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Abstract

Although radiotherapy is a cornerstone in the management of several pediatric malig-
nancies, its administration in children poses unique anesthetic challenges. Unlike adults,
pediatric patients, particularly younger children, often require repeated sedation or general
anesthesia to ensure immobility and reduce psychological distress during daily treatment
sessions that may extend over several weeks. This narrative review summarizes current
evidence on anesthetic strategies for children undergoing radiotherapy, focusing on clin-
ical indications, pharmacological approaches, safety considerations, and organizational
aspects. We discuss the main sedation and anesthesia techniques used in non-operating
room anesthesia (NORA) settings, including deep sedation with midazolam, propofol,
ketamine, and dexmedetomidine, as well as general anesthesia with laryngeal mask airway
management. Particular attention is given to the cumulative effects of repeated anesthetic
exposure, airway management challenges in remote radiation environments, and the risk
of respiratory and hemodynamic complications. The review also highlights the importance
of individualized, protocol-driven management, rapid recovery strategies, and continuous
remote monitoring systems. Non-pharmacological interventions and audiovisual-assisted
techniques are also discussed as potential strategies to reduce anesthesia requirements
in selected patients. A multidisciplinary approach involving anesthesiologists, radiation
oncologists, nurses, psychologists, and technical staff is essential to optimize safety, treat-
ment adherence, and overall quality of care. Tailored anesthetic management, supported
by standardized protocols and specialized pediatric expertise, remains crucial to balancing
procedural efficacy with short- and long-term safety in this vulnerable population.

Keywords: pediatric radiotherapy; anesthesia; deep sedation; non-operating room anesthe-
sia (NORA); propofol; midazolam; multidisciplinary care

1. Introduction

Radiotherapy is an essential part of the treatment of several pediatric malignancies,
including primary central nervous system (CNS) tumors (28%), retinoblastoma (26%),
neuroblastoma (18%), acute leukemia (9%), Wilms tumor (5%), rhabdomyosarcoma (7%),
Langerhans cell histiocytosis (4%), and other malignancies (3%), according to epidemio-
logical registry data [1]. In adult patients, radiotherapy administration is generally easier
due to their ability to actively cooperate, reducing the need for anesthesia in special cases
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such as those with cognitive disability, movement disorders, or claustrophobia. In contrast,
radiotherapy in children presents unique challenges. Pediatric patients, especially the
youngest, are unable to remain still during treatment sessions and often experience high
levels of anxiety and fear. For this reason, anesthesia becomes essential not only to ensure
immobility, but also to reduce the psychological trauma associated with treatment. Notably,
radiotherapy cycles in children can include 15 to over 30 sessions, thus requiring daily
sedation or anesthesia for several consecutive weeks. This frequency introduces additional
challenges, such as managing cumulative side effects and the need for rapid recovery
between sessions [2]. Furthermore, radiotherapy techniques vary significantly and include
photon beam therapy, proton beam therapy, and, less frequently in children, brachytherapy.
Proton therapy, characterized by the Bragg peak phenomenon, allows for highly localized
dose deposition with reduced exit radiation, while photon therapy involves a broader
dose distribution. Moreover, proton beam therapy may require longer setup times and
stricter immobilization precision compared to conventional photon therapy. In addition,
treatment rooms are often larger, and access to the patient may be further restricted due
to gantry configuration. These factors may increase anesthetic complexity, particularly in
very young children or in craniospinal irradiation. Collectively, these technical differences
may influence treatment duration, immobilization requirements, and anesthetic planning,
particularly in complex cranial or head-and-neck tumors.

Despite the widespread use of sedation and general anesthesia in pediatric radiother-
apy, clinical practices remain highly heterogeneous across institutions, with significant
variability in anesthetic agents, airway management strategies, monitoring standards, and
staffing models. This lack of standardization highlights the urgent need for harmonized,
evidence-informed clinical pathways [3].

