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Introduction

Epidural blockade in children continues to growpiopularity with increasing applications in the
operating room and beyond. In infants and childrepidural anesthesia is most commonly performed in
conjunction with general anesthesia as a meansmfigng postoperative analgesia or as a combined
general-regional anesthetic technique to limit taguirements for general anesthetic agents. However
epidural blockade may also be the sole surgicak#magtic in various clinical scenarios such as the
former premature infant at high risk for post-aresic apnea, in patients with concurrent medical
conditions that increase the potential risks of gahanesthesia, or in cooperative older pediatric
patients who chose a regional anesthetic technay@é general anesthesia. When performed
preemptively prior to surgical incision, epidurdblbkade may ablate the surgical stress response,
decrease postoperative analgesia requirementsjrapdove the postoperative course. Epidural
anesthesia has also found increasing roles in taeagement of acute and chronic pain outside of the
perioperative period. Additionally, the sympathdtiockade that can be induced by epidural anesthesi
Is occasionally used as a therapeutic tool to inveroegional blood flow in various clinical scenasio
with associated vascular insufficiency. This wodgshvill review local anesthetic agents, opioidsgan
adjuvant agents commonly used for pediatric epilanesthesia/analgesia and discuss the practical
aspects of these techniques. Additionally, speissiges as they pertain to the use of these tewésiip
neonates will be reviewed.

Caudal epidural blockade

The most commonly performed pediatric epidural négire is the caudal epidural block. First described
for pediatric use in 193335, caudal epidural anaigeinvolves accessing the epidural space throbgh t
sacrococcygeal ligament via the sacral hiatus atliase of the sacrum. The technique is relativesdy e
to perform and combines a high success rate widwarisk of complications. It is particularly pogulin
pediatric practice because of the ability to obtamalgesia extending to the mid-thoracic dermatomes
when volumes of 1.3-1.5 mL/kg are used in infantsy@ung children while approaching the epidural
space below the level of the spinal cord. It magdresidered for any procedure or process below the



umbilicus. Caudal block in children is most comnyguerformed in combination with a general
anesthetic, but may be the sole technique in fopremnature infants at high risk for post-anesthetic
apnea. Caudal block is performed with the patierateral or prone position.

The sacral hiatus is identified above the coccyxranear the superior aspect of the gluteal credse
palpation of the two sacral cornua. The sacral aorepresent the posterior bony elements of the S5
vertebral body. Using appropriate sterile technigaeneedle is inserted midway between and slightly
inferior to the two sacral cornua at a 450 anglethe skin. The needle angle may be decreased
immediately after passing through the skin or aélecountering bone, representing the posterior wall
the ventral sacral elements. The needle is advameadjusting the angle as needed, until a
characteristic "pop" indicating passage through gserococcygeal membrane is appreciated . Potential
sites of improper needle placement include intraoss, subdural, in an epidural vein, and under the
sacral ligament.

Controversy has been raised regarding the typeeefife to used: standard or styletted. Advocates of
styletted needle voice concern regarding coringherremoval of a tissue plug which theoreticallyldo

be carried into the epidural space and develop arcepidermoid tumor. Goldscheider and Brandom
demonstrated residual material in 54% of cases whaon-styletted needle was used. In 33% of the
cases, the core included epidermal tissue. Thigissmains to be resolved as many institutionsicoat

to use standard, short bevel, non-stylleted needlele others use styletted needles such as a atdnd
spinal needle.

The sacrococcygeal membrane represents the mesibindspect of the ligamentum flavum surrounding
the spinal epidural space. After negative aspinatior blood or CSF, the same process as outlinexvab
for dosing an epidural block at the lumbar or thoi@level is followed including the use of a tessel

and fractionating the entire dose of local anesthsblution. The volume administered depends upen t
desired area level of analgesia. Bupivacaine (0-02Z%%), levobupivacaine (0.125-0.25%), and
ropivacaine (0.2%) are the local anesthetics moshmmonly used for bolus caudal epidural
administration. Bupivacaine, levobupivacaine, angivacaine when used in concentrations of 0.2-
0.25% will provide surgical anesthesia for 60-12hutes with persistent analgesia for up to 6-12rsou
thereafter. Analgesia at more distant sites orlémger periods may be achieved by addition of apioi
and/or adjuvant agents.

Although caudal block is most commonly performed &sngle shot" bolus technique, postoperative
analgesia can be provided by a continuous caudakion following placement of a caudal epidural
catheter as is performed for lumbar or thoracicdepial analgesia. Several commercially prepared kits
are available for caudal anesthesia or standarddepal kits may be used with a Crawford or other-end
hole needle. Alternatively, a standard 20-gaugeleqal catheter may be threaded through an 18-gauge
intravenous catheter that has been placed intacthalal epidural space. In neonates and small irgfaint
may be feasible to pass a catheter from the caamdl to the thoracic dermatomes to provide anakesi
for thoracic and upper abdominal procedures.

Regional anesthesia, either spinal or caudal bladkh the patient awake is occasionally performed f
surgical procedures below the umbilicus in childegrhigh risk for post-anesthetic apnea, particlyar
former premature infants. Avoidance of general #8mesa may decrease the likelihood of postoperative
respiratory complications including apnea. Awakgiomal anesthesia generally uses only local
anesthetic agents as the addition of neuraxial iojpgmd/or adjuvant agent may confer the same osk f
post-anesthetic apnea as does general anesthdther Eaudal epidural or spinal anesthesia may be
used. Topical anesthesia is provided by skin rafitbn or local anesthetic cream before block plaest.
Numerous regimens have been suggested for awallala@nesthesia with volumes ranging from 1 to 1.5
mL/kg of bupivacaine in concentrations varying frorh%-0.375%. For these techniques, a higher
volume is needed to provide high thoracic blockievaihigher concentration (0.2-0.375% bupivacaine)
of local anesthetic is needed to improve surgicesthesia. Limitations of these techniques include
incomplete motor block with resultant unfavorahlegscal conditions and duration of anesthesia less
than 90 minutes. Additionally, the combination dfigh volume and a higher concentration of local
anesthetic agent approaches or in some suggestgaeas exceeds the recommended doses of
bupivacaine. These concerns and the need to pradaegthesia beyond 90 minutes in some cases has
resulted in the use of 3% chloroprocaine by cordgumiinfusion. Successful anesthesia can be provided
for 2-3 hours in the awake neonate using a regiofeh5-2 mL/kg of 3% chloroprocaine as the initial



