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ABSTRACT:

Introduction: In emergency care procedural analgosedation (PSA) plays a vital role in alleviating pain, anxiety and emotional trauma. Although beneficial,
administering PSA outside the operating room carries risks especially during urgent procedures that demand swift dosing adjustments and vigilant physiological
observation. Thus a thorough understanding of pharmacodynamics selection of administration routes and implementation of system-wide safety measures is
essential, for safe and effective treatment.

Obijectives: This review sought to: (1) consolidate the properties of key PSA agents and align their appropriateness, with different acuity tiers; (2) analyze evidence-
supported choices of administration routes to enhance onset, intensity and recovery; (3) outline a safety framework incorporating monitoring protocols and
escalation procedures; and (4) pinpoint failure modes related to systems and human factors to guide robust practice frameworks.

Methodology: A systematic narrative review was conducted utilizing PubMed, Scopus and Google Scholar covering publications from 2000-2024. Search

keywords included "Analgosedation,” " procedural sedation,” "route optimization " and “pediatric emergency medicine." Data, from safety studies human factors

engineering and pharmacology were integrated.

Results and Discussion: Findings indicate that no individual drug meets all the PSA criteria necessitating tailored drug choices according to patient physiology
and the demands of the procedure. Throughout all levels of acuity, ketamine, propofol, opioids, benzodiazepines and nitrous oxide each offer advantages and risks.
Although non-invasive techniques are suitable for lower-acuity cases intravenous administration remains the method for managing high-acuity conditions. Safety
is bolstered by monitoring with capnography implementation of standardized checklists and organized airway escalation protocols. Nevertheless significant dangers
persist due to governance, cognitive overload, uneven training and deficiencies, in audit systems.

Conclusion: Optimizing pediatric PSA requires integrating pharmacologic precision with robust monitoring, standardized workflows, and systems-level resilience.
When these components perform synergistically, PSA becomes a safe, morally aligned, and operationally reliable element of pediatric emergency treatment.

Keywords: pediatric sedation; pharmacodynamics; emergency medicine; capnography; patient safety; procedural analgosedation.

1. Introduction:

In the Pediatric Emergency Department (PED), Procedural Sedation and Analgesia (PSA) is an important part of care. It is needed to help children who
are having invasive procedures, like fracture reductions and complex laceration repairs, feel less pain, fear, and anxiety. % It is considered an ethical
duty to relieve pain and anxiety quickly and appropriately, because not doing so can have negative effects on both the body and mind in the short and
long term. 91

Despite its importance, PSA remains a high-stakes operation when conducted outside the operating room, with recorded adverse effects requiring
interventions such bag-valve-mask ventilation. (5791 Although large-scale studies demonstrate that procedural sedation is generally safe when performed
by appropriately trained providers, with low reported complication rates (e.g., 4.37% total adverse events in one large cohort), the inherent risks necessitate
continuous scrutiny and standardization. 27#l
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2. Objectives:
1.  To critically synthesize the pharmacodynamic profiles of commonly used agents in pediatric procedural analgosedation and map their suitability
across varying acuity levels.

2. To evaluate evidence-based route selection and optimization strategies that enhance onset, depth, and recovery dynamics while minimizing
physiological instability.

3. Todelineate a comprehensive safety architecture including monitoring standards, adverse event mitigation, and escalation algorithms applicable to
high-acuity pediatric procedures.

4.  To analyze failure modes in procedural analgosedation using systems-based and human-factor frameworks, identifying preventable risks and
proposing resilient practice pathways.

3. Methodology:

This narrative review employed a structured, evidence-informed methodology to synthesize contemporary knowledge on pharmacodynamics, route
optimization, safety architecture, and failure-mode analysis in pediatric procedural analgosedation within emergency medicine. To capture both
foundational and emerging evidence, a comprehensive literature search was conducted across PubMed, Scopus, and Google Scholar for studies published
between January 2000 and December 2024, using search terms that included combinations of “pediatric procedural sedation,” “analgosedation,” and
“pediatric emergency medicine.”