This article was designed as a narrative review with a focused literature search in-
tended to identify clinically relevant publications on anesthesia management in pediatric
radiotherapy. The aim of this review is to combine the available scientific evidence with
the authors’ clinical experience. The interest for pediatricians and anesthetists is to have
guidance in patient selection and practical management during radiotherapy sessions.

2. Search Strategy and Study Selection

This narrative review was conducted in accordance with the SANRA (Scale for the
Assessment of Narrative Review Articles) recommendations to improve methodological
transparency and scientific rigor [4]. The search was performed in PubMed, Scopus, and
Web of Science using combinations of terms related to pediatric radiotherapy, anesthesia,
sedation, non-operating room anesthesia, and airway management. Although priority was
given to English-language studies published in the last 15 years, older landmark papers
and relevant guidelines were included when considered important for historical or clinical
context. Studies were considered relevant if they addressed anesthetic or sedation strategies
in pediatric radiotherapy settings, including clinical studies, reviews, and guidelines, while
publications not directly related to the topic were excluded. Study selection was based
on screening of titles and abstracts, followed by full-text evaluation for clinical relevance.
Greater emphasis was placed on multicenter studies, systematic reviews, and high-volume
institutional experiences when available. A supplementary search was performed by
screening the reference lists of the selected papers to identify additional relevant studies.
Further literature was identified based on the authors’ expertise.

Given the narrative purpose of the review and the heterogeneity of the available
literature, the retrieved evidence was synthesized to provide a clinically oriented overview
rather than a formal systematic appraisal.
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3. Clinical Context and Operative Environment

Anesthesia in pediatric radiotherapy is essential to ensure that treatments are per-
formed safely and with maximum effectiveness. Radiotherapy frequently requires pre-
liminary simulation sessions, including CT or MRI imaging, which may be performed
under the same anesthetic episode as treatment planning. Safe transfer between imag-
ing suites and the radiotherapy bunker must therefore be considered during anesthetic
planning. Immobilization devices such as thermoplastic face masks or body molds are
often used to ensure treatment precision and may further complicate airway access and
patient positioning.

Children, especially the youngest, are often unable to remain still during sessions [5].
Moreover, unlike adults, pediatric patients have unique characteristics that must be care-
fully considered. For example, anxiety levels are often very high, their ability to cooperate
is limited, and they are more exposed to the side effects of radiotherapy and anesthesia [6].
Separation from parents and the use of complex equipment accentuate this discomfort,
requiring targeted anesthesia strategies to prevent further trauma [7]. Furthermore, age is a
crucial factor. Younger patients usually require general anesthesia to ensure immobility, es-
pecially in advanced treatments such as proton therapy [8]. In older and more cooperative
patients, deep or conscious sedation techniques may reduce the need for general anesthesia,
minimizing risks and promoting faster recovery. However, they require careful selection of
candidates [9].

Anesthesia in a radiotherapy bunker presents unique challenges, requiring a special-
ized approach due to suboptimal conditions and remote monitoring [10]. Additionally,
the lack of a specialized pediatric anesthesia team in some facilities increases the risk of
complications [11-13]. This NORA (Non-Operating Room Anesthesia) approach requires a
highly specialized approach. Unlike conventional operating rooms, radiotherapy occurs
in environments specifically designed to protect against radiation, but not to perform
anesthetic procedures. This means that the anesthesia team often finds themselves working
in suboptimal conditions, with limited access to the patient and the need to monitor the
patient remotely via cameras and other remote surveillance systems [10].

Another significant issue is that not all pediatric hospitals have a radiotherapy service,
as pediatric oncology cases are relatively few. As a result, radiotherapy sessions often take
place in general facilities, where a team specialized in pediatric anesthesia may be lacking.
This situation increases the risk of complications, especially due to the possible lack of
specific experience of the staff in the management of anesthesia in children, especially
in such a unique environment as a radiotherapy bunker. Importantly, evidence suggests
that centers with higher volumes of pediatric anesthetic procedures tend to report lower
complication rates, likely reflecting the impact of dedicated pediatric anesthesia teams
and institutional experience. Therefore, expertise concentration and structured training
programs may significantly influence safety outcomes in this highly specialized setting [2].