bolus followed by an infusion of 1.5-2.0 mL/kgDespite the high volume and high concentration of
local anesthetic agent, serum concentrations haenlshown to be insignificant even in the neonatal
population. This technique has also been showre teffective as a combined technique with general
anesthesia for abdominal surgical procedures innaes thereby allowing for immediate tracheal
extubation by avoiding high concentrations of amailational anesthetic agent and eliminating thechee
for parenteral opioids.

Since neuraxial blockade in children is most comignparformed under general anesthesia, neurologic
toxicity may not manifest itself leaving cardiototy as the first sign of systemic toxicity. Altgbdocal
anesthetic toxicity may occur during continuousignbn techniques, particularly if the dose is not
appropriately adjusted for patient age, most adeeeactions occur with bolus administration, gitka
greater likelihood of rapidly reaching toxic seruevels. Local anesthetic toxicity may also reswlirf
unrecognized intravascular or intraosseous injactiBefore the epidural administration of local
anesthetic, aspiration for blood should be perfadméegative aspiration reduces, but does not ebitein
the risk of inadvertent intravascular injection iasdvertent intraosseous injection may occur (gahgr
during caudal epidural blockade) given the cartilagus nature of the lumbar and sacral vertebral
bodies in neonates and infants. Following negadisiration, a test dose of epinephrine-containiocgl
anesthetic is injected (0.5:/kg of epinephrine, or 0.1-0.2 mL/kg of a solut@mtaining epinephrine
1:200,000 or Hg/mL) with 30-60 seconds of observation for hemadya changes suggestive of
intravascular injection (ST segment or T wave clengncreased heart rate or hypertension) before
injection is continued. Even if no hemodynamic ¢gesrare noted, many practitioners administer the
remainder of the dose slowly and in fractionateshfan, with repeated aspiration and observatioraft
each subsequent dose.

Pediatric epidural anesthesia: equipment, technique, and complications

Pediatric epidural anesthesia represents a potdigtizaluable technique in perioperative care of
children. A review of the historical backgroundpediatric epidural anesthesia provides greater
understanding of its development, underscores plesapplications, and reinforces potential
complications and contraindications. Successfulgteid epidural anesthesia requires careful plangin
and skillful execution, with the goal of providiagtimal analgesia. The analgesia provided is astea
equivalent, and at times may be superior, to tliforded by other modalities. Particularly when
performed pre-emptively, regional anesthesia hanisthown to attenuate the surgical stress response,
although the significance of this in pediatric @atis is unclear. Regional anesthetic techniqueslgho
provide analgesia while minimizing respiratory degsion and other side effects of systemic opioid
therapy, although this has been difficult to dentiate in clinical practice. Regional anesthetic
techniques permit lighter planes of intraoperatpeneral anesthesia, facilitating emergence and
expediting recovery, and in some cases may all@mmMance of general anesthesia. There are also roles
for epidural anesthesia in pediatric pain managemanthe perioperative setting and outside the
operating room.

Pediatric epidural anesthesia does require time afidrt on the part of the anesthesia providernnad

as patience on the part of surgical and nursingeaues; depending on technique, specialized
equipment may be required. Any regional anestmeéig fail, or be only partially effective. Intravadar
injection is possible, as are vascular injury arnddaling including epidural hematoma. Infection
including epidural abscess is uncommon with singkection techniques, but may be encountered with
indwelling catheters. Concern persists over theeptal for regional anesthetic techniques to mask
potentially serious surgical conditions, in partiaucompartment syndrome of the distal lower exttgm
Intraneural injection and nerve injury are theowlly possible and have been described, but fotrlpa
are quite rare in children. Coagulopathy, infectsoprocess, patient or parent refusal, and anatomic
deformity are all relative contraindications, althgh risks and benefits much be weighed in eacleipiati
and for each procedure.

Successful pediatric epidural anesthesia requiggeftl planning and skillful execution. Administoat

of anesthetic at or near the midpoint of the deonal area over which analgesia is desired is prdpab
the single most important determinant of analge&i@esthetic may be injected or a catheter placed



directly at the desired vertebral level; in infar@isd young children, catheters may be placed cdydal
and threaded distally. Anesthetic injection or et placement may be undertaken by paramedian or
midline approaches. Early pediatric practice engdilparamedian approach, primarily

because of historical precedent in adults, butrhmst pediatric patients midline approach will be
successful. Anesthetic may be administered asgéesimection, or by repeated injection or continso
infusion through an indwelling catheter. Cathetaray be placed conventionally for use over several
days, or tunneled for use over weeks to monthda®edepidural anesthesia is most commonly
performed with the patient under general anesthedtaough awake placement may be attempted in
particularly cooperative older children. The prinyarole for awake regional anesthesia in the pedatr
patient is in the former premature infant at risk &pnea following general anesthesia. Clinicaldsés
in humans have demonstrated little or no differend&ming of pediatric regional anesthesia before
after a variety of surgical procedures.

Pediatric epidural anesthesia has great historipedcedent, and represents a potentially valuable
technique in perioperative care of children. Ses@omplications and absolute contraindications are
rare; analgesia is at least equivalent, and at mneay be superior, to that afforded by other madissli
Careful planning and skilled execution increaselikood of optimal analgesia.

