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Not just small adults—practical pearls in pediatric anesthesia:
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Pediatric anesthesia presents unique challenges due to children’s distinct physiological and anatomical characteristics, including variations in drug metabolism,
airway structure, and respiratory and circulatory regulation. Despite significant advances in patient safety that have reduced anesthesia-related mortality over
recent decades, the declining pediatric population has made specialized training and clinical practice increasingly difficult. This narrative review addresses
practical aspects of pediatric anesthesia, emphasizing patient monitoring, airway management, and recent clinical advances. Oxygen supply targets in children
require careful titration to ensure adequate tissue oxygenation while avoiding oxygen toxicity and its associated complications, such as bronchopulmonary
dysplasia and retinopathy of prematurity. Quantitative monitoring of neuromuscular blockade, such as with train-of-four stimulation, is essential to prevent
postoperative respiratory complications. Temperature monitoring is equally critical in pediatric surgery because children and neonates are highly susceptible
to intraoperative hypothermia. Airway management in infants and young children is complicated by anatomical differences, and while video laryngoscopy of-
fers advantages, evidence for its benefits in neonates remains inconclusive. Extubation strategies must be individualized, taking into account risks such as la-
ryngospasm and airway obstruction, as both deep and awake extubation have demonstrated comparable safety profiles. Emerging modalities, such as trans-
fontanelle ultrasonography, provide real-time cerebral blood flow assessment and enhance perioperative brain monitoring. Regional anesthesia techniques in
neonates and infants reduce exposure to general anesthetics and facilitate faster recovery but require meticulous technique and monitoring to ensure safety.

Multidisciplinary collaboration and effective communication with parents are essential to achieving optimal outcomes.
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Introduction

Background

Children exhibit distinctive physiological and anatomical fea-
tures—including differences in drug metabolism and responses,
airway anatomy, and respiratory and circulatory regulatory mech-
anisms—that distinguish them markedly from adults. It is widely
recognized that “pediatric patients are not simply small adults”
[1,2]. Through continuous improvements in patient safety, anes-
thesia-related mortality has declined substantially, from 1:2,500 to
1:13,000 over the past S0 years [3-5]. However, the global total
fertility rate (TFR) in 2021 was 2.3 children per woman, continu-
ing its decline from 3.3 in 1990 and 2.8 in 2000 [6]. In South Ko-
rea, the TFR dropped to 0.72 in 2023, the lowest among Organi-
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zation for Economic Co-operation and Development countries
[7].

As the number of pediatric patients decreases, specialized train-
ing in pediatric anesthesia has become increasingly complex. Even
after achieving board certification, pediatric anesthesia continues
to pose significant technical and clinical challenges for anesthesi-
ologists.

Objectives

This narrative review aims to provide practical guidance drawn
from recent literature to support clinicians in their daily practice,
focusing on patient monitoring, airway management, and recent

advances that can be directly implemented in pediatric anesthesia.
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Monitoring

Setting oxygen supply targets

Various equipment and techniques have been developed to op-
timize oxygen use, improving survival rates in pediatric patients
with difficult airways [8-10]. However, the optimal target oxygen
concentration during anesthesia in children remains uncertain.
Several studies have explored complications related to oxygen
concentration and use [11-13], underscoring the need to consider
individualized oxygenation goals rather than simply maintaining a
peripheral oxygen saturation (SpO,) of 100%. An appropriate ox-
ygen concentration enhances tissue oxygenation and tolerance to
hypoxia while reducing the risk of surgical site infection [14].
Conversely, excessive oxygen concentrations can cause absorption
atelectasis due to airway closure and collapse, elevate pulmonary
vascular resistance and pulmonary circulation, and decrease cere-
bral blood flow through systemic and cerebral vasoconstriction
[15-17]. Moreover, oxygen toxicity resulting from reactive oxygen
species may trigger inflammation and edema, leading to broncho-
pulmonary dysplasia and retinopathy of prematurity [18-21]. A
recent review emphasized that no single universal range can de-
fine the optimal oxygen target during general anesthesia in pediat-
ric patients. Anesthesiologists must determine oxygen concentra-
tion carefully, considering patient-specific factors before, during,
and after surgery—such as lung function, oxygen consumption,
and the presence of heart disease—to achieve optimal oxygen-
ation [14]. Additionally, pulse oximetry measures arterial oxygen
saturation but not arterial oxygen partial pressure (PaO,). While
pulse oximetry is effective for detecting hypoxia, it does not re-
duce mortality or accurately identify hyperoxia [22]. The oxygen
reserve index (ORi) quantifies oxygen reserves when SpO, is near
100%, providing an early warning of impending hypoxia. Balanc-
ing the risks of hypoxia and hyperoxia is especially critical in neo-
nates, who are at increased risk for retinopathy of prematurity,
bronchopulmonary dysplasia, and mortality. Although studies on
ORi in pediatric populations remain limited, it may support an in-
dividualized approach to defining safe oxygenation thresholds
[23]. However, because ORI is not equivalent to PaO,, arterial
blood gas analysis remains necessary to determine the optimal ox-
ygen concentration [24].
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Neuromuscular blockade monitoring