4. Physiological and Psychological Aspects

Anesthesia in pediatric patients requires a personalized approach to manage the phys-
iological and psychological specificities of children. Age-related physiological variability
significantly influences pharmacokinetics and pharmacodynamics. Airway management
is critical, especially during radiotherapy, due to the small size and greater vulnerability
to obstruction. The use of a laryngeal mask airway (LMA) is preferred compared to open
airways, as it allows for safer management in settings with limited patient access [14-16].
LMA may represent a good compromise for the management of patients who present
difficult management with a face mask, or when tracheal intubation is potentially difficult
(such as in patients with facial tumors), in a NORA setting. In fact, in cases of head and
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neck cancer, the necessary immobilization can further complicate airway patency, making
the use of supraglottic devices and careful management essential to avoid respiratory
complications. However, endotracheal intubation should be used whenever it is necessary
to protect the airway, for example, when the patient has numerous secretions capable of
irritating the airway [17,18].

Prolonged positioning on rigid treatment tables increases the risk of pressure-related
injuries, particularly in malnourished or chronically ill children. Additionally, partial
undressing required for laser alignment and target visualization may predispose to peri-
procedural hypothermia. Active warming strategies applied outside the radiation field and
careful padding of pressure points are therefore recommended.

From a psychological point of view, children often experience intense anxiety, in-
fluenced by factors such as separation from parents and the strangeness of the medical
environment. Non-pharmacological interventions, such as audiovisual devices, interactive
games, and the presence of family members, can reduce anxiety and improve coopera-
tion, limiting the need for general anesthesia. In more complex cases, a multidisciplinary
approach involving anesthesiologists and psychologists is crucial to emotionally support
the child and parents, thus improving long-term outcomes. In addition, desensitization
sessions can psychologically prepare the child, reducing anxiety and promoting better
acceptance of treatment [19].

5. Indications and Techniques

Anesthetic management in children undergoing radiotherapy must consider the spe-
cific clinical needs of the patient and the frequency of sessions, requiring a personalized
approach. Radiotherapy cycle can include 15 to over 30 sessions, which means that children
must be sedated or anesthetized daily for a prolonged period, often for several consecutive
weeks. This repetitiveness introduces additional challenges in anesthetic management, as
continuous exposure to anesthetic drugs and the need for repeated inductions represent an
additional risk for both the immediate safety and long-term well-being of the patient [20].

The radiotherapy procedure generally lasts between 5 and 15 min, depending on
the number of sites to be irradiated. Given the short duration of the sessions, sedation
is often preferred over general anesthesia, which remains indicated especially for the
simulation process or in specific cases such as very young patients or those with special
clinical needs [10]. Nevertheless, significant disparities exist between high-income and
resource-limited settings. In some low- and middle-income countries, anesthetic manage-
ment may rely more frequently on intramuscular ketamine due to the limited availability
of intravenous agents, infusion pumps, monitoring equipment, or trained pediatric anes-
thesiologists [2]. These contextual differences may influence safety profiles and highlight
the importance of adaptable, resource-sensitive clinical frameworks.

5.1. Deep Sedation

Deep sedation can be defined as a transition from conscious sedation to unconscious-
ness, with loss of both verbal communication and protective reflexes [21]. This technique
is indicated for older children, especially those over 7 years of age, who can tolerate
brief periods of immobilization without complete loss of consciousness. Deep sedation
allows the child to remain drowsy while maintaining an open airway without the need for
intubation [22]. Medications commonly used for deep sedation include:

