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L’analgésie-sédation procédurale (ou 
Procedural sedation-analgesia PSA)…. 

Procedural sedation and analgesia (PSA) refers to the administration of medications 
with sedative, analgesic, or dissociative properties with the goal of suppressing a 
patient’s consciousness to facilitate care or to perform procedures

Besoins d’antalgie et/ou de séda�on

ANESTHÉSIE GÉNÉRALE :

ISR (Eto-Célo, Kéta-Célo)

2 VVP, scope, ETCO2, surveillance ++, ven�lateur, SAP...

ANALGÉSIE MÉDICAMENTEUSE : 
MEOPA, ALR, paliers 1,2 et 3, �tra�on  morphinique

VVP, surveillance, +/- scope et O2

PAS ADAPTÉ, PAS POSSIBLE, OU PAS SUFFISANT !

ANXIOLYSE 
VERBALE

ANALGÉSIE NON 
MÉDICAMENTEUSE 

(immobilisa�on)

ANXIOLYSE 
MÉDICAMENTEUSE

SÉDATION PROCÉDURALE :

Kétamine,  Etomidate,  Propofol,  Kétofol

VVP,O2, scope, ETCO2, surveillance ++

Gaz inhalés



En administrant un agent séda�f ou dissocia�f, 
associé (ou pas) à une analgésie 

Pour obtenir une séda�on su.sante et la plus brève possible,  
tout en maintenant au maximum la f° ven�latoire

Dé/ni�on et indica�ons

Anesthésie chez un patient non intubé



Dé/ni�on et indica�ons

Technique rendant possibles et supportables des procédures  an�cipées 
comme extrêmement douloureuses (réduc�ons de luxa�ons, 

réalignements de fractures, cardioversions...) 

En administrant un agent séda�f ou dissocia�f, 
associé (ou pas) à une analgésie 

Pour obtenir une séda�on su.sante et la plus brève possible,  
tout en maintenant au maximum la f° ven�latoire



Quelles contre-indica�ons ?

PAS DE CONTRE-INDICATION ABSOLUE :

SI PROCÉDURE DOULOUREUSE 
INDISPENSABLE EN URGENCE, 

(menace vitale ou fonc�onnelle immédiate),
il faut faire quelque chose…

Mais prépara�on ++, adapta�on du niveau de séda�on, 

choix de la molécule la plus adaptée, etc

CONTRE-INDICATIONS RELATIVES :

procédure non urgente, existence d’une 
alterna�ve simple et plus sécuritaire, manque de 

forma�on, surveillance adéquate impossible…

...pa�ent à risque

ASA 1 : aucun antécédent, pa�ent sain

ASA 2 : maladie systémique légère avec a?einte modérée d’une grande fonc�on (ex : HTA légère, anémie)

ASA 3 : pa�ent ayant une anomalie systémique sévère sans incapacité (angor modéré, HTA sévère, diabète...)

ASA 4 : pa�ent ayant une anomalie systémique sévère invalidante et me?ant en jeu le pronos�c vital

(ex : BPCO sévère, sepsis, insu?sance cardiaque, rénale, respi ou hépa�que...)

ASA 5 : pa�ent moribond dont la survie est improbable sans interven�on (choc sep�que, trauma�sé sévère...)

ASA 6 : pa�ent en état de mort cérébrale, candidat poten�el au don d’organes

GÉNÉRALEMENT, ASA ≥ 3 = CONTRE-INDICATION RELATIVE
(mais là encore dépend du contexte intra- ou préH, de la pathologie, de l’urgence de la situa�on, etc)

score  
ASA : 
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Quelles contre-indica�ons ?

Les drapeaux oranges/rouges 
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Association of Preprocedural Fasting With Outcomes
of Emergency Department Sedation in Children
Maala Bhatt, MD, MSc; David W. Johnson, MD; Monica Taljaard, PhD; Jason Chan, MSc; Nick Barrowman, PhD;
Ken J. Farion, MD; Samina Ali, MD; Suzanne Beno, MD; Andrew Dixon, MD; C. Michelle McTimoney, MD;
Alexander Sasha Dubrovsky, MD; Mark G. Roback, MD; for the Sedation Safety Study Group of Pediatric
Emergency Research Canada

IMPORTANCE It is not clear whether adherence to preprocedural fasting guidelines prevent
pulmonary aspiration and associated adverse outcomes during emergency department (ED)
sedation of children.

OBJECTIVE To examine the association between preprocedural fasting duration and the
incidence of sedation-related adverse outcomes in a large sample of children.

DESIGN, SETTING, AND PARTICIPANTS We conducted a planned secondary analysis of a
multicenter prospective cohort study of children aged 0 to 18 years who received procedural
sedation for a painful procedure in 6 Canadian pediatric EDs from July 2010 to February 2015.
The primary risk factor was preprocedural fasting duration. Secondary risk factors were age,
sex, American Society of Anesthesiologists classification, preprocedural and sedation
medications, and procedure type.

MAIN OUTCOMES AND MEASURES Four outcomes were examined: (1) pulmonary aspiration,
(2) the occurrence of any adverse event, (3) serious adverse events, and (4) vomiting.

RESULTS A total of 6183 children with a median age of 8.0 years (interquartile range, 4.0-12.0
years), of whom 6166 (99.7%) had healthy or mild systemic disease (American Society of
Anesthesiologists levels I or II), were included in the analysis. Of these, 2974 (48.1%) and 310
(5.0%) children did not meet American Society of Anesthesiologists fasting guidelines for
solids and liquids, respectively. There were no cases of pulmonary aspiration. There were 717
adverse events (11.6%; 95% CI, 10.8%-12.4%), of which 68 (1.1%; 95% CI, 0.9%-1.3%) were
serious adverse events and 315 (5.1%; 95% CI, 4.6%-5.7%) were vomiting. The odds ratio
(OR) of occurrence of any adverse event, serious adverse events, and vomiting did not
change significantly with each additional hour of fasting duration for both solids (any adverse
event: OR, 1.00; 95% CI, 0.98 to 1.02; serious adverse events, OR, 1.01; 95% CI, 0.95-1.07;
vomiting: OR, 1.00; 95% CI, 0.97-1.03) and liquids (any adverse event: OR, 1.00; 95% CI,
0.98-1.02; serious adverse events: 1.01, 95% CI, 0.95-1.07; vomiting: OR, 1.00; 95% CI,
0.96-1.03).

CONCLUSIONS AND RELEVANCE In this study, there was no association between fasting
duration and any type of adverse event. These findings do not support delaying sedation to
meet established fasting guidelines.

JAMA Pediatr. 2018;172(7):678-685. doi:10.1001/jamapediatrics.2018.0830
Published online May 7, 2018. Corrected on July 3, 2018.
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Discussion

The overall incidence of adverse events in our population
was 11.6% (95% CI, 1%.8%-12.(%). Serious adverse events
occurred in 68 patients (1.1%; 95% CI, %.9%-1.)%), and vom-
iting occurred in )15 patients (5.1%; 95% CI, (.6%-5.7%).
There were no cases of clinically apparent pulmonary aspira-
tion. When fasting duration was modeled as a continuous
variable using the best-fitting function form (a simple linear
term), we did not observe an association between the dura-
tion of preprocedural fasting and any type of sedation-
related adverse event.