Pediatric epidural anesthesia: Medications and pimaacology

Local anesthetics form the backbone of regionak#resia and analgesia practice. As used in children
they have a narrow therapeutic window for serioamplication yet are used with a high degree of
safety. Their efficacy of analgesia is accompaimgdn acceptable rate of side effects. The epidural
route of local anesthetics and adjuvant drugs sdslly utilized for postoperative analgesia as fpafr a
balanced general anesthetic technique. Only rangllyepidural anesthesia be the sole anesthetic for
infants and children. Local anesthetics share adtiral-activity relationship. A tertiary amine lisked
by an intermediate chain to an unsaturated aromdtius produces a molecule with both water soltypili
and lipophilicity. The local anesthetic must bihé sodium channel in the interior of the cell todk

gate opening, preventing the formation or transimis®f an action potential. Local anesthetics dé no
alter the resting membrane potential or alter thetaolic activity of the cell otherwise. Successful
blockade of a single nerve’s transmission requaesifficient concentration (Cm) of the local anesith
to be present over a sufficiently long sectionexive. Cm is a function of drug and nerve type. The
practical clinical required concentration is typiéa 10 fold greater than the in vitro Cm. The
unmyelinated C fibers and smaller myelinated Aediltters carry nociceptive information have a lower
Cm than the more heavily myelinated motor fibers.

Peak local anesthetic blood levels are largely ction of total dose administered. The rate of
absorption and time to the peak blood level differghe location of injection. Increasing absoipti

rate follows this general pattern: subcutaneoustaliblocks, brachial plexus, caudal, epidural,
intercostal, intratracheal, intravenous. Vasocorwtrs may slightly decrease the peak levels oktiin
Peak levels and lower effective therapeutic indressilt from the dose scaling in children. Compaeab
size nerves require similar total doses of locasthetic to effect blockade, yet the volume ofildigton
for the disposition of the local anesthetic vamesre proportionately with the weight of the patient
Producing a similar nerve block in an infant thernef requires a substantially greater dose for body
weight than for adults.

Bupivacaine is the most commonly administered lanakthetic for routine intraoperative and
postoperative analgesia in children. At concentrasi appropriate for postoperative analgesia it
produces differential blockade that permits goodsahel strength with the possibility for assisted
ambulation with lumbar epidural and especially wittoracic level epidural. Metabolism for amide lbca
anesthetics is decreased in neonates and carelmusken to avoid excessive infusions. Larsson
followed blood levels in neonates with epiduraligins at 0.2 mg/kg/hour, finding a wide range in
blood levels, with some exceedinggml without showing evidence for plateau at 48reotlihis would
suggest that dosing beyond this or for longer pisim neonates could be of concern. Levobupivadaine
a single enantiomer of the racemic bupivacaine obepivacaine may have an improved therapeutic
index with respect to the racemic mixture suggelyeith vitro studies. In clinical



use it appears similar in potency and differentibdckade to bupivacaine. There is insufficientickh
evidence for reduced toxicity yet to suggest higieemissible doses of Levobupivacaine as compared t
racemic bupivacaine. Ropivacaine has in vitro cacdeffects similar to levobupivacaine. Comparative
trials suggest that it is slightly less potent thaupivacaine. Because it appears to have a greater
differential blockade, it might be useful in sitoat where minimal motor block is desired.
Chloroprocaine is the most rapidly metabolized lcar@esthetic, degraded by plasma esterases with a
half-life of 45 seconds in neonates and 25 seconddults. Systemic reactions have still been regahr
especially as rapid boluses can saturate the lichésterase capacity of infants. This drug is mestul

for testing the functionality of an epidural catbetor which the proper positioning might be in gtien.

It has also been utilized as a continuous infustrsurgical anesthesia in neonates.

Utility of mixtures of local anesthetics may predeypothetical benefits. It may be possible to piced
faster onset with longer block by mixing, for exémpdocaine with bupivacaine. The specific
advantages of these admixtures have had only linasissessment. One difficulty for comparison is
determining exactly what would be a comparable ddsesingle agent. Two percent lidocaine mixed at
equal volumes with 0.25 % bupivacaine will resali?o lidocaine and 0.125% bupivacaine
concentrations. A rational concentration and dofa single agent for comparison is not intuitively
obvious. For purposes of avoiding toxicity, thecfran of maximal dose of each should be summed (e.g
half the permissible lidocaine dose with half tleerpissible bupivacaine dose is the limit to be
administered). There has been no suggestion offibéoreadmixing local anesthetics for use with
continuous postoperative administration.

Toxicities in infants can occur at lower doses caregd with children and adults because of decreased
protein binding of the local anesthetic agent. Mbetigsm of the amide local anesthetics is signiftgan
slower through agel12 to 18 months and consideratfahis must be made for repeated doses or
continuous infusions of local anesthetic. Toxitpgically produces CNS symptoms before
cardiovascular effects occur. Agitation, restlessend myoclonic movements indicative of CNS
excitement could be confused for unrelieved palS Gymptoms generally precede cardiovascular
complications except with bupivacaine. Bupivacdias a narrower therapeutic index and cardiac
symptoms may coincide or precede CNS symptomsly§heythmias described may produce difficult to
resuscitate conditions. All local anesthetics dilgdepress cardiac contractility. By altering soh
channel conduction the propagation of contractiaows more slowly creating the situation where
reentrant dysrhythmias may occur. Bupivacaine diffeom the other amide anesthetics having
increased lipid solubility and a more avid bindittgthe sodium channel. Cardiac dysrhythmias
precipitated by bupivacaine under the conditiontygoxia and hypercarbia are probably best managed
with amiodarone in addition to support of ventitatiand circulation. Isoproterenol has been
demonstrated to reverse the electrocardiac effeckaipivacaine toxicity and might be useful also in
resuscitation. In summary: For bupivacaine, maximaofusion rate for neonates is 0.2 mg/kg/hour. Over
age 6 months through adult, 0.4 mg/kg/hour.