Neuromuscular blocking agents (NMBAs) facilitate tracheal
intubation and immobility during pediatric anesthesia; however,
inadequate reversal or excessive blockade can result in serious
complications, including respiratory failure and aspiration pneu-
monia [25,26]. Therefore, neuromuscular monitoring (NMM) is
crucial for assessing the degree of neuromuscular blockade in pe-
diatric patients. NMM is essential for maintaining an appropriate
depth of blockade during anesthesia, ensuring timely recovery af-
ter surgery, and minimizing postoperative complications.

NMM methods include clinical observation, qualitative assess-
ment (nerve stimulator), and quantitative assessment techniques
such as electromyography, mechanomyography, acceleromyogra-
phy (AMG), and kinemyography. Among these, the train-of-four
(TOF) stimulation method is the most widely used standard.
TOF evaluates the depth of blockade and recovery by measuring
muscle responses to 4 consecutive stimuli, and a TOF ratio >0.9
is generally considered indicative of sufficient recovery. In pediat-
ric patients, NMM poses unique challenges due to anatomical
and physiological differences, as well as variable drug responses.
The absence of standardized guidelines, limited availability of
monitoring equipment, inadequate user proficiency, and concerns
about device reliability have contributed to the inconsistent appli-
cation of NMM in clinical practice [27]. Nevertheless, to prevent
postoperative respiratory complications caused by residual neuro-
muscular blockade, quantitative NMM and documentation of
TOF are essential whenever nondepolarizing muscle relaxants are
administered. The consistent use of practical monitoring tools
that can be easily applied and interpreted by clinicians is also criti-
cal [28].

Accurate skin preparation, proper electrode placement, and the
use of appropriately sized and spaced electrodes are vital for improv-
ing the accuracy of pediatric NMM. The cathode should be posi-
tioned distally, and electrode spacing should be adjusted in consid-
eration of children’s smaller arm size and shorter nerve distances.
The arm should be stabilized to prevent unnecessary movement,
and baseline calibration (before NMBA administration) should be
performed [26,29]. Because temperature changes can alter NMBA
pharmacodynamics, maintaining a core temperature above 35°C
and a peripheral temperature above 32°C is recommended [30].
When using AMG, normalization of the TOF ratio after calibration
is required, and applying a S-second, 50 Hz tetanic stimulation be-
fore measurement can help stabilize the signal [31].

Temperature monitoring
Temperature monitoring is an essential perioperative parame-
ter, enabling the detection of both hypothermia and hyperther-
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mia, each of which requires prompt intervention. Intraoperative
hypothermia occurs in approximately 50% of pediatric patients
[32,33], and the incidence in neonates has been reported to ex-
ceed 80% [34]. Children are more susceptible to heat loss because
their thermoregulatory capacity is less effective than that of adults,
their weight-to-surface-area ratio is lower, heat loss from the head
is greater, and subcutaneous fat stores that provide thermal insula-
tion are limited [35]. Moreover, hypothermia can cause numer-
ous adverse effects, including altered pharmacokinetics and phar-
macodynamics (particularly of NMBAs), impaired platelet func-
tion, coagulation abnormalities, increased bleeding tendency, car-
diocirculatory and respiratory complications, delayed wound
healing, and an elevated risk of surgical site infection [36]. Ac-
cordingly, accurate temperature measurement is essential for ap-
propriate intraoperative temperature management.

Because extremity and skin temperatures are typically lower
than core body temperature [37,38], the esophagus is most com-
monly used for core temperature monitoring [39]. Although the
pulmonary artery provides the most accurate single-site core tem-
perature measurement, it is highly invasive and thus unsuitable for
non-cardiac surgical patients [40]. Correct placement of an
esophageal temperature probe between the left atrium and the
descending aorta minimizes exposure to airway cooling and al-
lows for accurate measurement of core temperature. In pediatric
patients, insertion depth can be estimated using formulas such as
that proposed by Hong et al. [41] (height/5+5 cm from the inci-
sors), which assists in determining the appropriate probe depth
for accurate temperature assessment.

