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Abstract

True complications of regional block procedures pertain to the performance
of the block technique and the local anaesthetic. Such complications include
lesions caused by the device used, and many of these complications can be
avoided by using specifically designed devices.
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Complications related to the local anaesthetic solution mainly consist of local
and systemic complications. Local toxicity has mainly been reported in adults
following spinal administration of 5% lidocaine (lignocaine), a drug that is not
usually used in children. Systemic toxicity consists of CNS and cardiovascular
complications, methaemoglobinaemia and allergic reactions. Systemic toxicity
has special features in children, especially in those <1 year old. Infants have a
much higher free serum concentration of local anaesthetics than older children
and adults, and are more prone to the deleterious effects of local anaesthetics.
Additionally, as regional blocks are usually performed under general anaesthesia
in children, signs of CNS toxicity may be concealed.

Because of their higher heart rate, newborns and infants are thought to be more
prone to the phasic block produced by tertiary amine agents such as bupivacaine
than are adults. Serum concentrations at which bupivacaine (and etidocaine) exert
cardiac toxicity seem to be similar to those producing CNS toxicity. As there is
an increased threshold for CNS toxicity in infants plus an increased (or equal)
sensitivity to bupivacaine cardiotoxicity, cardiac signs may not be preceded by
any sign of CNS toxicity. Cardiac complications include: (i) arrhythmias with
high degree conduction block, major QRS widening, torsade de pointes, and
ventricular tachycardia related to re-entry phenomena; and (ii) major vascular
collapse favoured by a concomitant decrease in the myocardial contractile force.

Other complications of regional block procedures result from poor selection
of agent, and inadequate safety precautions and monitoring of the patient, espe-
cially during the postoperative period. There are 2 other groups of disorders often
reported as complications of regional anaesthetics: (i) effects that were not antic-
ipated by the anaesthetist because of a lack of knowledge of all the consequences
of the technique used; and (ii) complications attributed to a concomitant regional
block procedure but with no established, sometimes even improbable, causal link
with the regional technique.

The overall morbidity of regional anaesthesia in children is low. Sound selec-
tion of local anaesthetics, insertion routes and block procedures, together with
appropriate and careful monitoring, should prevent any major undesirable effects
and enable regional anaesthesia to be a well tolerated and effective tool to over-
come pain associated with minimal morbidity.

The use of regional blocks has increased in childifferent techniques in use, with the aim of reas-
dren in recent years with a subsequent increase #essing their indications and the conditions re-
reports of complications. From 1985 to 1992, thequired to perform them safely.

Committee on Professional Liability of the Amer-

ican Society of Anaesthesiologists (ASA) evalu- 1. Complications Related to

ated 2400 closed malpractice claims; 238 involved the Devices Used

children, of whom only 7 had received a regional
anaestheti€ll This low morbidity rate is not signif-
icant because of the small proportion of children The block needle used in paediatric block pro-
given conduction anaesthesia in the US during theedures can damage nerve trunks, especially when
evaluation period. Currently, there is a need to evalthe wrong needle is used or when it is imprudently
uate precisely the morbidity associated with thanserted2-! Lesions of blood vessels, especially at

1.1 Type of Block Needle Used
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spinal levels, may result in compressive haema- 1.3 Catheter-Related Complications

toma and definitive paraplegia. In adults, the risk

of spinal haematoma ranges from 0.00055% (with Mechanical complications of epidural cathe-
spinal block procedures) to 0.0007% (with epi-ters3*3lare positively correlated with the length
dural block procedure€)® Emergency surgery is inserted and negatively correlated with the §idle.
requested after an urgent magnetic resonance imZisplacement, kinking, knotting, and, if attempts

agina (MRI) or computed tomoaraphy (CT) scan &€ made to withdraw it through the epidural nee-
hgls gs(tablis)hed the Fc)itijagnosis graphy (CT) dle, breaking are commonly reported; the retained

Arteries can be damaged during peripheralt'p may cause lumbar steno&9.The catheter has

. also been suspected of secondarily migrating into:
blockd™!-1/and presenting symptoms may be de'(i) the subarac?hnoid spdt&Z; (ii) ;/ blogod vegs-
layed by several houfs) Tissue damage and sel{43-45] (jii) the subdural spadé®-5% and (iv) the

pneumothorax may occur, especially following paravertebral spade-52]

interpleurall!4! intercostal, stellate ganglion, inter-

scalene and paravertebral blo¢®s®! As intro- o

duction of epidermal cells into the spine may lead - Cfompllcatlo?shRel?te?(to thed

to the (possibly delayed) development of an in- Performance of the Bloc Proce_ ure
. , 7l and the Management of the Patient

traspinal dermoid cys$t’! only styletted needles

must be used, at least for central blocks.

