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ABSTRACT

Effective pain management in neonates is critical, as inadequate treatment
can result in both immediate complications and long-term cognitive and
behavioral issues. Neonates, particularly preterm infants, have heightened
sensitivity to pain, which necessitates the use of specialized pain
management techniques. Regional anesthesia (RA) offers significant
benefits in this patient population, including reducing the need for opioids
and their associated risks, minimizing the stress response, and improving
postoperative outcomes. Despite its proven efficacy in pediatric and adult
populations, there is limited published evidence regarding RA's use in
neonates. This article reviews the fundamental science, clinical applications,
and safety considerations of regional anesthesia in neonates, focusing on
four modalities: neuraxial blocks, peripheral nerve blocks, fascial plane
blocks, and analgesic catheters. While RA has been shown to provide
superior pain control and reduce opioid consumption, safety is paramount,

especially considering the unique physiological characteristics of neonates.
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Introduction

Clinical studies have shown that inadequate pain
management results in both immediate complications and
long-term physiological, behavioral, and cognitive
consequences, such as disrupted pain perception,
attention deficit disorder, reduced visual-perceptual skills
or visual-motor coordination, and impaired executive
functions. The American Academy of Pediatrics
recognizes that neonates experience pain and that
pharmacologic and nonpharmacological interventions
are necessary to relieve pain and associated stress. 1.23

The use of regional anesthesia techniques has shown to
attenuate the stress response, reduce opioid consumption
and its associated adverse effects, and provide better
pain control. Due to the unique characteristics of
newborns, there is less published evidence on the use of
regional anesthesia in this patient group.

The aim of this article is to examine the fundamental
science and clinical uses of regional anesthesia in
neonates, focusing on:

1. The importance of pain management in neonates

2. The pathophysiology of pain in neonates and infants
3. Benefits and risks of regional anesthesia

It is essential for practicing neonatologists to comprehend

the available options for regional anesthesia. Four

modalities of regional analgesia will be examined:

1. Nevuraxial blocks: spinal and caudal anesthesia and
analgesia

2. Peripheral nerve blocks

3. Fascial plane blocks

4. Analgesia catheters

Importance of pain control in neonates
Neonates are more sensitive to pain than older infants,
children, and adults, and this hypersensitivity is
exacerbated in preterm neonates. Multiple lines of
evidence suggest that repeated and prolonged pain
exposure alters their subsequent pain processing, long-
term development, and behavior. 4

Such as altered pain perception, cognitive and
behavioral issues including attention-
deficit/hyperactivity  disorder, impaired  visual-
perceptual ability or visual-motor integration, and
diminished executive functioning. 5-¢

With enhancements in magnetic resonance imaging
techniques, several studies tracking infants subjected to
pain  have revealed significant and lasting
neuroanatomical alterations when assessed during their
school years. 7 A study monitoring preterm infants until
the age of 8 found that increased exposure to neonatal
pain correlated with a thinner cortex across various brain
regions, notably in the frontal and parietal lobes. 8 This
research group also noted diminished volumes in the
limbic system and basal ganglia at eight years of age
among those who experienced more pain.

PHYSIOLOGICAL AND ANATOMICAL CONSIDERA-
TIONS OF THE NEWBORN

Given that the pathophysiology of pain is a complex
chapter, we will discuss the neonatal and developmental

considerations. The nervous system is not fully developed
at birth. Some researchers argue that pain perception
may begin as early as 12 to 20 weeks of gestation,
based on the development of the subplate and observed
behavioral responses to pain in fetuses and extremely
preterm neonates. 9-10

While transmission through peripheral nerves may be
slower due fo incomplete myelination in the early stages
of life, the majority of peripheral nociceptive afferents,
in both children and adults, occur via unmyelinated C
fibers. 11

Like all systems, pain pathways are immature at birth and
early life stages. It is suggested that the ascending
nociceptive pathways from peripheral sensory neurons to
the thalamus develop between 20 and 24 weeks of
gestation, while the descending inhibitory pathways
continue to mature postnatally and during infancy. This
favors the conduction of nociceptive afferents. 12