Our study findings provide support to the idea that strict
adherence to ASA fasting guidelines does not improve pa-
tient outcomes for children undergoing procedural sedation
in the ED. Delaying sedation to meet fasting guidelines does
not appear to decrease adverse event rates but has the poten-
tial to lengthen ED length of stay and impede patient flow.
These findings support the recommendation from the Ameri-
can College of Emergency Physicians not to delay ED proce-
dural sedation based solely on fasting time.25

Previous studies of ED procedural sedation have shown no
association between fasting duration and adverse events. How-
ever, because of the small sample sizes (range, 218-1555
patients)1)-16 and limited statistical power of these studies, the
ASA has stated, “The literature does not provide sufficient evi-

dence to test the hypothesis that preprocedure fasting results
in a decreased incidence of adverse outcomes in patients un-
dergoing either moderate or deep sedation.”9(p1%%7) Further-
more, previous studies did not model fasting duration opti-
mally but rather categorizes fasting duration at arbitrary cut
points, which assumes the relationship between fasting du-
ration and adverse events is flat within intervals and results
in a loss of power and precision.1)-16 From the previous litera-
ture, the best risk estimate for aspiration was 15 cases in 1% %%%
sedations.16 Although we also did not observe any cases of pul-
monary aspiration, this large sample allows us to conclude that
the risk is no more than ).1 in 1% %%% sedations.1 It is impor-
tant to note that, to our knowledge, there have never been any
reported cases of pulmonary aspiration in children undergo-
ing parenteral sedation in the ED setting, despite widespread
nonadherence with fasting guidelines.1(,16,19,26

It is generally thought the risk of aspiration in ED proce-
dural sedation is less than the risk in elective sedation and
general anesthesia. Beach and colleagues2( from the Pediat-
ric Sedation Research Consortium recently published evi-
dence of the association of fasting duration with the inci-
dence of major complications in 1)9 1(2 children undergoing
procedural sedation outside of the operating room. In this
population of sicker children (of whom 17% had an ASA clas-
sification of III or greater), who were undergoing longer elec-
tive sedations (5)% for magnetic resonance imaging or com-
puted tomography) and were primarily sedated with

Figure 2. Association of Preprocedural Fasting Duration for Solids and Liquids With the Probability of Sedation-Related Adverse Events
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Point estimate probabilities of adverse events were obtained from the fitted
logistic regression models for the association of fasting duration for solids and
liquids and any adverse event (A and B), serious adverse events (C and D), and
vomiting (E and F), after adjusting for age (1-year intervals), sex, preprocedure

opioid administration, sedation medication, procedure type, and preprocedure
ondansetron administration (vomiting model only) by setting categorical
covariates to their modal category and continuous covariates to their median.
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A pproximately 1 of every 100 children who visit an emer-
gency department (ED) for care receives sedation for
common medical procedures, such as fracture reduc-

tion and complex laceration repair.1 Conservatively, this trans-
lates to 25 000 ED sedations in Canada, %0 000 in the United
Kingdom, and 250 000 in the United States each year.2-4 Al-
though procedural sedation is regarded as safe, approxi-
mately 1% of children experience a serious adverse event.1 Ar-
guably the most feared, potentially life-threatening adverse
event is pulmonary aspiration, which is defined as the inha-
lation of oropharyngeal or gastric contents into the larynx and
lower respiratory tract.5,%

With the goal of reducing the occurrence of pulmonary as-
piration in sedated patients, preprocedural fasting guidelines
were developed using consensus opinion by organizations such
as the American Society of Anesthesiologists (ASA) and Ameri-
can Academy of Pediatrics.7-( These guidelines specify a mini-
mum fasting period of 2 hours for clear liquids, 4 hours for
breast milk, % hours for infant formula and light meals, and
) hours for solids containing meat or fatty foods.7

However, some clinical experts contend that preproce-
dural fasting guidelines, which were originally intended for pa-
tients undergoing elective procedures, are not directly appli-
cable to ED procedural sedation, because the risk of clinically
important pulmonary aspiration is thought to be signifi-
cantly less as a result of differences in baseline patient risk, se-
dation medications used, and procedures performed in this
setting.10-13 Consistent with this view, several relatively small,
single-center cohort studies of children undergoing proce-
dural sedation have not shown an association between fast-
ing duration and adverse events such as oxygen desatura-
tion, vomiting, and apnea.13-1% Furthermore, prolonged fasting
has been associated with less-favorable outcomes in some pa-
tients, and it consumes finite human and physical ED re-
sources during periods of extended waiting.10,17,1) As a result,
adherence to preprocedural fasting guidelines is highly vari-
able in emergency medicine.14,1%,1(

Given these limitations, the American Academy of Pedi-
atrics has concluded that the true association of preproce-
dural fasting duration with serious adverse events such as pul-
monary aspiration remains unknown for children undergoing
sedation for emergency procedures, and they advocate fur-
ther research “in many thousands of patients”20(pe%) to better
define relationships, be they any adverse event, fasting inter-
vals, and sedation complications. To address this gap, we per-
formed a planned secondary analysis of what we believe is the
largest, prospective cohort study of children to date who have
received emergency procedural sedation.1 Our broad objec-
tive was to examine any association between the incidence of
sedation-related adverse outcomes and preprocedural fast-
ing duration.

Methods
We performed an a priori planned secondary analysis of a mul-
ticenter prospective cohort study conducted in % Canadian pe-
diatric EDs from July 10, 2010, to February 2), 2015.1 All sites

are members of Pediatric Emergency Research Canada, a na-
tional collaborative research network. Study methods have
been previously described in detail.21

The study received approval from the research ethics board
at each participating institution (the IWK Health Centre in Hali-
fax; Montreal Children’s Hospital in Montreal; Children’s Hos-
pital of Eastern Ontario in Ottawa; The Hospital for Sick Chil-
dren in Toronto; Stollery Children’s Hospital in Edmonton; and
Alberta Children’s Hospital in Calgary). Informed verbal or writ-
ten consent, according to site-specific ethics regulations, was
obtained from parents or guardians, and assent was obtained
from children 7 years and older.

Study Setting and Population
Children aged 0 to 1) years who were undergoing parenteral
procedural sedation for painful procedures were eligible for en-
rollment in the study. Children were excluded if they re-
ceived a drug purely for anxiolysis or analgesia without the in-
tent of sedation or if there was a language barrier present, as
determined by the health care professional obtaining in-
formed consent. Sedations with missing clinical data about the
timing of last oral intake for solids or liquids were excluded
from this substudy.

Definitions
Standardized definitions from the Quebec Guidelines, a con-
sensus-based document developed by North American ex-
perts in pediatric procedural sedation, were used to deter-
mine time intervals and adverse events.% Adverse event
definitions require both the specific clinical event to have oc-
curred (eg, oxygen desaturation) and 1 or more appropriate in-
terventions to be performed with the intention of treating or
managing it (eg, airway repositioning, oxygen administration
or increase in oxygen delivery, or positive pressure ventila-
tion). Specific definitions from the Quebec Guidelines for ad-
verse events reported in this study are documented in eTable
1 in the Supplement.

Outcome Measures
Four outcomes were examined for our primary objective:
(1) clinically apparent pulmonary aspiration, (2) the occur-
rence of any adverse event, (3) serious adverse events, and

Key Points
Question Does the duration of preprocedural fasting alter the risk
pulmonary aspiration and associated adverse outcomes in children
undergoing emergency department procedural sedation?