2.1 Bacterial Contamination
1.2 Technique of Nerve/Space Localisation
Severe bacterial contamination including epi-
These complications include electrical damagedural abscesi8® meningitis, arachnoiditi§354
to nerve fibres (inappropriate nerve stimulator), di-radiculopathie&® discitis and vertebral osteitis
lution and increase in the injected volume of localhave been reported following central blocks. Inter-
anaesthetic (fluid detection of epidural space), and0Sition of a bacterial filter have proved to be ef-
nerve damage while seeking for paraesth@did. fectivel56] The overall risk of epidural infection

The loss of resistance technique (LORT) with air,has recently been evalugted as low in chil-
. S . drenf>7.58 however, presenting symptoms may be
used for identifying the epidural space, may pro- ' '

. . elayed by months and thus escape inclusion. In
duce minor adverse effects such as transitory heatg- y y P

: ) ur opinion, the caudal route appears to be unsuit-
8 - .. .
aché'®l or patchy anaesthesia due to epidural bUbable for placement of re-injection catheters be-

19,20 i i i . . .
bles[*2%but major complications, such as lumbar .5 ;56 of the potential infectious haz&fl How-

compressiof?!22] multiradicular syndrom&®  gyer skin abscess may also occur when other
subcutaneous cervical emphyséifiaand venous (goutes are usd®!

air embolism, may also occldP.2%! Several paedi-
atric cases have been repolté&é® and some au-
thors have advocated abandonment of the tech-

niquel?*3 which is acceptable for older children wrong technigue of injection may produce

but not for infants (because of dilution and increasq)y itself, severe complications. Fast epidural injec-
in the volume of the local anaesthetic and difficultijonds1 quickly move the cerebrospinal fluid

diagnosis Of inadvertent dural penetration). In thQNhK:h can produce intense headache' |OSS Of con-
very young, LORT should be performed using ansciousness, intra-cranial hypertension and coma.
appropriate techniqué!! i.e. using small volumes Rapid injection close to a nerve trunk can result in
of air (1 to 2ml) or carbon dioxide instead ofl@t.  nerve compression.

2.2 Unsafe Technique of Injection
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2.3 Injection in the Wrong Space

2.3.1 Subcutaneous or Intramuscular Injection

Failure of the block is usualy the only conse-
guence of subcutaneousor intramuscular injection;
however, there is a danger of toxicity if another
block is performed without considering the dose
already injected.

2.3.2 Total Spinal Anaesthesia

If dural puncture goes undetected, an epidural
dose of local anaesthetic may enter the subarach-
noid space and produce extensive spinal anaesthe-
sial62-65 This resultsin almost immediate respira-
tory arrest and, in adolescents, cardiovascular
collapse requiring immediate controlled ventila-
tion and use of sympathomimetics. This complica-
tionisrarely encountered if proper precautions are
taken during the procedure.

2.3.3 Subdural Anaesthesia

Subdural anaesthesia can follow an apparently
uneventful epidural approach and injection. The
sensory block isdelayed (20 minutes), isextensive
(involving crania nerves up to the fifth pair) but
with minimal motor and sympathetic block (which
makes the difference with atotal spinal block), and
is short in duration (60 minutes). The incidence of
subdural blockg*7:6668] has increased in recent
years and a causal link with the increasing use of
rather blunted spinal and epidural needles such as
Whitacre and Sprotte needles!1% may be suspected.

2.4 Undesired or Excessive Spread of
Local Anaesthetic

2.4.1 Undesired Nerve Block

Excessive spread of the local anaesthetic may
lead to undesired nerve blocks.[38:6%72 Compart-
ment blocks, either deliberately attempted or not,
may result in apparently unexpected nerve blocks
such as afemoral block following an ilio-inguinal
nerve block.[73-76]

2.4.2 Respiratory Failure

Intercostal muscle paralysis due to high epidur-
als (above T4) can impair breathing!” in a child
with previous respiratory impairment. In anormal
child, respiratory failure occurs only when the di-

00 Adis International Limited. All rights reserved.

aphragm is paralysed (cervical epidural above
C4);[6478.79] nterscalene, lumbar plexus and inter-
costal nerve blocks can be involved. The same re-
spiratory and haemodynamic assistance asfor total
spinal anaesthesia is requested.

2.4.3 Horner Syndrome

Horner syndromeiscommonly seen after supra-
clavicular blocks.[80-82] A pilateral syndromeisthe
consequence of an excessively high epidural or spi-
nal anaesthesia.[8384

2.5 Post-Dural Puncture Headache

The incidence of post-dural puncture headache
varies from 1% (with use of thin spinal needles) to
more than 30% (accidental dural punctures during
attempted epidural anaesthesia) in adults.[®®] The
design, size and deflection of the needle play an
important role,[86:87 and repeated dural punctures
seem to increase the incidence of this complica-
tion.[88] Hearing loss is a frequently associated
symptom. The treatment consists of dorsal decub-
itus, hyperhydration, then epidural blood patch,[8%-91]
whichisnot free of complications.[88.92.93 Pogt-dural
puncture headache seems to be infrequent in pae-
diatric patients.[94-9

3. Complications Due to
the Local Anaesthetic Solution

3.1 Injection of Wrong Solutions

Use of wrong sol utiong97:%81 or additives/99-101]
can be detrimental. This complication is easily
avoidable by paying attention to the vials and sy-
ringes used. A very effective way to avoid syringe
mismatch consists of using a specific cart for re-
gional block procedures.