Additionally, the neurons of the dorsal horn of the spinal
cord (second-order neurons in pain pathways) have
larger nociceptive fields, and their thresholds are lower
at birth than in older children and adults. 131415

Central sensitization (with wind-up phenomena) and
peripheral sensitization in children from birth, even with a

lower threshold for new stimuli, have been demonstrated.
1116

There are also anatomical differences between neonates
and pediatric patients. The spinal canal grows more than
the nervous structures during the embryonic and fetal
periods, with the conus medullaris at L3 at birth and
moving to L1-L2 by one year. Cerebrospinal fluid volume
is higher in children under 15 kg (4 ml/kg) than those over
15 kg (2 ml/kg) and has a faster turnover than in adults.
The skin-to-dura mater distance in neonates is 6-10 mm,
increasing with age. The ligamentum flavum is less dense
in children, raising the risk of accidental dura mater
puncture during epidurals. 17-18

Incomplete ossification at birth allows for ultrasound
visualization of intra-axial nervous structures. Myelination
starts at the cervical level during the fetal period,
progressing until age 12. In infants, fibers are smaller, the
myelin sheath is thinner, and internodal distances are
shorter, necessitating lower local anesthetic
concentrations for a block compared to adults. 19

BENEFITS OF REGIONAL ANESTHESIA

Regional anesthesia has proven to be the most effective
technique for the treatment of acute pain. 20 This allows
for a reduction in the use of opioids, which is particularly
important in neonates, preterm infants, and former
preterm infants, who are especially sensitive to
respiratory depression caused by opioids.

Regional anesthesia finds its primary application in
perioperative settings. In postoperative scenarios, it
significantly diminishes or eradicates the necessity for
opioid analgesics. 2122 In certain instances, spinal
anesthesia can even avoid the requirement for general
anesthesia, thereby eliminating exposure to inhalational
and other anesthetic agents and the need for intubation.!”
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In preterm infants, this approach can assuage concerns
regarding postoperative apnea and respiratory
complications while enhancing hemodynamic stability. 23
Regional analgesia reduces the need for mechanical
ventilation in newborns and infants undergoing
abdominal surgery or thoracotomy and reduces
postoperative pulmonary complications. 23 2425 26

Regional techniques reduce the hormonal response to
surgical stress. Stress-related hormones (cortisol, ACTH,
prolactin) and glucose levels are less elevated when
epidural analgesia is used, returning quickly to baseline
levels postoperatively. Additionally, local anesthetics
stimulate the cellular immune response of T lymphocytes,
which have an antitumor role. This is in contrast to opioids,
which inhibit the immune response mainly through the
inhibition of Natural Killer cells, which have a critical
antitumor role. 27 28

Several studies have shown that peristalsis returns more
quickly postoperatively when regional anesthesia is
used.?? Animal studies have observed that most agents
used in general anesthesia and sedation (GABA agonists
and NMDA antagonists) may cause neuronal apoptosis.
This in vitro observed effect could have greater
consequences during the development of the nervous
system. Regional anesthesia as an adjuvant or substitute
for general anesthesia is another potential benefit of
these techniques. 30

PHARMACOLOGY OF LOCAL ANESTHETICS

Effective and safe drug administration in neonates should
be based on an integrated understanding of the evolving
physiological characteristics of the patient receiving the
drug, along with the pharmacokinetics and
pharmacodynamics of the drug. Growth and
development  throughout pediatric life involve
simultaneous physiological events resulting in growth and
maturation. 3!