Findings In this study of 6183 healthy patients undergoing
sedation in 1 of 6 geographically separate and nationally
representative Canadian emergency departments, 2974 (48.1%)
did not meet fasting guidelines prior to sedation. Data analysis
failed to identify an association between preprocedural fasting of
any duration and any type of adverse event, and there were no
cases of clinically apparent pulmonary aspiration.

Meaning Delaying sedation to meet established fasting guidelines
appears not to improve sedation outcomes for children in the
emergency department.
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Aucun problème avec l’absence de jeun



RECOURS AU 
M.A.R !

(surtout en intraH…)

PLAN B ?
(bloc op, ALR, 
analgésie seule 
sans séda�on ?)

KETAMINE si pas 
d’alterna�ve

ASA = 3
BMI = 30 à 40
Hernie hiatale

ASA > 3
BMI > 40
SAOS
Macroglossie
Rétrognathie

Décider d’une sédation procédurale



Quels que soient le �ming et l’agent séda�f choisis,

la prépara�on standardisée du pa�ent sera l’étape la + importante

pour an�ciper les éventuels

eIets indésirables rencontrés,

et diminuer leur impact
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Réserves d ’O2 chez un adulte sain avant
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UNDERSTANDING THE DISEASE

Understanding preoxygenation 
and apneic oxygenation during intubation 
in the critically ill
Jarrod M. Mosier1,2*, Cameron D. Hypes1,2 and John C. Sakles2

© 2016 Springer-Verlag Berlin Heidelberg and ESICM 

The most common adverse event encountered during the 
intubation of critically ill patients is oxygen desaturation, 
which is often a harbinger of serious complications such 
as cardiovascular collapse, anoxic brain injury, and death. 
It is imperative to attenuate this risk by optimizing pre-
oxygenation prior to intubation. This paper explores the 
physiology and challenges related to preoxygenation and 
maintenance of oxygenation during intubation in these 
high-risk patients.

The purpose of preoxygenation is to maintain hemo-
globin saturation despite ongoing oxygen consumption 
during apnea. This is accomplished in principle by deni-
trogenating the alveoli so that the functional residual 
capacity (FRC) serves as an oxygen reservoir, the efficacy 
of which can be evaluated by the fraction of expired O2 
(FeO2) (Fig. 1).

The FeO2 achieved using several methods of denitro-
genation has been studied in healthy volunteers and elec-
tive surgical patients. Masks that create a tight seal provide 
the most effective denitrogenation with mean single-
breath FeO2 around 80 % after 3 min, compared to a non-
rebreather mask (NRB), which achieves an FeO2 of 52 % [1, 
2]. Interestingly, adding a nasal cannula only improved the 
FeO2 in the presence of a mask leak [1, 2]. Maximum exha-
lation prior to denitrogenation, or taking eight deep breaths 
in 60  s can accelerate the denitrogenation process [3, 4]. 
Preoxygenation with high O2 concentrations in the absence 
of positive end-expiratory pressure (PEEP) increases the 
risk of atelectasis due to alveolar denitrogenation. High-
flow nasal oxygen during the apneic period, termed apneic 

oxygenation (ApOx), can augment the efficacy of preoxy-
genation and theoretically prolongs the time to desatura-
tion by continuously replenishing the oxygen consumed 
from the FRC. Additionally, high-flow nasal oxygen creates 
a flow-dependent positive pharyngeal pressure, which pre-
vents the atelectasis associated with denitrogenation [5].

While in healthy individuals preoxygenation and deni-
trogenation may be synonymous, in critically ill patients 
preoxygenation must involve more than denitrogena-
tion. First, increased oxygen consumption leads to faster 
hemoglobin desaturation and reduces the safe apnea 
time. Second, as the alveolar-arterial [A-a] gradient 
increases, the oxygen reservoir stored in the FRC is less 
efficient at saturating hemoglobin. Thus, as the A-a gradi-
ent increases, preoxygenation involves addressing arterial 
oxygen content and delivery rather than denitrogenation 
alone. This is particularly evident in patients with acute 
respiratory distress syndrome (ARDS), where extensive 
alveolar filling results in a functionally smaller area of 
lung available for gas exchange. The high shunt fraction 
limits the ability to continuously saturate hemoglobin 
despite maximal denitrogenation, reflected clinically as 
a high FeO2, appropriate oxygen saturation (SpO2), and 
a partial pressure of arterial O2 (PaO2) near the upper 
inflection of the oxygen–hemoglobin dissociation curve. 
While the PaO2 does not significantly contribute to O2 
content, it is an indication of the efficiency of the alveo-
lar–capillary interface, and thus time to desaturation. In 
this case the FeO2 and SpO2 could both be high, with a 
PaO2 indicating the time to desaturation will be short 
as the reservoir of oxygen in the lungs is effectively 
inaccessible.

In these patients, 4 min of denitrogenation with a bag-
valve mask (BVM) to an FeO2 of 87  % has been shown 

*Correspondence:  jmosier@aemrc.arizona.edu 
2 Department of Emergency Medicine, University of Arizona, 1609  
N. Warren Ave, Tucson, AZ 85724, USA
Full author information is available at the end of the article
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to result in poor overall preoxygenation with only mini-
mal PaO2 change [6]. Doubling the time to 8 min resulted 
in no significant improvement in preoxygenation, with 
only 22 % achieving a PaO2 greater than 100 mmHg and 
24 % worsening their PaO2 [7]. In a study in patients with 
hypoxemic respiratory failure comparing a non-rebreath-
ing BVM for 3 min to non-invasive positive pressure ven-
tilation (NIPPV) with 5 cmH2O of PEEP, NIPPV achieved 
a higher mean PaO2 (Fig.  1) [8]. The improved PaO2 
reflects a decreased shunt fraction from alveolar recruit-
ment thus improving the alveolar–capillary interface.

The addition of ApOx in emergency department 
patients has been shown to increase first-pass success 
without hypoxemia, presumably by increasing the dura-
tion of the first attempt without desaturation [9]. In ICU 
patients with hypoxemia, data have been more variable. 
Denitrogenation with 60  L/min by high-flow nasal can-
nula (HFNC) with the cannula left in place for ApOx 
was compared to an NRB mask at 15 L/min and a higher 
median lowest saturation was found with HFNC [10]. 
However, a second randomized study found no difference 
with the same comparison (NRB at 15 L/min or HFNC at 

