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ABSTRACT

Nitrous oxide is a well-tolerated, colorless, odorless gas with medical
applications that facilitate procedural sedation and operative care. Like
volatile inhalational agents used by anesthesia, nitrous oxide poses
occupational health hazards to serially exposed clinicians and, as a
greenhouse gas, has environmental consequences. While the anesthesia
community has encouraged significant reduction or elimination of nitrous
oxide, non-anesthesiologists supporting pediatric procedural sedation
outside of the operating room continue to value the use of nitrous oxide,
as it is safely applied without requirement for advanced airway devices
and does not compound the patient’s recovery from subsequently
administered sedatives. Responsible use of nitrous oxide entails
optimization of those aspects of gas delivery practices that are
modifiable, and sedation teams can benefit from collaboration with
occupational and environmental health experts. Following a recent
longitudinal process improvement project with Industrial Hygiene, we
present an editorial discussion on three concepts that influence our
perspective on current and future use of nitrous oxide for procedural
sedation in the pediatric population. Specifically, we discuss the risk of
leak inherent to all gas delivery systems, present options to mitigate
nitrous oxide’s carbon footprint, and explore the growing demand for
pediatric sedation services outside of the traditional operating room.
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Occupational health is a multidisciplinary field
focused on worker well-being and employee
safety. The World Health Organization places
occupational health under the public health
umbrella and encourages development of policies
and action plans to codify and improve worker
health and safety around the globe.* The scope of
this discipline is vast and includes industrial
hygienists, safety specialists,
environmentalists, and clinicians, among others.
Various organizations implement occupational
health programs differently, but all aim to steward
personnel provide safe working
environments, and meet established regulatory
standards. To best achieve these aims,
management and employee
collaborate and engage in ongoing cycles of
continuous process improvement.

engineers,

resources,

stakeholders

The global healthcare industry generates a
significant volume of waste products (over 13
kilograms of waste per hospital bed per day) to
provide care for the ill and injured.? Solid waste
such as hypodermic needles, medical devices,
items contaminated with human tissue or body
fluids, chemical solvents, expired pharmaceuticals,
and radioactive materials can have far-reaching
human and environmental impact if disposal is
mismanaged. Waste of medical gases that facilitate
sedation and operative care also have occupational
and environmental impact, but especially with
colorless, odorless gases like nitrous oxide (N-O),
these consequences are not as readily noticeable.

From an environmental perspective, N,O - as well
as the volatile anesthetics used exclusively by
anesthesia — are greenhouse gases with global
warming consequences. For clinicians in this field,
occupational exposure can occur episodically over
the course of a long career. Occupational exposure
limits for sedative gases serve as guardrails to
protect the clinical workforce and encourage
mindful work practices to reduce dispersion of
these gases into the environment. While there is no
global consensus on occupational exposure limits

for N;O, both the National Institute for
Occupational Safety and Health (NIOSH) and the
American Conference of Governmental Industrial
Hygienists (ACGIH) have published guidelines for
the United States. NIOSH endorses a
recommended exposure limit (REL) of 25 parts per
million (ppm) during a single N.O administration
event, while ACGIH recommends a time-weighted
average (TWA) of 50 ppm in an 8-hour workday.?

In our recent article, “Dosimetry as a Lagging
Indicator of Occupational Exposure to Nitrous
Oxide in Pediatric Sedation,” we describe a
process improvement project aimed to reduce
N.O occupational exposure from a portable
delivery system in a tertiary care medical center.*
An Industrial Hygiene (IH) survey of a single
sedated procedure in our clinic revealed that all
sedation team members were exposed to ambient
N.O levels that far exceeded regulatory thresholds.
Our primary outcome measure for this project was
reduction in dosimetry levels below the NIOSH REL
for all team members. Using a FOCUS Plan-Do-
Check-Act process improvement model with an
interrupted time series design, we standardized
facemask application and gas initiation practices as
our studied interventions. These modifications
correlated with ambient N.O levels (< 5-8 ppm)
well below the NIOSH REL (25 ppm) as registered
by dosimetry badges during a short-interval follow-
up IH survey. These results were largely sustained
over 17 months in the post-intervention phase, and
periodic dosimetry monitoring continues to
present day. In reflecting on this study and its
outcomes, three key concepts surfaced to
influence our perspective on current and future use
of N2O in the pediatric population. Regarding the
first of these concepts, all gas delivery systems
pose risk of leak.

