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Summary Systemic and localised adverse effects of local anaesthetic drugs usually occ

because of excessive dosage, rapid absorption or inadvertent intravascular inje
tion.

Small children are more prone than adults to methaemoglobinaemia, and t
combination of sulfonamides and prilocaine, even when correctly administerec
should be avoided in this age group. The incidence of true allergy to local anae
thetics is rare.

All local anaesthetics can cause CNS toxicity and cardiovascular toxicity if
their plasma concentrations are increased by accidental intravenous injection
an absolute overdose. Excitation of the CNS may be manifested by numbness
the tongue and perioral area, and restlessness, which may progress to seizu
respiratory failure and coma. Bupivacaine is the local anaesthetic most frequent
associated with seizures. Treatment of CNS toxicity includes maintaining ade
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guate ventilation and oxygenation, and controlling seizures with the administre
tion of thiopental sodium or benzodiazepines.

Cardiovascular toxicity generally begins after signs of CNS toxicity have
occurred. Bupivacaine and etidocaine appear to be more cardiotoxic than mc
other commonly used local anaesthetics. Sudden onset of profound bradycar
and asystole during neuraxial blockade is of great concern and the mechanism
remains largely unknown. Treatment of cardiovascular toxicity depends on th
severity of effects. Cardiac arrest caused by local anaesthetics should be trea
with cardiopulmonary resuscitation procedures, but bupivacaine-induced dy:s
rhythmias may be refractory to treatment.

Many recent reports of permanent neurological complications involved pa
tients who had received continuous spinal anaesthesia through a microcathet
Injection of local anaesthetic through microcatheters and possibly small-gaug
spinal needles results in poor CSF mixing and accumulation of high concentr:
tions of local anaesthetic in the areas of the lumbosacral nerve roots. In contr:
to bupivacaine, the hyperbaric lidocaine (lignocaine) formulation carries a suk
stantial risk of neurotoxicity when given intrathecally.

Drugs altering plasma cholinesterase activity have the potential to decrea:
hydrolysis of ester-type local anaesthetics. Drugs inhibiting hepatic microsome
enzymes, such as cimetidine, may allow the accumulation of unexpectedly hic
(possibly toxic) blood concentrations of lidocaine. Reduction of hepatic blooc
flow by drugs or hypotension will decrease the hepatic clearance of amide loc
anaesthetics. Special caution must be exercised in patients taking digoxin, ¢
cium antagonists and/@rblockers.

Local anaesthetics are compounds that, whethe skin, while Kollgl! in 1884 demonstrated its
applied to nervous tissue, produce reversible losgsefulness as a topical anaesthetic for the e
of sensation. They interfere with the conductionKoller stated: ‘Perhaps it is not too daring to hog
process of nervous tissue by preventing the voltagehat cocaine will be able to be used successfully
dependent increase in Neonductance and, there- an anaesthetic when removing foreign objects fro
fore, block the initiation and propagation of actionthe cornea or for more major operations, or as
potentialdl! Local anaesthetics could also benarcotic for retinal or conjunctival diseas&$’.
termed ‘local analgesics’ as they are commonly All of the agents used by anaesthetists a
used to produce loss of pain without loss of nervougnown to have potentially toxic effects dependin
control. on the dosage, the pharmacological characterist

The notion of providing analgesia by applying of the drug, site of injection and specific patier
a solution directly to a wound or a surgical area isharacteristics. Local anaesthetics differ froi
very old. Approximately 1000 years ago, the Arabother drugs in that they are usually applied to tt
scholars Avicenna and Al Razi used opium andspecific areas where they are to exert their prima
other drugs, such as mandrake, papaveris, henbapbarmacological actions. Since sodium channe
or hyoscyamus, as local anaesthetics in patien@re an essential feature not only of nerve fibres, t
with dental pain, eye pain, earache or joint pdin. also of all excitable tissues, local anaesthetics te
Cocaine, the first local anaesthetic discovered, wag exert a generalised effect on all excitable mer
isolated from the leaves of the shiatythroxylon  braned?! Systemic absorption or inadvertent intra
cocain 1860. Anrep in 1880 was the first to de-vascular injection of these drugs will particularl
scribe the local anaesthetic properties of cocaine iaffect the cardiovascular system and CNS.
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Clinically useful local anaesthetics have theretrograde passage of a local anaesthetic injec
same general chemical configuration of an amineaunder pressure (reverse intracarotid flow) ar
portion (hydrophilic component) joined to an aro- transarterial diffusion of local anaesthetics durin
matic residue (lipophilic component) by an ester orstellate ganglion block may lead to CNS intoxice
amide link. The type of linkage is important in de- tion.[5-7]
termining the properties of the drug. The ester-type The rate of absorption of local anaesthetics ve
local anaesthetics are hydrolysed in plasma byes with the site of administration and the presen
plasma cholinesterase. The amide-type anaesthegr absence of a vasoconstrictor. Exposure of a lo
ics are metabolised mainly in the liver, and renalanaesthetic solution to a larger vascular area res
clearance of unchanged amide local anaesthetic ig g greater rate and degree of absorption. The m
low; for example, it has been estimated that 70%apid absorption occurs from mucous membrane
of injected lidocaine is metabolised in the i&r. o after deep tracheal, intercostal or epidural inje
While little protein binding occurs with most ester- jon, | ess rapid absorption was reported wit
type anaesthetics, the amide types are considerablyjexys blocks, but this still produced significan
protein-bound. blood concentrations of the local anaesthetic. F

This review focuses on the adverse effects ofyample, the use of lidocaine 400mg without ef
local anaesthetic druger se(and not on errors or - pephyine (adrenaline) for intercostal nerve block.
complications of techniques) as well as the inter+o prachial plexus block results in average pes
actions of these drugs with other drugs CommO”IX/enous plasma concentrations of approximately

used in anaesthesia. . ~ mg/ml and 3 mg/ml, respectivefy.In addition,
We began with a systematic review of published, e 5y njasma concentrations occur about 5 minu

material on adver;e eﬁgcts and drug ipteraqtiqnsclfter pharyngeal instillation, 10 minutes after in
of local anaesthetics using a computerised b'bl'o'tercostal block, and 20 to 30 minutes after epidur

graphical database (MEDLINE), then searched th‘?njection; the peak concentration occurs after va

reference I|.sts of |dent|f|ed .studles; we also har_1d—ious plexus blocks somewhat la8rThe use of
searched journals in which relevant material

tended to appear. In the Medline search strategemnwhrlne (Sug/mi) with local anaesthetics de-

(from 1966 to 1997), we used the following MeSH Yreases the rate of absorptpn and delays the or
. ) . . of peak plasma concentrations and thus lowe
headings: anesthesia (anaesthesia); side effect

_ ) o . . fHeir potential toxicity!% However, when absorp-
adverse effects; drug interaction; lidocaine (I|gno-tion i< retarded by a vasoconstrictor agent. the
caine); bupivacaine; procaine; chloroprocainet tial toxicit f){ch trict 9 't E
procainamide; prilocaine; cocaine; etidocaine; ential toxicity ot tne vasoconstrictor agent mus

mepivacaine; tetracaine (amethocaine); dibucainé?lISO be con5|dere{_éll.] -

(cinchocaine); benzocaine. We limited the search The UK Committee on Safety of Medicines re
to English language papers. A separate search W&)@rted that 27.8% of all adverse drug reactior
carried out for each local anaesthetic drug. In ad(°61 out of 2014) and 6.6% of deaths (19 out

dition, a search for adverse effects was carried ou#36) Were attributable to local anaesthelisThe

separately from that of drug interactions. distribution is given in table I. .
The definition and mechanisms of drug intera

tions have been discussed elsewliétdBriefly, a
drug-drug interaction is aim vivo phenomenon
Systemic and localised adverse effects of locathat occurs when the prior or concurrent admini
anaesthetic drugs usually occur because of exce#ration of one drug alters the effects or kinetics «
sive dosage, rapid absorption or inadvertent intraanother drug. Drug interactions with local anae
vascular injection; the latter being the commonesthetics can be divided into those that are pharm
cause of local anaesthetic toxicity. Less commonlycokinetic and those that are pharmacodynamic

1. Mechanisms of Toxicity
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Table I. Adverse reactions to local anaesthetics (including syncope, cheal tube in order to facilitate intubatiBf?21.22

palpitations, apnoea, cardiac arrest, seizures and application-site ; ; R ¢
reactions) reported to the UK Committee on Safety of Medicines It has been estimated that benzocaine in dose:

(1964 to 1985)12 15 to 25 mg/kg can produce recognisable cyar
Local anaesthetics Number of adverse Number of sislZ3l

reactions deaths The formation of methaemoglobinaemia fror
Lidocaine (lignocaine) 329 ° prilocaine is caused by 2 of its metabolites, -
Prilocaine 88 0

hydroxy-2-methylaniline and 2-methylaniline

Bupivacaine 68 10 L . . .

plvacal (o-toluidine) producing oxidation of normal
Mepivacaine 27 0 A X )
Tetracaine (amethocaine) 20 0 haemoglobin. Methaemoglobinaemia was report
Dibucaine (cinchocaine) 14 0 in a 12-week infant who became cyanosed af
Oxethazaine 15 0 application of 5g of a eutectic preparation c
Total 561 19 prilocaine and lidocaine [eutectic mixture of loce

anaesthetics (EML®) cream] to the dorsum of the
nature. Pharmacokinetic interactions occur wherhands and in the antecubital area for a total of
the absorption, distribution, metabolism or excre-hours. His methaemoglobin level was 28%, ¢
tion of a drug is altered by the coadministration ofthough this may have partly resulted from concor
a second drug. Pharmacodynamic interactions initant treatment with a sulfonamide drid¢.In one
volve a change in the pharmacological effect of astudy!25! plasma lidocaine, prilocaine and metha
drug as a result of the action of a second drug aioglobin levels were measured in 22 infants ag

receptor sites. 3 to 12 months after application of EMEARg be-
neath an occlusive dressing; methaemoglobin Ie
2. Adverse Effects els all remained within the normal range. This ph
nomenon is dose-related, with detectable blo
2.1 Haematological Effects methaemoglobin levels usually appearing follov

i i i 30]
2.1.1 Methaemoglobinaemia ing prilocaine doses of 8 mg/kg or md#e:

Methaemoglobinaemia has been reported fol- Methaemoglobinaemia has been noted after
lowing the use of several local anaesthetics, includlf@venous administration of lidocaine; however,
ing benzocaine, tetracaine, prilocaine and lido-'S Probably not clinically significant in most
cainell4l Methaemoglobin is haemoglobin with case_é?“] One s_tudy reported stz‘;_ltlstlcally_ S|gn_|f|-
the iron oxidised to the ferric state, rather than thé@ntincreases in methaemoglobin levels in patie
normal (reduced) ferrous state, and methaemo‘l_‘”th c_ardlac disorders who received intravenol
globin is incapable of transporting oxygen. lidocainef! _ _
Methaemoglobinaemia refers to the presence of [nfants and children are more susceptible th
greater than the normal physiological level of 1 to@dults to induced methaemoglobinaemia becal
2% methaemogk)bin in erythrocytes_ (I) haemoglObin F is more Susceptible to oxid:

There are at least 50 reports describing mettion;[sz] (II) newborns have lower levels of reduce
haemoglobinaemia in association with benzo-hicotinamide adenine dinucleotide (NADH)-met
cainel!! and most cases reported in the literaturénaemoglobin reductase, catalase and glutathic
occurred in infants and young childréfi20 In peroxidase; and (iii) the dose is usually greater f
these cases, methaemoglobinaemia resulted frofilogram of bodyweight3! Concomitant adminis-
the topical application of benzocaine from skin, tration of other agents such as sulfonaniidesr
mucous or pulmonary membranes. Methaemo-antimalarial®* may predispose to methaemc
globinaemia has also been reported in adult paglobinaemia. Patients with haemoglobinopathi
tients following topical application of benzocaine or glucose-6-phosphate dehydrogenase deficiel
to the pharynx and trachea, and also to an endotranay also be at greater rigK!

0 Adis International Limited. All rights reserved. Drug Safety 1998 Apr; 18 (4)



Adverse Effects of Local and Regional Anaesthesia 225

Approximately 5 g/dl of deoxyhaemoglobin are been suggested that these changes may to
necessary to produce visible cyanosis, but a similacaused by haemodilution, resulting from intrave
skin colour is produced by 1.5 to 2 g/dl of methae-nous administration of fluids or the redistributior
moglobin[33! Clinical cyanosis becomes apparentof body fluids associated with sympathetic block
at a methaemoglobin level of about 15%. A met-ade, or to a combination of these factors, rath
haemoglobin level in excess of 30% is associatedhan to the direct effect of bupivacaine in th
with obvious cyanosis, but a near normal oxygerblood 50
tension, along with agitation and even cdg§h. Amide local anaesthetics are known to interfel
The effect of partial oxidation of one haem groupwith various steps of the inflammatory respons
in the haemoglobin tetramer increases the oxygenf leucocyted1-531 It has been shown that admin.
affinity of the remaining haem groups. This causesstration of lidocaine (and possibly other local ar
the oxygen dissociation curve to be shifted to theaesthetics) in the area of the surgical procedure
left. duces granulocyte migration and metaboli

Because of the technical limitations of conven-activation®# The effects of local anaesthetics o
tional dual-wavelength pulse oximetry, it cannotwound healing are controversig.>6]
provide any useful information in the presence of Local anaesthetics may cause vasodilafidn,
methaemoglobinaemia. It underestimates the magand may increase the incidence of intraoperati
nitude of methaemoglobinaemia by about 50% atind postoperative bleediff§! Local anaesthetics,
low levels of methaemoglobin, and only indicateshowever, can dilate or constrict vessels in a dos
a saturation decrease to 80 to 85% with 70% metdependent mann&®] At lower concentrations, in-
haemoglobinaemit’ 38 However, methaemoglo- cluding those that occur in the plasma of patien
bin can be detected by using a multiwavelengthduring intravenous infusion or nerve blocks, dos
oximeter39] related vasoconstriction was shown to occur in a

Treatment of methaemoglobinaemia consists ofmals[®® Whereas, lidocaine in a concentratio
removing the causative agent, administration ofsimilar to that which occurs at the site of injectio
100% oxygen and intravenous methylene blueduring infiltration, nerve block or epidural anaes
(methylthioninium chloride) 1 to 2 mg/kg, together thesia, produced vasoconstrictié. Toxic con-
with, occasionally, haemodialysis. Methylene bluecentrations of bupivacaine have resulted in vas
acts as an exogenous electron acceptor and is cogenstriction and increases in systemic vascul
verted to leukomethylene blue, which rapidly andresistance caused by increased efferent sym
nonenzymatically reduces methaemogld#fih. thetic activity!60!

2.1.2 Other Haematological Effects

Epidural bupivacaine has been reported to in-
hibit platelet aggregatioim vitro.[2] In vivo stud-
ies have also shown a reduced incidence of post- 2.2.1 Features and Mechanisms
operative thromboembolism in patients receiving Cardiovascular effects of local anaesthetics o
epidural*? or spinal*3l anaesthesia; this has been curring after spinal or epidural administration ar
attributed to increased blood flow to the lif#8ls  probably caused by an imbalance between sy
and altered coagulation and fibrinoly&%471 Ad- pathetic and parasympathetic nervous activity
ditional factors could be the inhibitory effects of because of supine hypotension in pregna
local anaesthesia on plateléfsand leucocyte womenl62.62l However, all local anaesthetics cal
function/48] and the morphological change in cause CNS toxicity (section 2.3) and cardiovasc
erythrocytes induced by local anaestheli®s. lar toxicity if their plasma concentrations are in
Changes in blood rheology caused by local anaesreased by accidental intravenous injection or
thetics may also be importdffl Recently, it has absolute overdogés]

2.2 Cardiovascular Effects

0 Adis International Limited. All rights reserved. Drug Safety 1998 Apr; 18 (4)
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Cardiovascular toxicity generally begins after tions near the cardiotoxic concentration. This effe
signs of CNS toxicity have occurred. The doses ofvas more pronounced with bupivacaine at conce
lidocaine, bupivacaine, etidocaine and tetracaindrations >5 mg/ml than with lidocaine at concentr
that cause significant cardiovascular effects werdions >20 mg/mi’”l Comparable prolongation of
found to be 3.5 to 6.7 times greater than those rethe QRS interval with bupivacaine and lidocair
quired for CNS toxicityé4 Higher plasma concen- were obtained at a dose ratio of 1678 Thus,
trations of local anaesthetics impair myocardialbupivacaine is 4 times more potent than lidocai
contractility and decrease conduction velocity inin depressing cardiac contractility, but 16 time
the heart, which may progress to sinus bradycardianore potent in prolonging the QRS interval.

dysrhythmias or asystol#®! Vasodilation results Furthermore, it has been shown that bupivac
from vasomotor-centre depression and a direct efine has greater potency than lidocaine or ropivas
fect on the vascular system. ine to induce serious cardiac dysrhythmias such

The contributing effect of acidosis, hypoxia or torsade de pointes, ventricular tachycardias, mu
hyperkalaemia on the cardiac toxicity of local an-form premature ventricular contractions, ventrici
aesthetics is significant (especially with bupivaca-lar fibrillation and refractory asystol&! TheS-(-)
ine) [66.671 Acidosis will decrease the plasma pro- enantiomer of bupivacaine has been shown to
tein binding of local anaesthetics, thus increasindess dysrhythmogenic than tRg+) enantiomer or
the free fraction of local anaesthetic in the plasmathe racemic mixture, although the anaesthetic f
Additionally, acidosis will increase the ionised and tency of thes-(—) enantiomer is the same or great
active fraction of a local anaesthetic within the neuthan that of thdR-(+) enantiomelg]
ron itself and increase plasma potassium levels. These unique features of bupivacaine res

Administration of progesterone to rabbits wasfrom the kinetics of its binding to the cardiac sc
found to increase the potency of bupivacaine, butlium channels. It has been reported that the effe
not lidocaine, in depressing cardiac action potenof lidocaine and bupivacaine on sodium chann
tials {68 human pregnancy, however, does not in-blockade in the papillary muscles are differ@it.
crease bupivacaine cardiac toxidf§}. Lidocaine-induced blockade has fast on and ¢

It has also been suggested that the CNS mayates, whereas the bupivacaine-induced blockad
play an important role in the development of car-fast on, but slow off. Therefore, bupivacaine caus
diovascular toxicity, since direct application of frequency-dependent blockade of sodium chann
bupivacaine within the medulla resulted in cardio-at lower heart rates than lidocaine, resulting
vascular changes similar to those of cardiovasculaslowing or blockade of conduction at lower rates
toxicity.[7] At the molecular level, local anaesthetics bloc

The degree of myocardial depression was foundot only voltage—dependent sodium channels t
to be directly related to anaesthetic potéd#eyt!  also calcium and potassium chanr&l$3! In ad-
Bupivacain&273] and etidocainé’ appear to be dition, there might be a delay of activation becau
more cardiotoxic than most other commonly usedof either disturbance of conduction or excitatior
local anaesthetics. In contrast to other, less potentontraction coupling. Local anaesthetic—induce
local anaesthetics that depress cardiac contractilityinhibition of cyclic adenosine monophosphat
only at higher concentrations, bupivacaine(cAMP) production (most potently by bupivaca
depresses ventricular contractility vitro at rela-  ine) may also contribute to the negative inotrop
tively low concentration§2.74-76lFurthermore, al-  effect and interfere with the effects of epinep!
though lidocaine and bupivacaine have no directine 84 The clinical implication of this finding is
myocardial effects at clinical concentrations (be-that a higher dose of epinephrine may be requir
low 5 mg/ml and 1.25 mg/ml, respectively), they during resuscitation in order to restore cardiac cc
depress myocardial function at plasma concentratractile function after bupivacaine intoxication.