Fig. 1 #FeO2 data from Groombridge et al. [1], Hayes-Bradley [2], Mort [6], and Hanouz et al. [15]. aData from Baraka et al. [4]. bData from Mort [6], 
cMort et al. [7], and dBaillard et al. [8]. Top panel preoxygenation prior to intubation includes the process of denitrogenation, the effectiveness of 
which can be monitored by the fraction of exhaled oxygen (FeO2). Several methods of denitrogenation have been evaluated, and methods that 
provide a seal such as a tight-fitting face mask (TFFM) on an anesthesia circuit or bag-valve mask (BVM) perform best, achieving an FeO2 > 80 %. 
The addition of positive end-expiratory pressure (PEEP) with non-invasive positive pressure ventilation (NIPPV) can achieve an FeO2 > 90 % and 
additionally prevent the atelectasis associated with denitrogenation with a high fraction of inspired O2 and zero PEEP. When a leak is present, or 
when using devices that do not create a seal, such as a non-rebreather mask (NRB), nasal cannula (NC), or a combination of both, denitrogenation 
is less effective. Denitrogenation and continuous oxygen supplementation through the apneic period (apneic oxygenation, ApOx) with high-flow 
nasal cannulas (HFNC) have not been studied for FeO2 achieved, but have resulted in prolonged time to desaturation. HFNCs can be used either in 
combination with other methods of preoxygenation and left in place during the apneic period, placed after preoxygenation, or used in isolation 
for both preoxygenation and apneic oxygenation. The partial pressure of arterial oxygen (PaO2) can assess the degree of shunt physiology and thus 
the efficiency of the interface between the oxygen reserve in the denitrogenated lung and the alveolar capillary circulation. Bottom left In healthy 
volunteers or in patients undergoing elective surgeries, denitrogenation alone results in adequate preoxygenation. Because of the anatomic redun-
dancy in ventilation-perfusion units, denitrogenating the functional residual capacity (FRC) provides a reservoir of oxygen to continually saturate 
hemoglobin throughout the apneic period. This is evident by the large changes in the PaO2 prior to preoxygenation (95 ± 22 mmHg) to after pre-
oxygenation (392 ± 72 mmHg), which can be accelerated by 8 deep breaths in 60 s (92 ± 19 mmHg → 369 ± 69 mmHg). Bottom right In critically 
ill patients, derangements in oxygen consumption, cardiac output, and hemoglobin all contribute to faster desaturation of hemoglobin. In patients 
with airspace disease, such as acute respiratory distress syndrome (ARDS), the formation of the “baby lung” results in an overall decrease in FRC, and 
shunt physiology results in inadequate maintenance of hemoglobin saturation during apnea. The FRC can be denitrogenated effectively, achieving 
a high FeO2; whereas, physiologic shunt results in poor interface between the smaller FRC and the alveolar capillary blood flow. Alveolar recruit-
ment with PEEP can increase FRC size, resulting in reduced shunt fraction and significantly improved preoxygenation, reflected as an increased 
PaO2. Pulmonary vasodilators, such as inhaled nitric oxide, may be useful to improve ventilation–-perfusion mismatch in patients with refractory 
hypoxemia



Les outils de préoxygénation 



2. MOUVEMENTS THORACIQUES 
RESPIRATOIRES ? (MTR)

NON = 
apnée 

centrale

STIMULER LE PATIENT,
le surveiller (+/- naloxone ?)

Mais surtout : pouvoir détecter une apnée immédiatement

Premier intérêt : avoir une FR Jable et en con�nu

1. ARRÊTER LES INJECTIONS !
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Abstract

Background: We aimed to evaluate the comparative effectiveness and safety of various i.v. pharmacologic agents used
for procedural sedation and analgesia (PSA) in the emergency department (ED) and ICU. We performed a systematic
review and network meta-analysis to enable direct and indirect comparisons between available medications.
Methods:We searched Medline, EMBASE, Cochrane, and PubMed from inception to 2 March 2023 for RCTs comparing two
or more procedural sedation and analgesia medications in all patients (adults and children >30 days of age) requiring
emergent procedures in the ED or ICU. We focused on the outcomes of sedation recovery time, patient satisfaction, and
adverse events (AEs). We performed frequentist random-effects model network meta-analysis and used the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) approach to rate certainty in estimates.
Results: We included 82 RCTs (8105 patients, 78 conducted in the ED and four in the ICU) of which 52 studies included
adults, 23 included children, and seven included both. Compared with midazolam-opioids, recovery time was shorter
with propofol (mean difference 16.3 min, 95% confidence interval [CI] 8.4e24.3 fewer minutes; high certainty), and patient
satisfaction was better with ketamine-propofol (mean difference 1.5 points, 95% CI 0.3e2.6 points, high certainty).
Regarding AEs, compared with midazolam-opioids, respiratory AEs were less frequent with ketamine (relative risk [RR]
0.55, 95% CI 0.32e0.96; high certainty), gastrointestinal AEs were more common with ketamine-midazolam (RR 3.08, 95%
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Background: We aimed to evaluate the comparative effectiveness and safety of various i.v. pharmacologic agents used
for procedural sedation and analgesia (PSA) in the emergency department (ED) and ICU. We performed a systematic
review and network meta-analysis to enable direct and indirect comparisons between available medications.
Methods:We searched Medline, EMBASE, Cochrane, and PubMed from inception to 2 March 2023 for RCTs comparing two
or more procedural sedation and analgesia medications in all patients (adults and children >30 days of age) requiring
emergent procedures in the ED or ICU. We focused on the outcomes of sedation recovery time, patient satisfaction, and
adverse events (AEs). We performed frequentist random-effects model network meta-analysis and used the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) approach to rate certainty in estimates.
Results: We included 82 RCTs (8105 patients, 78 conducted in the ED and four in the ICU) of which 52 studies included
adults, 23 included children, and seven included both. Compared with midazolam-opioids, recovery time was shorter
with propofol (mean difference 16.3 min, 95% confidence interval [CI] 8.4e24.3 fewer minutes; high certainty), and patient
satisfaction was better with ketamine-propofol (mean difference 1.5 points, 95% CI 0.3e2.6 points, high certainty).
Regarding AEs, compared with midazolam-opioids, respiratory AEs were less frequent with ketamine (relative risk [RR]
0.55, 95% CI 0.32e0.96; high certainty), gastrointestinal AEs were more common with ketamine-midazolam (RR 3.08, 95%
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Abstract

Background: We aimed to evaluate the comparative effectiveness and safety of various i.v. pharmacologic agents used
for procedural sedation and analgesia (PSA) in the emergency department (ED) and ICU. We performed a systematic
review and network meta-analysis to enable direct and indirect comparisons between available medications.
Methods:We searched Medline, EMBASE, Cochrane, and PubMed from inception to 2 March 2023 for RCTs comparing two
or more procedural sedation and analgesia medications in all patients (adults and children >30 days of age) requiring
emergent procedures in the ED or ICU. We focused on the outcomes of sedation recovery time, patient satisfaction, and
adverse events (AEs). We performed frequentist random-effects model network meta-analysis and used the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) approach to rate certainty in estimates.
Results: We included 82 RCTs (8105 patients, 78 conducted in the ED and four in the ICU) of which 52 studies included
adults, 23 included children, and seven included both. Compared with midazolam-opioids, recovery time was shorter
with propofol (mean difference 16.3 min, 95% confidence interval [CI] 8.4e24.3 fewer minutes; high certainty), and patient
satisfaction was better with ketamine-propofol (mean difference 1.5 points, 95% CI 0.3e2.6 points, high certainty).
Regarding AEs, compared with midazolam-opioids, respiratory AEs were less frequent with ketamine (relative risk [RR]
0.55, 95% CI 0.32e0.96; high certainty), gastrointestinal AEs were more common with ketamine-midazolam (RR 3.08, 95%
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Conclusion: When considering procedural sedation and analgesia in the ED and ICU,
compared with midazolam-opioids, 
sedation recovery time is shorter with propofol, 
patient satisfaction is better with ketamine-propofol, 
and respiratory adverse events are less common with ketamine
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Study objective: To cover pediatric emergency physicians’ off-hours, third-year pediatric residents in Israel are trained for
unsupervised administration of emergency department (ED) dissociative and deep sedation. We assessed the frequency of critical
sedation events associated with resident-performed sedations.

Methods: We conducted a retrospective chart review on all patients receiving intravenous sedation across 10 pediatric EDs
between January 2018 and September 2022. We defined a critical sedation event as one or more of the following: chest
compressions, tracheal intubation, neuromuscular blockers, vasopressors, atropine for bradycardia, aspiration syndrome, death,
or unplanned hospital admission due to sedation. We liaised with the Ministry of Health’s reporting department and ED directors
to verify complete identification of all sentinel events.