INHERENT RISKS OF LEAK WITH GAS
DELIVERY SYSTEMS

Nitrous oxide has a longstanding clinical history
and a good patient safety profile with few
documented adverse events.>® N,O affords dose-
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dependent sedative and amnestic properties,
leads to rapid emergence once discontinued, and
lacks noxious odor and taste. In the United States,
the Food and Drug Administration (FDA) classifies
N.O as an analgesic agent,” which supports its
utilization in environments outside of the
traditional operating room (OR). Yet, regardless of
location of use, there are two main sources of leak
to consider with any gas delivery system.

Mask Inductions

Studies in the 1970s-1980s support an association
between occupational N.O exposure and health
consequences.® As N,O is exhaled from the alveoli
chemically unchanged, much of this research was
conducted before widespread adoption of waste
gas scavenging systems. Scavenging systems pull
exhaled gases away from the patient into a central
vacuum or dedicated waste anesthetic gas disposal
(WAGD) system. However, even the most efficient
scavenging systems can only redirect exhaled
gases captured through
facemask seal.

a well-maintained

N.O delivery in dental and obstetrics environments
are typically demand flow systems, meaning that
the patient must inhale and generate a negative
pressure deflection registered by the machine to
start the forward flow of gas. In contrast, N.O and
volatile anesthetics administered in the hospital are
continuous flow systems, whereby initiation of gas
flow is not patient triggered. With either system, a
proper facemask seal is essential to ensure the
patient receives the medication as intended while
minimizing N.O contamination of the procedural
space.

During mask induction, inhalational agents are
administered in a mixture of fresh gas flow (FGF).
FGF matching a patient’s minute ventilation can
accelerate the onset of sedative effect.® However,
many patients, especially children, vocalize while
masked. A child’s initial acceptance of a facemask
is far from guaranteed, and screaming, talking, and
singing create small, episodic leaks in the seal.
Even seemingly simple procedures for children can

be resource-intensive, requiring partnership with
parents, child life specialists, and a stepwise
approach to balance patient comfort, team safety,
and procedural success. Given these masking
challenges, clinicians may attempt to compensate
for an anticipated loss of mask seal by utilizing high
FGF that exceeds minute ventilation.® With
continuous flow systems, this wastes the
inhalational agent and can acutely compound
occupational exposure. Similarly, adult patients
utilizing on-demand systems must cooperate with
medical instructions to exhale into the facemask,
lest exhaled gases leak into the procedural space.

Pipeline Vs. Cylinder Systems

Medical gases are supplied through central
pipeline systems and by portable compressed gas
cylinders. Pipeline systems rely on a surplus of gas
to continuously pressurize pipes, valves, and
manifolds that may be remote from the terminal
point of service, typically an OR.X° Leaks that arise
from pipeline systems are likely hidden within
engineering infrastructure and often undetected,
representing an insidious source of waste.
Published reports from the United Kingdom (UK)
and Australia report leak of 77-95% of N.O initially
supplied to hospitals for pipeline delivery.'* While
the Australian group did locate a point source of
leak (“single old O ring on an N.O wall outlet”),
such a strategy is tedious and inefficient to tackle
the scope of this problem.

With an
environmental ramifications of this degree of leak

emphasis on the financial and

from centrally supplied systems, five Anesthesia
societies in the UK and Ireland jointly published a
consensus statement in 2024 recommending
healthcare organizations actively decommission
N.O pipeline systems and transition to portable
Society of
Anesthesiologists made similar recommendations

cylinders.*>  The  American
in their longstanding consensus statement on
Environmental Anesthesia