4, Results and discussion:

In emergency medicine (PED) performing procedural sedation and analgesia (PSA) requires an, in-depth knowledge of pharmacological substances to
ensure effectiveness and safeguard patient well-being, especially during high-intensity procedures. ¥ PSA refers to a drug-induced condition that enables
patients to endure interventions by causing a reduced state of consciousness while preserving autonomous airway management. 21 The primary goal of
PSA is to provide pain relief, anxiety reduction and amnesia in children during procedures, diagnostic imaging or painful orthopedic manipulations. !
The ideal drug, for PSA should have an onset, brief recovery period, adequate pain control and sedation and minimal side effects; however no single
medication presently meets all these criteria. The choice of medication is thus largely influenced by the patient’s existing health conditions, age, expected
pain intensity, necessary treatment length and the targeted sedation depth. 22

4.1. Synthesis of Core Pharmacological Agents and Acuity Mapping
4.1.1. Dissociative Agents: Ketamine

Ketamine, a phencyclidine (PCP) derivative remains the cornerstone of procedural sedation across the globe and is frequently regarded as the most
commonly used medication due, to its well-documented safety and effectiveness. Its primary mechanism operates by acting as an N-methyl-D-aspartate
(NMDA) glutamate receptor antagonist creating an anesthetic state characterized by interruption of cerebral associative networks. This state delivers
analgesia, amnesia and sedation. 8111

When administered at doses within the limits ketamine offers the pharmacodynamic benefit of preserving protective airway reflexes, spontaneous
respiration and stable hemodynamics. Dissociative sedation is often characterized as a trance- cataleptic condition where the patient’s eyes might stay
open and glazed muscle tone rises and occasionally there are involuntary limb movements unrelated, to the procedure. Ketamine stimulates the nervous
system by blocking catecholamine reuptake commonly leading to increased blood pressure, heart rate and cardiac output. This is highly advantageous,
for trauma patients experiencing hypovolemia. 281

The favored method of administering ketamine in the Emergency Department (ED) is V) because it has a quick onset (under 1 minute) and can be easily
adjusted, with a usual bolus duration of 5 to 10 minutes. ! As per guidelines the suggested IV dose is 0.5-1 mg/kg as a bolus, with doses of 0.5 mg/kg
every 5-10 minutes if required. The intramuscular (IM) administration, given at a dose of 2-4 mg/kg (with a total dose of 10 mg/kg) is employed when

intravenous access is unavailable or, for extended procedures providing an onset time of 3 to 4 minutes and a prolonged effect lasting 15 to 30 minutes.
[29]

4.1.2. Acuity Mapping for Ketamine:

Ketamine is the sole agent for high-intensity painful procedures like closed fracture reduction and intricate laceration repair needing rapid effect potent
pain relief and prolonged motor suppression. 2711 Side effects may involve salivation causing cough or laryngospasm along with post-recovery symptoms
such as confusion, agitation and hallucinations. Patients, with raised pressure (ICP) must avoid ketamine as it elevates cerebral blood flow. 248l
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4.1.3. Hypnotic Agents: Propofol and Etomidate
4.1.3.1. Propofol

This hypnotic is commonly employed in PEDs worldwide. @ Its primary benefit lies in its onset and very brief duration of effect. The intravenous onset
typically occurs in under a minute lasting between 3 to 10 minutes with recovery happening generally within 8 minutes. Propofol is valued for its
properties and its capability to lower ICP. Nevertheless Propofol carries the risk of causing sedation and clinicians must be skilled, in managing sedation
levels that may become deeper than expected. Propofol may markedly diminish respiration. Induce temporary apnea after swift administration. It
additionally leads to cardiopulmonary suppression resulting in lowered blood pressure without an associated rise, in heart rate. The injection of Propofol
is frequently uncomfortable. 916!