Results: Pediatric residents and pediatric emergency physicians performed 12,733 and 10,845 sedations, respectively, most
frequently for fracture reduction (44.4%) and laceration repair (25.6%). Patients’ mean (SD) age was 6.9 (4.4) years. Residents
and emergency physicians administered ketamine or propofol alone in 6,473 and 3,465 cases, respectively, with drug
combinations for the remainder. We identified 6 critical sedation events, of which 3 were resident-performed sedations. The
frequency of critical sedation events among pediatric residents and emergency physicians was 0.024% (95% CI, 0.005% to
0.069%) and 0.028% (95% CI, 0.006% to 0.080%), respectively.

Conclusion: We observed a low frequency of critical sedation events in this large sample of dissociative and deep sedations
performed by pediatric residents and pediatric emergency physicians. Our findings suggest that ED sedation by unsupervised,
trained pediatric residents is a safe practice in Israel. [Ann Emerg Med. 2025;86:36-43.]

Please see page 37 for the Editor’s Capsule Summary of this article.
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INTRODUCTION
Background

Procedural sedation and analgesia performed by pediatric
emergency physicians is regarded as a safe practice.1-3 In
Israel, pediatric emergency medicine was officially recognized
as a specialty in 2008. However, a significant gap in care
persists during nighttime hours, as there is no coverage by
pediatric emergency physicians, specialists, or fellows at those
times. To address this issue, and to ensure continuous care in
pediatric emergency medicine around the clock, health care
decisionmakers have allowed postgraduate year 3 (PGY3)

pediatric residents to perform dissociative and deep sedation
independently, without the supervision of a pediatric
emergency physician. Approval for independent sedation is
not granted to all pediatric residents; this decision is made
exclusively by the director of the pediatric ED. Minimum
requirements for the autonomy of pediatric residents in Israel
during their 4.5-year residency program include advanced
pediatric resuscitation course certification, successful
completion of 3 months of training in a pediatric intensive
care unit, proof of successful completion of mandatory
simulation-based training in patient safety during sedation,
and successful performance of 10 procedural sedations under
direct supervision, demonstrating competency through this
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Ann Emerg Med 2025Table 1. Characteristics of procedures performed and medications administered by pediatric residents and pediatric emergency
physicians for intravenous sedation in pediatric emergency departments.

Characteristics
Sedations Performed By

Pediatric Residents (n[12,733)

Sedations Performed By
Pediatric Emergency

Physicians (n[10,845)

Male, n (%) 8,241 (64.7) 7,173 (66.1)

Age, y, Mean (SD) 6.6 (4.3) 7.2 (4.6)

Procedure

N 12,013 10,049

Fracture reduction, n (%) 5,240 (43.6) 5,227 (52.0)

Laceration repair, n (%) 4,030 (33.5) 1,971 (19.6)

Abscess drainage, n (%) 953 (7.9) 1,056 (10.5)

Arthrocentesis, n (%) 757 (6.3) 923 (9.2)

Foreign body removal, n (%) 229 (1.9) 254 (2.5)

Burn debridement, n (%) 154 (1.3) 98 (1.0)

Dental procedure, n (%) 139 (1.2) 78 (0.8)

Lumbar puncture, n (%) 214 (1.8) 179 (1.8)

Intussusception reduction, n (%) 9 (0.1) 37 (0.4)

Imaging tests, n (%) 236 (2.0) 141 (1.4)

Manual reduction of Inguinal hernia, n (%) 6 (0.05) 13 (0.1)

Tympanocentesis, n (%) 24 (0.2) 29 (0.3)

Chest tube insertion for pleural pneumonia, n (%) 6 (0.05) 30 (0.3)

Nasal bone reduction, n (%) 16 (0.1) 13 (0.1)

Single medication, n (%) 6,489 (51.0) 3,483 (32.1)

Ketamine, n (%) 6,272 (96.7) 3,201 (91.9)

Propofol, n (%) 201 (3.1) 264 (7.6)

Midazolam, n (%) 16 (0.2) 18 (0.5)

Combination of 2 medications, n (%) 6,174 (48.5) 7,250 (66.9)

Ketamine and Propofol, n (%) 3,311 (53.7) 5,690 (78.5)

Ketamine and Midazolam, n (%) 2,757 (44.7) 1,450 (20.0)

Ketamine and Fentanyl, n (%) 60 (1.0) 51 (0.7)

Propofol and Fentanyl, n (%) 7 (0.1) 12 (0.2)

Propofol and Midazolam, n (%) 16 (0.2) 28 (0.4)

Fentanyl and Midazolam, n (%) 21 (0.3) 15 (0.2)

Other* 2 (0.00) 4 (0.00)

Combination of 3 medications, n (%) 70 (0.5) 112 (1.0)

Ketamine, midazolam and fentanyl, n (%) 37 (52.8) 26 (23.2)

Ketamine, midazolam and propofol, n (%) 25 (35.7) 78 (69.7)

Ketamine, etomidate and midazolam, n (%) 1 (1.4) 0 (0.0)

Ketamine, propofol and fentanyl, n (%) 6 (8.7) 8 (7.1)

Ketamine, fentanyl and morphine, n (%) 1 (1.4) 0 (0.0)

Dosages

Ketamine dosage (mg/kg), median (IQR) 1.5 (1.0-2.5) 1.0 (0.9-1.7)

Propofol dosage (mg/kg), median (IQR) 1.5 (1.0-2.3) 1.8 (1.1-2.6)

Midazolam dosage (mg/kg), median (IQR) 0.1 (0.07-0.1) 0.1 (0.08-0.2)

Fentanyl dosage (mcg/kg), median (IQR) 1.3 (1.0-1.9) 1.4 (1.0-1.9)

SD, standard deviation, IQR, interquartile range.
*Three cases of ketamine and etomidate, 1 case of propofol and morphine, 1 case of ketamine and morphine, and 1 case of propofol and sevoflurane.
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Ketamine, midazolam and fentanyl, n (%) 37 (52.8) 26 (23.2)

Ketamine, midazolam and propofol, n (%) 25 (35.7) 78 (69.7)

Ketamine, etomidate and midazolam, n (%) 1 (1.4) 0 (0.0)

Ketamine, propofol and fentanyl, n (%) 6 (8.7) 8 (7.1)

Ketamine, fentanyl and morphine, n (%) 1 (1.4) 0 (0.0)

Dosages

Ketamine dosage (mg/kg), median (IQR) 1.5 (1.0-2.5) 1.0 (0.9-1.7)

Propofol dosage (mg/kg), median (IQR) 1.5 (1.0-2.3) 1.8 (1.1-2.6)

Midazolam dosage (mg/kg), median (IQR) 0.1 (0.07-0.1) 0.1 (0.08-0.2)

Fentanyl dosage (mcg/kg), median (IQR) 1.3 (1.0-1.9) 1.4 (1.0-1.9)

SD, standard deviation, IQR, interquartile range.
*Three cases of ketamine and etomidate, 1 case of propofol and morphine, 1 case of ketamine and morphine, and 1 case of propofol and sevoflurane.
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Table 1. Characteristics of procedures performed and medications administered by pediatric residents and pediatric emergency
physicians for intravenous sedation in pediatric emergency departments.