3.2 Local Toxicity

Local toxicity resulting in cauda eguina syn-
drome has been reported in adults following (con-
tinuous) subarachnoidal administration of 5% lido-
caine (lignocaine) and 0.5% tetracaine.1%21%3] Transient
neurological damage can occur with even less con-
centrated intrathecal solutions.[1%4 The paediatric

Drug Safety 1998 Oct; 19 (4)
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prevalence of this local toxicity is not known, but in adultsi!'4i.e. bupivacaine is 4 times more toxic
as children are thought to be more sensitive to thénan lidocaine. Since the first signs of toxicity are
blocking effects of local anaesthetics, as experisubjective, i.e. they are only perceived by the per-
mentally established on young rabbit nerve fi-son undergoing the anaesthesia, they are not ob-
bres{!%% still greater care should be taken in selectserved in patients under associated general anaes-
ing the spinal anaesthetic solution. Localthesja. Objective signs, i.e. signs that can be
anaesthetics seem to be well tolerated when comeasured (shivering, muscular twitching, tremors
rectly administered into the subarachnoidal spacgpia|ly involving the face) immediately precede
but have a potential for neurotoxicity which is ag-y,q occyrrence of seizures. Relative insensitivity to
gravated by additives, ‘?°”C°m'ta”t ISCh""em"""che convulsant effects of lidocaine and bupivacaine
high Iocaldrug concentration quopg expogﬂ?é]. ._has been demonstrated in newborn sheep and pig,
Preservatives (such as metabisulfites), epmephrm\t/avhen compared with adult sheep and g1

(adrenaline) and/or antioxidants increase the po: : .
tential for direct neural toxicity as well as for al- but these data must be interpreted with care. In fact,

lergy!207.1081 The US Food and Drug Administra- infants have a much higher free serum concentra-

tion recently recommended that 5% hyperbariction of local anaesthetics than children and adults,

lidocaine be diluted with either cerebrospinal fluid @"d are, therefore, probably more prone to the del-
or normal saline on a 1 to 1 basis prior to sub-eterious effects of local anaesthetics, both cardiac

arachnoidal injectiof%199In infants, lidocaine is and neurological. Additionally, as regional blocks

avoided due to its short duration of action and ei-are usually performed under associated general an-
ther 0.5% tetracaine or, preferably because it is lesgesthesia in children, signs of CNS toxicity, such
toxic in human, and in animal modé&}8103.110]  as convulsions, may be concealed.

0.5% bupivacaine are commonly used for spinal In clinical practice, seizures may occur: (i) rap-
anaesthesi@!1-112] For virtually all other block idly after either a massive inadvertent intravenous
procedures, diluted solutions of lidocaine (1% orinjection, or because of a rapid absorption process
less) and bupivacaine (0.25% and less) are reconat the site of administration; and (ii) several hours
mended, and etidocaine, which results in long lasteven days) after initiation of perineural infusion
ing motor blockade, should be avoided. for postoperative analgesia, due to accumula-
tion [118-120]|n adults, convulsions occurring intra-
operatively are usually free of major consequences

Systemic toxicity of local anaesthetics has spewhen treated immediatelg™! but this might not be
cial features in children, especially in infants >1-the same when seizures and respiratory depression
year-old, and can lead to CNS and cardiovasculagccur on the hospital ward during a prolonged in-
complications and methaemoglobinaemia; allergidusion.
reactions are rare. The systemic concentrations at- The treatment of convulsions, respiratory de-
tained are never high enough to block other gangligression and/or coma is basically the same in chil-
or affect neuromuscular transmission. dren as in adults: (i) oxygenation and airway man-
3.3.1 CNS Toxicity agement; and (ii) treatment of seizures if they still

Lidocaine has anticonvulsant properties at lowOccur after oxygenation using small doses of
to moderate serum concentrations (1 fagfi).[1131  benzodiazepines or thiopental sodium. Most
At concentrations higher than 8 to i§/L, con- benzodiazepines have been shown to potentially
vulsions occur which are followed by hypotension, increase the cardiotoxicity of bupivacdifé23]
respiratory arrest and profound circulatory col-but this effect does not seem to be clinically rele-
lapse. Bupivacaine has the same effects on the CN&nt and use of benzodiazepines, even in premed-
at serum concentrations higher than 2 topf®A.  ication, is mandatory.

3.3 Systemic Toxicity

O Adis International Limited. All rights reserved. Drug Safety 1998 Oct; 19 (4)
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3.3.2 Cardiac Toxicity signs may be accompanied by additional manifes-

Local anaesthetics mainly act by preventing fastations such as a sudden paleHé3sand, in non-
inward sodium channels in myocardium from anaesthetised patients, convulsions. Cardiac com-
opening. This block has 2 components, tonic ancplications require urgent and appropriate
phasic (use-dependent or frequency-dependentjherapeutic measures including oxygenation, ven-
When the rate of impulse increases, the intensity ofilation and cardiac massage if appropriate. In in-
the phasic block increases too; this is responsibléants, cardiac output almost exclusively depends
for the antiarrhythmic properties of lidocaine and on heart rate and increasing the rate might be es-
the cardiotoxic effects of bupivacaine. Lidocaine sential, especially in the presence of high degree
exerts a more profound effect in that respect imatrioventricular block (and also during episodes of
newborn rodents as compared with adult ro-torsade de pointes). However, it must be remem-
dentsl124.125lwhereas bupivacaine seems to exertoered that increasing the heart rate also increases
equal effects in fetus, newborn, infant and adulithe use-dependent bldé¥! and some authors do
animalsl126.1271 However, because of their higher not recommend the use of epinephrine in this
heart rate, newborns and infants are thought to bease?®¥! Life-threatening arrhythmias and/or col-
more prone to the phasic block produced by tertiaryapse require prolonged cardiac massage at
amine agents such as bupivacaine than are adultfifst."* In fact, bupivacaine wash-out from the
Serum concentrations at which bupivacaine (and1€art seems to be relatively rapid when coronary
etidocaine) exert cardiac toxicity seem to be sim-Perfusion is maintained*! Phenytoin has been