General considerations for the use of adjuvant driay epidural anesthesia and analgesia includg: (1
children often tolerate opiates quite well and cditen achieve adequate analgesia utilizing opiates
NSAIDS. Therefore, epidural safety must at leagtt e already high safety profile if IV opiate®) (
Dose ranging in children is often incomplete oreis (3) Most experience is from single dose (sipic
caudal epidural) use. (4) Drug additives and presgives may be present in adjuvant drugs, and have
less often been safety tested for epidural andaspise. (4) Because of the probability for uninteshd
intrathecal administration, drugs considered foidepal use should be established as safe for ihtrasl
use.

Clonidine is FDA approved for epidural use in adultith chronic pain. It is available in a preserivet
free preparation at 10@g/ml and 50Q:g/ml. Clonidine acts as a presynapii2-adrenergic agonist at

the interneurons of the dorsal horn mimicking tleévaation of descending noradrenergic pathways and
inhibiting neurotransmitter release. Typical sidéeets of clonidine include sedation, bradycardia,
orthostatic hypotension and dry mouth. Alterationgtraoperative or postoperative blood pressure a
minimal in children. Respiratory depression is mmal, with resting carbon dioxide levels normal, but
ventilatory response to CO2 challenge somewhattbturNumerous studies have evaluated the efficacy
of single dose clonidine via the caudal route agdjuvant with local anesthetics for proceduresohel
the umbilicus, most finding benefit with doses fie@ug/kg. A dose response study evaluated three



concentrations of clonidine finding improved pagoies without change in sedation scores in children
with continuously infusion epidural catheters. Huthors concluded that clonidine 0.08 to OutZkg/hr
added to ropivacaine was superior to ropivacaingmlr with 0.04ug/kg/hr. In children undergoing
major abdominal surgery clonidine alone at @@kg/hr as epidural infusion may be sufficientdor
majority of patients. A reasonable role for cloméiin postoperative management would be to supplant
the use of an opiate, thus reducing the complicatiopom PONV and pruritus and respiratory
depression. The spinal administration of clonidi@es been shown to produce antihyperalgesia pengisti
months after surgery and anesthesia, suggestirtgctbaidine might have some preemptive analgesic
benefit (that has been elusive in clinical triads bpiates.)

Ketamine is available as a preservative free diug,is not labeled for epidural or spinal use. Katae
acts through the blockade of NMDA receptors inghlestantial gelatinosa, and also binds mu opioid
receptors. These receptors are located throughoiGNS and play an important role in central pain
and neural plasticity in the spinal cord. Numeratigdies in children mostly for hernia and genitoary
surgery has demonstrated efficacy for prolonginglgesia for bupivacaine caudals. Dose ranging for
single dose administration suggests that 0.25-@&gnis optimal; larger dosing was associated with
urinary retention and behavioral effects.

Neostigmine is available only with preservative tigparaben, propylparaben, or even phenol outside
the U.S.) and is not labeled for epidural or spiadministration. The paraben preservatives utilized
the U.S appears safe in animal studies. Muscarggeptors are present in lamina 2 and 3 of the &lpin
cord and are responsible for the analgesics effdgpsdural and intrathecal neostigmine is assoadilate
with significantly increased rates of PONV. Hemaaiyits are stable, and blood pressure is supported
more near normal as compared to controls withoutstigmine administration. Dose ranging studies in
children have shown dose independence over a raryeg/kg neostigmine with bupivacaine versus
bupivacaine only controls, yet a similar study exjig the range 10-50g/kg using neostigmine as the
sole analgesic found that analgesia was dose degp#rdroughout this range, but PONV was increased
with doses over 30g/kg. Evidently, neostigmine requires substantidiger doses without the presence
of a local anesthetic. It usefully prolongs theation of conventional caudal block with local arestc
but has poor efficacy as a sole analgesic. PONVsauthtion are problematic at higher doses.
Continuous infusion has not been explored for caatiis epidural infusion.

Midazolam is available as a preservative free ditugf, is not labeled for epidural or spinal use. iAntis
through GABA-A receptors in the spinal cord in lamll of the dorsal horn. Dose ranging is
extrapolated from adult upper abdominal surgemgding 50ug/kg optimally providing analgesia, with
higher doses associated with excessive sedatianaKtecently compared effects of midazolam,
ketamine, and neostigmine coadministered with lagaime. Time to first analgesic was longest for the
midazolam and neostigmine groups, with the ketagpioep having 2 of 20 patients experience
hallucinations. Midazolam has had relatively litdidy to determine the optimal dose range in céild
or evaluate for unanticipated side effects. Furtbterdy is warranted before widespread routine gse i
instituted.

Morphine is labeled for epidural and spinal useslknown to produce a dose and concentration
dependent local tissue inflammation inducing tisgtauloma at the site of intrathecal infusion. §'1s
not an issue with the concentration or durationcesated with acute perioperative analgesia useeSid
effects include PONV, urinary retention, pruritasd hypoventilation and apnea. The principle concer
with the use of neuraxial opiates is for respirgtdepression. This CNS effect can occur as a re$ult
direct action upon the brainstem through CSF ciatiain or through systemic absorption with effect
similar to IV administration. Morphine has a pedkeet for respiratory depression at 4 hours followi
administration but cases have occurred up to 12$itater. This time can often coincide with circaali
sleep, change of staff, and waning staff vigilaiecgroduce critical respiratory depression if not
monitored for and treated. The more lipophilic dsugntanyl and sufentanil are more rapidly absorbed
from the CSF, making rostral spread less likelynaerns for delayed respiratory depressions fronglein
doses seems to be less likely than for morphingh Safety cannot be assumed if these drugs areadtil
as continuous infusions, and all opiate infusiomsudd receive equivalent postoperative monitoring.
Children often require local anesthetic doses néarmaximum acceptable. The first step in planaimg
epidural infusion is to determine the maximal antafracceptable local anesthetic that may be irduse
per hour. Written orders for the epidural infusisinould include a stated maximum so that nurses can



check subsequent prescribed changes for the imfukimay be necessary to reduce the planned
concentration of the local anesthetic in order ézf the total dose to an acceptable amount.