Children have peculiar and rapidly changing
pharmacokinetic and pharmacodynamic characteristics
with growth and development, influencing the efficacy,
toxicity, and dosage regimen of medications. Changes in
body composition represent substantial individual
variation.!8

From a clinical pharmacology perspective, the
consequence of such a rapidly changing system is
extensive within and between-subject variability in drug
disposition and effects. This maturation-related
variability is further aggravated by interfering
pathological processes (e.g., growth restriction, sepsis,
associated cardiopathy, organ failure) or treatment
modalities (e.g., co-medication, surgical intervention).
Maturational pharmacokinetics considers maturational
changes in drug absorption, distribution, metabolism, and

elimination, while maturational pharmacodynamics
considers changes in the concentration-effect profile, such
as differences in receptor expression, function, or specific
tissue /organ sensitivity (either more or less vulnerable). 31

PHARMACOLOGY OF LOCAL ANESTHETICS IN
CHILDREN

Local anesthetics (LA) interrupt neural conduction by
inhibiting the influx of sodium ions through channels or
ionophores within neuronal membranes. The amino-amide
types are the most commonly used local anesthetics,
including lidocaine, bupivacaine, and ropivacaine.
Amino-amides are metabolized in the liver by
cytochrome P450, while amino-esters are metabolized
by plasma cholinesterases. 3!

There are several relevant differences in local anesthetic
pharmacology between children and adults. Local
anesthetic metabolism is affected by age, especially in
premature infants and neonates, where the hepatic
microsomal enzyme system is not fully developed. Protein
binding of local anesthetics is decreased due to the low
quantities of albumin and alpha-1-acid glycoprotein
produced in the liver during early infancy, resulting in an
increased plasma-free fraction of the drug and an
increased risk of local anesthetic toxicity. The absorption
rate is also essential, as a rapid rise in serum
concentration is more likely fo result in toxicity. Cardiac
output and local blood flow in infants are relatively more
significant than in adults, leading to faster systemic
absorption of local anesthetics and higher peak plasma
concentrations. 3!

Anatomic differences between children and adults can
also affect local anesthetic pharmacology. The fat within
the epidural space is sparse and loose in infants, and the
perineural sheath around nerve roots and bundles is more
loosely attached to underlying structures in children than
in adults. Consequently, injected local anesthetics appear
to spread more in children and cover a greater
innervation area. Additionally, the endoneurium is
relatively loose in young children, allowing rapid
exposure of the local anesthetic to the nerve, resulting in
a faster onset of anesthesia than in adults. 3

When using any local anesthetic, the anesthesiologist must
calculate the total milligram dose on a per-kilogram basis
to avoid toxic blood levels by administering less than the
recommended maximum doses, especially in neonates
and small infants. Even with extreme caution and careful
calculation of doses, local anesthetic toxicity can occur.
Therefore, the practitioner must be familiar with basic
resuscitation strategies and the use of intralipids to rescue
from local anesthetic toxicity.

The choice of anesthetic depends on the desired onset of
action and duration of the block. See Table 1.
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Table 1. Characteristics of Local Anesthetics. (13, 14, 27)

Onset Time Duration of PPB
Anesthetic (minutes) Action (hours) (%)
Lidocaine 5-10 1.5-3 65
Bupivacaine 15-30 12-18 95
Ropivacaine  7-10 12-18 95

Maximum

Dose (mg/kg) Remarks

4 Rarely used due to its short

duration of action
2.5 Cardio- and neurotoxicity

3 Less cardio- and neurotoxicity
than bupivacaine, lower

motor block

Note: PPB: plasma protein binding. The maximum dose should be halved in children under six months.

TOXICITY OF LOCAL ANESTHETICS.

The toxic effects of these drugs occur at the central
nervous system and cardiovascular levels. At low
concentrations (within the toxicity range), LA crosses the
blood-brain barrier and initially produces neurological
symptoms such as confusion, perioral paresthesias, and
excitation; at higher concentrations, they can cause tonic-
clonic  seizures, consciousness  depression, and
cardiorespiratory arrest. Cardiotoxicity appears at
concentrations higher than those needed to produce
neurotoxicity; however, neurological symptoms can be
masked if the block is performed under general
anesthesia. The cardiovascular effects of LA toxicity
initially include vasodilation with hypotension, direct
myocardial depression through action on myocardial
sodium channels, progressive bradycardia, and arrest. At

high concentrations, ventricular arrhythmias may occur. 32
33, 34

The primary pharmacological factor involved in LA
toxicity is the decrease in al-acid glycoprotein and
albumin. The concentration of these proteins is lower in
neonates and infants, which is a risk factor for developing
toxicity. Hence, doses must be adjusted in this population,
as well as in other types of patients with
hypoproteinemia. Acidosis reduces the affinity of these
proteins for LA, increasing the free fraction in such cases.
Additionally, the hepatic metabolism rate of amides is
lower in newborns and infants. 32 The increased volume
of distribution in neonates and infants also prolongs the
half-life in these patients. The calculated dose should be
reduced by 30-50% in patients under six months.