0 Adis International Limited. All rights reserved. Drug Safety 1998 Apr; 18 (4)
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It is important to distinguish the cardiovascular  Risk factors identified for the development o
changes related to toxic concentrations of local anbradycardia during spinal anaesthesia includ
aesthetics and those secondary to the regional aivaseline heart rate <60 beats/min, ASA physic
aesthetic procedure itsé#f! For example, hypo- status 1 versus 3 o) regular use o-blocking
tension was reported to occur in 38 to 45% ofdrugs, sensory block height at TS or higher, a
patients after neuraxial blockade (spinal or epi-<50 years and prolonged PR interval on the pr
dural anaesthesi&f-881 This hypotension is not operative ECG!0.101In addition, high spinal an-
usually associated with a significant increase inaesthesia was found to alter susceptibility to tt
heart rate. In fact, bradycardia occurs only in abougoporific effects of sedatives and hence increa
9 to 13% of patients, and it has been accepted asthe risk of hypoventilation and hypoxaerffi!02
typical cardiovascular response to high spinal an- It has been suggested that the deafferentati
aesthesi&6-88l |In addition, epidural anaesthesia caused by spinal anaesthesia and the loss
extending to the first thoracic segment is associfacilitatory proprioceptive input into the respira:
ated with a fall in mean arterial blood pressure oftory centre may alter the respiratory response
16.3%, a decrease in total peripheral resistance dfedativesio?l Nevertheless, the exact mechanist
18.7%, but little change in cardiac outyit. of the suddgn onset of profound bradyc;ardia a

The haemodynamic changes after epidural anasystole durmg _neuraX|aI bIockqde remains large
aesthesia were also found to be related to effects df1known, butit is probably multifactorial. The ae
the B-adrenergic stimulating action of absorbed i0l0gy of this phenomenon could be attributed t
epinephrine. Epinephrine is used in the test dosihhibition of cardiac sy.mpathetlc fibres, enhance
for epidural anaesthesia and to potentiate the ef/292! tone, decrease in central ven%ulsozreturn 8
fects of epidurally administered lidocaine. A com- activation of Bezold-Jarisch refléio-102 An-
bination of epinephrine and lidocaine was found toother pO.SSI.b|e mechanism COUId_ be3 pre—.eX|st|r
produce a 49% increase in cardiac output, a 37(yglutonomlc imbalance or dysfuncti8fd] Patients

decrease in total peripheral resistance and a 1002({32;08?3:2%”; g:g:gﬁfg'i?g gu?:étt?g:g'é:ﬁg
decrease in mean arterial blood pres&ittd@here- Y 9 y

fore, the addition of epinephrine to lidocaine re- postural hypotension and high resting heart ra

. . . : hich may be exaggerated or diminished by tt
sulted in a marked increase in cardiac output an . )
oo . : - expected effects of regional anaesthesia. Tests
significant decrease in total peripheral resis-

tancel89.90] autonomic dysfunction include measuring th

. . degree of sinus dysrhythmia or beat-to-beat va
Anaesthetists are currently confronted with a g ysry

e aility, Valsalva manoeuvre with blood pressur
plethora of case reports describing the phenome:- y P

) monitoring, carotid sinus pressure, and vasopress
non of abrupt, extre'me bradycardia and/or asy5t0|%hallenge or atropine-challenge tests.
during spinal or epidural anaesthe1-971The
American Society of Anesthesiologists’ (ASA) 55 2 freatment
Closed Claim stud$! reported 14 cases of sudden  Treatment of cardiovascular toxicity depend
cardiac arrest during spinal anaesthesia in healthyn the severity of the effects. Hypotension i
patients undergoing minor surgical proceduresireated by administration of crystalloids and/c
The highest block averaged T4. Despite apparentlyolloids. A small dose of a vasopressor, such
appropriate resuscitation procedures, 6 of the 14phedrine, may be required. Bradycardia and ¢
patients died, and only 1 survivor had completecreased myocardial contractility may require po:
neurological recovery® It was concluded that the itive inotropic agents, such as ephedrine or ey
potential for sudden cardiac arrest in the setting ofiephrine. The routine use of epinephrine in loc
apparent haemodynamic stability is present, yetinaesthetic solutions for regional blockade m:
poorly understoos! prophylactically provide inotropic agents, as we

0 Adis International Limited. All rights reserved. Drug Safety 1998 Apr; 18 (4)
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as giving warning of intravascular injections whennephrine, which has both cardiostimulatpy (e-
it is associated with an increase in heart rate oteptor agonist) and peripheral vasoconstriatqr (
approximately> 10 beats/min. Furthermore, add- receptor agonist) activity, may be the drug ¢
ing vasoconstrictors, such as epinephrine, norepiehoice for treating asystole induced by bupivac
nephrine (noradrenaline) and phenylephrine, to loine 114 In addition, isoprenaline (isoproterenol
cal anaesthetics for regional anaesthesia mawas found to partially or completely correct a
provide several beneficial effects, such as decreagupivacaine-induced abnormalities and to d
ing the peak plasma concentrations of local anaesrease sinus cycle lengfA5 Therefore, isoprena-
thetics, increasing the duration of the blockade angine may have potential therapeutic value in tf
decreasing toxicit{%410%] treatment of bupivacaine intoxicati#® Cardiac
Cardiac arrest caused by local anaesthetichacing can be difficult in the presence of tox
should be treated by cardiopulmonary resuscitappivacaine concentrations, and high-frequen
tion, along with hyperventilation with oxygen and pacing should be avoidéH#8! it was noted that the
pharmacological interventions (e.g. epinephrine,higher heart rates generated by the physiologi
bretylium, atropine). Defibrillation should be insti- pacemakers of the heart also increase the c
tuted when indicated. The rapid production of aCi'diocircuIatory toxicity of bupivacain@Lel
dosis and hypoxia after local anaesthetic—-induced Bupivacaine-induced dysrhythmias have be
toxicity are well documented in humans and ani- oo 010y to treatment. Lidocaine, bretylium

106-108] i i ) _
mals and_ ShO.UId be prompfcly correctgd. magnesium, calcium antagonists and amiodarc
Nevertheless, little information exists regarding have been used experimentally, with variable T

the best treatmerjt of cardlovlzgsculgr toxicity _of lo sults[79117-1201By binding to the same receptor, li
cal anaesthetics in humaa:1%9 Animal data in- . . . . |

. . ocaine (at high doses) may displace bupivaca
dicate that early aggressive treatment of CNS an : . 1

) o : rom cardiac sodium channélg!l and has on oc-

cardiovascular toxicity is capable of reducing the . . -
o . ) . - . casions been successful in the resuscitation of
incidence of mortality associated with the rapid in-

- . . mansi1% However, lidocaine is ineffective in
travenous administration of excessive doses of lo-

cal anaesthetid$%! Animal data also suggest that: treating haemodynamic changes, and can wor:

14119 i _
(i) high doses of epinephrine may be necessary tgysrhythmlaé. I Bretylium has been more effec

support the heart rate and blood pressure: (ii) atrolV€ than lidocaine in animals with experiment:
bupivacaine-induced dysrhythmig811° The

pine may be useful for bradycardia; (iii) direct cur- =~ ) ) h e
rent (DC) cardioversion is often successful; angiNidue antidysrhythmic mechanism of bretylium

(iv) ventricular dysrhythmias are probably better "lated to blockade of catecholamine reuptake
treated with bretylium than with lidocaif?! well as blockade of potassium channels, which 1

The effectiveness of epinephrine in treating car-9ether prolong repolarisatiétt?! Phenytoin was
diovascular collapse after bupivacaine overdose i§lS0 reported to be effective in treating bupivac
controversial. Vasopressor drugs with less-directne-induced cardiac toxicity in 2 full-term neonate
cardiac effects than epinephrine, e.g. pheny|ephafterothertherapies, including bretylium, had be
rine, may be more beneficial in the treatment ofunsuccessfut??l The initial dose of phenytoin
local anaesthetic-induced hypotensi¥f, since ~ should be 5 mg/kg; second and third doses may
the ability of epinephrine to stimulate cAMP for- administered as necessary at 5-minute intervals
mation may be inhibited by bupivacaifi.Am-  a maximum dose of 15 mg/k3l Combined ad-
rinone can augment intracellular Caconcentra-  ministration of clonidine and dobutamine has be
tions and was found to be superior to epinephrineeffective in dogs; however, clonidine alone can e
in the treatment of bupivacaine-induced cardiovashance the bradycardia and haemodynamic depr
cular depressio!2113] A drug such as norepi- sion induced by local anaestheti!]