Characteristics
Sedations Performed By

Pediatric Residents (n[12,733)

Sedations Performed By
Pediatric Emergency

Physicians (n[10,845)

Male, n (%) 8,241 (64.7) 7,173 (66.1)

Age, y, Mean (SD) 6.6 (4.3) 7.2 (4.6)

Procedure

N 12,013 10,049

Fracture reduction, n (%) 5,240 (43.6) 5,227 (52.0)

Laceration repair, n (%) 4,030 (33.5) 1,971 (19.6)

Abscess drainage, n (%) 953 (7.9) 1,056 (10.5)

Arthrocentesis, n (%) 757 (6.3) 923 (9.2)

Foreign body removal, n (%) 229 (1.9) 254 (2.5)

Burn debridement, n (%) 154 (1.3) 98 (1.0)

Dental procedure, n (%) 139 (1.2) 78 (0.8)

Lumbar puncture, n (%) 214 (1.8) 179 (1.8)

Intussusception reduction, n (%) 9 (0.1) 37 (0.4)

Imaging tests, n (%) 236 (2.0) 141 (1.4)

Manual reduction of Inguinal hernia, n (%) 6 (0.05) 13 (0.1)

Tympanocentesis, n (%) 24 (0.2) 29 (0.3)

Chest tube insertion for pleural pneumonia, n (%) 6 (0.05) 30 (0.3)

Nasal bone reduction, n (%) 16 (0.1) 13 (0.1)

Single medication, n (%) 6,489 (51.0) 3,483 (32.1)

Ketamine, n (%) 6,272 (96.7) 3,201 (91.9)

Propofol, n (%) 201 (3.1) 264 (7.6)

Midazolam, n (%) 16 (0.2) 18 (0.5)

Combination of 2 medications, n (%) 6,174 (48.5) 7,250 (66.9)

Ketamine and Propofol, n (%) 3,311 (53.7) 5,690 (78.5)

Ketamine and Midazolam, n (%) 2,757 (44.7) 1,450 (20.0)

Ketamine and Fentanyl, n (%) 60 (1.0) 51 (0.7)
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SD, standard deviation, IQR, interquartile range.
*Three cases of ketamine and etomidate, 1 case of propofol and morphine, 1 case of ketamine and morphine, and 1 case of propofol and sevoflurane.
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Abstract
Procedural sedation and analgesia (PSA) are a common practice in emergency departments (EDs), aiming to alleviate pain, 
anxiety, and discomfort during various medical procedures. We have undertaken a systematic review and meta-analysis with 
the aim of assessing the incidence of adverse events associated with PSA, including those related to individual drugs and 
various drug combinations. The study adhered to PRISMA guidelines for a systematic review and meta-analysis of adverse 
events in ED sedation. A comprehensive search strategy was employed across ten databases, supplemented by searches on 
clinicaltrials.gov and manual reviews of reference lists. Data extraction focused on medication administration and adverse 
events. The study considered four types of adverse events: cardiac, respiratory, gastrointestinal, and neurological. Only 
randomized controlled trials (RCTs) focusing on PSA administered to adult patients within the ED setting were included. 
The statistical analysis employed OpenMeta Analyst to conduct a one-arm meta-analysis, with findings presented alongside 
their corresponding 95% Confidence Intervals. Forest plots were constructed to combine and evaluate results, and sensitiv-
ity analyses were performed to identify sources of heterogeneity. From a literature search of 4246 records, 32 RCTs were 
deemed suitable for this meta-analysis. The analysis included 6377 procedural sedations. The most common adverse event 
was hypoxia, with an incidence rate of 78.5 per 1000 sedations (95% CI = 77.5–133.5). This was followed by apnea and 
hypotension, with incidence rates of 31 (95% CI = 19.5–41.8) and 28.1 (95% CI = 17.4–38.9) per 1,000 sedations, respec-
tively. Agitation and vomiting each occurred in 15.6 per 1,000 sedations (95% CI = 8.7–22.6). Severe adverse events were 
rare, with bradycardia observed in 16.7 per 1,000 sedations, laryngospasm in 2.9 per 1,000 sedations (95% CI =  – 0.1 to 6), 
intubation in 10.8 per 1,000 sedations (95% CI = 4–17), and aspiration in 2.7 per 1,000 sedations (95% CI =  – 0.3 to 5.7). 
Ketamine is found to be the safest option in terms of respiratory adverse events, with the lowest rates of apnea and hypoxia, 
making it the least respiratory depressant among the evaluated drugs. Etomidate has the least occurrence of hypotension 
when used alone. Propofol has the highest incidence of hypotension when used alone and ranks second in hypoxia-related 
adverse events after midazolam. Using combinations of sedating agents, such as propofol and ketamine, has been found to 
offer several advantages over single drugs, especially in reducing adverse events like vomiting, intubation difficulty, hypo-
tension, bradycardia, and laryngospasm. The combination significantly reduces the incidence of hypotension compared to 
using propofol or ketamine individually. Despite the regular use of procedural sedation, it can sometimes lead to serious 
adverse events. Respiratory issues like apnea and hypoxia, while not common, do occur more often than cardiovascular 
problems such as hypotension. However, the least frequent respiratory complications, which can also pose a threat to life, 
include laryngospasm, aspiration, and intubation. These incidents are extremely rare.

Keywords Procedural sedation · Emergency department · Adult population · Adverse events · Sedation protocol · Sedation 
medications · Patient safety · Sedation outcomes · Sedation complications · Sedation monitoring · Sedation guidelines

Abbreviations
PSA  Procedural sedation and analgesia
ED  Emergency department
ACEP  The American college of emergency physicians
RCTs  Randomised control trialsExtended author information available on the last page of the article
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Table 2  (continued)
Study Procedural agent Dosage Method of administration

Nejati Propofol/ketamine and Midazolam A clinical sedation end point was chosen 
rather than a prescriptive dose (mg/
kg) of sedative agent, because it was 
believed to better reflect common 
clinical sedation practice, account for 
variability in patient response, and 
attempt to standardize all patients to a 
clinically relevant level of sedation

Intravenous (IV)

OZTURK Midazolam 0.1 mg/kg initial bolus, additional doses 
of 0.05 mg/kg in 2 min up to desired 
sedation level

Intravenous (IV)

Propofol 1 mg/kg initial bolus, additional doses of 
0.5 mg/kg in 3 min if needed

Intravenous (IV)

Parlak Midazolam 2 mg (1 mL = 1 mg) IV over 20–30 s 
until RSS-5

Intravenous (IV)

Propofol 20 mg (1 mL = 10 mg) IV over 20–30 s 
until RSS-5

Intravenous (IV)

Sahin 2011 Not applicable NA NA
Sawas 2011 Propofol 10 mg/cc Intravenous (IV)

Ketamine + Propofol 10 mg/cc of ketamine + 10 mg/cc of 
propofol

Intravenous (IV)

Sener 2011 Ketamine 1.5 mg/kg IV or 4 mg/kg IM, with or 
without 0.03 mg/kg midazolam

Intravenous (IV) or Intramuscular (IM)

Stronati 2020 Propofol 1 mg/kg initial dose, followed by 0.5 mg/
kg every 3 min until satisfactory seda-
tion

Intravenous (IV)

Midazolam 3 mg initial dose, followed by 2 mg 
every 2 min until satisfactory response

Intravenous (IV)

Salen 2016 Etomidate or Ketamine 0.1 mg/kg etomidate or 0.5 mg/kg keta-
mine, additional doses as needed

Intravenous (IV)

