxicity. Agents with high 

potency, such as bupivacaine, etidocaine, and tetracaine are more cardiotoxic than less potent agents 

such as lidocaine, mepivacaine or prilocaine21. Cardiotoxicity, though infrequent; is more serious and 
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difficult to treat. CVS toxicity like CNS toxicity is also biphasic with early excitation and then 

depression24, 25. 

The mechanism of cardiovascular toxicity is based on direct and indirect actions of LA on the 

myocardium and on vascular smooth muscle, but is not fully elucidated26, 27. The cardiovascular 

toxicity is the effect of the blockade of sodium, potassium and calcium channels. The direct action on 

myocardium includes negative inotropic effect and conduction delay while the indirect action 

includes effect on the cardiac center in the middle brain28. 

Calcium ion channel blockade is considered to be one of the main mechanisms of LA induced 

cardiac depression. This results in displacement of calcium from cardiac muscles causing decrease in 

myocardial contractility. The blockade of sodium ion channel reduces action potential duration and 

effective refractory period. Inhibition of cyclic adenosine monophosphate (cAMP) disrupts cell 

homeostasis. LA also causes conduction blockade which results in prolongation of conduction time, 

increases PR interval and QRS complex duration. Peripheral vasodilatation further worsens the 

hypotension. 

 

Central Nervous System Cardiovascular System 

Feelings Of light-headedness Shortness of breath 

Perioral tingling Hypertension 

Tinnitus Tachycardia 

Restlessness Palpitation 

Disorientation Chest pain 

Drowsiness Severe Hypotension 

Abnormal taste Syncope 

Convulsion Sinus bradycardia 

Apnea Arrhythmia 

Unconsciousness Dysrhythmia 

Respiratory depression Cardiac arrest 

Respiratory arrest 

Sign and Symptoms of LAST 

 

Diagnosis and differential diagnosis: The diagnosis of LA systemic toxicity is more of clinical 

assessment. However, there are many other complications which have similar clinical features as of 

LAST. The differential diagnosis of local anesthetics toxic reactions are as follows: 29. 
 

Etiology Clinical features 
Anaphylaxis Itching, flushing, hives, edema, hypotension,  

bronchospasm, anxiety, difficulty breathing 
Reaction to vasoconstrictors Headache, fear, apprehension, palpitations,  

increased heart rate, elevated blood pressure 
Vasovagal reaction Light-headedness, bradycardia, hypotension,  

sweating, pallor, syncope, nervousness 
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Local anesthetic toxicity 
 Intravascular injection 

 
 Relative overdose 

 
Tinnitus, confusion, immediate convulsions  
cardiac arrhythmias 
Motor twitching, irritability,  
seizures, coma, cardiovascular collapse 

Recommendations for Diagnosing LAST30 

1. Classic descriptions of LAST depict a progression of subjective symptoms of CNS excitement 

(agitation, auditory changes, metallic taste, abrupt onset of psychiatric symptoms) followed by 

seizures or CNS depression (drowsiness, coma, or respiratory arrest). Near the end of this 

continuum, initial signs of cardiac toxicity (hypertension, tachycardia, or ventricular arrhythmias) 

are supplanted by cardiac depression (bradycardia, conduction block, systole, decreased 

contractility). However, there is substantial variation in this classic description, including the 

following: 

 Simultaneous presentation of CNS and cardiac toxicity 

 Cardiac toxicity without prodromal signs and symptoms of CNS toxicity 

Thus, the practitioner must be vigilant for atypical or unexpected presentation of LAST. (I, B) 

 

2.  The timing of LAST presentation is variable. Immediate (60 secs) suggests intravascular injection 

of LA with direct access to the brain, while presentation that is delayed 1-5 mins suggests 

intermittent or partial intravascular injection, delayed circulation time, or delayed tissue 

absorption. Because LAST can present 15 mins after injection, patients who receive potentially 

toxic doses of LA should be closely monitored for at least 30 mins after injection. (I, B) 

 

3. Case reports associate LAST with underlying cardiac, neurologic, pulmonary, renal, hepatic, or 

metabolic disease. Heightened vigilance is warranted in these patients, particularly if they are at 

the extremes of age. (IIa, B) 

 

4. The overall variability of LAST signs and symptoms, timing of onset and association with various 

disease states suggests that practitioners should maintain a low threshold for considering the 

diagnosis of LAST in patients with atypical or unexpected presentation of CNS or cardiac signs 

and symptoms after receiving more than a minimal dose of LA. (IIa, B) 

  

 The class of recommendation and level of evidence for each intervention are given in 

parenthesis. 