4.1.3.2. Acuity Mapping for Propofol:

Because of its fast recovery time Propofol is ideal, for brief procedures where swift patient turnover is desired. Although research shows it is safe when
administered with observation its use is often limited outside the operating room. !

4.1.3.3. Etomidate:

It is a short-acting hypnotic agent beginning to work within 30 seconds and lasting for 5-10 minutes. A key pharmacokinetic limitation is its lack of
properties. Side effects include myoclonus and nausea/vomiting. It may induce pain after administration. Etomidate is primarily used for procedures
requiring deep sedation.

4.1.4. Benzodiazepines and Opioids

4.1.4.1. Midazolam (Benzodiazepine):

It is a component, in PSA found in all surveyed European Eds. ™! It possesses hypnotic, anterograde amnestic and skeletal muscle relaxing effects;
however it lacks analgesic properties. It acts on GABA receptors to enhance the frequency of ion channel openings. The intravenous onset of midazolam
occurs within 4-8 minutes with a duration of 10 minutes. Administration routes include oral, nasal or intravenous. A significant risk involves depression

and temporary apnea that depend on the dose particularly when combined with opioids. The effects of Midazolam can be counteracted using Flumazenil.
48]

4.1.4.2. Acuity Mapping for Midazolam:

Mainly utilized for reducing anxiety and providing sedation during procedures such as lumbar puncture or central line insertion. It is often employed as
an agent, in combination treatments to help control agitation. (€

4.1.4.3 Fentanyl (Opioid)

It is a pain reliever that interacts with opioid receptors. It has an onset when given intravenously (under 1 minute) and a brief effect duration (5 minutes).
Being an opioid its main side effects are depression, nausea, vomiting and possible chest wall rigidity, at high or fast doses. The effects of fentanyl can
be counteracted by Naloxone. 24

4.1.4.4. Acuity Mapping for Fentanyl:

Used primarily for its analgesic effect in combination with benzodiazepines for complex laceration repair or incision and drainage.

4.1.4.5. Morphine (Opioid):

primarily functions as a pain reliever with sedative effects. When given intravenously it takes 5-10 minutes to begin working. It lasts for an extended
period (3-5 hours). This extended effect can be advantageous for controlling pain after procedures. Also carries the risk of extended drowsiness. Side
effects involve dose-related depression, low blood pressure and nausea or vomiting. Extra care is required in patients, with kidney impairment because
of the metabolite, morphine 6-glucuronide. 28

4.1.4.6. Acuity Mapping for Morphine:

Beneficial, for enhancing sedation in painful interventions requiring extended pain management after the procedure. 2!
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4.1.5. (Inhalational Agents: Nitrous Oxide (N20)

Administered in a 30-50% mixture with oxygen, nitrous oxide (N20) delivers analgesia and anxiolysis with a rapid onset (3—5 minutes) and short duration

(5-10 minutes). 8 Nitrous oxide is considered an option, for PSA, 14

4.1.5.1. Acuity Mapping for N20:

It is appropriate for brief low-to-moderate severity interventions, such as minor fracture adjustment, dislocation realignment or IV insertion, which require

minimal pain relief and anxiety control. Although beneficial 56% of locations, in a European survey report availability of this method.

4.2. Synergy and Pharmacodynamic Interactions in Combination Regimens

In PED using combination therapy is a practice to ensure both effective sedation and pain relief or to reduce particular side effects associated with

individual drugs. 1#!

Tablel: Summary of Common Analgosedation Drug Combinations in Pediatric Emergency Medicine