Because of variations in surgical procedure, pagngeption, patient variables of anatomy and drug
disposition, no fixed regimen can be sufficientdibpatients. Starting doses must be adjusteddase
upon patient responses. Assessments in childrebeguite complicated as language and understanding
of pain and sensation may not convey the experiasctearly as in adults. Children often expresaiyna
sensations including the tingling or pins and needkeelings of numb extremities as pain. Indeed, fo
many preschool age children the pulse oxymeter, p&ds and any number of non-nociceptive stimuli
‘hurt’ if asked. Testing cold sensation as in adwlith an alcohol pad will often lead to ambiguous
responses; an ice cube beginning in certainly nangas sliding toward unblocked dermatomes may be
more obvious.

Smaller patients require a nerve to experiencenalar exposure to local anesthetic as adults toduwe
block. Children have a smaller volume of distribatand lower clearance for drugs. Because theiigdru
doses are greater on a weight basis, smaller caidwill have lower therapeutic indices. The caudal
space will tend to require larger volumes for tlaene dermatome spread compared to the lumbar or
thoracic region. Body weight in clinical practice a surrogate for volume of distribution. In theseaf
dosing epidurals it is utilized both for estimatitng Vd and clearance rate for drugs administesed,
well as for assessing the size of the epidural sp@werweight body compositions may not have larger
volumes of distribution, faster clearance or larggmdural spaces than their body weight alone would
suggest. For purposes of dosing an epidural angnesing maximum doses one should conservatively
utilize the ideal body weight.

A SUGGESTED APPROACH TO EPIDURAL MANAGEMENT:

1) Calculate maximum permissible local anesthetigsion.

2) Determine desired infusion rates.

Loading volume: 0.05 mL/kg/dermatome spread frothatar/needle tip. At the caudal region count from
the coccyx including all sacral, lumbar and thom@ooots to be anesthetized. For lumbar cathetentou
segments in one direction (usually cephalad) framheter tip.

Infusion rate: 0.2-0.4 mL/kg/hour, not to excequdsl adult infusion rates of up to 15 mi/hour. For
thoracic catheters, use half the loading dose aalfithe infusion rate.

3) Ensure that chosen rate times concentratiomiaeceptable dose of local anesthetic.

4) Determine the rate for the adjuvant.

Fentanyl 1ug/kg/hour

Hydromorphone Lg/kg/hour

Morphine 2..xg/kg/hour

Clonidine 0.2ug/kg/hour

5) Calculate the required concentration of adjuvemthe epidural solution.

A standardized order page tailored to each instiis typical practices and patients will greatly
facilitate this practice and enhance safety by préing accidental incorrect or atypical dosing.

THE OVERNIGHT CAUDAL EPIDURAL:

Shorter postoperative hospitalizations often seepréclude the use of epidural analgesia. In this
situation, where benefit is to be gained from the af a continuous epidural technique, the techmiqu
must adapt. Clubfoot surgery causes consideratseotinfort and casting promotes tendon stretch and
muscle spasm exacerbating pain. This populationbsawell served by the use of a continuous caudally
placed epidural catheter infusing until the mornfgthe first postoperative day. This results inedbent
patient and parent satisfaction compared with tingle dose blocks with effects that, despite adjuva
drug use, still wear off in the middle of the nighur typical regimen uses bupivacaine 0.1% with



fentanyl 5ug/ml to infuse at 0.2 mL/kg/hr. Bupivacaine dossgcceptable for infants. Apnea
monitoring and pulse oxymetry are used overnight.

PATIENT-CONTROLLED EPIDURAL ANESTHESIA (PCEA):

PCEA principles:

Demand dose administered by patient is at leastmnailty effective.

Demand dose administered is unlikely to producerhar

Dosing interval is governed by the rate of onsegftéct. The patient will have the opportunity tice

the effect before the lockout permits repeat dosing

Total local anesthetic dose must be considerethdtin basal and PCEA dosing. Patients may be relied
upon to self-limit systemic opiates as they achearefort and somnolence, but patients using local
anesthetic may fail to slow usage in a similar neann

Tachyphylaxis for local anesthetics is promotedilbigwing local anesthetic effects to wane. Repatiti
small fiber stimulus produces a wind up effect inithe spinal cord, sensitizing the patient to pain
effectively this is the clinical opposite of pre¢iganalgesia. Allowing local anesthetic effectivane as
would be expected to occur with PCEA without basfalsion might lead to this problem. Further,
reestablishing the analgesia will be difficult foatients unless especially liberal pump lockouts ar
utilized. Thus, it is rational to utilize a basalfusion when local anesthetics are included inahalgesic
regimen. Reasonable PCEA demand dose is 20% ba#da with 2 doses per hour limit, or 40% of the
basal rate with one dose per hour limit. It musilssumed that the patient will receive all possible
programmed doses and this must be within the aab&ptimits for local anesthetic usage.