Taylor 2005 Not specified Not specified Clinician sedation end point
Tezel 2014 Not specified 1 to 2 mg/kg Intravenous (IV)
URI 2011 Propofol Titrated slow IV push in 10 mg/10 s 

boluses, up to 200 mg, followed by 
repeat dosing as needed

Intravenous (IV)

Midazolam + Ketamine 0.1 mg/kg midazolam until spontaneous 
eye closure or up to 5 mg, followed 
by 1 mg/kg ketamine up to 100 mg to 
achieve desired sedation level (Ramsay 
5 to 6)

Intravenous (IV)

Table 3  Summary of pooled 
analyses Adverse events Events of sedation Estimate per 

1000
95% CI I2 (%)

Cardiac Bradycardia 11/404 16.7 4.4–29 0
Hypotension 73/1709 28.1 17.4–38.9 48.35

Respiratory Apnea 86/1769 31 19.5–41.8 48.81
Aspiration 0/1139 2.7 – 0.3 to 5.7 0
Laryngospasm 0/1210 2.9 – 0.1 to 6 0
Hypoxia 257/3011 78.5 59.8–97.3 80.36
Intubation 0/864 10.8 4–17 0

Neurological Agitation 82/2948 15.6 8.7–22.6 65.37
Gastrointestinal Vomiting 29/390 18.1 9.5–26.8 1.1

32 études
6700 procédures
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Abstract
Background The number of non-intubated general anesthesia outside the operating room is growing as the 
increasing demand for comfort treatment. Non-intubated general anesthesia outside the operating room requires 
rapid onset of anesthesia, smoothness, quick recovery, and few postoperative complications. Traditional anesthetic 
regimens (propofol alone or propofol and opioids/dezocine/midazolam, etc.) have severe respiratory and circulatory 
depression and many systemic adverse e!ects. In this paper, we compare the e!ectiveness and safety of propofol and 
subclinical doses of esketamine with other traditional regimens applied to non-intubated general anesthesia through 
a systematic review and meta-analysis.
Methods We searched PubMed, Embase, Cochrane Library, Web of Science, CNKI, Wanfang, VIP, and Sinomed 
databases for the period from January 2000 to October 2022. We rigorously screened the literature according to 
prede"ned inclusion and exclusion criteria, while risk assessment of the studies was performed using The Cochrane 
Collaboration’s tool, and statistical analysis of the data was performed using RevMan 5.4 software. The main outcome 
indicators we evaluated were the various hemodynamic parameters and incidence of various adverse e!ects 
between the experimental and control groups after induction of anesthesia.
Results After a rigorous screening process, a total of 14 papers were included in the "nal meta-analysis. After risk 
bias assessment, three of the papers were judged as low risk and the others were judged as having moderate to high 
risk. Forest plots were drawn for a total of 16 indicators. Meta-analysis showed statistically signi"cant di!erences in HR’ 
WMD 3.27 (0.66, 5.87), MAP’ WMD 9.68 (6.13, 13.24), SBP’ WMD 5.42 (2.11, 8.73), DBP’ WMD 4.02 (1.15, 6.88), propofol 
dose’ SMD -1.39 (-2.45, -0.33), hypotension’ RR 0.30 (0.20, 0.45), bradycardia’ RR 0.33 (0.14, 0.77), hypoxemia or apnea’ 

Analysis of the e!cacy of subclinical doses 
of esketamine in combination with propofol 
in non-intubated general anesthesia 
procedures - a systematic review and meta-
analysis
Haoming#Chen1,2†, Xizhi#Ding2†, Guilin#Xiang3, Liu#Xu4, Qian#Liu4, Qiang#Fu5* and Peng#Li1,2,6*

Kétamine “classique” = racémique
•Mélange 50% S-kétamine + 50% R-kétamine.

S-kétamine = forme purifiée
•Contient 100% du seul énantiomère S, plus actif.

➡  ️L’eskétamine est donc la “moitié active” de la kétamine, isolée.

Effet recherché Kétamine racémique S-kétamine

Analgésie 0,1–0,3 mg/kg IV 0,05–0,15 mg/kg IV

Sédation dissociative 1–1,5 mg/kg IV 0,5–1 mg/kg IV

IM 4–5 mg/kg IM 2–3 mg/kg IM

Moins d’effets secondaires dissociatifs ?? ( RR 1,05 [0,8-3,15], moins d’apnée
mais plus chère
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Abstract
Background Remimazolam (RM) is a novel ultra-short acting benzodiazepine. This study evaluates the safety of 
using RM for procedural sedation in the emergency department (ED) comparing its administration by registered 
nurse anaesthetists versus house o!cers in 1st year residency in emergency medicine and emergency medicine 
physicians without previous anaesthesiologic specialisation. Secondary aims were patient satisfaction and proportion 
of successful procedures.
Methods This prospective study was performed at the ED at Aalborg University Hospital from 10 May through 20 
August 2024. Five emergency medicine physicians (group 1) started administering RM to patients after completion 
of training and direct supervision. Results were compared to patients sedated by two registered nurse anaesthetists 
(group 2) who had been administering RM more than 50 times before study start. Time was recorded during sedation 
and a questionnaire "lled out immediately after the patient had awakened. T-tests or Mann-Whitney U tests were 
used to compare groups. Proportions were calculated with chi-square (#2) tests of proportion.
Results In group 1, 53 patients were sedated by emergency medicine physicians, and in group 2, 50 patients were 
sedated by registered nurse anaesthetists. No or mild respiratory adverse e$ects were observed in 97% of patients in 
group 1 versus 100% in group 2. Procedural amnesia was 93% in group 1 versus 90% in group 2. Patients were safe to 
be left unsupervised after a median of 15%min in both groups. Procedural success was 92% in group 1 versus 100% in 
group 2.
Conclusions Severe respiratory adverse e$ects after sedation were rare in both groups. Most patients had amnesia 
and adequate pain relief for the procedure. The use of RM by physicians without anaesthesiologic specialisation is 
considered a safe and e$ective alternative for procedural sedation in the ED.
Trial registration The study was registered and approved as a quality study (ID 2017–011259) by the hospital 
administration.
Keywords Deep sedation, Benzodiazepines, Anaesthesia, Analgesia: emergency service, Hospital, emergency 
medicine

Remimazolam for procedural sedation in the 
emergency department: a prospective study 
of e!ectiveness and patient satisfaction
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Remimazolam (RM), nouvelle BZD, avec métabolisme indépendant 
foie/rein (esterases tissulaires). Rapidité d’action 1-3 min et Pic 5 min, réveil
complet en moins de 10 min, pas d’accumulation, moins d’effets 
secondaires

ORIGINAL ARTICLE

Remimazolam for procedural sedation

A systematic review with meta-analyses and trial sequential
analyses

Lasse Pingel , Mathias Maagaard, Casper D. Tvarnø, Sandra Sorenson, Shaheer Bukhari,

Lars Peter Kloster Andersen, Jakob Hessel Andersen and Ole Mathiesen

BACKGROUND Midazolam and propofol are frequently
used for procedural sedation. Remimazolam may provide a
more controllable sedation with fewer adverse effects.

OBJECTIVE To assess the sedation success rate and re-
spiratory and cardiovascular complications of remimazolam
versus placebo and other sedatives in adults undergoing
procedural sedation.

DESIGN A systematic review of randomised controlled trials
(RCTs) with meta-analyses, trial sequential analyses (TSA),
and GRADE evaluations of the certainty of evidence.