Treatment should be immediate. The guidelines from the

American Heart Association (AHA) Pediatric Advanced

Life Support (PALS) and the American Society for

Regional Anesthesia and Pain Medicine (ASRA) for

resuscitation from local anesthetic-induced cardiac arrest

should be applied:

e Stop administration

e Call for help

e Secure the airway, ensure 100% oxygenation

e Administer lipid emulsion (Intralipid 20%) at a dose
of 1.5 mL/kg as a bolus

e Infuse lipid emulsion at 0.25 mL/kg/min

e If there is no return of normal cardiac function within
five minutes, repeat the bolus with the same dose at

five-minute intervals (maximum three boluses) and
continue with an infusion at double the dose. 33

ADJUVANTS.

One of the main challenges in regional anesthesia is the
limited duration of the effect of LA, which lasts up to 12-
18 hours with long-acting LAs such as bupivacaine and
ropivacaine. Prolonging the effect can be achieved by
placing catheters; however, this requires more equipment,
training in their placement, and infrastructure for their
safe use. 32 An alternative to achieving prolonged
analgesia is to use adjuvant drugs with LAs in single-bolus
blocks. 33 The potential benefits of using adjuvants include
prolongation of the block effect, improved block quality,
reduced LA concentration with less motor block, reduced
anesthetic requirements, decreased systemic analgesic
use, early discharge, and patient comfort at home in
outpatient surgery. 33

In 2018, the European Society of Regional Anaesthesia
and Pain Therapy (ESRA) and the American Society of
Regional Anesthesia and Pain Medicine (ASRA) published
recommendations for dosing local anesthetics and
adjuvants in pediatrics. Since the pharmacokinetics of LA
vary by the administration site, this guide specifies
maximum doses for each block. 32

Preservative-free morphine and clonidine are the only
adjuvants approved for spinal/epidural use. Regarding
the other drugs mentioned, although there is evidence of
their use in neural structures, they are not approved for
administration in pediatric regional anesthesia (off-
label).

NEURAXIAL ADJUVANTS.

Clonidine 1-2 pg/kg and morphine 30 Pg/kg can be
used as adjuvants via spinal route. Given the limited data
on neural toxicity, using the lowest possible dose
(evidence level A2) is recommended. 33

Ketamine, although used neuraxially in the past, is not
currently recommended due to its potential pro-apoptotic
effect on the spinal cord (evidence level B3).

There is favorable evidence regarding the use of
dexmedetomidine via the epidural route. However, data
on its neural toxicity are limited, and low doses are
suggested (evidence level A2).
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Although dexamethasone has been used neuraxially in
small pediatric studies, ASRA/ESRA does not recommend
its use by this route. 33

ADJUVANTS IN PERIPHERAL REGIONAL ANESTHESIA.
There is evidence for wusing clonidine and
dexmedetomidine as adjuvants in peripheral nerve
blocks. A meta-analysis including 283 patients observed
a prolongation of block duration as well as a reduction
in the use of rescue analgesics. 32 ASRA /ESRA guidelines
recommend them with evidence level A1. 33

Ultrasound imaging

Ultrasound imaging for regional anesthesia offers
significant benefits in infants and neonates because of
their small size and the reduced distance between critical
structures and targetfs. Although ultrasound is less
commonly used for neuraxial blocks, its application for
peripheral nerve block placement has surged from 0% to
90% over the past decade, with numerous new techniques
being introduced for ultrasound guidance 3¢6,37,38,39,40

Before the development of ultrasound-guided techniques,
the only regional anesthesia procedures performed in
neonates were caudal blocks and spinal anesthesia,
typically performed through anatomical landmarks.
Ultrasound technology has allowed for the safe

Posterior/Back — FIG 1c

Anterior/Front

Figure 1: Ultrasound View of the Neuraxis in a Neonate.

advancement of these techniques, including fascial plane
blocks and peripheral nerve blocks.