Practice, also last revised in 2024.%3 Although leaks

Sustainability  in

from pipeline N,O systems were first quantified
several years before these consensus statements
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were published, decommissioning processes must
compete for priority with other capital
improvement projects and may lack universal
support. Many in the anesthesia community call for
minimizing or eliminating N.O altogether in favor
of other inhalational agents,®* but non-
anesthesiologists  performing natural
sedations outside of the OR frequently consider
N.O a key component to procedural success (often
facilitating intravenous catheter placement for
delivery of subsequent sedatives). As one such
non-anesthesiologist sedation group, we agree
with Southall et al. in that “priority should be given
to changing the way the drug is supplied rather
than getting bogged down in encouraging
individual colleagues to abandon the clinical use of

airway

nitrous oxide altogether.”*°

Our pediatric sedation service utilizes a portable,
continuous flow, titratable (0-70% NO), full-
facemask system with gases supplied by oxygen
and N.O e-cylinders. Gas cylinders are turned off
when not in use. We concede that even portable,
cylinder-based delivery systems
pressurized gas hose connections that are not

contain

designed to be serviced by the end user. As such,
IH afforded us access to rigorous evaluations using
serial dosimetry and point-source leak assessments
of our cylinder and hose connections. As a hospital-
based service prone to turnover of personnel and
continued use of aging equipment, such
occupational health tools can serve as warning
signals to focus further investigation, when
needed.

NITROUS
IMPACT
Nitrous oxide, as well as all volatile anesthetics, are

OXIDE ENVIRONMENTAL

greenhouse gases that trap heat within the
atmosphere. The United States Environmental
Protection Agency cites the average atmospheric
concentration of N.O as 0.336 ppm, as of 2022
data.’® The global warming potential of individual
anesthetics on a 100-year time scale (GWP1q) is a
measure of the radiative properties of each gas

compared to carbon dioxide (CO;). N.O has a
GWP1qo Of 265 to 300 times that of CO, and can
persist in the atmosphere for over 100 years.®
By comparison, the commonly used anesthetic
sevoflurane has a more favorable, but still
significant, GWP1o Of 144 times that of CO, and
only 1 atmospheric lifetime.*

Occupational health literature defines engineering
controls as physical constructs aimed to remove
contaminants or reduce employee exposures.®
With medical gases, engineering controls include
such things as dilutional ventilation, forced air
exchanges, and scavenging systems. As opposed
to decades earlier, clinicians administering
inhalational agents now endorse near universal
adoption of waste gas scavenging.'’'® Specific to
N.O, the captured exhalation is redirected into a
vacuum or WAGD line that vents the gas to the
outside atmosphere without chemical alteration.
We must acknowledge that while effective
scavenging minimizes occupational exposure to
clinicians in the procedural area, it shifts the
receiving location of exhaled N.O to the global
atmosphere.

One option to reduce this carbon footprint is to
‘crack’ scavenged N.O into its nitrogen (N,) and
oxygen (O,) non-greenhouse component gases
through catalytic destruction. As demonstrated
through  bench
conditions, this technology could theoretically
eliminate all N,O occupational exposure and

research  simulating ideal

environmental consequences.*® However,
perfection is rarely achieved in clinical settings.
Pinder et al. subsequently described the use of
N.O cracking technology placed in line with a
demand flow N,O delivery system for laboring
mothers.?° The authors gave significant attention to
optimizing scavenging potential through selection
of the most comfortable and non-obtrusive patient
interface available, as exhaled gases not captured
in the facemask bypassed the cracking technology.
Although a portable device, the cracking unit
occupied significant floor space, especially notable

when placed in a procedural suite crowded with
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other medically necessary personnel and
equipment. The authors suggest that cracking
technology could be integrated into hospital
systems through augmentation of central vacuum
or WAGD systems, but similar to the N,O pipeline
decommissioning discussion previously, cost or
competing priorities may preclude widespread
adoption, especially without a mandate for it from
an environmental regulatory body.

Although cracking has not yet transitioned into
mainstream clinical practice, we can continue to
innovate and improve the aspects of gas delivery
practices that are modifiable. For example, by
standardizing our masking technique and
extending the duration of exhaled scavenging, we
achieved a notable reduction in ambient N.O
levels by dosimetry. Using cylinder systems that are
turned off when not in use avoids most
indiscernible leaks associated with pipeline supply
systems. A deep appreciation of the potential
occupational and environmental consequences of
N.O affords comprehensive
perspective for the rationale behind such
improvement initiatives.

clinicians a

DEMAND FOR PEDIATRIC SEDATION
OUTSIDE OF THE OPERATING ROOM

Efforts to reduce healthcare’s carbon footprint
must also consider unique clinical settings where
inhalational  sedatives remain  essential.?*#
Pediatric sedation occupies this intersection
between environmental stewardship and patient
need. The same agents with concerns for
occupational and environmental exposure are,
paradoxically, those that make many procedures
tolerable and, in many cases, possible for children.
As such, pediatric sedation is a useful model for
examining how health systems can pursue safety
and sustainability without compromising access or

quality of care.