1301

Drug Combination | Mechanism/ Rationale Efficacy Safety & Adverse Events
Ketamine + Widely used combination; Safe and effective; more Used in 93.8% of sedations with low adverse
Midazolam (Ket- ketamine provides effective for pain/anxiety than events (8.1%) and no serious complications.
Mid) dissociative anesthesia and | Fentanyl/Midazolam. 25 “IMidazolam does not reliably prevent
analgesia, midazolam added emergence reactions .Midazolam increases
for anxiolysis. ! risk of respiratory complications, especially
oxygen desaturation, compared to ketamine
alone. 24
Fentanyl + Synergistic sedative + High efficacy: 91-100%. @ Combination significantly increases risk of
Midazolam (Fent- | analgesic effect of opioid + respiratory depression.
Mid) benzodiazepine
Ketamine + Combines ketamine’s Effective and safe in fracture Protocols recommend giving ketamine first to
Propofol (Ketofol) | analgesia with propofol’s reduction; used widely in reduce propofol injection pain. 61 Meta-
hypnotic, rapid-offset PEDs. analysis: higher oxygen desaturation with co-
profile, 2161 administered ketamine + propofol vs. propofol
alone . 12

4.3. Route Selection and Pharmacokinetic Optimisation

Selecting the method of administration requires a balance between the urgency for rapid control in critical situations and the preference, for needle-free
delivery to enhance patient comfort.

4.3.1. The Intravenous (1V) Route: Control and Titratability

The intravenous route is unequivocally the gold standard for achieving controlled, deep procedural sedation, offering the fastest onset of action and the
critical ability to titrate medications precisely to effect. 2!

Table2: Pharmacokinetic Profiles and Key Clinical Considerations of Common IV Agents in Pediatric Procedural Analgosedation

Agent Onset & Duration Typical IV Dose / Clinical Advantages Risks / Precautions
Administration

Ketamine | Onset: < 1 minute; Initial dose: 0.5-1 mg/kg Rapid onset ideal for time- Generally safe, but dose titration
Duration: 5-10 minutes | 1V; Top-ups: 0.5 mg/kg sensitive, painful procedures such | required; max recommended 1V dose: 5
for standard bolus. 1! every 5-10 min as needed. | as orthopedic reductions. mg/kg.

[10]

Propofol Onset: < 1 minute; Titrated 1V boluses; to be Ultra-short PharmacoKinetic There is High risk of ventilatory
Duration: 3-10 administered slowly profile allows rapid emergence depression and transient apnea,
minutes; Recovery and quick turnover, ideal for brief | especially when with rapid infusion; it
often within 8 min. & procedures. requires expert airway skills. !
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Agent Onset & Duration Typical IV Dose / Clinical Advantages Risks / Precautions
Administration

Fentanyl Onset: < 1 minute; Given as a slow IV push to | Provides rapid, potent analgesia Risks include respiratory depression,
Duration: ~5 minutes reduce adverse effects. [ chest wall rigidity with rapid push
for a single dose

Etomidate | Onset: 30 seconds; Standard IV bolus; no Ultra-short-acting, useful for brief | Lacks analgesia; must be paired with an
Duration: 2-3 minutes. | analgesic properties hypnotic effect without analgesic for painful procedures
cardiovascular instability

4.3.2. Alternative Routes:

The intramuscular (IM) method, trading control for a slower prolonged effect remains a practical option when intravenous access is unavailable
particularly with ketamine. IM ketamine necessitates a dose of 2 to 4 mg/kg, with a ceiling of 10 mg/kg owing to its extended effect lasting 15 to 30
minutes and an onset time of 3 to 4 minutes. 29!

The patient’s experience is significantly enhanced through needle- techniques particularly for mild sedation and anxiety relief.®! Intranasal (IN)
Midazolam begins to act within 4 to 8 minutes and maintains its effect for 30 to 60 minutes. Administering drugs such, as Midazolam orally is considered
the straightforward method. 17 A randomized trial demonstrated that combining oral diphenhydramine (1.25 mg/kg) with oral midazolam (0.5 mg/kg)
achieved optimal sedation for wound suturing significantly faster (7.1 + 2.49 minutes) than diphenhydramine alone (16.13 + 4.78 minutes), optimizing
the onset dynamics of non-invasive sedation.