When adjusted for size, ulirasound images of soft tissues
(muscles, fascia, subcutaneous tissue) in infants are similar
to those in adults and older children. However, infant
bones are primarily cartilaginous, and the lack of
ossification results in distinct ultrasound images compared
to older patients. For instance, when performing a sciatic
nerve block, the infant femoral head lacks the
characteristic bone echogenicity and may be challenging
to identify.

The reduced bone density in infants also creates unique
acoustic windows absent in older patients. For example,
in neuraxial imaging, the spinal cord and conus medullaris
are more easily visualized 442 The cartilaginous
transverse processes may be incompletely visualized
during real-time imaging for a peripheral nerve block
(PNB). Still, the structures of the entire neuraxis can be
more visible in infants due to the incomplete ossification
of the overlying vertebrae. These imaging differences
must be considered when performing regional anesthesia
(RA) and identifying appropriate landmarks.

Figure Ultrasound imaging of the spinal cord in the
Longitudinal axis. SC: subarachnoid space; NR: nerve
roots; Arrows: dura-mater; Arrowhead: conus medullaris.

1

Caudad

Skin-dura
distance

Note: 2a. Longitudinal view, 2b. Axial view. Arrows indicate the duramater, and arrowheads the conus medullaris. NR:

nerve roots, SC: spinal cord, CSF: cerebrospinal fluid.

The shift from surface landmarks to ultrasound guidance
has enhanced the efficacy of RA and reduced local
anesthetic (LA) dose requirements, which has essential
safety implications 43 44

Efficacy

It has been demonstrated in adult and pediatric patients
that the best strategy for pain treatment is regional
anesthesia techniques. 45-50
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Despite this, published evidence on newborns is scarce.
Although many case series studies reported that RA has
been effective in controlling pain in newborns, few
controlled clinical studies compare the effectiveness of
regional analgesia techniques with systemic analgesia. A
recent study published in 2024 compared opioid
consumption in 110 neonates undergoing palate surgery
under general anesthesia (n=64) or general plus regional
anesthesia (n=46). In this work, it was observed that the
consumption of opiates in the postoperative period was
lower in patients in whom regional analgesia was
administered. 57 A study comparing restoration of
gastrointestinal function in neonates receiving general
anesthesia (n=25) versus combined spinal epidural
anesthesia (n=25) found that restoration of bowel
function occurred earlier in the anesthesia and epidural
group. Regional analgesia, with less time to mobilize the
intestine, for tube feeding and onset time of full enteral
nutrition. 52

Multiple studies demonstrate the effectiveness of regional
analgesia in pediatric and adult patients. The benefits of
these techniques have already been analyzed, and some
good-quality studies have been carried out in newborns.
Therefore, regional analgesia techniques are a good
choice for pain control in children. Furthermore, they are
more effective than parenteral analgesia (based mainly
on opiates) for pain control and restoration of
gastrointestinal physiology.

The ERAS guidelines suggest avoiding caudal blocks; one
of the blocks for which positive results are published in

the neonatal population is the quadratus lumborum block.
53

Safety

Safety is the most crucial consideration when choosing a
pain  treatment strategy in neonates. Severe
complications of regional anesthesia are
systemic/cardiac toxicity, apnoea, visceral puncture,
dural puncture, nerve injury, infection requiring antibiotic
therapy, and hypotension. The frequency of these
complications is low in the pediatric population.

Regional anesthesia is safe, with a low complication rate,
so multicenter studies are necessary to evaluate its safety.
The Pediatric Regional Anesthesia Network (PRAN) and
Association des Anesthésistes Réanimateurs Pédiatriques
d’Expression Francaise (ADARPEF) have carried out
studies evaluating complications of regional anesthesia in
pediatrics. 34 55 Although there are no published studies
whose primary end-point is specifically the study of
complications of RA in neonates, these multicenter
publications include newborn patients.