0 Adis International Limited. All rights reserved. Drug Safety 1998 Apr; 18 (4)



Adverse Effects of Local and Regional Anaesthesia 229

An algorithm for treatment of local anaesthetic- correlated behaviourally with clonic seizufe¥]
induced acute cardiovascular toxicity and seizure€voked-potential studies demonstrated that tl

is shown in figure 1. electrical activity of the brain stem auditory path
way is suppressed even when the cerebral corte:
2.3 CNS Effects in the excitatory state during the convulsive sta

of procaine toxicity13]

In one study, CNS adverse effects of ropivac

Features and Mechanisms ine and bupivacaine (such as tinnitus, lightheade

Local anaesthetics cause concentration-depengress. dizziness and circumoral paraesthesia) w
ent CNS toxicity, characterised by excitation andcompared in 12 volunteers, who received intrav
seizured®*12lExcitation of the CNS may be man- o5 infusions of either drug at a rate of 10 mg/m
ifested by restlessness, excitement, NEervousnesgy 1o a maximal dose of 150rfig8] Ropivacaine
dizziness, tinnitus, blurred vision, nausea and.;,sed fewer CNS symptoms and the maximu
vomiting, muscle twitching, tremors and Sei- yyjerated dose of ropivacaine was 25% higher th
zures!'26-130%Numbness of the tongue and perioraly o+ ot bupivacain&3®! In clinical trials using epi-
region may appear as an early sign of systemic Oy ral ropivacaine, or comparing epidural ropivac:

icity. CNS excitation may b? transie.nt and fo".ine with bupivacaine, CNS symptoms have bet
lowed by CNS depression, with drowsiness, eSPli00 rare to assess a singular or comparative in
ratory failure and coma. However, CNS depressior]jence

may be the first manifestation of CNS toxicity in Systemic toxicity from excessive continuous ir

some patients. There may be simultaneous eﬁeCthusions of local anaesthetics has been reported

on th? cardlovasqular system, W'th F‘“Vocard"."" d(.e'children[127'130’1371Although adults frequently re-
pression and peripheral vasodilatation resulting in

hypotension and bradycardia; dysrhythmias ancpr(:.r{:j symptoms tOf mlntotrhCNS tom;:lty, your;gel
cardiac arrest may also occur (section 2.2). Severg Iaren may not report th€se symptoms, and re
lessness or agitation caused by minor CNS toxici

tissue hypoxia and acidosis were shown to de: ™ .
crease seizure threshold and enhance the CNS tolt! !nfan‘ts_ a}nd togdlers may be m|smte_rpreted_a
icity of local anaesthetids?! pain or ‘difficulty in adjusting to the hospital envi-
The mechanism of initial CNS excitation and ronment’[13§1 .

subsequent depression has been attributed to the 1he earlier concept that pregnancy might &
selective blockade of inhibitory cortical synapses@SSociated with increased sensitivity to local a
by local anaesthetid&1-138 This allows facilita- aest_hehdéQl has not been confirmed by recen
tory neurons to function unopposed and thus leadgtudies*** 1491t has been shown that the plasm
to an increase in excitation of the CNS, ultimatelylidocaine concentration necessary to induce s
manifested as seizures. Further increases in locgMre activity, as well as circulatory collapse, wer
anaesthetic dose produce a depression of both i¥ery similar in pregnant and nonpregnar
hibitory and facilitatory neurons, leading to a sheep?3¥ In another study, the seizure threshol
generalised state of CNS depresdidH. EEG  for lidocaine was prospectively assessed in ma
changes after intravenous administration of locanonpregnant female and pregnant female [#4i5;
anaesthetics in humans included a decrease in mean lidocaine doses, as well as plasma and br
activity, and a simultaneous increasedifi activ-  concentrations of the drug, at the onset of EE
ity.1125] In animals, dose-related changes were obseizure activity were not different among the
served, particularly in the amygdaloid nucleargroupsi4

complexes, including rhythmic spindling pro- In animals, prophylactic benzodiazepine ac
gressing to spike-spindle complexes and ictal epiministration reduced the likelihood of seizures a
sodes, which could become generalised and werter intravenous local anaesthetic administr:

2.3.1 CNS Excitation and Depression
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Cardiovascular
Effects

l

Hypotension
Systolic blood pressure
20% < control value

Bradycardia
Heart rate <60
beats/min

Ventricular
dysrhythmias

Cardiac arrest

I

I

I

I

Crystalliods/colloids
IV ephedrine 5mg
increments

Atropine 0.5-2mg IV
Isoprenaline (isoproterenol)
[115]2-10 pg/min IV infusion

A4

A

Lidocaine (lignocaine) [109:121
2 mg/kg followed by

1V infusion
mg/kg/min

Confirm pulselessness
Start CPR, call for help
0.1 intubate at once

v

v

Amrinone [112:113]

4 mg/kg IV

followed by IV infusion
0.1. mg/kg/min

Consider:

transcutaneous pacing or
transvenous pacing
(avoid high frequency)!116]

Bretylium(80.110.119]
5 mg/kg (repeat in
5 min at 10 mg/kg)

oxygen

Confirm adequate
ventilation with 100%

Determine cardiac rhythm

¥

v

Asystole

Ventricular
tachycardia or fibrillation

v

¥

( Seizures )

A

Adequate ventilation
with 100% oxygen

v

Thiopental sodium

2 mg/kg IV or diazepam
1 5-10mg IV or

propofol [14420mg IV

Suxamethonium chloride
(succinylcholine)

1 mg/kg or endotracheal
intubation (only after
anticonvulsant)[147]

Correct hypoxia and acidosis
Continue CPR. High dose
epinephrine (adrenaline)84
1-5mg IV push

(repeat every 3-5 min.)

Continue CPR
Defibrillate 200J, then
300J, then 360J
Epinephrine 1-5mg IV
Defibrillate 360J

Correct hypoxia and acidosis

Norepinephrine
(noradrenaline)[114]

2 pg/min V. If not effective,
consider using

isoprenaline (111 1 pg/min IV

¥

Bretylium(80:110.119]

5 mg/kg IV (repeat in
5 min at 10 mg/kg)
Defibrillate 360J

Consider:
transcutaneous pacing or
transvenous pacing

High dose lidocaine
(lignocaine) [109.121]
2 mg/kg IV
Defibrillate 360J

Fig. 1. Algorithm showing treatment of local anaesthetic-induced acute cardiovascular toxicity and seizures.[79:84,109.110,112-116,119,121,144,147] Appreviations: CPR =
cardiopulmonary resuscitation; IV = intravenously.
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Adverse Effects of Local and Regional Anaesthesia 231

tion.[141.1421However, the use of benzodiazepines 2.3.2 Other Effects
may make toxic responses more dangerous by re-
moving a treatable warning sign, since the animals
proceeded to circulatory failure directly without
seizures.

Peripheral Neurological Complications

Adverse neurological effects, such as numl

ness, tingling, heaviness or burning sensatior

have been noted by patients following spinal or ej
Treatment dural administration of local anaesthef¢8:154
Treatment of CNS toxicity includes maintain- /N most cases, these symptoms were restricted

ing adequate ventilation and oxygenation, and conth€ lumbar and sacral dermatomes, and disz

trolling seizures (figure 1). Circulatory collapse P€ared within 6 months.

may follow if plasma concentrations of local an- ~Cauda equina syndrome is a very rare and se

aesthetics continue to increase. PharmacologicdfUS Neurological complication of neuraxial block

treatment of seizures includes intravenous adminf:"de['m’ws]It is an acute neuropathy that, by affec

istration of thiopental sodium or benzodia- ing the smaller nerve fibres or autonomic fibre:

i o : leads to varying degrees of urinary and faecal i
zepined!“3l However, the administration of an an- . ying deg y i
continence, localised sensory loss in the perine

ticonvulsant should never take precedence OVeL oa and varying degrees of leg weakness. The

oxygen administration. ) set of symptoms is rapid and is usually detectt
A recent study demonstrated the effectivenessmmediately after regression of the nerve blocl

of propofol in stopping lidocaine-induced sei- |n an extensive review of complications of neul
zures4 The CNS toxicity of local anaesthetics axial blockade in 32 718 patients, transient par:
may result from depression of subcortical inhibi-ysis was reported in 48 patients (0.1%), where
tory control ofy-aminobutyric acid (GABA) over 7 patients experienced permanent paralys
normally occurring excitatory activit}?>1321Pro-  (0.02%)!X54 In a more recent survey, the incidenc
pofol may specifically reverse this deficiency by of paraesthesiae and motor dysfunction associa
acting as a GABA-mimetic drug?®! Lidocaine-  with 23 827 deliveries was 18.9/10 000 deliverie:
induced seizure activity can be modulated by anAll symptoms resolved within 72 hours, after suf
tagonism of glutamatergic receptéié] portive therapy onl{#52]

Suxamethonium chloride (succinylcholine)  In another study, 17 733 consecutive neuraxi
may also be needed for skeletal muscle relaxatioR0cks (8501 spinal and 9232 epidural anaesth:
and to aid intubation. However, administration of I€S) performed during a 3-year period were al
neuromuscular blockeagone(without an anticon-  lysed*?l Neurological complications related tc
vulsant) is not recommended, because it only pregnaesthe§|a were noted n 17. patients, of wh_om
vents systemic, not cerebral, acidosis. It has beehad persistent lesions (3 spinal and 10 epidul

shown that cerebral lidocaine concentrations WereB|OCkS)' In 5 of these cases, polyneuropathy