 

The primary role of anesthesiologist is to avoid toxicity and secondly to treat it if it occurs. 

Immediate intervention at the earliest sign of LAST is of paramount importance and improves the 

chances of successful treatment. In patient with suspected LA toxicity, initial step is ensuring 

adequate ventilation and oxygenation, second step includes management of seizures, maintaining 

adequate coronary perfusion, treatment of dysrhythmias and hypotension. 

 

Recommendations for Preventing LAST 30 

1. There is no single measure that can prevent LAST in clinical practice. 
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2. Use the lowest effective dose of local anesthetic (dose=product of volume and concentration) 

(I; C). 

3. Use incremental injection of local anesthetics-administer 3-mL to 5-mL aliquots, pausing 15-

30secs between each injection. When using a fixed needle approach, eg, landmark, 

paresthesia-seeking, or electrical stimulation, time between injections should encompass 

circulation time (approximately 30-45 s); however, this ideal may be balanced against the risk 

of needle movement between injections. Circulation time may be increased with lower-

extremity blocks. The use of larger dosing increments would dictate the need for longer 

intervals to reduce the cumulative dose from stacked injections before an event of LAST. 

Incremental injection may be less important with ultrasound guidance, given that frequent 

needle movement is often used with the technique (I; C). 

4. Aspirate the needle or catheter before each injection, recognizing that there is approximately 

2% false-negative rate for this diagnostic intervention (I;C) 

5. When injecting potentially toxic doses of local anesthetic, use of an intravascular marker is 

recommended. Although epinephrine is an imperfect marker and its use is open to physician 

judgment, its benefits likely outweigh its risks in the majority of patients (IIa;B): 

 Intravascular injection of epinephrine 10-15 mg/mL in adults produces >10-beat HR 

increase or a >15-mm Hg SBP increase in the absence of b-blockade, active labor, 

advanced age, or general/neuraxial anaesthesia. 

 Intravascular injection of epinephrine 0.5 µg/kg in children produces a >15-mmHg 

increase in SBP 

 Subtoxic doses of LAs can produce subjective symptoms of mild systemic toxicity 

(auditory changes, excitation, metallic taste, etc.) in unpremedicated patients. 

 Fentanyl 100µg produces sedation if injected intravasculary in labouring patients. 

6. Ultrasound guidance may reduce the frequency of intravascular injection, but actual 

reduction of LAST remains unproven in humans. Individual reports describe LAST despite the 

use of ultrasound-guided regional anaesthesia. The overall effectiveness of ultrasound 

guidance in reducing the frequency of LAST remains to be determined (IIa; C). 

 

The class of recommendations and level of evidence for each intervention are given in 

parenthesis 

 

Recommendations for Treatment of LAST30 

1. If signs and symptoms of LAST occur, prompt and effective airway management is crucial to 

preventing hypoxia and acidosis, which are known to potentiate LAST (I; B). 

2. If seizures occur, they should be rapidly halted with benzodiazepines. If Benzodiazepines are 

not readily available, small doses of propofol or thiopental are acceptable. Future data may 

support the early use of lipid emulsion for treating seizures (I;B) 

3. Although propofol can stop seizures, large doses further depress cardiac function; propofol 

should be avoided when there are signs of CV compromise (III; B). If seizures persist despite 

benzodiazepines, small doses of succinylcholine or similar neuromuscular blocker should be 

considered to minimize acidosis and hypoxemia.(I;C) 
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4. If cardiac arrest occurs, we recommend standard advanced cardiac life support with the 

following modifications: 

 If epinephrine is used, small initial doses (10-100 mg boluses in the adult) are preferred 

(IIa;C) 

 Vasopressin is not recommended (III;B) 

 Avoid calcium channel blockers and b-adrenergic receptor blockers (III;C) 

 If ventricular arrhythmias develop, amiodarone is preferred (IIa;B); treatment with local 

anesthetics (lidocaine or procainamide) is not recommended (III;C) 

5. Lipid emulsion therapy (IIa;B) 

 Consider administering at the first signs of LAST, after airway management 

 Dosing: 

o 1.5 mL/kg 20% lipid emulsion bolus 

o 0.25 mL/kg/min of infusion continued for at least 10 min after circulatory stability is 

attained. 

o If circulatory stability is not attained, consider another bolus and increasing infusion 

to0.5 mL/kg/min 

o Approximately 10mL/kg lipid emulsion for 30 min is recommended as the upper limit 

for initial dosing 

6. Propofol is not a substitute for lipid emulsion (III;C) 

7. Failure to respond to lipid emulsion and vasopressor therapy should prompt institution of 

CPB (IIa; B). Because there can be considerable lag in beginning CPB, it is reasonable to notify 

the closest facility capable of providing it when CV compromise is first identified during an 

episode of LAST. 