The PRAN database included complications on 1082
neonates and 22,624 infants, and the ADARPEF study
reports on 596 neonates and 3344 patients younger than
six months of age. There were no recorded deaths or
permanent injuries. The PRAN study did not observe
serious complications in newborns, with an incidence of O
in 10,000 cases (95% CI 0-46.3). On the other hand, in
patients between 1 and 5 months, the highest incidence
of local anesthetic toxicity was observed, 5.0 in 10,000
(95% Cl 1.5—=13.5). This can be explained by the greater

vulnerability of the younger patients, as previously
analyzed. The fact that no complications were recorded
in newborns can be explained by the low number of
patients younger than one month. 3¢

Neonates are at particular risk for local anesthetic
toxicity because of hepatic immaturity, and the serum-
free fraction of local anesthetic is proportionately
greater in neonates and young infants than in older
children and adults. As a consequence, the dose of local
anesthetic should be reduced to minimize the risk. 3¢

Techniques under general anesthesia or

deep sedation

Regional anesthesia in pediatrics is usually performed
under general anesthesia or deep sedation because it is
difficult to obtain their cooperation. This contrasts with
adults, where regional anesthesia is typically performed
while awake or with minimal sedation. Practically, these
procedures are safer under general anesthesia than
attempting them on a moving, upset, or uncooperative
patient. And also, the cognitive inability of the child to
relate to symptoms such as paresthesia or pain while the
block is performed.

The Pediatric Regional Anesthesia Network (PRAN)
database examined nearly 100,000 blocks, followed by
focused analyses of specific block types. The data
demonstrate that the safety level in pediatric regional
anesthesia is comparable to that in adult practice and
confirms the safety of placing blocks under general
anesthesia in children.

Neuraxial blocks (spinal and caudal)

The first reports of this technique in children date back
over 100 years. 57 lts use shows benefits in patients with
risk factors for postoperative apnea after general
anesthesia, such as former preterm infants with a
corrected age of less than 60 weeks and those with
respiratory pathology like bronchopulmonary dysplasia
and anemia. 18

The GAS study was designed to evaluate the long-term
cognitive  effects of short general anesthesia
(herniorrhaphy). One of the secondary objectives of this
study was to assess the presence of postoperative apnea.
For this, 722 neonates with a corrected age of less than
60 weeks were randomized to general anesthesia or
spinal anesthesia. The spinal anesthesia group observed
a reduction in early apneas (first 30 minutes
postoperatively), the degree of postoperative
desaturation, and the level of interventions for the
treatment of apnea. 38 These observations align with
findings from previous studies, which showed lower
respiratory complications after spinal anesthesia in
neonates. 59 ¢0 Regarding the primary objective of the
GAS study, no neurocognitive differences were observed
at five years between patients undergoing general
anesthesia and those undergoing spinal anesthesia. 20 ¢!

Spinal anesthesia is indicated for infra umbilical surgeries
in former preterm infants at risk of apnea. The main
limitation of this technique is the short duration of
anesthesia, approximately 60 minutes. 62
Contraindications include neural tube malformations,
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coagulation disorders, increased intracranial pressure,
and infection at the puncture site.

This technique is performed with the patient awake, in a
sitting or lateral decubitus position (Figure 2). It is vital to
maintain airway patency when sitting the patient. The
puncture is made at the L4-L5 or L5-S1 level using a 25
G Quincke needle, 2.5 cm in length. After the
cerebrospinal fluid is seen, the LA is administered.
Hyperbaric or isobaric bupivacaine at a dose of 0.8-1

Figure 2. Position for Spinal Anesthesia.

Incomplete ossification in this type of patient allows for
ultrasound visualization of neural structures. Therefore, it
is preferable to perform an ultrasound examination
before the procedure to determine the height of the conus
medullaris, skin-to-dura distance, and any undiagnosed
malformations in the area (Figure 1). 7

CAUDAL EPIDURAL.