. . . nonspecific neurological symptoms were preser
higher — 10-fold over control — in animals para- P 9 ymp P

ivsed duri . q | In 3 cases, occurring after epidural blocks, parapl
ysed during seizures compared to nonpara yseé}a was caused by epidural haematoma that dev

animalsit4”l which probably reflects an ion-trap- oped in the presence of anticoagulant theF&8Y.
ping mechanism resulting from a fall in the pH of Recently, there were some alarming reports
the brainl71 It has also been suggested that acutgjeyastating neurological complications following
hypertension induced by vasoconstrictive agentgontinuous subarachnoid anaesth&$ml59l In
[epinephrine, norepinephrine and phenylephrinelone report, 4 cases of cauda equina syndrome w
added to local anaesthetics may play a role in rereported, 3 of which occurred after repetitive injec
ducing the threshold of lidocaine-induced seizuregion of a hyperbaric solution of lidocaine 5%
in rats(148l through a 28-gauge cathdtef! In another, 2 cases
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232 Naguib et al.

of persistent sacral nerve root deficits after continthors concluded that this difference in incidenc
uous subarachnoid anaesthesia were reported; boluggests ‘that symptoms were the result of a s|
had been performed using an identical hyperbaricific drug effect’[16% and that glucosper sewas
solution of lidocaine 5% for incremental injection not an important factor. The presence of 7.5% gl
through a 28-gauge cathetér! Other authors re- cose does not affect the potential of intratheca
ported a patient in whom cauda equina syndromadministered 5% lidocaine to induce sensory ir
may have resulted from the subarachnoid adminispairment168] These findings provide further sup
tration of an intended epidural injection of pH- port for the hypothesis that recent injuries after s
adjusted solution of lidocaine 2863 nal anaesthesia resulted from a direct neuroto
The technique of continuous spinal anaesthesiagffect of the local anaestheti€®!
particularly with small-bore catheters, might have Local anaesthetic-induced myelotoxicity (i
partially contributed to the development of theserabbits) was found to be related to water solub
neurological sequeld&%1611 A recent US Food ity.[1671 Highly water-soluble drugs such as lido
and Drug Administration safety alert regarding caine and tetracaine could be prepared in conc
cauda equina syndrome described 11 patients wittrations sufficiently potent to cause neural damag
cauda equina syndrome after continuous spinal arwhereas less water-soluble drugs, such as bt
aesthesia with small-bore 28-gauge catheters andgacaine, could not.
lidocaine 5% in a glucose 7.5% solutid#?! Even- Local anaesthetics seem capable of induci
tually, microcatheters were withdrawn from the long-lasting structural and functional changes
North American market. However, clinicians can neural tissue when administered at a large enot
use continuous spinal anaesthesia, but with largedose or concentratidk®! Exposing amphibian
bore catheters. It appears that microcatheters mighyelinated nerves to the high concentrations of
have contributed to nonuniform distribution of the docaine and tetracaine used for spinal anaesth¢
local anaesthetic in the CSF, along with drug overcaused irreversible impulse blockd#k8] This loss
dose. These factors might have resulted in a poterof electrical activity was not a result of residus
tially harmful or neurotoxic local anaesthetic con-local anaesthetic, irreversible membrane lysis
centration that contributed to the cauda equinalepolarisation, nor was it caused by the high de
syndrome or persistent sacral nerve root defitrose concentration added to certain commerc
cits [156-158.163]|n fact, restricted distribution of lo- formulations of lidocainé®8l In rats, repetitive
cal anaesthetics has been shown to induce sensoligocaine exposure of the tibial nerve may be ne
impairment in rat$55.161INot surprisingly, pencil-  rotoxic if a 4% drug concentration is ugéf! Ex-
point spinal needles, which may result in mal-posing rat sciatic nerves to a 2.5% lidocaine cc
distribution of local anaesthetics, have also beercentration has been shown to cause select
incriminated(164! vulnerability of unmyelinated fibre Schwanr
In addition, significant differences exist in the cells[17% The addition of epinephrine to the loce
neurotoxic potential of different local anaesthet-anaesthetic was also suggested as being respc
ics[161] Infusion of lidocaine solution was associ- ble for localised vasoconstriction, resulting in
ated with a persistent increase in tail-flick latencycompromise of blood flow to the lumbosacre
in the rat when compared with bupivacaine, tetra-cord!171l
caine and saline solutions. In a clinical study in  The lithotomy position may predispose patien
which patients received either lidocaine 5% in glu-to develop radicular symptoms. This concept
cose 7.5% or bupivacaine 0.5% in glucose 8.5%supported by case reports, in which radicul
neurological symptoms occurred in 44/120 pa-symptoms predominantly occurred in patients he
tients (37%) receiving lidocaine, but only 1/150 ing surgery in the lithotomy positiéfi&-172land by
patients (0.7%) receiving bupivacai#®! The au-  cadaveric dissection, suggesting that the lithotor
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Adverse Effects of Local and Regional Anaesthesia 233

position stretches the nerve roots in the caud#e drug-induced after administration of ranitidine
equinalls8 Other factors that may predispose theantimicrobials, carbamazepine or nonsteroid
patient to neurological deficits are: arterial hypo-anti-inflammatory agents and immunoglobu
tension; the condition of the patient; performing lins.[186-188]
the block during general anaesthesia (the patient is Bacterial and viral meningitis can also occur a
rendered unable to report pain); or the existence of poder neuraxial blockadég®-191Bacterial meningitis
systems of communication between the operatingvas found to occur in 2.1% of patients with bac
team, and nursing and medical st&ft.170.173] teraemidl’8 and is probably much rarer in pa:
It seems that the hyperbaric lidocaine formula-tients with negative blood cultures. The possibl
tion carries a substantial risk of neurotoxicity whencauses of post—lumbar puncture meningitis a
administered intrathecally. In a recent editorial, deconcomitant systemic infection (with entrance c
Jond!74 recommends that hyperbaric lidocaine bebacteria through a break in the blood-brain barri
used with caution, if at all. Astra USA has revisedproduced by the spinal needle), equipment and
the prescribing information for lidocaine, recom- aesthetic drug contamination, and improper tec
mending: (i) dilution of lidocaine 5% with an equal niquel*92 |t is, therefore, essential that meticulou
volume of CSF or preservative-free saline; (ii) aattention is paid to aseptic technique, and that
maximum dose of 100mg; (iii) removal and facemask is always worn during the performanc
replacement of the needle if inadequate spreadf central neural block?0!
of anaesthesia requires an additional dose; and
(iv) use of a spinal needle of sufficient gauge to 2.4 Endocrine and Metabolic Effects
ensure adequate withdrawal of cerebrospinal fluid
through the needle before and after anaesthetic ad- Spinal or extradural administration of local an
ministration. Whether these recommendations willaesthetics has been shown to prevent a major f
reduce the incidence of transient radicular sympof the classical endocrine-metabolic response
toms after lidocaine spinal anaesthesia remains tgurgical procedured?3-197 Although there is little
be established. It may be prudent to substitutévidence that the stress respopse seresults in
bupivacaine or ropivacaine for lidocaine when per-morbidity, several potentially detrimental physio
forming operations during which lidocaine with logical effects are modulated through the stress |
epinephrine would normally be usB&! Bupi-  sponse. For example, stress response mediators
vacaine is clearly less likely than lidocaine to pro-potent inhibitors of the immune system and me
duce permanent neurological deficit in a variety ofcontribute to postoperative immunosuppressic

animal mode|$155.161,167] and infectiori198! Furthermore, cardiac morbidity
may be increased through release of neuroen
Meningitis crine hormones, with resultant reductions in myc