Aside from improving the odds of procedural

success, pediatric sedation is critical to

safeguarding children’s psychological health.? This
is particularly evident in the pediatric oncology

population, where repeated or distressing medical
experiences can condition fear responses, amplify
physiological stress, and contribute to long-term
healthcare avoidance.?*® When paired with
behavioral and environmental strategies, sedation
serves both therapeutic and preventive functions
by supporting emotional well-being and improving
cooperation with the healthcare team. The
presence of child life specialists, sensory-adapted
environments, and active parental participation
holistic

reflects a more understanding of

procedural comfort that extends beyond
pharmacology. For children with chronic illness,
developmental delay, or  neurodivergent
conditions, such multimodal approaches are often

vital to achieving procedural safety and success.?
27

This evolving perspective has paralleled a steady
expansion of pediatric sedation services over the
past two decades, reflecting both clinical necessity
and organizational adaptation.?® An increasing
number of diagnostic and therapeutic procedures
are now performed without general anesthesia,
and expectations for patient comfort and efficiency
continue to rise.?3° Qutside the OR sedation
services conducted in radiology suites, oncology
infusion centers, emergency departments, and
dedicated sedation units have experienced
exponential growth. Although anesthesiologists
can also perform these natural-airway sedations,
their intraoperative expertise is leveraged by
hospital systems to support an expansion of
surgical services. As such, sedations performed by
qualified non-anesthesiologist clinicians, including
pediatric
intensivists, and radiologists, directly offload
anesthesia services while preserving, if not
improving, procedural access. This shift has
diversified  the
redistributed procedural care toward ambulatory
and subspecialty environments.3** Evidence
supports the safety and effectiveness of such
models when guided by institution-specific
credentialing frameworks and professional society

hospitalists, emergency physicians,

sedation  workforce and
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consensus recommendations.?®*#®  Even = so,
application of these models remains heterogenous
across institutions in terms of sedative medications
used, staffing ratios, recovery standards, and
emergency response capabilities.® This variation
underscores that sedation safety depends on
alignment of patient factors, procedural
requirements, clinical environment, and

institutional infrastructure.

Non-OR sedation differs from anesthesia practice
in both capability and intent. Sedations by non-
anesthesiologists are typically planned as natural-
airway  procedures, relying on
spontaneous ventilation to avoid the need for
invasive airway management. Inhaled anesthetics
such as sevoflurane require specialized delivery
equipment and credentials for use that typically
limit administration to anesthesiologists. As a
result, non-OR sedation programs rely on
intravenous and inhaled agents that can be
administered safely and without advanced airway
devices. N.O remains a valuable option in this
setting, particularly for short duration, moderately
painful procedures, or as a bridge to intravenous

effective

sedation. Its minimal interaction with subsequently
administered sedatives and lack of prolonged
recovery  further efficiency and
predictability in outpatient and ambulatory
Care-29,35-36

enhance

N-,O utilization in diverse clinical locations invites
renewed occupational and
environmental considerations. Non-OR areas vary

attention to

in  ventilation, scavenging capacity, and
engineering controls. Portable, cylinder-based
delivery systems eliminate concerns from pipeline
systems as discussed earlier, but these systems
contain pressurized connections that can become
sources of small, cumulative gas leaks. Suboptimal
face mask seal, patient vocalization, and high fresh-
gas flows can elevate ambient N,O concentrations.
Although various regulatory agencies have
recommended exposure limits for N,O,
maintaining compliance can be difficult in

procedural spaces not designed for inhaled agents

and among teams less familiar with exposure
monitoring and mitigation strategies. Thus, the
same expansion of services that improve
procedural access for children can also increase
occupational exposure risk and environmental
impact. This makes partnership with Industrial
Hygiene and Occupational Health colleagues even
more important. Institutions must apply the same
diligence to these areas that have long been
established within the OR, including regular
maintenance, leak testing, scavenging verification,
and continuing education.