Intranasal Fentanyl serves as an efficient pain reliever with a quick effect (3-5 minutes) yet its use in nurse-led triage guidelines is still infrequent and its
accessibility is restricted (found in 47% of European sites reviewed). 5 Pain relief and anxiety reduction are achieved through an equimolar nitrous
oxide-oxygen blend (N20) which is accessible, in every Swiss pediatric emergency unit evaluated and to 56% of the European children included in the
study. 1281

4.3.3. Optimization Strategies for Minimizing Physiological Instability

Minimizing physiological instability during PSA is primarily achieved through stringent monitoring, standardized protocols, and modernized policies
regarding pre-procedural status.

Traditional monitoring, which depends on pulse oximetry detects oxygenation alterations downstream causing a delay in recognizing respiratory issues.
(39 Continuous real-time evaluation of ventilation, through capnography (End-Tidal CO2 or EtCO2) enables detection of hypoventilation and apnea. 81

A prospective observational study revealed that non-invasive capnography detected respiratory depression episodes a median of 35 seconds earlier than
pulse oximetry (95% CI: 20-60 s; p=0.0055). This earlier detection is critical, in pediatrics because of respiratory reserve. Additionally capnography
showed diagnostic precision identifying every apnea event and 76.9% of hypopneic hypoventilation incidents missed by pulse oximetry. Within this
group depending on pulse oximetry would have failed to identify 43% (53 out of 93 episodes) of respiratory depression incidents detected through
combined monitoring. For example an apneic episode noted in a patient during a retrospective study was treated with bag-mask ventilation highlighting
the urgent need, for prompt intervention, (129

4.4. Standardization, Training, and Checklist Implementation

Harmonizing protocols decreases inconsistency. Is vital, for worker safety and skill proficiency. Pre-sedation checklists ensure that crucial preparatory
steps are completed. 9 A simulation study showed that residents using a checklist completed essential tasks during the procedure and pre-sedation
assessments and preparation steps were always performed in the intervention groups. Checklists additionally instruct airway management and
resuscitation techniques crucial for handling issues like laryngospasm, apnea and oxygen desaturation. [}

Nevertheless not every study shows an impact on results. For instance a significant investigation into sedation revealed that implementing a checklist did
not reduce the frequency of Serious Adverse Events (SAE) and paradoxically the checklist use was associated with increased occurrences of laryngospasm
and oxygen saturation <90%. Despite this finding all SAEs were managed effectively. This highlights that although checklists guarantee adherence, to
protocols they might not adequately handle rare physiological issues requiring expertise from trained personnel. (¢!

Training is emphasized as a challenge in the UK and Ireland (42.6% of sites). Training practices are highly variable without standardization. Regarding
Pediatric Emergency Medicine fellows 13% of Program Directors indicated a mandatory PSA rotation. Focused training often enhances physician
confidence in conducting PSA; a quality improvement study revealed that after training interventions physician confidence, in airway management rose
by 38%. [10,13,20]
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4.5. Re-evaluating Fasting Status and Duration Risk

Optimization involves overcoming obstacles such, as extended fasting periods. In the ED enforcing American Society of Anesthesiology (ASA) NPO
protocols is difficult and frequently results in prolonged patient stays and distress. The American College of Emergency Physicians (ACEP) guidelines
recommend that fasting status be considered a factor during emergency interventions. Global research backs this stance showing low complication rates
(0.9% noted issues with no cases of aspiration) despite 18.6% of patients not meeting ASA fasting criteria. Despite these figures inconsistent adherence
continues to be an issue, as 53.3% of sites, in the UK and Ireland require fasting before ketamine administration. &4

Finally the duration of sedation stands out as a risk factor for complications. The research identified sedation length as a predictor of complications after
controlling for multiple variables (Odds Ratio: 1.021; 95% CI, 1.004-1.039). The likelihood of complication rose by 23% with every 10 minutes of
sedation. This association is thought to be connected to the medication doses required for longer procedures and the potential increase, in sedation depth
as procedural agitation diminishes. 24

5. Safety architecture:
The safety framework overseeing analgosedation (PSA), in pediatric emergency care needs to be comprehensive and layered to handle the intrinsic
dangers related to drug-induced modifications of consciousness. [