e  Midazolam: A benzodiazepine hypnotic/sedative that works by stimulating gamma-
aminobutyric acid (GABA)A receptors. Midazolam is the most used drug for pediatric
sedation [23]. Midazolam is highly protein-bound to albumin, requiring dose adjust-
ment in hypoalbuminemic patients, and is metabolized to inactive metabolites.
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Propofol: A short-acting agent used for the induction and maintenance of anesthesia;
propofol is particularly suitable for short procedures such as radiotherapy sessions
due to its favorable pharmacokinetic profile [11]. It works by stimulating GABAA
receptors and activating chloride channels, inhibiting synaptic transmission. Propo-
fol may reduce cardiac output and attenuate the compensatory response, causing
bradycardia [24]. The main disadvantage is the risk of apnea [25].

Ketamine: A phencyclidine derivative that acts on N-methyl-D-aspartate (NMDA)
receptors to produce dissociative anesthesia [26]. Although ketamine may increase
secretions and cause agitation, it is beneficial in some patients because of its capacity
to promote bronchodilation, preserving pharyngeal and laryngeal reflexes. However,
it should be avoided in patients with seizure disorders and increased intracranial
pressure. For procedural sedation, it is also combined with midazolam [23].
Dexmedetomidine: An alpha-2 agonist increasingly used for pediatric sedation. It acts
on alpha-2 receptors located in the periphery, brain (locus coeruleus), and spinal cord,
producing sedation and antinociception. In the setting of fractionated radiotherapy,
intranasal dexmedetomidine appears to achieve more consistent and satisfactory
sedation than oral ketamine combined with midazolam [23].

Opioids, although effective for painful procedures, are rarely used during radiotherapy
due to their respiratory depressant effects and are reserved for special cases [27]
(Table 1).

Table 1. Main anesthetic agents used in pediatric radiotherapy: pharmacological characteristics,

advantages, and limitations.

Mechanism of

Preferred Clinical

Agent Action Onset/Duration ~ Advantages Limitations/Risks Context
Respiratory
C depression
GABAA receptor  Onset: 30-60 s iﬁfgg’;’;_s’ (dose-dependent); Premedication;
Midazolam agonist (benzodi-  (IV) Duration: . g paradoxical mild-to-moderate
. : multiple routes . . .
azepine) 20-80 min (oral, IN, IV) reactions; protein sedation
T binding
considerations
GABAA receptor Rapid onset Apnea (20-30%);
e Onset: 30-60 s and recovery; S .
Propofol modulation; Duration: easy titration; hypotension; Deep sedation; short
chloride channel L . . bradycardia; no repetitive sessions
activation 5-10 min ideal for short analeesia
procedures &
airvlzlf;i?flleei(es Hypersalivation; Reactive airway
_ NMDA receptor Onset: 39—69 S bronchodila- emgrggnc? disease; need to
Ketamine antagonist Duration: tory effect; agitation; preserve
10-20 min hemod nan;ic contraindicated in spontaneous
S tab}ijli ty TIcp breathing
Sedation with
a2-adrenergic Onset:' gradual mlplmal Bradycardia; . .
- . (loading over respiratory ) Adjunct sedation;
Dexmedetomidine agonist (locus 4 ) hypotension;
10 min) depression; longer procedures
coeruleus) Infusion-based analgesic- slower onset
sparing
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Table 1. Cont.
Agent Mechar}1sm of Onset/Duration =~ Advantages Limitations/Risks Preferred Clinical
Action Context
Volatile . Non-invasive Airway irritation .
Sevoflurane anesthetic; in dulié:iIZ) 1: and induction; (rare); S;?ﬁ;ﬁ:r?gzgslies:s’.
(GA) GABA-mediated useful without postoperative hil !
. emergence S younger children
CNS depression IV access agitation
Balanced Reduced total
. . drug dose; . .
anesthesia Multimodal Agent- imoroved Requires Repetitive
(Propofol + approach dependent h P . experienced team  radiotherapy cycles
adjuncts) emodynamic
stability

Abbreviations: 1V, intravenous; IN, intranasal; GA, general anesthesia, NMDA, N-methyl-D-aspartate; GABA,
gamma-aminobutyric acid; ICP, intracranial pressure.