The growing demand for pediatric sedation
outside the OR represents more than an
operational shift; it signals an inflection point.
Health systems risk decentralizing procedural
locations faster than they can develop the safety
required to support them.®
Sustained progress in delivering safe, timely,
patient-centered sedation care will depend on the
application of rigorous occupational and
environmental safeguards comparable to those in
anesthetizing locations. Standardized training,
effective scavenging, investment in emerging

infrastructure

technologies (like cracking), and ongoing
workplace monitoring are not adjunctive measures
but essential features of a mature sedation
program. The discipline of occupational health
provides the framework through which these aims
converge, ensuring that as sedation services
expand, they do so safely, sustainably, and with
equal regard for patients, clinicians, and the

environment.

Nitrous oxide typifies the broad challenge facing
modern healthcare: maximizing clinical benefit
while minimizing harm. Elimination of medications
with less than ideal occupational or environmental
characteristics restricts access and reduces comfort
for those patient populations who may lack
effective alternatives. The better path is to
where able and

among

modernize strengthen

collaboration clinicians, Industrial
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Hygienists, and Occupational Health professionals
to ensure responsible and sustainable use of
current therapeutics while awaiting the next new
pharmaceutical to change the sedation landscape.
Demand for pediatric sedation continues to grow,
and it cannot be fully met by anesthesiologists
alone. N;O is a clinically attractive option for
pediatric sedations performed outside of the
traditional OR by non-anesthesia clinicians.
Approaching pediatric sedation with a “now and
not yet” mindset is not cognitive dissonance. We
can deliver quality care now and continue to
improve efforts to protect the patient, the
workforce, and the world in which that care is
provided.

The views expressed in this article are those of the
authors and do not necessarily reflect the official
policy of the Department of War or the U.S.
Government.

The authors have no conflicts of interest to declare.

The authors report that there was no funding
source for the work that resulted in the article or
the preparation of the article.

Not applicable.

© 2026 European Society of Medicine 7



References:
1.World Health Organization. Occupational
Health.

https://www.who.int/health-topics/occupational-
health. Accessed October 20, 2005.

2.Duplechan L. How Health Care Organizations
Can Be Stewardship Leaders. AMA J Ethics.
2022;24(10):E1013-E1021. Published 2022 Oct 1.
doi:10.1001/amajethics.2022.1013.

3.0Occupational Safety and Health Administration.
OSHA Occupational Chemical Database: Nitrous
Oxide.

https:.//www.osha.gov/chemicaldata/4. Accessed
October 20, 2025.

4 Kicker JS, Timbie CY, Kline SL. Dosimetry as a
Lagging Indicator of Occupational Exposure to
Nitrous Oxide in Pediatric Sedation: A
Collaborative Process Improvement Project With
Industrial Hygiene. Mil Med. 2025;190(7-8):e1765-
e1771. doi:10.1093/milmed/usae523.

5.Wilson S, Gosnell ES. Survey of American
Academy of Pediatric Dentistry on Nitrous Oxide
and Sedation: 20 Years Later. Pediatr Dent.
2016;38(5):385-392.

6.Tsze DS, Mallory MD, Cravero JP. Practice
Patterns and Adverse Events of Nitrous Oxide
Sedation and Analgesia: A Report from the
Pediatric Sedation Research Consortium. J Pedlatr.
2016;169:260-5.e2.
d0i:10.1016/j.jpeds.2015.10.019.

7.U.S. Department of Health and Human Services,
Food and Drug Administration (2017). Deemed
Granted: Medical Gas Certification Request,
Nitrous Oxide.
https://www.accessdata.fda.gov/drugsatfda_docs/
appletter/2017/209989MG _Itr.pdf.
October 31, 2025.

Accessed

8.0Olfert SM. Reproductive outcomes among dental
personnel: a review of selected exposures. J Can
Dent Assoc. 2006;72(9):821-825.

9.Isserman RS, Yuan I, Elliott EM, et al. Reducing
the environmental impact of mask inductions in

children: A quality improvement report. Paediatr
Anaesth. 2023;33(9):728-735.
doi:10.1111/pan.14695.

10.Southall P, Shelton C, Chakera A. Consensus on
decommissioning piped nitrous oxide from UK and
Ireland operating theatre suites: a rational
approach to an increasingly ignoble gas.
Anaesthesia. 2024;79(12):1274-1279.
doi:10.1111/anae.16407.

11.Seglenieks R, Wong A, Pearson F, McGain F.
Discrepancy between procurement and clinical use
of nitrous oxide: waste not, want not. Br J Anaesth.
2022;128(1):e32-e34.
doi:10.1016/j.bja.2021.10.021.