Epidural analgesia provides excellent pain contaan hasten recovery of Gl function, reduce PONV,
and may preemptively reduce the total pain burderelducing spinal cord ‘wind-up’ effect. Successful
transition from epidural may be considered onceghgent is capable of consuming oral analgesics.
Since the pain burden of the procedure is likejyicant, having required epidural analgesia, thral
analgesia regimen should adequately address tlhis.oFal analgesic regimen we use often consisss of
basal or scheduled opiate along with a PRN dos@lN%djuvants will also be utilized if not relatiye
contraindicated by the surgical procedure. Typidaking includes Oxycontin 0.5-0.75 mg/kg Q8-12
hours scheduled plus oxycodone 0.15-0.2 mg/kg Q2 PBr children who cannot swallow the oxycontin
tablets, a scheduled dose of oxycodone at 4-haenials could be

substituted. The PRN dosing is quite short, butiwi2 hours the full effect, and side effect, can
sufficiently be assessed to warrant repeat dogidgscomfort persists. Intravenous opiates or
reactivation of the catheter can be consideredufmelieved pain. It is uncommon to transition epalu
analgesia to IV PCA,; this is sometimes requireddawel procedures requiring prolonged postpone
fasting.

Neonatal epidural anesthesia

There is increasing evidence that infants not ¢ralye the neuroanatomic, neurochemical, and funation
ability to respond vigorously to painful stimuliyteequally as important, that early pain experienosay
alter responses to pain later in life. Preterm aatn neonates in the neonatal intensive care INICU)
are exposed to numerous sources of pain and dtvtéewing major surgical procedures. Because of the
immaturity of inhibitory pathways in the centralmeus system in both preterm and full term infants,
tissue-damaging procedures may be particularly fadiim these young infants. Untreated pain can lead
to a number of adverse physiologic consequencésding increased physiologic energy expenditure,
increased secretion of adrenal stress hormonesredtcerebral blood flow, and disturbed sleep/wake
cycles. Strategies for treating and preventing paithe NICU and newborn nursery have recently been
developed and preliminary studies have suggestacetrly aggressive pain control and stress reaurcti
strategies may minimize long term effects on gaiesholds and behavior. Key in the treatment otecu
postoperative pain is the use of regional anesthitetthniques including epidural anesthesia.

Epidural analgesia can provide excellent postopgeatinalgesia for neonates undergoing thoracic,
abdominal, and lower extremity surgery. It can lagtigularly useful for surgeries where early
resumption of spontaneous ventilation is desireavmd barotrauma (e.g. diaphragmatic hernia repair
The use of epidural analgesia in neonates has famslitated by the discovery that a catheter can be



reliably threaded to the thoracic region from thmpler caudal approach in neonates. This technique
tends to be quite reliable in infants less tharg5%ince proper alignment of the tip of the epidlura
catheter can be crucial to the success of thisrtiegle, placement should be verified by the injectbd

0.5 mL of radio-opaque dye (Omnipaque 180 or Is@a® through the catheter followed by
radiography. Radio-opaque catheters (Theracathrpdrinternational, Redding, Pennsylvania) are also
available that allow determination of the leveltloé catheter tip with a plain radiograph. The adisge

of these catheters is that placement can be easilfied throughout the duration of the infusion.
Continuous infusions of bupivacaine, levobupivaeaor ropivacaine can provide excellent pain relief
but clearance of these local anesthetics can b&albe in newborn infants. Bupivacaine is an amide
local anesthetic requiring conjugation to inactivetabolites in the liver and excretion in the kigse
Clearance can therefore be delayed in newborng@ally after abdominal surgery. Early
pharmacokinetic studies demonstrated that, in @sttto the steady state levels seen in older isfant
infants less than 4 months of age, receiving iofusiof 0.1% bupivacaine can have steadily rising
bupivacaine plasma levels. Subsequent studiesifacspecifically on infants less than 1 month of,ag
demonstrated that at 48 hours of an infusion atrfgZkg/hour, rising bupivacaine levels are see0fb
of infants. For this reason, it is recommended thaision rates in infants less than 2 months & ag
should not exceed 0.2 mg/kg/hr for the initial sifun and should be lowered as tolerated duringfitise
several days of infusion. In order to provide adguspread of the local anesthetic and still mamta
bupivacaine levels below this range, an infusiof.66% bupivacaine mixed with.d/mL of fentanyl

has been used at rates of 0.2 — 0.4 mL/kg/hour<{0.2 mg/kg/hour of bupivacaine) with good success.
When the tip of the epidural catheter is propetced, infusion rates can often be further reduted. 1
mg/kg/hour (0.2 mL/kg/hour) on the second or tipodtoperative day without significantly affectirgjrp
relief. Lidocaine has also been used for continuepiglural infusions in newborns with the possible
advantage of allowing plasma blood levels to belgabtained during the infusion. Concerns regaglin
the rapid development of tolerance to this locatsthetic in laboratory animals have limited its
widespread use.

To avoid these concerns regarding bupivacaine eleeg, 2-chloroprocaine has been used for epidural
infusions in neonates. Since 2-chloroprocaine iester local anesthetic, it is metabolized by plasm
cholinesterases and rapidly cleared from the ciatioin. Theoretically, higher infusion rates can be
administered with less likelihood of accumulatiblenderson and colleagues demonstrated a rapid
clearance of chloroprocaine in neonates even at lmgusion rates (1.0 mL/kg/hour of 3%
chloroprocaine). In their cohort of patients, a ¢immious caudal epidural infusion was used to previd
intraoperative surgical anesthesia during prolongealgical procedures in former preterm infants as a
means of avoiding the need for general anesthédiernatively, the caudal epidural infusion of
chloroprocaine has also been combined with genanakthesia during major intra-abdominal
procedures to allow for tracheal extubation at ttmenpletion of the procedure. Further studies are
needed to assess the efficacy and safety of longHtusions of 2-chloroprocaine in newborns, since
there are limited data currently available in theéut population and the studies performed to datthe
pediatric population, have included intraoperatiméusions with a maximum duration of 3-4 hours.ANit
long term postoperative use, the rapid developroetachyphylaxis may limit its utility.