5.1. Governance and Standardization:

The core safety framework relies on standardization across processes, providers, and equipment. A well-developed PSA program minimizes adverse
events by complying to worldwide norms and benchmarks for provider competence, drug administration, and monitoring facilities. In order to maintain
high standards, governance is frequently facilitated by a Procedural Sedation Committee, ideally multidisciplinary and incorporating knowledge from
both Emergency Medicine and Anaesthesia. 7]

5.1.1. Pre-Procedural Safety Checklists:

Implementing a pre-sedation time-out checklist is an essential crucial element in the safety framework guaranteeing team readiness and equipment
verification prior, to the administration of sedatives. ! Considering the stressful environment of the ED these checklists serve to institutionalize safety
practices and prevent the omission of critical steps. Key aspects covered by the checklist include:

e  Preparation and Evaluation of the Patient: Verification of consent measurement of weight ASA (American Society of Anesthesiologists)
classification (individuals classified as ASA class 1 and 2 are typically appropriate candidates) and airway evaluation, which includes the Mallampati
score. (1101

e  Equipment Confirmation (SOAP-ME): Utilising a checklist guarantees availability and operational status of Suction, Oxygen, Airway support
devices (endotracheal tubes, laryngoscopes, bag-valve mask, airway adjuncts), Pharmacy (medications, antidotes) Monitoring tools and Emergency
apparatus (defibrillator). The sedation process must occur exclusively in a procedure room equipped with resuscitation facilities. 2%

5.2. Monitoring Standards for High-Acuity Procedures:

The cornerstone of safety during PSA is ongoing patient monitoring, which guarantees early identification of physiological alterations along the sedation
continuum. &

5.2.1. Crucial Monitoring Elements:

Fundamental monitoring suggested for deep sedation involves ongoing observation of oxygen saturation (SpO2) through pulse oximetry, heart rate and
periodic measurement of respiratory rate (RR) and blood pressure. ™ Initial vital signs should be recorded prior, to starting sedation. 281

5.2.2. The Imperative of Capnography

To enhance safety during moderate to deep sedation especially when using drugs such as Propofol, which may cause temporary apnea monitoring end-
tidal carbon dioxide (ETCO2) via capnography is essential.lY! Capnography provides an early warning by identifying hypoventilation and apnea prior, to
the onset of oxygen desaturation.®*%

5.3. Adverse Event Mitigation and Escalation Algorithms

Adverse events while generally brief and mild need to be addressed through established escalation procedures.® The frequently occurring adverse events
are vomiting (ranging from 1.5% to 2.59%) oxygen desaturation (between 1.18% and 2%) and laryngospasm (, from 0.18% to 0.6%).
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5.3.1 Airway and Respiratory Event Escalation
Airway complication management should adhere to a defined protocol frequently illustrated through capnography waveform patterns.
5.3.1.1 Hypoventilation (Type 1 or 2) and Desaturation:

. Identification: Identified by variations in ETCO2 (ETCO2 from RR or ETCO2 amplitude) or pulse oximetry (Sp02<90%). "9

e  Primary Response: Provide Supplemental O2 without delay. Nonetheless without the use of capnography administering supplemental oxygen might
delay identifying impairment.

e  Airway Manoeuvres: Progress to Head-Tilt/Chin-Lift or Jaw Thrust to remove airway obstruction. Suction oral secretions, especially in young
infants.

e Ventilatory Assistance: Should breathing efforts stay insufficient or apnea be observed start Bag-Valve-Mask (BVM) ventilation. 271
5.3.1.2. Laryngospasm:

e  Recognition: Defined as stridor or full airway blockage.
. Incidence is generally modest (e.g., 0.18% in one large ketamine cohort).
e  Escalation: Necessitates 100% Oxygen, Jaw Thrust and possibly Blind Pharyngeal Suction.

e Definitive Intervention: If refractory, interventions include the Larson’s Maneuver or providing drugs such as Propofol (0.05 to 1 mg/kg) or,
ultimately, Rapid Sequence Intubation (RSI).