12.Royal College of Anaesthetists, Association of
Anaesthetists, College of Anaesthesiologists of
Ireland, Association of Paediatric Anaesthetists of
Great Britain and Ireland, Obstetric Anaesthetists’
Association. Consensus Statement on the Removal
of Pipeline Nitrous Oxide in the United Kingdom
and Republic of Ireland. 2024.
https://rcoa.ac.uk/media/43071.
October 22, 2025.

Accessed

13.American  Society of
Committee on Environmental Health. Greening the
Operating Room.
https://www.asahq.org/about-asa/governance-
and-committees/asa-committees/environmental-

Anesthesiologists,

sustainability/greening-the-operating-room.
Accessed October 23, 2025.

14.Gordon DW. Environmental
anesthetic  drugs. Curr  Opin
2024;37(4):379-383.

doi:10.1097/AC0O.0000000000001395.

impact of
Anaesthesiol.

15.U.S. Environmental Protection Agency. Climate
Change Indicators: Atmospheric Concentrations of
Greenhouse Gases, Figure 3.
https://www.epa.gov/climate-indicators/climate-
change-indicators-atmospheric-concentrations-
greenhouse-gases. Accessed October 23, 2025.

16.Schulte PA, McKernan LT, Heidel DS, et al.
Occupational safety and health, green chemistry,

and sustainability: a review of areas of

© 2026 European Society of Medicine 8


https://www.who.int/health-topics/occupational-health
https://www.who.int/health-topics/occupational-health
https://www.osha.gov/chemicaldata/4
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2017/209989MG_ltr.pdf.
https://www.accessdata.fda.gov/drugsatfda_docs/appletter/2017/209989MG_ltr.pdf.
https://rcoa.ac.uk/media/43071
https://www.asahq.org/about-asa/governance-and-committees/asa-committees/environmental-sustainability/greening-the-operating-room
https://www.asahq.org/about-asa/governance-and-committees/asa-committees/environmental-sustainability/greening-the-operating-room
https://www.asahq.org/about-asa/governance-and-committees/asa-committees/environmental-sustainability/greening-the-operating-room
https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases.%20Accessed%20October%2023
https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases.%20Accessed%20October%2023
https://www.epa.gov/climate-indicators/climate-change-indicators-atmospheric-concentrations-greenhouse-gases.%20Accessed%20October%2023

convergence. Environ Health. 2013;12:31.
Published 2013 Apr 15.

doi:10.1186/1476-069X-12-31.

17.Varughese S, Ahmed R. Environmental and
Occupational Considerations of Anesthesia: A
Narrative Review and Update. Anesth Analg.
2021;133(4):826-835.
doi:10.1213/ANE.0000000000005504.

18.Boiano JM, Steege AL. Precautionary practices
for administering anesthetic gases: A survey of
physician anesthesiologists, nurse anesthetists and
anesthesiologist assistants. J Occup Environ Hyg.
2016;13(10):782-793.
doi:10.1080/15459624.2016.1177650.

19.Gaines M, Pinder A, MacCarrick T, Khan-Perez
J, Fang L, Shelton C. Bench experiments to
investigate the effect of nitrous oxide cracking
technology in ideal circumstances. Anaesthesia.
2022 Feb;77(2):225-226. doi: 10.1111/anae.15632.

20.Pinder A, Fang L, Fieldhouse A, et al.
Implementing nitrous oxide cracking technology in
the labour ward to reduce occupational exposure
and  environmental quality
improvement study. Anaesthesia.
2022;77(11):1228-1236. doi:10.1111/anae.15838.

emissions: a

21.Romano F, Brandle G, Abplanalp-Marti O,
Gualtieri R, Sahyoun C. Procedural sedation and
analgesia in  Swiss Emergency
Departments: a national subgroup analysis of a

Pediatric

European cross-sectional survey. Eur J Pediatr.
2024;183(10):4579-4583. doi:10.1007/s00431-
024-05701-5.

22.Buhre W, Disma N, Hendrickx J, et al. European
Society of Anaesthesiology Task Force on Nitrous
Oxide: a narrative review of its role in clinical
practice. Br J Anaesth. 2019;122(5):587-604.
do0i:10.1016/j.bja.2019.01.023.