5.2. General Anesthesia

General anesthesia is a medically induced, reversible state of total unconsciousness
and pain relief [28].

General anesthesia is mostly indicated in younger children (under 4 years) or in those
with special clinical needs, such as behavioral or neurological disorders, who require com-
plete immobilization [3]. In these cases, airway management is usually performed with
an LMA, reducing the risk of complications related to endotracheal intubation. However,
general anesthesia can carry a higher risk of respiratory and cardiovascular complications,
as well as requiring a longer recovery period and more rigorous postoperative monitor-
ing [29]. Nevertheless, evidence from high-volume centers suggests that when performed
by dedicated pediatric anesthesia teams using standardized protocols, general anesthesia
with LMA can be associated with low complication rates and rapid turnover times, even
across prolonged treatment cycles [30,31].

5.3. Conscious Sedation

Conscious sedation is a technique whereby patients undergo a drug-induced de-
pression of their consciousness but retain the ability to self-ventilate, maintain protective
reflexes, and respond to verbal or light-pressure stimuli [32]. This technique, although
less frequently used, is indicated in selected patients, especially for older children, who
can tolerate the procedure without the need for deep immobilization. Conscious sedation
significantly reduces recovery times and complications but is not suitable for younger
patients or those with poor sedation tolerance [33].

In conclusion, the choice of anesthetic agent and administration technique should
be individualized based on the patient’s clinical condition, tumor type, and individual
response to drugs. An evidence-based protocol and rigorous monitoring are essential to
ensure safe and effective treatment throughout the entire radiotherapy cycle [34].

A comparative overview of deep sedation and general anesthesia in pediatric ra-
diotherapy is provided in Table 2. For patients aged between 4 and 7 years, the choice
between deep sedation and general anesthesia depends on the patient’s conditions (cog-
nitive status, weight), the organization of the individual center, and the experience of the
anesthesiologist [35].
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Table 2. Comparison between deep sedation and general anesthesia for pediatric radiotherapy in

non-operating room anesthesia settings.

Domain

Deep Sedation

General Anesthesia

Primary goal

Reduce anxiety and motion while
preserving spontaneous ventilation
when possible

Ensure complete immobility and airway
control

Typical candidates

Older and more cooperative children
(often >7 years), selected cases with
adequate airway reserve

Younger children (often <4 years) and
patients with limited cooperation (e.g.,
neurodevelopmental /behavioral
disorders)

Common agents

Propofol £ adjuncts (midazolam,
ketamine, dexmedetomidine)

Inhalational (e.g., sevoflurane) and /or
intravenous techniques, often with
supraglottic airway

Airway management

Preferably spontaneous breathing;
airway support as needed; close
vigilance for obstruction

Usually supraglottic airway (e.g., LMA)
or endotracheal intubation in selected
cases

Monitoring constraints
(radiotherapy bunker)

Remote monitoring required; limited
access may increase risk if airway
obstruction occurs

Remote monitoring required; airway
secured may improve safety in
limited-access environments

Hemodynamic profile

Agent-dependent; propofol may
cause hypotension/bradycardia

Agent- and technique-dependent;
generally predictable but requires full
anesthetic setup

Respiratory risk

Higher risk of
hypoventilation/apnea with deeper
propofol titration; obstruction
possible

Risk of airway events exists but airway
is usually controlled; emergence
agitation can occur

Recovery and turnover

Typically rapid recovery;
advantageous for daily short sessions

Recovery may be longer; may increase
post-anesthesia care needs

Suitability for repeated daily
sessions

Often preferred when feasible due to
rapid recovery and streamlined
workflow

Often necessary for repeated sessions in
very young/non-cooperative children
despite higher resource needs

Main advantages

Short onset/recovery; reduced
invasiveness; may lower overall
burden if well selected

Reliable immobility; controlled airway;
potentially safer in children with high
motion/anxiety or limited cooperation

Main limitations

Requires careful patient selection and
an experienced team; risk of
apnea/airway obstruction in a
limited-access setting

Higher resource utilization; longer
recovery; potentially increased
cumulative exposure and physiological
stress

When to favor

Short treatments (5-15 min),
cooperative child, stable airway, goal
of rapid recovery

Simulation, proton therapy/complex
immobilization, very young age, poor
cooperation, or high risk of movement

Abbreviation: LMA, laryngeal mask airway.