 

The class of recommendations and level of evidence for each intervention are given in 

parenthesis. 

 

Lipid emulsion therapy in management of cardiovascular toxicity: Discovery of lipid emulsion as 

therapeutic agent has shown promising results in the resuscitation of patients suffering from LA 

induced cardiovascular collapse. In 1998 Weinberg31 first reported that use of lipid emulsion infusion 

during resuscitation, increased the median lethal dose of bupivacaine in rats by50%and increased the 

resistance of rats to bupivacaine induced asystole32. In 2006 Rosenblatt33 and Litzet al34 reported 

successful clinical use of lipid emulsion to reverse local anesthetic induced cardiac arrest. Henceforth, 

frequent successful reports have provided support for this form of management for LAST caused by 

bupivacaine, levobupivacaine, and ropivacaine34- 36. Early infusion of lipid might avoid progression of 

toxicity to cardiac arrest. 

The exact mechanism of action of lipid emulsion therapy is not known. The efficacy of lipid in 

combating bupivacaine induced cardiac toxicity is thought in its ability to accelerate the washout of 

the LA from the myocardium. It may serve as a “circulating lipid sink”, providing a large lipid phase in 

the plasma, so will draw lipophilic drugs out of hydrophilic plasma and making them unavailable to 

tissues33. Other mechanism is that, the high lipid concentration forces lipid influx into cardiac 

myocyte with lipid overwhelming the LA blockade of the L-CAT enzyme and counter the impaired 
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free fatty acid delivery caused by local anesthetics in the mitochondria, and enable energy 

production, which makes myocardium more susceptible to resuscitation37, 38. 

 

 
 

Sites of maintenance and potentiation of bupivacaine cardiotoxicity: Lipid intervention might 

exert a positive effect secondary to 2 postulated mechanisms: [1] lipid sink, with bupivacaine 

partitioned into lipid, reducing the effective unbound fraction available for binding to cardiac tissue; 

[2] Lipid-providing substrate, which may overcome the loss of cardiac energy because of the 

inhibition Of acylcarnitine translocase by bupivacaine. 

The commonly used lipid emulsion preparation is Intralipid 20%. Propofol is not a suitable 

substitute for Intra lipid. According to studies, dose above 8 mg/kg is of no benefit. In the absence of 

further lipid emulsion, amiodarone and inotropic support were used to treat cardiotoxicity. Along 

with this regimen cardiopulmonary resuscitation should be continued. Lipid therapy complication 

may cause allergic reactions, liver function impairment, pancreatitis, hypercoagulability state and 

fluid overload. The extra caution is required to be taken in patients with severe hepatic disease, 

anemia, pulmonary disease and coagulopathy. 

There is limited evidence available regarding use of lipid emulsion in children. There is 1 

published report regarding successful lipid resuscitation of a 13-year-old girl with ECG changes after 

a brachial plexus block. Lipid emulsion has been successful in a neonate39 with severe cardiac 

compromise after caudal analgesia with bupivacaine. However, constituting safe dosing lipid therapy 

regimen is very important in neonates and children because complications from lipid overload have 

been reported in neonates receiving intravenous nutritional support40. 

 

CONCLUSION: The safe and effective use of local anesthetics depends primarily on good clinical 

skills, proper dosage, correct technique, adequate precautions and readiness for emergencies. 

Numerous guidelines and protocols for the management of local anesthetic system ictoxicity have 

been published in recent years. All clinicians should be familiar, prior to use of local anesthetics, with 
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these protocols and suitable quantities of lipid emulsion must be available in all areas where regional 

anesthesia is practiced. There is need for more experimental and clinical data to refine the 

therapeutic regimens of lipid therapy in the treatment of LAST to ensure the best outcome for the 

patient. 
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