ilar to those producing CNS toxicity. In adults, car- rec‘?mme”deﬂl;lg’l:]” it mainly acts by blocking
diotoxic reactions to bupivacaine or etidocaineSedium channels’ and is supposed to competi-
tively bind to the same receptor as bupivacé#ifié.

may occur suddenly without any prodrome, usually Hicient d iabl
after massive inadvertent intravenous mjeC_However, su icient ata'are not avatia e 1o rec-
ommend using phenytoin. Despite its arrhythm-

tion.[128.129] During continuous infusion for pain i notential. epinephri to be the onl
relief, subjective and objective signs of CNS tox- 0genic potential, epinephrne appears to be the only
useful drug, which requires careful titration using

icity usually precede cardiac manifestations, but ) :
v y P o 131] o boluses of 0.0ug/kg[*38l in order to avoid ven-
this is not always the case in infaH§;131]since ) : T
.Strlcular tachycardia or fibrillation.

general anaesthesia, which is most often adminis-
tered with regional anaesthesia, may conceal CNS
manifestation$'32! Isolated toxic cardiac manifes-

tations have been reported in infants followinng”OWing the administration of prilocair&3l
bupivacaine infusion for several hol¥&! The in- benzocaine and, occasionally, lidocaiH:144]

creased threshold for CNS toxicity in infants astpe patient develops cyanosis when the methae-
compared with adults and the increased (or equa%oglobin level exceeds 20 to 30% of the total
sensitivity to bupivacaine cardiotoxicity may ex- haemoglobin level. When the level exceeds 70%,
plain why cardiac signs may not be preceded byjyspnoea, tachycardia, headache, vertigo, hypoxia
any sign of CNS toxicity. and death, though rare, can occur. Infants are very
Cardiac manifestations of bupivacaine andsensitive to prilocaine and doses exceeding 5
etidocaine tOXiCity consist of: (I) arrhythmias in- mg/kg should be avoidé#l! In the absence of pre-
cluding high degree conduction block, major QRSdisposing factors such as haemoglobinopathies,
widening, torsade de pointes, ventricular tachycarglucose-6-phosphate dehydrogenase deficiency,
dias that are related to re-entry phenoméffhand  exposure to aniline dyes and oxidants (sulphona-
(if) major collapse favoured by a concomitant de-mides, nitrites, nitrates, antimalarials), the use of
crease in the myocardial contractile force. Aftereutectic lidocaine-prilocaine cream (‘EMLA) in
massive intravenous injection these direct cardiacormal amounts (2.5g, i.e. half a small tube) is well

3.3.3 Methaemoglobinaemia
Methaemoglobinaemia may develop several hours

O Adis International Limited. All rights reserved. Drug Safety 1998 Oct; 19 (4)
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tolerated, even in neonates. Treatment ofmarkedly higher before the sixth month of life (see
methaemoglobinaemia consists of injecting methfigures 1 and 2) due to lower serum protein levels.
ylene blue (1 to 5 mg/kg) intravenously to convertAmide local anaesthetics (particularly bupivaca-
methaemoglobin to haemoglobin. ine) bind to AAG and to serum albumin, the plasma

3.3.4 Prevention of Systemic Toxicity concentration of which is very-low in young in-

Most adverse effects of local anaesthetics opfantsti*>* Consequently, toxic concentrations
served in paediatric patients are related to pharmz2'e rapidly attained in infants since the toxic frac-
cokinetic misunderstanding. Indeed, neonates anHon Of the drug is the free fraction, with an ex-
infants present some substantial pharmacokinetif€ctéd toxic threshold of 042g/L for bupivaca-
peculiarities which must be kept in miHd] ine 155!

Pharmacokinetic Specificity of Paediatric Patients Evolution of Clearance with Time
A more rapid absorption process by the airway, The decrease in hepatic clearance of local an-
a larger volume of distribution, a decreased hepati@esthetics with time may contribute to toxicity dur-
clearance and lower plasma levels of albumin andngd prolonged administration. Three factors appear
as-acid glycoprotein (AAG) are the 4 factors in to be involved in this phenomenon. The firstis the
paediatric patients that may have wide-ranging effact that the clearance measured after a single in-
fects on pharmacokinetic parameters. jection may not reflect the true elimination clear-
_ _ . ance because of complex distribution processes,
Topical Anaesthesia of the Airway lack of precision of the assay and the unreliability

Local. d'SpOS't'O.n of I|Q0calne after. tqplcal an” ot the pharmacokinetic models used. This problem
aesthesia of the airway is enhanced in infants >1-

year-oldi4sl Because of fast absorption, peakOf what truly r_eprgsentsapharmacoklnetlc par‘am-