Caudal epidural anesthesia involves administering LA into
the epidural space via the sacral hiatus. It can be used as
an analgesic or anesthetic technique, with the latter being
the most common indication. It can be performed with a
single dose or through catheter placement.

With the patient in dorsal or lateral decubitus, the sacral
hiatus is palpated between the sacral cornua and caudal
to the sacral crest. After puncturing with a 22 G needle
at 45-75° to the skin, a “pop” is felt as the needle
traverses the sacrococcygeal membrane. After crossing
the membrane, the needle is redirected cephalad at a
30° angle to the skin, advancing a few millimeters to
avoid puncturing the dura mater. After negative
aspiration of CSF, the LA dose is administered. The
distance between the skin and the sacrococcygeal
membrane is usually 5 mm, and the distance between this
membrane and the dura mater is approximately 10 mm
in neonates. 93 The same technique is used for catheter
placement. Before inserting the catheter, the necessary

insertion depth is measured based on the required level.
18

This block is performed under direct ultrasound guidance
(Figure 4). The linear transducer is placed in a short-axis
view, where the “frog sign” can be seen, with the frog’s
eyes being the sacral cornua. Between them, the
sacrococcygeal membrane is visible. Anterior to this, the
epidural space is visualized, bordered anteriorly by the

mg/kg is used without adjuvants. With isobaric
bupivacaine, the duration of the block might be slightly
longer. Clonidine can be added to prolong the block, but
it also increases the risk of apnea and bradycardia. 18
After administering the LA, the patient is placed in the
dorsal decubitus position. If a peripheral IV line has not
been placed beforehand, it will be placed in the lower
limbs after the block is established. The Trendelenburg
position is avoided to prevent high levels of block. 20

anterior wall of the spinal canal. The needle can be
inserted out of plane with this view, seen as an echogenic
dot. When the in-plane technique is performed, once the
sacral hiatus is located, the transducer is rotated to the
longitudinal axis, where the anterior and posterior walls
of the epidural space and the needle entering the space
can be seen. 63

HOSPITAL PEDIATRICO CHFP
L14.538-USK {CAUDAL]

LTRASENIX
Membrana

sacrocoxigea

¢

Cuerno sacro Cuemo sacro

HOSPITAL PEDIATRICO CHPP
L14-5/38-NB-PHANTOM

Sacro. posteriorn

R—
e e e e

—
———

lspado epidural

Figure 3. Ultrasound-Guided Caudal Block.

Top: Transverse section. “Frog sign.”

Bottom: Longitudinal section.

Adapted from the basic manual of ultrasound-guided
regional blocks. Pereira Rossell Hospital.
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Ropivacaine 0.2% or bupivacaine 0.25% is used. The
amount of anesthetic depends on the level to be
achieved: 0.5 ml/kg for sacral, 1 ml/kg for high lumbar,
and 1.25 ml/kg for thoracic. Adjuvants can include
morphine 10 to 30 pg/kg, dexmedetomidine, or
clonidine at 1-2 ug/kg. ¢3 For catheter infusion,
bupivacaine 0.125% or ropivacaine 0.1% is used at 0.2
ml/kg/hour in patients under three months, 0.3

ml/kg/hour between 3 and 12 months, and 0.40
ml/kg/hour after the first year. 64

Risks of this technique include infection, particularly if a
catheter is left in place in children who do not yet have
sphincter control, epidural hematoma, inadvertent
puncture of the dura mater, and accidental intrathecal
administration.

Table 2. Formulas for Calculating Skin-to-Epidural Space Distance in Children:

Approximate Estimation
Depth (cm)

Depth (cm)

Peripheral nerve blocks

A nerve block is the injection of numbing medication (local
anesthetic) near specific nerves to decrease the
transmission of pain from certain dermatomes. In
pediatrics, these blocks are usually performed under
general anesthesia, and their safety under these
conditions has been demonstrated in several studies. 556>
66 67 The technique for the block should be performed
aseptically.