6. Anesthesia Management

A typical anesthesia management for pediatric radiotherapy involves a thorough pre-
procedural assessment to identify any specific risks. Patients are usually fasted according
to current ASA fasting guidelines to reduce the risk of aspiration. Premedication may
include oral, intranasal, or intravenous midazolam to reduce anxiety. During the procedure,
propofol is used for the induction of anesthesia, while maintenance may be performed
with either continuous propofol infusion or halogenated gases, such as sevoflurane, which
is commonly used in children due to its rapid onset and low blood solubility. The use of
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adjunctive agents, such as ketamine or dexmedetomidine, may be considered depending
on the patient’s needs. LMA management is often preferred to reduce complications.

Traditionally, intravenous or combined (intravenous and inhalation) anesthesia has
been the standard of care for these cases. However, recent studies, such as that conducted
by Garcia-Aroca et al. [36], suggest that inhalation anesthesia, particularly the use of
sevoflurane administered via LMA, is a valid and safe option. In our recent cohort ex-
perience involving 420 anesthetic sessions in pediatric radiotherapy, the implementation
of a standardized LMA-based protocol was associated with a low overall complication
rate (1.9%), rapid recovery times, and no major adverse events [22,30]. Specifically, the
protocol provided the use of short-acting agents (intravenous propofol for induction and
sevoflurane for maintenance) and airway management with an LMA, and ventilation was
maintained in pressure-support mode with continuous capnography [30,37].

Regardless of the technique implemented, the patient should be visually monitored in
the radiation treatment room using two cameras, one focused on the patient so that chest
movement (breathing) can be observed, and the other on the portable monitor. The cameras
can be repositioned via remote control to allow continuous monitoring as the radiation
treatment progresses. This approach can provide an optimal balance of safety, efficacy,
and comfort for the pediatric patient, while minimizing the risks associated with repeated
exposure to anesthesia during radiation therapy. At the end of the session, patients require
monitoring until they are fully awake and hemodynamically stable before being discharged
from the recovery room [38].

A careful and effective periprocedural protocol must address other critical aspects.
In radiotherapy bunkers, the anesthetic machine is often positioned at a distance from
the patient to avoid radiation exposure. Extended breathing circuits, long intravenous
lines, and remote monitoring systems are therefore required. These technical adaptations
may increase dead space, delay drug administration feedback, and complicate emergency
airway access, necessitating meticulous preparation and simulation-based team training.

7. Potential Complications and Management

Anesthesia in pediatric radiation therapy carries the risk of several complications [39].
However, a major limitation of the available literature is the lack of standardized definitions
for anesthesia-related complications. Variability in reporting criteria makes it difficult to
compare outcomes across centers and may underestimate the true incidence of adverse
events [2].

Respiratory complications are among the most common and may include apnea, oxy-
gen desaturation, airway obstruction, and, in rare cases, bronchospasm and laryngospasm.
In our cohort analysis, laryngospasm represented the most frequent respiratory event,
yet its incidence remained below 1%, with no cases requiring tracheal intubation or ICU
admission [30,40]. Many children undergoing radiotherapy receive concurrent chemother-
apy and opioids, which may delay gastric emptying and increase the risk of aspiration.
Chemotherapy-induced mucositis may predispose to airway irritation and laryngospasm,
particularly in cases of repeated airway instrumentation. These factors must be consid-
ered during airway device selection and fasting assessment. The management of these
events is critical, as the patient is often in a remote environment and monitored remotely
via cameras.