. . eter at a precise time has led to the concept of ‘con-
plasma concentrations above toxic levels aret st-sensitive half-life’ in other circumstandas!
reached 1 minute following application (by spray)_l_eh Sens def a; € tho € f cu fa '.d .
of 4 mg/kg of 4% plain lidocain@46! Safe topical € second factor, in the postoperative period, 15

anaesthesia requires: (i) decreasing the dose; arjiBe decrease in frt_ae_drug con_centratlon L
(ii) using a calibrated device delivering a precise’UM due to the rapid increase in plasma concentra-
(and low) dosét47] tion of the stress proteins, especially AAG, which

Disposition and Elimination

Amide local anaesthetics are metabolised in the
liver by the cytochrome P450 enzymes, which are
not fully developed at birth#8! A first degree of
maturation occurs within the first 2 to 3 weeks of
life. Clearance of local anaesthetics is low at birth
and increases during the first months of lifesiach
adult values at the age of 6 to 9 morkhs151 A
parallel inverse evolution occurs for the volume of
distribution, which is much larger in infants than
in older children and in adults%152 Therefore,
after a single injection, peak plasma concentrations
measured in infants are similar to those in adults
(With greater variability). However, following re- Fig. 1. Bupivacaine free fraction vs age in 11 infants after the admin-

N A . . . _istration of 0.5% plain bupivacaine 2.5 mg/kg by the caudal route,
mJeCtlonS’ accumulation of bUplvacame can rap showing a strong negative correlation between age and free fraction

idly occur and result in SyStemiC tOXiCity, espe- (normal value for free fraction in adults is 0.05%) [reproduced from
cially because the free drug concentration isvazoit et al.,™ with permission].

This figure is not available for
electronic viewing
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leads to a parallel decrease in hepatic clearance tiEved to compensate exactly the decrease in clear-
drugs with low to moderate hepatic extraction ra-ance of local anaesthetics previously mentioned.
tios. The magnitude of this phenomenon is be-The third mechanism is a true decrease in intrinsic

This figure is not available for
electronic viewing

Fig. 2. a1-Acid glycoprotein (AAG) and serum albumin (SA) lev-
els in 11 infants aged 1 to 6 months. AAG level is low at birth
and significantly increases with age. There was a close relation-
ship between AAG level and bupivacaine free fraction in the
same infants (see fig. 1) [reproduced from Mazoit et al.,[15% with
permission].

O Adis International Limited. All rights reserved.

hepatic clearance, likely due to the inhibition of
hepatic microsomes by the products of metabo-
lism, as is well established for lidocaii&’] These
mechanisms seem to apply also to bupivacaine, at
least in the dod58]

Recommendations for Dosage

Ininfants aged 10 days to 6 months, bupivacaine
2.5 mg/ml with epinephrinesg/L (i.e. 1/200 000)
is the most commonly used agent for single shot
injections. The maximum recommended dose is
2.5 mg/kg, i.e. 1 ml/kg of 0.25% solution for the
caudal routé!4s! As the free drug concentration is
increased before the age of 6 months, re-injections
must be performed with care, preferably via the
lumbar instead of the caudal route. Lumbar epi-
dural injection of 1.25 to 1.75 mg/kg bupivacaine
(0.5 to 0.7 ml/kg of 2.5% bupivacaine with epi-
nephrine 1/200 000) provides adequate anaesthesia
in infants[!%9 Re-injections (0.75 to 1 mg/kg i.e.
0.3 to 0.4 ml/kg of 2.5% bupivacaine with epineph-
rine 1/200 000) may then be performed with im-
proved safety. After the age of 6 month, the prob-
lem of the free fraction is less crucial.

At any age, the maximum dose of lidocaine or
mepivacaine is 10 mg/kg. In grown up children
(with a bodyweight <30kg) the doses should be
decreased and in no case should a child be given a
dose exceeding the maximum dose for an adult, i.e.
bupivacaine 150mg, lidocaine 600mg or mepi-
vacaine 600mg. If mixtures of local anaesthetics
are used it is also important to remember that their
toxicity is additivél®% and that adding lidocaine to
bupivacaine does increase the potential toxic haz-
ard of bupivacaine.

Local Anaesthetics in the Postoperative Period

Long term infusions of bupivacaine in infants
require accurate dosage calculatit#.1611In a pa-
tient with a clearance of 2 ml/min/kg and a free
fraction of 10%, an infusion of 0.24 mg/kg/h of
bupivacaine leads to a steady-state total concentra-
tion of 2 mg/L with a free drug concentration of
200ug/L, which is close to the toxic threshdl&l

Drug Safety 1998 Oct; 19 (4)
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Thus, the maximum infusion dose of bupivacaine 3.4.2 Adjuvants

is 0.2 to 0.25 mg/kg/h in infants <1 year old, 0.3to  Epinephrine 1/200 000 is usually added to lido-
0.35 mg/kg/h in children aged from 1 to 4 yearscaine and bupivacaine for caudal or epidural anaes-
and 0.4 mg/kg/h in children >4 years &18f) As  thesia. Epinephrine is expected to decrease the
usual, these recommendations safely apply to theeak plasma concentration of local anaesttittits
majority of the population but they may lead to and increase the duration of postoperative analge-
systemic toxicity in some individuals with very siat®®However, it might have a deleterious effect
low intrinsic hepatic clearance. As infants are aton spinal cord vascularisatiéff’) These authors
greater risk of complications for the above-men-recommend the use of epinephrine 1/400 000, i.e.
tioned reasons (pharmacokinetics, high heart rate2-5Hg/L.