The risk of infective sequelae after neuraxial cardial oxygen supply or increases in demaffl.
blockade is low with a strict aseptic technique, as Hypoglycaemia progressing to coma wa
evidenced by the few anecdotal reports in the literdescribed in a 69-year-old patient with type
ature. Such sequelae were noted in only 2 cases {tnsulin-dependent) diabetes mellitus following
2 reviews of 27 000 and 505 000 patients who reepidural analgesia with 6ml of bupivacaine
ceived epidural block during labodéfé1771 The  0.5%[2°0 In contrast, an intravenous infusion o
frequency of meningitis after spinal anaesthesidbupivacaine (2 mg/min for 3 hours) had no signi
was found to be similar to that in the ordinary pop-icant effect on blood glucose levels in a group of
ulation[*78 Most of the reported cases of meningitis healthy individuald201]
after dural puncture were aseptic in origif?;183] Local anaesthetics, including lidocaine an
with an incidence of 0.269484.185]Aseptic menin-  bupivacaine, do not appear to trigger porphyric r
gitis could result from meningeal irritation, or may actions(292.203l and no clinical exacerbations of
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porphyria have been reported after the administrabeen observed following topical application c
tion of ester or amide local anaesthet€4205]  20% benzocaine spray to the phar{Aifl
Procaine, however, decreases the activity-of Nausea and vomiting are relatively common a
amino levulinic acid (ALA) synthase, which catal- verse effects associated with neuraxial block a
yses the rate-limiting step in the biosynthesis ofits resultant hypotensidft>-219A rapid decline in
porphyrins in the rat-liver experimental motF!  systolic arterial blood pressure (to <80mm H
such inhibition can precipitate acute attacks of porduring spinal anaesthesia is often associated w
phyria in humans. It has been suggested that rahe onset of nausé#521¢l Incidences of nausea
gional anaesthesia should probably be avoided imelating to spinal anaesthesia range from 14
the setting of acute porphyric cri$i8% Associated ~ 45%1[215-221]|n one study, the incidence of nause
neuropathy may be rapid in onset, clouding the difand vomiting following a 21-hour epidural infu-
ferentiation between the onset of regional anaession of ropivacaine 0.5% for postoperative analg
thesia and progressive porphyric neurop&®. sia after orthopaedic surgery did not significant
In addition, mental-status changes often make padiffer from that observed in a control group wh
tients with porphyria uncooperati{g88] were treated with saliré??! The reported inci-
Epidural anaesthesia is associated with severalences of nausea and vomiting following brachi
thermoregulatory changes that lead to hypotherplexus block were lower, being 8% and 4%, respe
mia, such as increased cutaneous blood flow, detively.[223] The incidence of nausea and vomitin
creased input from cutaneous thermal receptorgluring spinal anaesthesia may be decreased by
and redistribution of central hel8$7-209 |t has  administration of 100% oxygen and intravenot
been suggested that regional anaesthesia blocks @tiministration of atropine, suggesting that hyp
thermal sensations; however, cold signals are disxaemia and vagal stimulation may play
proportionately affected because cold receptor acrole [215:216.218] Prophylactic administration of
tivity is predominant at typical skin tempera- metoclopramide or other antiemetics can decree
tures21% Hence, regional anaesthesia would causé¢he incidence of this complicatid##4225!
thermoregulatory control centres to detect a higher Acute mesenteric ischaemia and intestinal i
temperature in the led®9 This higher apparent farction were reported in a 38-year-old male fo
leg temperature would consequently decrease thiwing the administration of intravenous cocair
core temperature threshold for shiveri#§! Ther- 49226l
moregulatory changes are augmented with con-
comitant administration of general anaesthesia 2 ¢ Respiratory Effects
with epidural anaesthesi! Surprisingly, epi-
dural analgesia has also been associated with oth- It should be noted that intravenous administr
erwise unexplained hyperthermia in women duringtion of local anaesthetics, such as lidocaine, is
labour(212] |t appears that the effects of epidural effective treatment of intraoperative bronchc
analgesia on human thermoregulation are complegpasni??” In vitro studies have demonstrated th:
and incompletely understood. lidocaine exerts a direct relaxant effect on smoc
muscle&28l and can inhibit mediator releadg’
However, there are reports of bronchospasm af
2.5 Gastrointestinal and Hepatic Effects interscalene brachial plexus block and spinal
aesthesia, which may have resulted from blocka
Local anaesthetics have been associated witbf the sympathetic supply to the lung via blockac
taste disturbances and paraesthesiae. Although tlué the sympathetic chaiA30-2311the histochemical
actual incidence is unknown, it is suggested thafluorescent technique has shown an extensive r
this is a rare complicatidd!3! In addition, nasal work of catecholamine-containing nerves throug
irritation and transient gagging sensations haveout the tracheobronchial tré&8?]
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Respiratory arrest has also been reported folbe approximately 60% to 75% after supraclavict
lowing caudal, intercostal and retrobulbar blocks,lar techniques of brachial plexus blockéfé 245!
possibly caused by inadvertent intravenous or in12% after brachial plexus blo&k3 and 0.5 to 4%
trathecal injectiori33-233] In one report, respira- after lumbar epidural block during labdgf8-248]
tory arrest developed nearly 3 hours after theTopical application to the eye of directly acting
epidural administration of bupivacaifé® Respi- sympathomimetics, such as phenylephrine, cot
ratory arrest associated with unconsciousness aneffectively reverse unpleasant ocular manifest
hypotension was reported after total spinal anaegions (e.g. ptosis and miosis) associated wi
thesial23"] Adult respiratory distress syndrome hasHorner’s syndrom&29! It should be remembered,
also been reported following administration of li- however, that blurred vision and diplopia are 2 «
docaing238] The relative bioavailability of lido- the early signs of CNS toxicity (section 2.3).
caine has been found to be higher when applied to Extraocular muscle palsies have been describ
the upper respiratory tract than after administratiorfollowing administration of local anaesthetics fo
to the lower respiratory tratg ophthalmic surgeri#®%.251Imost frequently affect-

Lidocaine jelly has been reported to obstruct aring the inferior rectus muscl&22541 The highest
endotracheal tube during surg&A! It was deter- concentrations of local anaesthetic should not |
mined that lidocaine jelly, when exposed to nitrousused, as these have been shown to be m
oxide and oxygen, forms a sheet-like substance otoxic.[255.256]
the inner surface of the tube. This may cause a nar-
rowing of the lumen or a complete obstruction.
Therefore, lidocaine jelly should be avoided as a
lubricant for both endotracheal tubes and sty-

2.8 Musculoskeletal Effects

lets[240] It has been shown that injection of local anae
thetics intramuscularly or into adjacent subcutan
2.7 Ocular Effects ous tissue can result in myonecrd&i$:261This is

characterised by localised muscle dysfunction al

Retrobulbar anaesthesia with local anaesthetictenderness following local anaesthetic injectior
may result in a transient and marked reduction inlhe extent of muscle injury from local anaesthetic
visual acuity. However total blindness has neveiis dose-dependef£2-261 Bupivacaine was found
been reportef41.2421 In general, the longer the to produce a greater tissue reaction than procail
globe axial length, the greater the decrease in viand the addition of corticosteroid to bupivacain
sual acuity following retrobulbar blodk!l In a  increased the initial tissue damage and prolong
patient with diabetic retinopathy, retrobulbar lido- the healing phasé? Furthermore, epinephrine
caine injection resulted in a retinal vascular occlu-alone, in concentrations higher than 200 000,
sion243] This was believed to be caused by vasocaused similar, but less extensive, damége.
spasm, because of the absence of retrobulbalith all local anaesthetics, the initial damage t
haemorrhage, presence of a normal optic nerve omuscle fibres was restored by regeneration; col
CT scanning and reversibility by paracentesisplete regeneration occurred within 3 to 4 week
sublingual nitroglycerin (glyceryl trinitrate) and with relatively few long term effects of dam-
carbon dioxide rebreathing. agel?258.264]

With the exception of stellate-ganglion block, = The molecular event triggering local anae:
Horner’s syndrome (miosis, ptosis, enophthalmoghetic myotoxicity points to pathological efflux of
and anhidrosis) can result from blockade of the ocintracellular C&* from the sarcoplasmic reticulum
ulosympathetic pathway as a result of spread obf mature multinucleated myocyt&82.2661 There-
local anaesthetics administered by various routesfore, high concentrations of bupivacaine, repeat
The incidence of this complication was reported toadministration and the use of epinephrine shou
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be avoided if injections are to be made into or adthe allergic reactions. Allergic reactions to amic
jacent to muscle. local anaesthetics are unusual and may be rele

All local anaesthetic drugs (amide and ester) apto the preservative, which is a para-aminobenz
pear to be suitable for use in patients susceptible tacid derivative. In contrast to amide local anae
malignant hyperthermi@”] Amide local anaes- thetics, ester local anaesthetics are generally ¢
thetics were originally avoided in such patients onsidered to show cross-sensitivid§e!
theoretical grounds, based on thieiwvitro ability Some patients diagnosed as being hypersel
to increase Cd efflux from sarcoplasmic reticu- tive to local anaesthetics may have reacted to p
lum. However, this class of drugs has been usedervatives in the preparatiod%¥ In such patients,
extensively in these patients without demonstrablegreservative-free local anaesthetic preparatio
adverse reactiori&8! In fact, extensive search of should be used for subsequent anaesthesia. Se\
the literature has revealed no reference to maligreviews have addressed in detail the differe
nant hyperthermia being triggered by local anaesmechanisms and investigation of allergic rea
thetics. tions[287-289]

Back pain is not infrequently observed after epi- The goals of treatment of allergic reactions ar
dural anaesthesl#9272 patients who have had (i) correction of arterial hypoxaemia; (ii) inhibition
epidural anaesthesia have twice the incidence off further release of chemical mediators; ar
back pain compared with those who did not un-(iii) restoraion of intravascular volume. 100% ox:
dergo this procedure (18.9%6 10.5%)126% Epi-  ygen and intravenous epinephrine 10 touggkg
dural administration of chloroprocaine, with or should be immediately administered. Early tr:
without epinephrine, has been associated with secheal intubation with a cuffed tracheal tube shou
vere back pain, with a higher incidence than lido-be considered in patients with rapidly developir
cainel273.274Proposed factors contributing to back angioedema. Fluids (crystalloid and/or colloid s
pain include the preservative disodium ethylene di{utions) must be concurrently administered. No
amine tetra-acetate (EDTA), low pH, large injectedepinephrine or a sympathomimetic drug (e.g. me
volumes and local irritation of muscle tisd&@! raminol, phenylephrine) may also be necessary
EDTA s the active agent producing pain, probablymaintain perfusion pressure until intravascul
by chelation of C& in the paraspinous muscle, fluid volume can be restored. Dysrhythmias shou
which causes spasif? be treated.