Hemodynamic instability may manifest as bradycardia, tachycardia, hypotension, or
hypertension and can result from multiple interacting factors, including anesthetic drug
effects, hypovolemia, underlying cardiac dysfunction, pain or inadequate sedation, and au-
tonomic responses to airway manipulation. Propofol-related vasodilation may precipitate
hypotension [11], whereas agents such as ketamine may induce transient increases in heart
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rate and blood pressure due to sympathetic stimulation [26]. Repeated anesthetic exposure,
concomitant chemotherapy, dehydration, and electrolyte imbalances may further exacer-
bate cardiovascular lability. Continuous monitoring and prompt titration of anesthetic
agents, along with appropriate fluid management and readiness to administer vasoactive
support, are essential to maintain hemodynamic stability in this vulnerable population.

In addition, the use of immunosuppressive drugs, such as chemotherapy and corti-
costeroids, increases the susceptibility of children to the development of upper respiratory
tract infections (URTI). These infections can further complicate anesthesia management
and ventilation during radiotherapy.

The presence of URTI can make the administration of general anesthesia risky, but
interrupting the radiotherapy cycle could have negative consequences on the oncological
treatment. For this reason, the decision to interrupt or continue treatment must be carefully
evaluated, balancing the risks associated with the respiratory infection with those resulting
from an interruption of the radiotherapy cycle. In some cases, it may be necessary to adapt
the anesthesia protocol to minimize the risks, for example, by using less invasive anesthesia
techniques or more rigorous monitoring.

Postoperative nausea and vomiting, although less common, as most children are
already on antiemetic therapy, can still negatively affect recovery and increase patient
discomfort. In addition, the need to repeat anesthesia for several radiotherapy sessions
(which can last up to six consecutive weeks) exposes children to cumulative risks of
adverse effects, including both immediate complications and potential long-term effects on
development [41].

Prevention and effective management of these complications requires a multidisci-
plinary approach and the adoption of specific strategies. The use of balanced anesthesia,
combining propofol with adjuvants such as midazolam or ketamine, is recommended to
reduce the risk of respiratory and cardiovascular complications. It is essential to carefully
monitor the patient’s vital signs using advanced tools, including continuous pulse oximetry,
electrocardiography, and blood pressure monitoring at regular intervals.

Furthermore, rapid recovery techniques, such as precise titration of propofol and
limitation of opioid use, are essential to minimize the risk of respiratory depression and
to facilitate a more rapid recovery, thus reducing the time spent in the recovery room.
The use of supportive strategies, such as fluid preparation to prevent hypotension and
immediate availability of rescue medications, can further improve the management of com-
plications [42]. Finally, regular monitoring of laboratory parameters, including hemoglobin
levels, platelet counts, and renal function, is essential during prolonged radiotherapy cycles.
Minimum acceptable thresholds should be agreed upon with the oncology team to ensure
both anesthetic safety and oncologic treatment efficacy [43].

8. Organizational Aspects and Interdisciplinary Collaboration

In pediatric radiotherapy, anesthesia management requires close collaboration be-
tween anesthesiologists, oncologists, radiation oncologists, nurses, and technicians to
ensure the safety and effectiveness of the treatment. Anesthesiologists must customize
the protocol according to the specific needs of the patient, in collaboration with the team,
while nurses and technicians monitor and prepare the patient, intervening promptly in
case of complications. For example, thermoplastic face masks used for head and neck
immobilization may interfere with airway patency, restrict chest wall movement, and delay
immediate access to the airway in emergencies. Careful airway device positioning and
contingency planning are essential when such immobilization systems are in place.