relative increased threshold for CNS toxicity com-  Clonidine (1.5 to 2ug/kg) is frequently added
pared with cardiac toxicity), they need both closeto prolong the effects of local anaesthetics during
clinical surveillance (consciousness, global hae-caudal or epidural anaesthe&fd! No deleterious
modynamics, survey of motor blockade) and care€ffect (such as respiratory depression) has been re-
ful monitoring (electroencephalogram, percutane-pOfted-

ous oxygen saturation). Injection of top-up doses .

in addition to continuous perineural infusion must ~ 3-5 Consequences of Sympathetic

be avoided to prevent temporary toxic peak plasma Blockade

concentration: if analgesia is insufficient, itis safer 3 5 1 pypotension

to temporarily increase the infusion rate. Hypotension caused by sympathetic blockade is

common in adults, but is uncommon before 8 years

3.4 Adverse Effects of Adjuvants of age and is only moderate in severity when it
and Additives occurs in adolescents? 173 This is probably due

to immaturity of the autonomic nervous sys-
ten741751in conjunction with the small propor-
3.4.1 Opioids tion of blood sequestered in the lower linkd8177]
Opioids produce adverse effects in 50% of pa-jecreased threshold of peripheral vascular resis-
tients[32.163-1651Some of these adverse effects areigncdl?8l and decrease in parasympathetic tone
merely unpleasant, whereas others are séfiéf8'®")  yhich counteracts the low physiological ortho-

and require specific therapy. Vomiting occurs ingympathetic tone of young childrefjdl

30% of patients, even at low doB&% and is effec-

tively treated using small doses of droperidol (bo- 352 Hypoglycaemia , _

lus of 20pg/kg) or ondansetron. Urinary retention A high level epidural/spinal blockade abolishes

. . . H 181
is common and can be treated with intravenous nafh€ hyperglycaemic response to surgéiy!éy

oxone; however, bladder catheterisation is fre-1 N€ increase in plasma glucose levels due to the

quently necessary to avoid abolition of the analgeStresS response to surgery has been shown to be

sic effects. The most serious complication islower in children receiving an epidural than in chil-
respiratory depression, which may appear 3 to 15r€n receiving opioid analgesié?! However,
hours after injection and become severe within hildren with diabetes mellitus or who are malnour-
to 3 hours. Severe generalised pruritus and increaded may then experience hypoglycaeffid.

ing somnolendé®®l should be considered as warn-
ing symptoms for respiratory depression. Treat-
ment consists of intravenous naloxone ifikg 3.6.1 Anterior Spinal Artery Syndrome

(which can be repeated if this is insufficient) fol-  The ventral part of the low thoracic and high
lowed by a continuous infusion of 1@/kg/h for  lumbar spine is often supplied by a single artery,
24 hours. the artery of Adamkiewicz, which may be impaired

3.6 Other Adverse Effects
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intra-operatively, either because of the surgicalcompartment syndrom@é%-1971 can go unrecog-
procedure or, hypothetically, because of vasoconnised in patients with a plaster cast if the
striction resulting from the administration of local haemodynamic status of the limb is not carefully
anaesthetics with epinephrii€%! Interruption of  and regularly checked, since the usual first alerting
blood supply by this artery results in definitive loss symptom, pain, is suppressed. However, regional
of motor function with, at least partially, intact sen- blockade,per se does not preclude the diagno-
sory function. sigd198.1991if appropriate management is guaran-

teed.
3.6.2 Flaring of Latent Infection

Epidural anaesthesia has been implicated in re- o )
activating viral infections such as herpes and °- Complications Attributed to a
acutely evolving neuro-immunological diseases COncomitant Regional Block Procedure

such Guillain-Barré syndron&4 Of greater con- Discovery of a neurological symptom in a pa-