2.9 Allergic Reactions 2.10 Effects in Pregnancy

Allergic reactions to local anaesthetics have | gcal anaesthetics rapidly cross the placenta
been reportell7>2%% and have been documented passive diffusion. The placental transfer of bas
by intradermal testirigy>2822%%land decreased se- grugs by passive diffusion is governed by their m
rum complement C4 level with unchanged immu-jecular weight, lipid solubility, pKka and protein
noglobulin E level$?*? The incidence of true al- pinding. For example, a base such as lidocai
lergy to local anaesthetics is not known, but it hagmolecular weight = 234; oil-water distribution ra
been widely quoted that <1% of all reactions to
local anaesthetics are allergic in natiifé84 The _ _ _ o
National Adverse Anaesthetic Reactions Advisor Table II. Incidence of serious anaphylactoid reactions with various

e Y local anaesthetics from 1985 to 1987 (after Watkins, 83 with per-
Service in the UK noted that 5 to 10% of all re- mission)

ported anaphylactoid reactions were caused by |Gvear Bupivacaine  Prilocaine  Lidocaine (lignocaine)
cal anaesthetics (table [BfS] 1985 3 0 2

Ester derivatives of para-aminobenzoic acid 1986 3 2 0
(benzocaine, procaine, tetracaine) cause most o’ 8 L L
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tio at pH 7.20 = 30.2; pKa = 7.86) easily and rap-concentrations of local anaesthetics is controve
idly crosses the placen° Furthermore, spinal sial. In some studies, clonidine was found to ir
or extradural anaesthesia for caesarean section acdease plasma concentrations of lidoc&#feand
vaginal delivery may lead to maternal hypoten-bupivacaind3!ll while in another, it resulted in a
sion[291] This may reduce uteroplacental blood greater than 50% reduction of peak plasma lid
flow and intervillous perfusion and cause fetal caine concentratiorié'?! Clonidine, however, was
hypoxia, acidosis and bradycardia, and neonatdlound to alter hepatic metabolism of bupivacain
CNS and respiratory depressig$f.292-294] leading to increased plasma concentrations
Recently, however, numerous reports attest tdupivacaind3!ll Intrathecally, clonidine does not
the fetal and neonatal safety of maternal obstetri@ppear to alter spinal cord blood flow or cause ne
anaesthesia with various local anaesthétf<%9  rotoxicity. Clonidine did not augment bupivacain
However, administration of a large dose of localor lidocaine-induced toxicit13.314]
anaesthetics may produce excessive fetal and neo- Hyaluronidase is used to improve the spread
natal serum concentrations, leading to fetal acidolocal anaesthetic solutions through tissu
sis, and CNS and cardiac toxicity, presumably beplaned315 Many combinations of local anaesthet
cause of ion trapping of local anaesthefied.In ics and hyaluronidase have been used, mainly -
one report, the administration of lidocaine eitherocular anaesthesia, to enhance akin@si&16lto
into the paracervical tissues or directly into thespeed the onset of surgical anaesth@sfhand to
uterine cavity precipitated fetal heart-rate decelerreduce the requirements for supplemental inje

ations!301l tions prior to surgery, compared with the situatio
_ if it was not usedB!8! The addition of hyaluroni-
3. Drug Interactions dase, with or without epinephrine, to bupivacair

0.75% was found to provide a better and fast
globe akinesia compared with the addition of ep
3.1.1 Drugs Added fo the Local nephrine3%41 In contrast to the effects of epineph
Anaesthetic Preparation rine, hyaluronidase had no significant effect o
Epinephrine (5ug/ml) is frequently added to peak plasma concentrations of lidocaine ¢
local anaesthetic solutions to prolong the duratiorbupivacaind3!®!
of analgesid}®>3%Ito serve as a marker for inad-  Although the addition of low-molecular-
vertent intravascular injection and to delay vascuyweight dextran has been reported in some stud
lar absorption of local anaesthetics, thus minimistg prolong the duration of local anaesthetic a
ing plasma concentrations and systemic toxicitytjon [320] the consensus of opinion indicates th

However, the effect of adding epinephrine todextran does not affect the kinetics or enhance t
bupivacaine or etidocaine is controversi®:3%]  5ction of local anaesthetif&l

Some report892:303lindicate that the addition of
epinephrine enhances the quality of analgesia pro- 3.1.2 Other Drugs
duced by neuraxial administration of bupivaaine or Ephedrine is one of the commonly used ager
etidocaine, whereas others demonstrated that the treat systemic hypotension. It has been report
action of these agents is not markedly affected byo increase plasma lidocaine concentrations fc
epinephrind30s! lowing epidural administration, possibly becaus
Several experimental and clinical studies haveof the increased uptake of lidocaine from the ef
shown that clonidine was able to prolong the duradural space, secondary to the increase in card
tion of action of local anaestheti@87-3101 |t has  output. Other contributory factors might include
been reported that the analgesia obtained witlieduction in the volume of distribution as a resu
clonidine lasts longer than that obtained with epi-of peripheral vasoconstriction and, possibl
nephring3%8] The influence of clonidine on plasma reduced hepatic clearance because of splanch

3.1 Pharmacokinetic Intferactions

0 Adis International Limited. All rights reserved. Drug Safety 1998 Apr; 18 (4)



238 Naguib et al.

vasoconstrictiof?22l However, no reports of serious observed during concomitant propranolol theray
adverse reactions to ephedrine have been found. This difference is of clinical significance and lido
Since local anaesthetics not only block voltage—caine doses should be adjusted accordingly. Ad
dependent sodium channels, but also calcium antlonally, the negative inotropic effect of propranc
potassium channels, interactions might be exiol and possibly othds-blockers, may be enhancet
pected to occur with pharmacological agents, suclby lidocainel335-337JHowever, long terrB-blocker
as antidysrhythmic drugs (sodium-channel block-therapy does not need to be discontinued before
ers), sulfonylureas (potassium-channel blockersuse of local anaesthetig8.339]
and calcium antagonisi&?! In vitro studies have shown that bupivacair
Concomitant administration of oral viscous li- dramatically reduces the binding of mepivacaine
docaine 2% and mexiletine resulted in a significantn1-acid-glycoprotein. Concomitant administra
increase in serum lidocaine concentrations andion of both drugs would be expected to produ
subsequent lidocaine toxicit§#432% similar ob-  higher than expected free concentrations
servations of adverse effects were reported withmepivacaine and increase the risk of systemic tc
disopyramid&26! and procainamid&27’] Although icity.[34% Otherin vitro studies have demonstrate:
there are reports suggestive of interference withthat pethidine (meperidine), phenytoin, quinidin
lidocaine clearance by amiodard®®] a study of and desipramine can displace bupivacaine frc
the effects of combined therapy on lidocaine pharplasma protein§41 Extrapolation of this effect to
macokinetics found no change in clearance or anpatients receiving these drugs would result in
other pharmacokinetic paramel&f! There is ev- increase of 300 to 500% in the free fraction ¢
idence that phenytoin may stimulate the hepatidupivacaine. It should be noted, however, that dr
metabolism of lidocaine, resulting in reduced se-interactions of this type have yet not been report
rum lidocaine concentratiofs?.331] to be of great clinical or toxicological concé#f!
Combinations of calcium antagonists and local Although ranitidine and nizatidine were foun
anaesthetics exert pronounced negative inotropiaot to alter lidocaine pharmacokinetlé&-3441 ci-
effects in animals. The effects of some local anaesmetidine was reported to the significantly affect tt
thetics, on cardiac contractility are enhanced in thggharmacokinetics of this local anaesth&4él. The
presence of calcium antagoni8&]In animals, lo-  effects of cimetidine on a lidocaine infusion in
cal anaesthetic—induced mortality was signifi- cluded a 25 to 30% reduction in clearance, a ¢
cantly increased by different calcium antagonistscreased volume of distribution, reduced prote
(diltiazem, verapamil and bepridif?2! This was binding, increased peak plasma concentration &
probably related to the increased free fraction ofprolonged half-life. An increased incidence of ne
bupivacaine, resulting in enhanced toxi¢i#! In rotoxicity, cardiac dysrhythmias and seizures w
contrast, nimodipine was found to reduce the tox-also reportedf4®! Cimetidine did not alter the phar-
icity of intravenous bupivacaine in rd®¥  macokinetics or metabolism of bupivacalffé!
Nimodipine is usually used to improve the neuro-Single doses of oral cimetidine 400mg or ranitidir
logical deficits caused by cerebral artery spasm fol150mg, administered 90 to 120 minutes before e
lowing subarachnoid haemorrhage. dural block with bupivacaine resulted in no signi
Concomitant lidocaine anf-blocker therapy icant effect on the disposition of bupivacaiffg]
may reduce the clearance of local anaesthetics from Prolonged use of ecothiopate could impair h
the plasma335-3371This effect may be attributed to drolysis of ester-type local anaesthetics, second
a B-blocker—induced reduction in cardiac outputto reduced plasma cholinesterase activf§).
and hepatic blood flow, and inhibition of hepatic However, in one report, a patient who had be
microsomal enzymes. A 30% increase in mearreceiving ecothiopate 0.125% eye drops twi
steady-state concentrations of lidocaine has beedaily for several years underwent epidural anae
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Table Ill. Pharmacokinetic interactions of local anaesthetics

Interacting drug

Effect

Mechanism

Management

Epinephrine
(adrenaling)[302-305]

Clonidinel307-314]

Hyaluronidasel3!5-319

Ephedrinel®?2

Antiarrythmic drugs:

mexiletine,324:325]
disopyramide, 326!
procainamide, 3271
amiodarone, 3281

phenytoinl330.331]

Calcium antagonists
(diltiazem, verapamil and
beprid i |)[323,332-334]

B-Blockersl335-339]

Bupivacaine and
mepivacainel®4%]

Pethidine (meperidine),
diphenylhydantoin, quinidine
and desipraminel341

| Plasma concentrations - prolonged
duration of analgesia and | systemic
toxicity of local anaesthetics. The effect

of adding epinephrine to bupivacaine or

etidocaine is controversial

Prolongs the duration of action of local
anaesthetics

Improves the quality of local
anaesthetic—induced block in ocular
surgery. No significant effect on peak
plasma concentrations of local
anaesthetics

1 Plasma lidocaine (lignocaine)
concentrations following epidural
administration - lidocaine toxicity

t Plasma lidocaine concentrations —
lidocaine toxicity

| Plasma concentrations of local
anaesthetics

Pronounced negative inotropic effects
and significant increases in local

anesthetic—induced mortality in animals

I Clearance of local anaesthetics — 1
adverse effects of both -blocker and
local anaesthetic drugs

Concomitant administration of both
drugs could produce higher than
expected free concentration of
mepivacaine and increase the risk of
systemic toxicity