1 mm/kg

1+ (0.15 x age in years)

0.8 + (0.05 x weight in kg)

A high-frequency ultrasound probe, typically 2.5-5 cm in
size, is recommended in neonates, although a low-
frequency (curvilinear) probe should be available for
situations requiring greater depth (e.g., lumbar plexus
block) or in adolescents. Needles ranging from 5 to 10
cm will cover the spectrum of ages and anatomical
differences encountered.

HOSPITAL PEDIATRICO CHPF
L14-5/38-NB-General

N. femoral
Medial

Figure 4. Femoral Nerve Block Sonoanatomy
VF: Femoral Vein AF: Femoral Artery

Fascial blocks

Fascial plane blocks (FPBs) are regional anesthesia

techniques in which the space ("plane") between two

discrete fascial layers is the target of needle insertion

and injection. Compared with a single injection regional

block, continuous catheter techniques allow the following:

e Prolonged duration of analgesia

e Reduced opioid requirement and opioid-associated
adverse effects

e  Shorter hospital stay 68

A PNC can be left in situ for up to 7 days; however, each
additional day beyond the fourth day increases the risk
of catheter-related infection.’> When deciding upon the

M. Psoas iliaco

Lateral

duration of catheter use, the analgesic benefits should be
weighed against the risk of infection. Analgesia is
primarily achieved by local anesthetic spread to nerves
traveling within this plane and adjacent ftissues. These
blocks are mainly used as an analgesic method, and
reducing the concentration of local anesthetics can
increase volume. This is particularly important in fascial
plane blocks such as the quadratus lumborum and erector
spinae blocks. The recommended dose for single-dose
peripheral blocks is typically 0.2-0.5 ml/kg of 0.2%
ropivacaine or 0.25% bupivacaine. 0.1% ropivacaine or
0.125% bupivacaine is recommended for infusion at 0.1-

0.3 ml/kg/h. ¢°
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Catheters

This technique allows us to maintain the level of analgesia
for a longer period. The main risks are infection and local
anesthetic toxicity due to its accumulation resulting from
reduced metabolism and hypoproteinemia. It can be
placed at the caudal, peripheral, and fascial levels.

For catheter placement, it is recommended to administer
the local anesthetic through the needle to expand the
space where the catheter will be placed and insert it 2-
3 cm into the space. To prevent leakage of local
anesthetic around the catheter and displacement, surgical
glue should be used at the insertion site. Por Ultimo
pondria la figura de la gastrosquisis que presentamos en
el congreso con el catéter, y en la nota de la figura un
renglén contando algo del paciente, ej: RN con
gastrosquisis con altos requerimientos de opidceos que
disminuyeron luego de la colocacién de un catéter

Conclusion

This review provides information on neonatal pain and
regional anesthesia, focusing on the importance of pain
management in neonates, the pathophysiology of pain in
neonates and infants, and the benefits and risks of
regional anesthesia.

Neonates exhibit heightened sensitivity to pain compared
to older infants, children, and adults, with this

hypersensitivity being particularly pronounced in preterm
neonates. Evidence suggests that repeated and
prolonged pain exposure in this population can
significantly alter subsequent pain processing, impacting
long-term development and behavior.

It is crucial for practicing neonatologists to understand the
available options for regional anesthesia. Four modalities
of regional analgesia are examined: neuraxial blocks
(spinal and caudal anesthesia and analgesia), peripheral
nerve blocks, fascial plane blocks, and analgesia
catheters.

Regional anesthesia has proven to be the most effective
technique for the treatment of acute pain, particularly in
neonates, preterm infants, and former preterm infants
who are highly sensitive to respiratory depression caused
by opioids. By reducing opioid use, regional anesthesia
offers significant benefits in perioperative settings,
especially in postoperative scenarios where it can
diminish or eradicate the necessity for opioid analgesics.
In some cases, spinal anesthesia can even replace the
need for general anesthesia, eliminating exposure to
inhalational agents and the need for intubation, which is
particularly beneficial in preterm infants by reducing the
risk of postoperative apnea and respiratory
complications while enhancing hemodynamic stability.

© 2024 European Society of Medicine 9
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