cem is the risk of unmasking latent ngurologicaltiem previously given a regional block is immedi-
diseases suph as spinal cgrd compression, cerebrgtlew causally related to the block proced??d,
tumour, angioma or an epidural abscess. whereas on closer analysis very few such causal
3.6.3 Allergic Reactions links can be verified?%l In patient number 22 in
Allergy to amino-amides is rd#€5-187land most ~ the study of Dahlgren et &P a block procedure
adverse reactions are related to epinepHtiie. Was assumed to be the causative factor of neuro-
Amino-esters may induce allergic reactions related0gical symptoms simply because the operation
to metabolic products of para-aminobenzoic acidvas supposedly performed under combined gen-
derivatives189 Preservatives such as metabisulfite €ral and regional anaesthesia but, in reality, the pa-
may be involved in allergic reactioH8”! tient was only given a general anaesthesia. Surgical
manipulations, blood loss, hypotension and posi-
tioning of the patie3 may,per se cause neuro-
logical lesions. Cauda equina syndrome has been
reported in 6 patients operated on under only gen-
eral anaesthesia in a hyperlordotic positf§fi.
Some complications of regional anaesthesia infSimilarly, operations performed in the lithotomy
children are related not to the block procedure itselposition result in persistent neuropathies due to
but are related to the fact that the procedure wastretching of the cauda equina and not to regional
performed in the wrong patient or under inappro-anaesthetic techniques, the incidence of which has
priate environmental conditions. For example, pa-been estimated to be3608[2%%! Laraki at el206]
tients with bacteraemia are at risk of meningtié  reported the case of a female adolescent who, fol-
and those presenting with stenosis of the spinal cdewing surgery under combined general and lum-
nal may develop neurological complications afterbar epidural anaesthesia, presented with paraplegia;
epidural anaesthesiZ®:192.193]|nappropriate posi- however, the condition resolved spontaneously
tioning of the patient, either for the intended blockwithin 6 days and was attributed to hysté#f&l
or surgery, may result in nerve damage and eschars Patients with sickle cell disease are prone to ex-
at pressure points. The performance of the bloclperiencing vaso-occlusive crises and thromboses
under general anaesthesia conditions may worseof small vessels, especially in case the presence of
some complications (e.g. intraneural injection) andhypoxaemia; ischaemic neuropati#éd and
delay their recognition. Inappropriate monitoring spontaneous epidural haematol#8shave also
may also delay the diagnosis of otherwise easil\pbeen reported to occur during sickle cell crises.
predictable complications such as respiratory deSudden infant death may be erroneously attributed
pression due to epidural opioids. Compression antb a previously performed caudal block for inguinal

4. Complications Related to
Inadequate Selection or
Management of Patients
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Table I. Complications and morbidity rate associated with regional anaesthetic block procedures in children [data were obtained from the 24 409
paediatric regional anaesthesias covered by the French-Language Society of Paediatric Anaesthesiologists’ (ADARPEF's) prospective
survey]®

Complications Spinal Caudal Lumbar Sacral Thoracic Peripheral Total

anaesthesia anaesthesia epidural epidural epidural blocks and (n =24 409)

(n = 506) (n=15013) anaesthesia anaesthesia anaesthesia local

(n =2396) (n=293) (n=135) anaesthesia
(n = 9396)

Dural penetration 0 4 2 2 0 0 8
Uncomplicated 0 0 1 1 0 2
Post-dural headaches 0 0 1 1 0 2
Extensive spinal anaesthesia 0 4 0 0 0 4
Intravascular injection 1 2 3 0 0 0 6
Uncomplicated 1 0 1 0 0 2
Convulsions 0 1 1 0 0 2
Cardiac arrhythmia 0 1 1 0 0 2
Technical problem 0 2 1 0 0 0 3
Delayed block 0 1 0 0 0 1
Rectal penetration 0 1 0 0 0 1
Catheter knotting 0 0 1 0 0 1
Overdosage with cardiac 0 1 1 0 0 0 2
arrhythmia
Transient paraesthesias 0 0 2 0 0 0 2
Post-morphine apnoea 0 1 0 0 0 0 1
Skin lesion 0 1 0 0 0 0 1
Morbidity rate 1 (2.0 per 11 (0.7 per 9 (3.7 per 2 (6.8 per 0(0.0 per 0 (0.0 per 23 (0.9 per

1000) 1000) 1000) 1000) 1000) 1000) 1000)

repair rather than to sickle cell disease. The proball occurring during central block (table I). This

lem is similar with evolving neurological diseases: study established the overall safety of regional an-
no data suggest that local anaesthetics could worgesthesia in the paediatric population. It also
en the course of the disease but no data either haghowed that central blocks, especially caudal
established that local anaesthetics can be safelylocks, are not as safe as is commonly believed,

used in patients with neurological diseases. whereas peripheral nerve blocks were extremely
safe (0 complications). Two additional findings
6. Incidence of Complications Related were important: (i) half the complications were di-

to Regional Blocks in Paediatric Patients rectly related to a faulty technique, i.e. they could
have been entirely avoided; and (ii) adverse effects
Very little data on the morbidity associated with occurred during very common techniques per-
regional anaesthesia in children is available. Thdormed in healthy patients not during more hazard-
1-year prospective French-Language Society obus techniques (e.g. thoracic epidurals, spinal an-
Paediatric Anaesthesiologists’ (ADARPEF’s) sur- aesthesia in ex-premature infants, etc). These
vey, involving 38 institutions from 3 countri€&$, findings mean that when great care is taken com-
collected data from 85 412 paediatric anaesthesiglications can be virtually avoided.
cases including 24 409 regional anaesthesias, of These data (0O deaths in 24 409 patients) com-
which 15 013 were central blocks and 9396 periphpare favourably with surveys of pure general an-
eral blocks. A total of 23 incidents were reported,aesthesia in paediatric patients. The British Na-
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tional Confidential Enquiry into Post-Operative Conversely, regional procedures should be preferred
Deaths (NCEPOM?:21% reported the following in patients who are prone to anaesthesia-related
mortality rates: 0.054 to 0.9 per 10 000 anaestheticomplications; for example, in ex-premature neo-
procedures for mortality exclusively related to an-nateg22®! patients with metabolic disorders or mus-
aesthesia and 7 per 10 000 anaesthetic procedureslar dystrophy?1¢l and patients requiring emer-
for deaths partly related to anaesthesia. Severaency surgery with a full stomach.