In this complex scenario, interdisciplinary collaboration is crucial in repeated sedations,
allowing to adapt therapeutic strategies in response to clinical changes, reducing the risk of
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complications and improving treatment adherence. Optimizing the workflow and adopting
standardized protocols is essential to maintain efficiency and reduce risks [44]. Radiation
safety considerations also extend to anesthesia personnel. Although staff members exit
the bunker during irradiation, workflow planning must ensure the safe positioning of
equipment and minimize repeated exposure during patient setup phases. Therefore,
through interdisciplinary collaboration, constant patient monitoring remains essential to
promptly identify and manage any complications, improving the overall quality of the
service offered.

9. Ethical and Legal Considerations

Informed consent is crucial in pediatric treatment, especially for invasive procedures
such as radiotherapy and anesthesia. Parents must receive clear information about the
risks, benefits, and possible complications of anesthesia, including therapeutic alternatives
and the consequences of refusing treatment. This process must be carefully documented,
considering specific risks such as the use of drugs in patients with pre-existing conditions
or the increased risk of infections due to immunosuppression [45].

Anesthesiologists and the medical team must ensure that procedures comply with
current regulations and accepted standards of practice, with ongoing monitoring and
appropriate management of complications. If the anesthesia-related risk is too high, such as
in the case of severe respiratory failure or hemodynamic instability, it may be necessary to
postpone or discontinue radiotherapy. This decision must be carefully discussed with the
family, considering the risks of continuing or interrupting treatment [46]. In case of clinical
deterioration during treatment, it is essential to communicate clearly with the family to
make shared decisions in the best interest of the child.

These ethical considerations become even more complex when radiotherapy is deliv-
ered with palliative intent. In this setting, the primary objective shifts from disease control
to symptom relief and quality-of-life preservation. Consequently, anesthetic management
must be carefully aligned with the overall goals of care. In the context of palliative radio-
therapy, the evaluation of anesthesia should extend beyond procedural safety to include
proportionality of intervention, expected clinical benefit, and potential burden for the child
and family. A more conservative and comfort-oriented approach is often appropriate,
prioritizing symptom control while minimizing additional stress or invasive measures.
Decisions to continue, modify, or discontinue radiotherapy must adhere to the ethical prin-
ciple of non-maleficence, ensuring that interventions meaningfully contribute to the child’s
well-being. In some cases, this may justify limiting or suspending aggressive treatments in
favor of a palliative care pathway centered on dignity, comfort, and family support.

10. Conclusions

Anesthesia for pediatric radiotherapy represents a highly specialized field that requires
the integration of clinical expertise, organizational efficiency, and psychological sensitivity.
The need for repeated sedation or general anesthesia over prolonged treatment cycles
exposes children to cumulative risks, making individualized, protocol-driven management
essential. Deep sedation with short-acting agents such as propofol, often combined with
adjuncts including midazolam, ketamine, or dexmedetomidine, has emerged as an effective
strategy for many patients, while general anesthesia remains necessary in younger or
non-cooperative children. Careful airway management, continuous remote monitoring,
and rapid recovery protocols are critical components of safe practice in the NORA setting.

Beyond pharmacological strategies, non-pharmacological interventions and
audiovisual-assisted techniques offer promising opportunities to reduce anesthesia ex-
posure in selected patients, highlighting the importance of psychological preparation and
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family-centered care. Ultimately, optimal outcomes depend on a multidisciplinary model
that integrates anesthesiologists, radiation oncologists, pediatric oncologists, nurses, psy-
chologists, and technical staff. Standardized protocols, specialized pediatric expertise,
and continuous quality assessment are key elements in minimizing complications and
improving treatment adherence.

Unfortunately, as is often the case in pediatrics, the literature base is largely retrospec-
tive, heterogeneous, and center-dependent.

Given the current gaps in the literature, future research should focus on long-term
neurodevelopmental outcomes associated with repeated anesthetic exposure, comparative
effectiveness studies between sedation strategies, and the development of structured clinical
pathways tailored to different age groups and oncologic settings. Strengthening evidence-
based practice in this area will be crucial to ensuring both procedural efficacy and long-term
safety for this vulnerable population.
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