5.3.1.3. Reversal and Adjunctive Agents

A well-stocked resuscitation trolley (code cart) must contain all necessary reversal agents and adjunctive medications. [®!
« Naloxone (for Opioids): The full reversal dose is 0.1 mg/kg IV push, repeatable every 1 minute up to a 2 mg maximum single dose.
+ Flumazenil (for Benzodiazepines): The dose is 0.01 mg/kg IV push, repeatable every 1 minute up to 0.2 mg maximum single dose. !

« Atropine: Used to inhibit hypersalivation (especially with ketamine) or treat bradycardia (0.02 mg/kg 1V). "9
5.4. Provider Competency and Team Structure

The safety of PSA is fundamentally connected to the skill and expertise of those administering sedation. Sedation providers need to be proficient in
delivering sedatives handling complications and executing advanced airway techniques as well, as pediatric resuscitation.

5.4.1. Required Personnel:

Safe practice demands the presence of a dedicated sedating physician and a nurse, According to the majority of standards, there should be a minimum of
two providers: one who performs the procedure and another doctor or qualified healthcare professional who is in charge of monitoring and administering
sedatives. 2310

5.4.2. Training and Credentialing:

It is essential to develop and sustain sedation expertise particularly for critical but infrequent airway procedures. Residents are required by ACGME to
be skilled in Procedural Sedation (PC11) and Airway Management (PC10). Training through simulation enhances compliance with checklists aligns team
frameworks and boosts readiness for complications thereby enhancing residents confidence and proficiency, in airway management. % Providers must
also possess Pediatric Advanced Life Support (PALS) certification; however 37% of European centers indicate full PALS training for their PSA teams.[*!
13% of PEM programs require a compulsory PSA rotation emphasizing the need for organized curricula to ensure expertise in managing complications
assessing sedation levels and choosing appropriate medications. Variability, in training remains a challenge. %3

5.5. Post-Procedural Monitoring and Discharge
After finishing the high-acuity procedure ongoing observation of signs should continue until the patient meets the established discharge criteria. The

modified Aldrete scoring system is the commonly utilized tool to assess readiness, for discharge necessitating a total score of >9. B! This system evaluates
activity, breathing, circulation, consciousness and oxygenation. The patient must be capable of swallowing fluids without vomiting and return to their
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pre-procedure level of orientation and alertness. Detailed post-procedure records should encompass any reactions, interventions and safety advice
provided to caregivers, at the time of discharge. 2]

6. Systems-Based Failure Modes: Infrastructure and Governance
Deficiencies in organization, resources, policies and technology that cause errors are the reasons, for system failures.
6.1. Lack of Standardization and Governance Deficits:

Considerable variability exists in practice across European and UK/Irish EDs because of the absence of PSA guidelines covering agent choice monitoring
and fasting rules. 2% In Italy the uneven quality of sedation is worsened by PSA methodologies and the lack of a dedicated PEM specialization. 1!
Oversight suffers due, to data gathering: merely 39.3% of UK/Irish locations keep sedation audit records or utilize PSA-specific adverse event tools. In
the absence of required documentation and auditing organizations are unable to track performance or provide feedback to the providers.

Physician shortages (73%), nursing shortages (72%), and inadequate physical space (69%) are key obstacles to safe PSA. African sites similarly report
minimal pediatric equipment and drugs. 2 Capnography availability is low, 46% of European and 55% of Italian sites, forcing reliance on pulse oximetry,
which diagnoses respiratory impairment late, 291

6.2. Human-Factor Failure Modes

Table 3: Human-Factor Failure Modes in Pediatric Procedural Sedation

Failure Mode Description of Failure Key Evidence & Impact

Category

Training & Inconsistent or inadequate e  Training cited as a major barrier: 42.6% (training), 41.0% (staff

Competency Gaps | PSA training across EDs and competency), 31.1% (airway skills) in UK/Ireland. <50% of PEM
PEM programs. programs offer a formal PSA rotation.