deaths occurred in infants undergoing minor sur-

gery. In Italy, the Italian Society of Paediatric An- 7.2 Selection of the Techniques

aesthesia (SIAARTI) groug!! reported that out _ _ _
of 9289 paediatric anaesthetic procedures the inci- Selection of the techniques depends on the dis-
dence of complications was 3.4%, of which 21 tribution of anaesthesia and overall safety of the
were severe and 7 resulted in death, a result conffocedure. Surgery involving the patient's extrem-
parable to that of the British NCEPOD. In a recentties and lower part of abdomen are excellent indi-
surveyi212l the incidence of minor sequelae follow- cations for an axial block87] When a continuous

ing general anaesthesia in children was found to béchnique is planned, the size of the catheter, its site
higher than previously reported. of insertion, an_d the distance to Whlch_|t should

Comparing the outcome of different anaesthetic®@sonably be introduced has to be decided. Cath-
regimens is difficult because patient selection dif-€ters can only be maintained in place if sterility can
fers considerably and some surgical procedure§€ guarantee@? .
cannot be performed under regional anaesthesia Basically, when appropriate, a local anaesthesia
alone. However, the morbidity and mortality ratesis Preferable to a regional anaesthesia and a periph-
of deep general anaesthesia, especially in infant€ral block to an axial block! The total dose and
are still high. Thus, when applicable, use of re-the number of punctures have to be considered, as
gional anaesthetic techniques, even when comthe morbidity associated with a single proximal
bined with a light general anaesthesia, can reduchlock is often lower than that associated with use
the incidence of respiratory failure, which is the of several combined distal blocks. When several
main cause of severe complications associated witi1Sertion routes are available, the safest technique
deep general anaesthe&d! Also, since circula- has to be selected. The selection of an appropriate
tory failure is an the primary cause of anaestheticblock needle is essential. Too often the anaesthetist
related complications in children, the virtually zero Who carefully selects a tracheal tube is not con-
incidence of haemodynamic disturbances causeferned in selecting an appropriate block needle:
by central blocks in children up to 8 years of agehalf the complications of the ADARPEF's stiily

should be borne in mind when choosing a procemvolved the wrong device and could have been
durel98.213] avoided by using an appropriate needle.

7. Prevention of Complications: Safety 7.3 Medico-Legal Precautions

Precautions and Recommendations _
Medico-legal concerns vary from one country

to the next. Therefore, specific recommendations
may vary significantly from place to place. How-

Regional techniques are mainly performed toever, general guidelines can be suggested and apply
provide analgesia and, thus, have to be compareeverywhere in the world. As regional anaesthesia
with other analgesic techniques. For each individ-generates an aura of suspicion and mistrust even
ual patient, the suitability of the proposed proce-amongst anaesthetists, it is important to follow
dure must be investigatéd4 Axial blocks are strict safety precautions measures when paediatric
contraindicated in patients with bacteraefid.  patients are involve@®l

7.1 Selection of Patients
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The following guidelines should be followed. ics, insertion routes and block procedures in asso-
» Select the safest techniquehen several ap- ciation with appropriate and careful monitoring
proaches are available, it is recommended thashould prevent any major undesirable outcomes
the technique associated with the lowest mor-and allow regional anaesthesia to be as it is in-
bidity is selected. tended to be: a well tolerated and effective tool to
« Obtain informed consent from the paremgen overcome pain that is associated with minimal
in case of an emergency, it is mandatory that thenorbidity.

anaesthetist takes a few minutes to explain the
procedure that will be used along with its risks
and advantages, and obtain a consent. The fam-;
ily should also be warned about a possible fail-
ure of the block and the alternatives that can
then be used.

2.

» Select patients carefullpreoperative examina- 3.

tion is necessary, and detailed medical records
and family history should be obtained. Depend-
ing on the patient’s age, history and clinical
findings and the type of operation, laboratory

examinations or x-rays might be obtained. 5.

* Maintain a detailed anaesthetic records for

any anaesthetic procedure, a detailed chart in- .

cluding vital signs, techniques and drugs used
and any relevant information must be com-

pleted. 7.

e Maintain a detailed postoperative recorce-

gional blocks must be evaluated and monitored g,

postoperatively, preferably using a standardised

chart. Adverse effects and their treatments have
to be recorded. 10.

* Monitoring of respiration respiration parame-
ters have to be monitored, preferably in spec-

ialised units, for 24 hours if the patient has 12.

received an epidural or intrathecal opioid. In

this case, monitoring should include measure-;3,

ment of continuous pulse oximetry.

14.

8. Conclusion

Regional anaesthesia is a very effective way of15-

providing analgesia to paediatric patients. Most of

the techniques available are both easy to perfornis.

and well tolerated, which allows their extensive

use in children. However, they are not free from 17

adverse effects and the potential for complications
must be carefully evaluated prior to carrying out
the procedure. Sound selection of local anaesthet-

O Adis International Limited. All rights reserved.
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