Airway management: from intubation to
extubation

Efficiency of intubation techniques

Airway management in infants and young children is particular-
ly challenging because of their anatomical and physiological dif-
ferences from adults. In children, the larynx is positioned more
anteriorly and superiorly, forming a sharper angle between the lar-
ynx and tongue during tracheal intubation. In addition, a propor-
tionally larger tongue further limits endotracheal tube manipula-
tion [42,43]. Recently, the use of video laryngoscopes (VLs) in
pediatric anesthesia has increased, and multiple studies have ex-
amined their efficacy. VLs enable direct or indirect visualization of
airway structures without requiring alignment of the oral, pharyn-
geal, and tracheal axes, thereby providing higher glottic exposure
scores and reducing the need for airway manipulation during in-
tubation [44]. Furthermore, in less experienced users, VLs have
been shown to improve first-attempt success rates compared to
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direct laryngoscopes (88% vs. 63%) [45]. Rahendra et al. [43]
compared the effectiveness of spiral endotracheal tubes (spiral
ETTs) with standard endotracheal tubes during intubation using
a McGrath VL in children aged 1 month to 6 years. Although no
significant differences were observed in total intubation time or
first-attempt success rates, the spiral ETT achieved significantly
shorter total tube handling time and greater accuracy in central
positioning of the tube tip at the glottic opening compared with
the standard ETT. However, when VLs were compared with di-
rect laryngoscopy for routine tracheal intubation, intubation times
and numbers of attempts were similar; thus, current evidence re-
mains insufficient to either recommend or discourage the use of
VLs for neonatal intubation [46].

Timing and methods for endotracheal tube removal

Extubation poses a substantial risk of complications in both
adults and children; however, in pediatric patients, adverse respi-
ratory events such as airway obstruction, laryngospasm, and oxy-
gen desaturation occur more frequently [47]. Tham and Lim [48]
reported that early extubation after pediatric cardiac surgery is
feasible and associated with shorter intensive care unit stays and
fewer mechanical ventilation-related complications. Neverthe-
less, in patients with pulmonary hypertension, impaired cardiac
function, or a high risk of intraoperative bleeding, early extubation
should be approached cautiously.

Post-extubation airway complications in children are primarily
respiratory in nature. Laryngospasm, in particular, is associated
with risk factors such as younger age, recent upper respiratory
tract infection, and asthma. It may be triggered by laryngeal stim-
ulation from the endotracheal tube, airway manipulation, secre-
tions, or blood. Because pediatric airways are structurally delicate
and highly sensitive to stimulation, 2 principal approaches are
used for tube removal: deep extubation, performed under a deep
plane of anesthesia, and awake extubation, performed when the
patient is fully conscious. Although many pediatric anesthesiolo-
gists prefer awake extubation, studies have shown no significant
difference in the incidence of serious complications between the
2 techniques [49,50]. Therefore, the choice of method should be
based on the patient’s condition and the anesthesiologist’s experi-
ence. Deep extubation is often selected for patients with recent
upper respiratory infections, asthma, or when postoperative
coughing could be detrimental. Conversely, awake extubation is
generally recommended for patients with a potentially difficult
airway or a high likelihood of requiring reintubation.

According to Igarashi [47], the timing of airway removal at the
conclusion of surgery should take into account the patient’s respi-

ratory and circulatory status, type of surgery, and risk of airway
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edema. The most critical consideration is the accurate assessment
of anesthetic depth and the patient’s ability to maintain airway pa-
tency at the time of extubation. However, owing to the wide varia-
tion in age and physiological condition among pediatric patients,
establishing standardized objective criteria remains difficult, and
current practice primarily depends on clinical judgment and ob-
servation. Some studies have proposed awake extubation crite-
ria—including facial grimacing, eye opening, purposeful move-
ment, and adequate tidal volume—but no definitive criteria exist
for deep extubation [3]. The laryngeal stimulation test provides
an objective means of assessing anesthetic depth before extuba-
tion. It involves gently moving the endotracheal tube and observ-
ing the laryngeal response. In stage 1 (awake), stimulation elicits
coughing and brief apnea; in stage 2 (light anesthesia), it produces
repetitive coughing and apnea lasting longer than S seconds,
during which the risk of laryngospasm is high; and in stage 3

(deep anesthesia), there is no response to stimulation [51].