23.Coté CJ, Wilson S, AMERICAN ACADEMY OF
PEDIATRICS, AMERICAN ACADEMY OF
PEDIATRIC DENTISTRY. Guidelines for Monitoring
and Management of Pediatric Patients Before,
During, and After Sedation for Diagnostic and
Therapeutic Procedures: Update 2016. Pediatrics.

2016;138(1):e20161212. do0i:10.1542/peds.2016-
1212.

24 Barbi E, Badina L, Marchetti F, et al. Attitudes of
children with leukemia toward repeated deep
sedations with propofol. J Pediatr Hematol Oncol.
2005;27(12):639-643.
d0i:10.1097/01.mph.0000193474.06870.9c.

25.Duffy EA, Adams T, Thornton CP, Fisher B,
Misasi J, McCollum S. Evidence-Based
Recommendations for the Appropriate Level of
Sedation to Manage Pain in Pediatric Oncology
Patients Requiring Procedures: A Systematic
Review From the Children’s Oncology Group. J
Pediatr Oncol Nurs. 2020;37(1):6-20.
do0i:10.1177/1043454219858610.

26.Veeravalli S, Michaud M, Colton J, et al.
Adapting Perioperative Care for Neurodivergent
Children - A Scoping Review. J Pediatr Surg.
2025;60(5):162224.
doi:10.1016/j.jpedsurg.2025.162224.

27 .Kamat PP, Bryan LN, McCracken CE, Simon HK,
Berkenbosch JW, Grunwell JR. Procedural sedation
in children with autism spectrum disorders: A
survey of current practice patterns of the society for
pediatric sedation members. Paediatr Anaesth.
2018;28(6):552-557. d0i:10.1111/pan.13387.

28.Havidich JE, Cravero JP. The current status of
procedural sedation for pediatric patients in out-of-
operating room locations. Curr Opin Anaesthesiol.
2012;25(4):453-460.
doi:10.1097/AC0O.0b013e32835562d8.

29.Ciavola L, Sogni F, Mucci B, et al
Analgosedation in Pediatric Emergency Care: A
Comprehensive Scoping Review. Pharmaceuticals
(Basel). 2024;17(11):1506.
doi:10.3390/ph17111506.

30.Kamat PP, McCracken CE, Simon HK, et al.
Trends in Outpatient Procedural Sedation: 2007-
2018. Pedlatrics. 2020;145(5):e20193559.
doi:10.1542/peds.2019-3559.

31.Srinivasan M, Bhaskar S, Carlson DW. Variation
in Procedural Sedation Practices Among Children’s

© 2026 European Society of Medicine 9



Hospitals. Hosp Pediatr.
d0i:10.1542/hpeds.2014-0090.

2015;5(3):148-153.

32.Sahyoun C, Cantais A, Gervaix A, et al. Pediatric
procedural sedation and analgesia in the
emergency department: surveying the current
European practice. Eur J Pediatr.
2021;180(6):1799-1813. doi:10.1007/s00431-021-
03930-6.

33.0Obara S. Involvement of anesthesiologists in
pediatric sedation and analgesia outside the
operating room in Japan: is it too late, or is there
stil  time? J Anesth. 2025;39(2):311-317.
doi:10.1007/s00540-024-03431-4.

34.Langhan ML, Mallory M, Hertzog J, Lowrie L,
Cravero J, Research
Consortium. Physiologic monitoring practices
during pediatric procedural sedation: a report from

Pediatric  Sedation

the Pediatric Sedation Research Consortium. Arch
Pediatr Adolesc Med. 2012;166(11):990-998.
doi:10.1001/archpediatrics.2012.1023.

35.Khurmi N, Patel P, Kraus M, Trentman T.
Pharmacologic  Considerations for
Sedation and Anesthesia Outside the Operating
Room: A Review for Anesthesia and Non-
Paedlatr Drugs.

Pediatric

Anesthesia Providers.
2017;19(5):435-446.
doi:10.1007/s40272-017-0241-5.

36.Croughan S, Barrett M, O’Sullivan R, Beegan A,
Blackburn C. Safety and efficacy of a nitrous oxide
procedural sedation programme in a paediatric
emergency department: a decade of outcomes.
Emerg Med J. 2024,;41(2):76-82.
doi:10.1136/emermed-2022-212931.

© 2026 European Society of Medicine 10