1 Free fraction of bupivacaine (and
possibly other local anaesthetics) in
animal studies

Delayed vascular absorption of
local anaesthetics

1. Clonidine-induced reduction in
local blood flow - reduction of
local anaesthetic systemic
absorption. 2. ? Inhibition of
hepatic metabolism of local
anaesthetics

Improved spread of local
anaesthetics through tissue planes

+ Uptake of lidocaine from
epidural space secondary to: (i)
cardiac output; (i) ¢ volume of
distribution and; (jii) | hepatic
clearance

? | Clearance of local
anaesthetics

Hepatic enzyme induction — 1
metabolism of amide-type local
anaesthetics

| Protein binding - 1 free
fraction of local anaesthetics

Inhibition of hepatic microsomal
enzymes

Bupivacaine reduces the binding
of mepivacaine to a-1-acid
glycoprotein

Displaces bupivacaine from
plasma proteins

Clinically useful

Clinically useful

Clinically useful

Monitor the patient (CNS,
CVS and respiratory
system)

Monitor patients receiving
antidysrhythmic drugs and
local anaesthetics. If
possible, avoid such
combinations in patients
with known heart disease

Avoid combination, if
possible. If used, monitor
for local anaesthetic
toxicity and adjust dose
accordingly. Intravenous
calcium gluconate may be
beneficial

Decrease local anaesthetic
dose. Long term B-blocker
therapy does not need to
be discontinued before the
use of local anaesthetics

Avoid combination

Monitor for local
anaesthetic toxicity and
adjust dose accordingly

Contd over page
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Table IlI. Contd
Interacting drug Effect Mechanism Management
Cimetidinel343-347] 1 Toxicity of lidocaine. No effect on 1 Lidocaine metabolism, Monitor for lidocaine
bupivacaine clearance, volume of distribution  toxicity and adjust dose
and protein binding - 1 peak accordingly. Consider
concentrations and prolonged another Hz-antagonist (e.g.
half-life. Cimetidine does not alter ranitidine or famotidine)
the pharmacokinetics or with less potential to alter
metabolism of bupivacaine lidocaine metabolism
Acetazolamidel34¢! ? 1 Toxicity of procaine and possibly Prolonged half-life of procaine If possible, avoid this
other ester-type local anaesthetics combination
Ecothiopatel®4°] ? | Hydrolysis of ester-type local 1 Plasma cholinesterase activity  If possible, avoid this
anaesthetics - ? 1 toxicity combination
Abbreviation and symbols: CVS = cardiovascular system; | = decreased; t = increased; - = leading to; ? = possible.

thesia with chloroprocaine without any signs of ex-caine (both are class IB antidysrhythmics) has |
tended or enhanced action of chloroproc&iffé. sulted in additive cardiac depressié!
Administration of acetazolamide prolonged the Local anaesthetics interfere with the release
half-life of procaing348] acetylcholine and, in high concentrations, can pr
The pharmacokinetic drug interactions involv- duce neuromuscular blockale®! In clinical prac-
ing local anaesthetics are summarised in table lll.tice, local anaesthetics can potentiate neuromus
lar blockade induced by either depolarising «
nondepolarising neuromuscular blockEp§:358]
3.2 Pharmacodynamic Interactions Hence, local anaesthetics given intraoperatively
antidysrhythmic agents or postoperatively me
a-Adrenergic receptors in the spinal cord areaugment a residual neuromuscular blockade.
known to mediate endogenous analgesic mecha- Plasma lidocaine concentrations of 3 to 6 mg
nisms, and the potentiation of analgesia producedecreased inhalational anaesthetic requirements
by epinephrine and clonidine with both epidural about 10 to 28%5% At clinically useful concen-
and intrathecal local anaesthetics may arise botlrations of lidocaine, significant decreases in a
from pharmacodynami®®®351 and pharmacoki- aesthetic requirements should be anticipated.
netic (vasoconstrictive) mechanisi¥.303.307-310] The convulsant activity and mortality assoc
Intrathecal administration of cholinergic ago- ated with the bupivacaine were increased |
nists decreased the hypotension observed aftdtumazenil in animal&360.361]
bupivacaine spinal block in rats. This vasopressor Animal studies have demonstrated antinocice
effect of cholinergic agonists is probably mediatedtive synergism between intrathecal opioids and |
by muscarinic M receptord3>2l cal anaesthetics during visceral and soma
Concomitant use @d-blockers and local anaes- nociception®62:363lIn humans, neuraxial adminis-
thetics, especially those containing epinephrinefration of opioids in conjunction with local anaes
may result in enhanced sympathomimetic adversghetics improves the quality, and prolongs the d
effects, including hypertensive cri#83354/How-  ration, of analgesi&54
ever, malignant hypertension is probably uncom- Local anaesthetics that are para-aminobenz
mon in patients receiving low doses of epinephrineacid derivatives (benzocaine, procaine and tet
Long termp-blocker therapy does not need to becaine) can antagonise the antibacterial activity
discontinued before the use of local anaesthetsulfonamides. It is suggested that local anaestt
ics[338:339]Concomitant use of phenytoin and lido- ics that are not para-aminobenzoic acid derivativ
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Table IV. Pharmacodynamic interactions of local anaesthetics

Interacting drug Effect Management

Epinephrine (adrenaline) and + Analgesia produced by epidural and Clinically useful

clonidinel350-351] intrathecal local anaesthetics

Intrathecal administration of cholinergic | Hypotension observed after local ? Clinically useful

agonistsl®52 anaesthetic spinal block

B-Blockers[353:354] Malignant hypertension in patients receiving  Probably uncommon in patients receiving low

local anaesthetics containing epinephrine

Phenytoinl35°] Additive cardiac depressive effects
Depolarizing and nondepolarizing 1 Neuromuscular blockade
neuromuscular blockers356-3581

Volatile anaesthetics!®>% | Volatile anaesthetic requirements
Flumazenil(360.361] 1 Convulsant activity and bupivacaine-

induced mortality in animals

Opioids!®62-365] Antinociceptive synergism between neuraxial
opioids and local anaesthetics — improved
quality and prolonged the duration of
analgesia induced by local anaesthetics

Sulfonamides/®®! | Antibacterial effects when combined with
local anaesthetics derived from
para-aminobenzoic acid [benzocaine,
procaine, tetracaine (amethocaine)]

doses of epinephrine. Long term B-blocker
therapy does not need to be discontinued before
the use of local anaesthetics. Whenever possible,
avoid epinephrine-containing anesthetics in
patients receiving nonselective B-blockers

If possible, avoid this combination in patients with
known heart disease

Monitor neuromuscular function

Titrate volatile anaesthetic concentrations. May
be clinically useful

Avoid combination

Clinically useful

Consider using local anesthetics that are not
para-aminobenzoic acid derivatives in patients
receiving sulfonamides

Symbols: | = decreased; 1 = increased/potentiation; — = leading to; ? = possible.

be used in patients receiving these antibacterials dive follow-up are integral components of patients
that higher doses of sulfonamides are administeredare.
in case para-aminobenzoic acid derivatives are to If systemic toxic reactions occur, early detec

be used36¢! . _ . _ tion and prompt support of ventilation and circulz
Pharmacodynamic drug interactions with localtjon are necessary. Aggressive standard Advanc
anaesthetics are summarised in table IV. Cardiac Life Suppoft08.109.111.11412%kachniques

4. Conclusions Table V. Maximum allowed doses of local anaesthetics

It is now evident that multiple mechanisms and °™® M.?:('Jm:’m dose (mg/kgt)h
receptor affinities contribute to the toxicity of local g;,ine:h,ine ‘;V;,ineph,ine
anaesthetic agents. The best form of management (adrenaline)
of toxic reactions is prevention. Meticulous tech- Procaine 10 14
nique should be used, along with test doses whenghioroprocaine 10 14
ever possible, and the local anaesthetic solutior]c"2cn® (amethocaine) 2 2

. . L. Dibucaine (cinchocaine) 2 2
should be_admlnlstered slowly in small and divided |, . (lignocaine) : 5
doses. It is also necessary to have knowledge Of;ocaine 7 10
those doses of local anaesthetic that should not bgupivacaine 25 3
exceeded. The maximum allowed doses of localtidocaine 45 6.5
anaesthetics are listed in table V. Proper documenMepivacaine 6 8
tation of the technical procedures and postoperaRopivacaine 35 Not defined yet

0 Adis International Limited. All rights reserved. Drug Safety 1998 Apr; 18 (4)



242 Naguib et al.

Bhatt DN, Bifano EM, Stark DCC. Postoperative methemog|
binemia in a neonate [letter]. Anesthesiology 1985; 62: 210
. Kellett PB, Copeland CS. Methemoglobinemia associated w
benzocaine-containing lubricant. Anesthesiology 1983; 5
463-4
20. Ferraro-Borgida MJ, Mulhern SA, DeMeo MO, et al. Methe
moglobinemia from perineal application of an anesthet
cream. Ann Emerg Med 1996; 27: 785-8
O’Donohue Jr WJ, Moss LM, Angelilo VA. Acute methemoglo
binemia induced by topical benzocaine and lidocaine. Ar
Intern Med 1980; 140: 1508-9

should be sustained for a prolonged period. Recents.
studies, however, have demonstrated that the inci- 4
dence of cardiovascular collapse from local anaes-
thetic injection is very low (none of 25 697 brachi-
al/caudal/lumbar epidural block procedul®g]
and 1 in 40 010 epidural block procedurié®y.
Local anaesthetics interact with other classes of?%
drugs. Itis, therefore, essential that careful scrutiny

of the patient’s drug history should be an integral 22

part of the preoperative assessment.
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