Summary

Interest in pediatric epidural blockade continuegtow, with increasing applications of epidural
anesthesia during the perioperative period. Epidunadications generrally include some combinatibn o
local anesthetic agent, opioid, and/or a varietyadfuvant agents such as ketamine or clonidine.
Although the epidural space may be accessed avamgbral level, caudal block is most common in
pediatric practice. Unless a hydrophilic opioid sugs morphine is used, epidural analgesia optimally
requires an approach at the vertebral level cor@siing to the dermatome at which maximal analgesia
is desired. Epidural analgesia may entail a singtdus administration or a continuous infusion via a
epidural catheter. When considering the optionspimionged analgesia (up to 24 hours), 3 basic
options are available: 1) caudal epidural injectioha hydrophilic opioid such as morphine, with
butorphanol to limit the adverse effect profile foorphine; 2) lumbar intrathecal morphine which has
been shown to be effective for thoracic and crawiafl procedures; or 3) an indwelling epidural
catheter with a continuous infusion of a combinatd the agents outlined in this chapter.

Monitoring is essential for safety. The nursingfstaust be trained to understand the physiolodiect$



of epidural analgesia. A systematic means of ass&ss focusing on the expected complications fram t
drug regimen chosen must be instituted for eactepatPhysiologic monitors can be of benefit, nat a
plagued by false alarms. The SpO2 is sensitiveypoventilation in children breathing room air.
However the use of supplemental oxygen can rasualbimal SpO2 readings well into an evolving
respiratory arrest. Standard epidural managemereos should not generally allow supplemental
oxygen administration without an additional ongoamsessment of the respiratory status such as
respiratory rate or a non-invasive monitor of PaC@@lverse effects from epidural morphine primarily,
and other opiates also to a lesser degree, canecaiggificant patient distress. PONV, pruritus,
respiratory depression, and urinary retention ocatitower rates for patients who receive local
anesthesia alone, or in conjunction with clonidoréketamine. Keeping epidural drug management
simple, using the fewest number of drugs to actpaie control remains the goal.

References

1. Dalens B. Regional anesthesia in children. Anéstalg 1989;68:654-672.

2. Tobias JD. Therapeutic applications of regioanesthesia. Paediatr Anaesth 2002;12:272-277.

3. McNeely JK, Farber NE, Rusy LM, et al. Epiduaa&lgesia improves outcome following pediatric
fundoplication. Reg Anesth 1997;22:16-23.

4. Broadman LM. Pediatric regional anesthesia. Glimesth Updates 1992;3:1-14.

5. Berde CB. Convulsions associated with pedia&igonal anesthesia. Anesth Analg 1992;75:164-166.
6. McCloseky JJ, Haun SE, Deshpande JK. Bupivadakieity secondary to continuous caudal epidural
infusion in children. Anesth Analg 1992;75:287-290.

7. Agarwal R, Gutlove DP, Lockhart CH. Seizuresuogog in pediatric patients receiving continuous
infusion of bupivacaine. Anesth Analg 1992;75:28&-2

8. Kasten GW, Matrtin ST. Bupivacaine cardiovasctaicity: Comparison of treatment with bretylium
and lidocaine. Anesth Analg 1985;64:911-916.

9. Haasio J, Pitkanen MT, Kytta J, et al. Treatma&bupivacaine-induced cardiac arrhythmias in
hypoxic and hypercarbic pigs with amiodarone orthliam. Reg Anesth 1990;15:174-179.

10. Weinberg G, Ripper R, Feinstein DL, et al. dlipmulsion infusion rescues dogs from bupivacaine-
induced cardiac toxicity. Reg Anesth Pain Med 2082,98-202.

11. Tobias JD. Caudal epidural block. A revieweasttdosing and recognition of systemic injection in
children. Anesth Analg 2001;93:1156-1161.

12. Lawhorn CD, Brown RE Jr. Epidural morphine wititorphanol in pediatric patients. J Clin Anesth
1994:6:91-94.

13. Weber F, Wulf H. Caudal bupivacaine and s(+takene for postoperative analgesia in children.
Paediatr Anaesth 2003;13:244-248.

14. Marhofer P, Krenn CG, Plochl W, et al. S(+)dmine for caudal block in paediatric anaeshtesia. B
J Anaesth 2000;84:341-345.

15. Sharpe P, Klein JR, Thompson JP, et al. Anades circumcision in a paediatric population:
Comparison of caudal bupivacaine alone with bupame plus two doses of clonidine. Paediatr Anaesth
2001;11:695-701.

16. Hager H, Marhofer P, Sitzwohl, et al. Caudaratine prolongs analgesia from caudal S(+)
ketamine in children. Anesth Analg 2002;94:116921L17

17. Bouchut JC, Dubois R, Godard J. Clonidine iatprm infant caudal anesthesia may be responsible
for postoperative apnea. Reg Anesth Pain Med 2@)83285.

18. Bosenberg AT, Bland BAR, Schulte-Steinberd &), €horacic epidural anesthesia via the caudal
route in infants. Anesthesiology 1988;69:265-269.

19. Valairucha S, Seefelder C, Houck CS. Thorguidural catheters placed by the caudal route in
infants: The importance of radiographic confirmatid®’aediatr Anaesth 2002;12:424-428.

20. Gunter JB, Eng C. Thoracic epidural anesthesaahe caudal approach in children. Anesthesiology
1992;76:935-938.

21. Tsui BC, Seal R, Koller J. Thoracic epiduralheder placement via the caudal approach in infdoyts
using electrocardiographic guidance. Anesth And§295:326-330.



22. Tsui BCH, Gupta S, Finucane B. Confirmatioemtiural catheter placement using nerve
stimulation. Can J Anaesth 1998;45:640-644.

23. Tobias JD, Lowe S, O'Dell N, et al. Thoracicdepal anesthesia in infants and children. Can J
Anaesth 1993;40:879-882.

24. Kinirons B, Mimoz O, Lafendi L, et al. ChlorftBre versus povidone iodine in preventing
colonization of continuous epidural catheters indien: A randomized, controlled trial. Anesthesigy
2001;94:239-244.