. 61.5% of PEM fellows perform sedation without attending supervision.
[13,20]

. Insufficient pediatric knowledge leads to fear, underdosing, and sedation
failure (27% inadequate sedation in Italy). (522

Cognitive ED cognitive load, . High-stress environment increases human-factor errors.
Overload & Time multitasking, and urgency . . . L .
o . Time pressure drives unsafe acceleration: clinicians rush “to finish
Pressure lead to unsafe cognitive . .
sedation to see other patients”.
shortcuts.
e Propofol boluses given <30 seconds apart increase apnea/desaturation risk.
[26]
. Every additional 10 minutes of sedation increases complication risk by
23%. 121
Checklist Checklists misused under . Checklists ensure critical pre-sedation steps.
Complacency & ressure, creating false L . .
] P y P ] g . . Large cohort: checklist implementation did not reduce SAE rates and was
Misuse confidence despite intended

associated with increased laryngospasm and SpO2 <90%. (¢!

safety benefits.
. Likely due to increased workload + rushed drug administration that
overrode checklist safeguards.

. Checklists can produce misplaced confidence without addressing core
cognitive/behavioral risks.

7. Resilient Practice Pathways

To develop resilience, in PSA, it is vital to tackle both weaknesses in the system and deficiencies related to human factors.
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7.1. Resilient Governance and Standardization:

Establishing a governance framework is essential ideally via a multidisciplinary Procedural Sedation Committee composed of specialists in anesthesia
and emergency medicine. These committees ensure adherence to standards regarding provider qualifications, education, medication delivery and
supervision. To facilitate audits and risk oversight robustness also relies on the broad implementation of uniform PSA protocols and mandatory
documentation, within electronic health record systems, 237

7.2. Personnel and Technological Resilience:

Improved surveillance is essential for decreasing issues. Capnography, offering a 35-second alert compared to pulse oximetry should be implemented
universally. 1 To reduce multitasking and mental fatigue leading contributors, to human-factor mistakes staff resilience requires least two caregivers:
one dedicated sedation doctor and one skilled monitoring nurse.

7.3. Competency Development and Training Resilience:

Training should be consistent, mandatory and customized to address acknowledged competency deficiencies. ! High-fidelity simulation allows targeted
practice for rare events like laryngospasm or apnea. Combining simulation with checklists improves confidence and skill among novice trainees. %13
Mastery, in handling complications comprehending the sedation spectrum and acquiring PALS certification ought to be educational goals. Continuous

quality-improvement initiatives, including the implementation of guidelines have also demonstrated trust and compliance with evidence-based practice.
[10,13]

8. Conclusion:

Procedural analgosedation in emergency care arises from combining precise pharmacodynamics, evidence-supported route selection, strong safety
frameworks and thorough failure-mode evaluations. This review shows that matching drugs to procedure urgency and pediatric physiology is essential
for successful treatment whereas the choice of administration route—especially the preference for adjustable intravenous delivery, in urgent procedures—
significantly influences onset timing sedation intensity and physiological balance. However relying on pharmacology does not guarantee safety. Accurate
monitoring, capnography, defined escalation protocols, cross-disciplinary oversight and uniform checklists constitute the crucial safety framework that
reduces the dangers linked to sedation beyond the operating theater. Failure-mode assessments additionally indicate that harmful incidents frequently
arise not from the medications per se but due, to system deficiencies, mental strain, inconsistent training and poor record-keeping. Thus robust practice
demands monitoring criteria, compulsory simulation-driven education, explicitly assigned team responsibilities and ongoing review processes that
strengthen responsibility and education. When these domains function in concert, pediatric procedural analgosedation transitions from a high-risk
necessity to a consistently safe, ethically aligned, and operationally reliable component of emergency care capable of delivering rapid, humane, and
physiologically secure sedation across the full spectrum of high-acuity pediatric procedures.
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