Expanding the horizons

Transfontanelle ultrasound

Cerebral blood flow velocity can be assessed using transcranial

Lateral ventricle

Doppler; however, in pediatric patients, the small size of cerebral
vessels makes it difficult to maintain proper probe positioning,
thereby limiting its clinical application. In contrast, transfontanelle
ultrasonography (TFU) enables the evaluation of blood flow in
major cerebral vessels using standard ultrasound equipment and
probes, making it particularly valuable in children (Fig. 1). TFU
allows real-time visualization of key intracranial anatomical struc-
tures, including the ventricles, cerebral arteries, and overall cere-
bral circulation, while also providing hemodynamic parameters
such as blood flow velocity and resistance indices [52]. TFU has
been employed for real-time monitoring of cerebral blood flow
during cardiac and neurosurgical procedures, enabling the assess-
ment of hemodynamic changes before and after surgery and
throughout cardiopulmonary bypass [53]. It also aids in detecting
intraoperative abnormalities such as flow reversal or vascular oc-
clusion. When TFU indicates decreased cerebral blood flow
during surgery, it can be combined with near-infrared spectrosco-
py to confirm cerebral perfusion status. This multimodal ap-
proach is especially critical in neonates and infants who are at high
risk of brain injury. Overall, TFU provides a noninvasive, real-time
means of assessing cerebral blood flow in pediatric surgical pa-

tients. However, further studies are needed to expand its clinical

Frontal lobe

Orbit

4 ACA
N

MCA
ICA

Fig. 1. Coronal section of transfontanelle ultrasonography. (A) Probe placement on the anterior fontanelle of the infant, (B)
coronal frontal image, (C) coronal image at Monro levels, and (D) coronal sections of the anterior cerebral artery (ACA), middle

cerebral artery (MCA), and both internal carotid arteries (ICAs).
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Table 1. Dosages of various common local anesthetics

Bupivacaine Ropivacaine Levobupivacaine Lidocaine with adrenaline
Allowable dose (mg/kg) 25 25 2.5 7
Bolus for peripheral and truncal blocks (mL/kg) 0.25 0.2 0.25 0.125
For infusion concentration (%) 0.2 or 0.1 0.2 or 0.1 0.2 or 0.1 0.2 or 0.1
For infusion rate (mg/kg/hr) 0.2 0.2 0.2 -
applications and to establish standardized protocols for its routine Conclusion

use [52].

Regional blocks in neonates and infants

In neonates and infants, general anesthesia carries a higher risk
of adverse effects such as hypoxemia, bradycardia, and postopera-
tive apnea. Because hepatic and renal functions are immature,
drug metabolism is delayed, potentially prolonging anesthetic ef-
fects. Furthermore, concerns have been raised regarding the possi-
ble long-term impact of general anesthesia on neurodevelopment.
Regional anesthesia (RA) reduces the need for general anesthet-
ics and systemic analgesics, thereby promoting faster recovery and
improving postoperative safety [54].

Safe administration of RA requires continuous monitoring, pre-
cise drug dosing, and accurate injection techniques. Among cen-
tral neuraxial blocks, caudal epidural anesthesia is the most fre-
quently performed and can be guided by anatomical landmarks,
nerve stimulators, or ultrasound, of which ultrasound guidance
significantly enhances the accuracy of catheter placement. Bupiv-
acaine (0.25%) is the most commonly used local anesthetic, with
dosage adjusted according to the surgical site (Table 1) [55]. In
neonates, the needle insertion depth beyond the sacrococcygeal
membrane should be limited based on body weight to prevent in-
jury. When an indwelling catheter is placed, its position should be
confirmed and carefully managed throughout the procedure. Ad-
herence to these technical precautions ensures safe and effective
anesthesia in neonates and infants. Peripheral nerve blocks are
widely used in both upper- and lower-limb surgeries and are typi-
cally performed under ultrasound guidance to increase precision
and safety. For upper limbs, the supraclavicular, infraclavicular,
and axillary approaches are most commonly employed, whereas
femoral and sciatic nerve blocks are standard for lower-limb pro-
cedures. Although RA offers numerous benefits, Ponde et al. em-
phasized the importance of recognizing and managing local anes-
thetic systemic toxicity, integrating multimodal analgesia before
and after surgery, maintaining vigilant monitoring, fostering mul-
tidisciplinary collaboration, and providing thorough explanations
to parents [S6].
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Pediatric anesthesia requires individualized approaches that re-
flect the unique physiological and anatomical characteristics of
children. Optimization of oxygen delivery, precise monitoring of
neuromuscular blockade and temperature, and individualized air-
way management are essential to minimize perioperative risks.
Emerging modalities such as TFU enhance cerebral monitoring,
while RA offers an effective alternative to general anesthesia, po-
tentially reducing neurodevelopmental risks. Despite these ad-
vancements, challenges persist in standardizing practices and
training due to patient variability and declining pediatric case vol-
umes. Ongoing research, education, and multidisciplinary collab-
oration remain essential to further improve the safety and efficacy

of pediatric anesthesia care.
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