25. Krane EJ, Dalens BJ, Murat I, et al. The safdtgpidurals placed during general anesthesia. Reg
Anesth Pain Med 1998;23:433-438.

26. Uemura A, Yamashita M. A formula for deterngrtime distance from the skin to the lumbar epidural
space in infants and children. Paediatr Anaesth212805-307.

27. Lim YJ, Bahk JH, Ahn WS, et al. Coiling of lamdpidural catheters. Acta Anaesthesiol Scand
2002;46:603-606.

28. Schulte-Steinberg O, Rahlfs VW. Spread of @éuted analgesia following caudal injection in
children. A statistical study. Br J Anaesth 19773427-1034.

29. Luz G, Innerhofer P, Haussler B, et al. Comgami of ropivacaine 0.1% and 0.2% with bupivacaine
0.2% for single-shot caudal anaesthesia in childfeéaediatr Anaesth 2000;10:499-504.

30. Campbell MF. Caudal anesthesia in children.rélt1933;30:245-249.

31. Goldschneider KR, Brandom BW. The incidendssidie coring during the performance of caudal
injection in children. Reg Anes Pain Med 1999;248:556.

32. Gunter JB, Watcha MF, Forestner JE, et al. Gdwgbidural anesthesia in conscious premature and
high risk infants. J Feder Surg 1991;26:9-14.

33. Tobias JD, Lowe S, O'Dell N, et al. Continumegional anesthesia in infants. Can J Anaesth
1993;40:1065-1068.

34. Tobias JD, Hersey S. Continuous caudal anasstltiring inguinal herniorrhaphy in an awake,
1440 gram infant. Paediatr Anaesth 1994;4:187-189.

35. Henderson K, Sethna NF, Berde CB. Continuoudalaanesthesia for inguinal repair in former
preterm infants. J Clin Anesth 1993;5:129-133.

36. Tobias JD, Rasmussen GE, Holcomb GW IIl, eahtinuous caudal anaesthesia with
chloroprocaine as an adjunct to general anaesthasi@eonates. Can J Anaesth 1996;43:69-72.

37. Haasio J, Pitkanen MT, Kytta J, Rosenberg Pidaiment of bupivacaine-induced cardiac
arrhythmias in hypoxic and hypercarbic pigs withiadarone or bretylium. Reg Anesth 1990;15:174-9.
38. Klamt JG, Garcia LV, Stocche RM, Meinberg Afidkral infusion of clonidine or clonidine plus
ropivacaine for postoperative analgesia in childamergoin major abdominal surgery. J Clin Anesth
2003;15:510-5.

39. Cuchiaro G, Gagher C, Baujard C, Dubousset Behhamou D. Side-effects of postoperative
epidural analgesia in children: a randomized stwdynparing morphine and clonidine. Paed Anaesth
2003;13:318-23.

40. DeKock M, Lavand’homme P, Waterloos H. Thetdasting analgesia and long term
antihyperalgesic effect of intrathetcal clonidimegatients undergoing colonic surgery. Anesth Analg
2005;10:566-72.

41. Johnston P, Findlow D, Aldridge LM, Doyle E eTéffect of ketamine on 0.5% and 0.125%
bupivacaine for caudal epidural blockade in childi@aediatr Anaesth 1999;9:31-4.

42. Semple D, Findlow D, AldridgeLM, Doyle E. Tiptimal dose of ketamine for caudal epidural
blockade in children. Anaesthesia 1996;51:1170-2.

43. Gurun M, Sibel MD, Leinback R, Moore L, Leet@leStudies on the safety of glucose and paraben
containing neostigmine for intrathecal administaati Anesth Analg 1997;85:317-323.

44. Mahajan R, Grover VK, Chari P. Caudal neostigenwvith bupivacaine produces a dose-independent
analgesic effect in children. Can J Anaesth 2004.61-6,.

45, Batra K, Ara VK, Mahajan R, Chari P. Dose respe study of caudal neostigmine for postoperative
analgesia in aediatric patients undergoing gennary surgery. Paed Anaesth 2003;13:515-21.

46. Nishiyama T, Hirasaki A, Odaka Y, Konishi Hpo3€ Goto I. Epidural Midazolam with saline —
optimal dose for postoperative pain. Masui 199244154,

47. Kumar P, Rudra A, Pan AK, Acharya A. Caudalithdes in pediatrics: A comparison among



midazolam, ketamine, and neostigmine coadministerdgdbupivacaine. Anesth Analg 2005;101:69-73.
48. Bosenberg AT, Bland BA, Schulte-Steinberg Oraliic epidural anesthesia via the caudal route
infants. Anesthesiology 1988;69:265.

49. Blank JW, Houck CS, McClain BC, Berde CB. Clahadvancement of epidural catheters:
Radiographic correlation. Anesthesiology 1994;813A3.

50. Valairucha S, Seefelder C, Houck CS. Thorguidugal catheters placed by the caudal route in
infants: the importance of radiographic confirmatid?aediatr Anaesth 2002;12:424-8.

51. Luz G, Innerhofer P, Bachmann B, et al. Bupauae plasma concentrations during continuous
epidural anesthesia in infants and children. Anestlialg 1996;82;231.

52. Larsson BA, Lonngvist PA, Olsson GL. Plasmaentmations of bupivacaine in neonates after
continuous epidural infusion. Anesth Analg 1997584-5.

53. Henderson K, Sethna NF, Berde CB: Continuousl@isanesthesia for inguinal hernia repair in
former preterm infants. Journal of Clinical Anestl#@1993;5:129-133

54. Tobias JD, Rasmussen GE, Holcomb GW 3rd, &aaltinuous caudal anaesthesia with
chloroprocaine as an adjunct to general anaesthesizeonates. Can J Anaesth 1996;43:69-72.