DATA SOURCES We searched Medline, Embase, CEN-
TRAL, BIOSIS, CINAHL, and Web of Science Core Collec-
tion from their inception to 22 June 2024.

ELIGIBILITY CRITERIA RCTs allocating participants under-
going procedural sedation to remimazolam versus placebo or
any active comparator.

RESULTS We included 63 trials randomising 13953 parti-
cipants. All included trial results were judged to be at high
risk of bias. The sedation success rate was similar with
remimazolam versus active comparators, relative risk (RR)
1.04, [97.5% confidence interval (CI), 0.96 to 1.14; TSA-

adjusted CI, 0.95 to 1.18], P¼0.26, GRADE: very low.
Subgroup analyses indicated that remimazolam versus mid-
azolam increased sedation success rate, while the risks were
similar with remimazolam versus comparators. Remimazolam
versus active comparators decreased the risk of respiratory
complications, RR 0.47, (97.5% CI, 0.36 to 0.61; TSA-
adjusted CI, 0.35 to 0.61), P<0.01; and cardiovascular
complications, RR 0.46, (97.5% CI, 0.37 to 0.56; TSA-
adjusted CI, 0.38 to 0.57), P<0.01. Subgroup analyses
indicated that remimazolam versus propofol reduced respi-
ratory and cardiovascular complications, while the risks were
similar versus midazolam.

CONCLUSION Remimazolam seems to provide a similar
sedation success rate as other active comparators (propofol,
ciprofol, midazolam, dexmedetomidine, etomidate), although
subgroup analyses indicated that remimazolam increased
sedation success rate compared to midazolam. Remimazo-
lam compared to propofol may decrease the risk of respira-
tory and cardiovascular complications. The certainty of the
evidence was very low to low, and firm conclusions could not
be drawn.
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Procedural sedation has had a long and contentious

history.1-3 When, three decades ago, procedural sedation by
emergency physicians, pediatricians, dentists,
gastroenterologists, and others became widespread,
anesthesiologists asserted authority over these so-called
“nonanesthesiologists” issuing guidelines and advancing
institutional policies that tightly restricted both practitioners
and medications. These restrictions resulted in inconsistent
or unavailable procedural sedation care for patients, creating
barriers to optimal care in health care systems worldwide.4-8

Practical demands of patient care, however, drove the
continued expansion of procedural sedation. The multiple
specialties for whom such practice was needed incorporated
sedation training into their residency and fellowship
programs, developed specialty-specific guidelines, and took
on leadership roles in advancing the field. Through these
efforts, procedural sedation evolved into a thriving
multidisciplinary field encompassing an expanding range of
clinical settings, with a robust body of literature
demonstrating the safety of procedural sedation performed
by a diverse group of practitioners including physicians (eg,
cardiologists, emergency physicians, gastroenterologists,
intensivists, oncologists, plastic surgeons, hospitalists, and
radiologists), dentists, nurses, and physician assistants.9-15

In this issue, Cohen et al16 further expand the evidence
base for multidisciplinary sedation practice, demonstrating
its safety when performed by pediatric residents. Their
analysis of 23,578 sedations across 10 emergency
departments showed that pediatric residents, who completed
a dedicated procedural sedation training program, achieved
comparable safety outcomes to those of pediatric emergency
physicians, with similarly low rates of major critical events
(0.027% versus 0.023% respectively). Although the
retrospective design may have underestimated minor adverse
events, and did not assess quality metrics such as patient
comfort, procedural effectiveness, or stakeholder satisfaction,
these findings reinforce the principle that procedural
sedation represents a distinct clinical competency that can be
effectively acquired and mastered through structured
training, independent of specialty background.

Such recognition of procedural sedation as
multidisciplinary does not equate to permitting
unrestricted practice to anyone. Merely having completed a
specific residency program or possessing a set of related
skills is not sufficient to assume procedural sedation
competence. Entrustment decisions must be grounded in
demonstrated, task-specific proficiency through observed
clinical performance, where practitioners engage in
repeated supervised practice until achieving predefined
mastery-level benchmarks. Procedural sedation
competence, like all clinical capabilities, is dynamic and
context-dependent, requiring ongoing assessment and
development. Skills may evolve or deteriorate over time,
emphasizing the importance of continuous medical
education and sustained professional development.17,18

When examining procedural sedation entrustment
through a lens of competency-based decisionmaking, two
crucial questions arise.

First, what constitutes procedural sedation competence?
Cohen et al specified the ability to ensure patient safety,
reflecting the traditional focus of sedation research and
guidelines. Although essential, patient safety is an
incomplete representation of high-quality procedural
sedation. Recognized quality indicators include time
needed to achieve adequate sedation, ease of the procedure,
recovery time, and emotional and psychological well-being
throughout the sedation experience.19-21 Procedural
sedation providers should therefore demonstrate
proficiency across other domains, including patient- and
family-centered outcomes, organizational efficiency, and
ongoing quality assurance. The International Committee
for the Advancement of Procedural Sedation has delineated
4 essential domains of procedural sedation competence,
with a detailed list of specific competencies for each
domain: Patient safety (prevention of harm and mitigation
of risks), Clinical effectiveness (optimal procedural outcomes
and patient comfort), Psychological safety (maintaining
emotional well-being and avoiding procedural distress), and
Deliberate practice (sustained engagement in continuous
learning and improvement activities in order to develop
and maintain expertise).22
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Study objective: To cover pediatric emergency physicians’ off-hours, third-year pediatric residents in Israel are trained for
unsupervised administration of emergency department (ED) dissociative and deep sedation. We assessed the frequency of critical
sedation events associated with resident-performed sedations.

Methods: We conducted a retrospective chart review on all patients receiving intravenous sedation across 10 pediatric EDs
between January 2018 and September 2022. We defined a critical sedation event as one or more of the following: chest
compressions, tracheal intubation, neuromuscular blockers, vasopressors, atropine for bradycardia, aspiration syndrome, death,
or unplanned hospital admission due to sedation. We liaised with the Ministry of Health’s reporting department and ED directors
to verify complete identification of all sentinel events.

Results: Pediatric residents and pediatric emergency physicians performed 12,733 and 10,845 sedations, respectively, most
frequently for fracture reduction (44.4%) and laceration repair (25.6%). Patients’ mean (SD) age was 6.9 (4.4) years. Residents
and emergency physicians administered ketamine or propofol alone in 6,473 and 3,465 cases, respectively, with drug
combinations for the remainder. We identified 6 critical sedation events, of which 3 were resident-performed sedations. The
frequency of critical sedation events among pediatric residents and emergency physicians was 0.024% (95% CI, 0.005% to
0.069%) and 0.028% (95% CI, 0.006% to 0.080%), respectively.

Conclusion: We observed a low frequency of critical sedation events in this large sample of dissociative and deep sedations
performed by pediatric residents and pediatric emergency physicians. Our findings suggest that ED sedation by unsupervised,
trained pediatric residents is a safe practice in Israel. [Ann Emerg Med. 2025;86:36-43.]
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INTRODUCTION
Background

Procedural sedation and analgesia performed by pediatric
emergency physicians is regarded as a safe practice.1-3 In
Israel, pediatric emergency medicine was officially recognized
as a specialty in 2008. However, a significant gap in care
persists during nighttime hours, as there is no coverage by
pediatric emergency physicians, specialists, or fellows at those
times. To address this issue, and to ensure continuous care in
pediatric emergency medicine around the clock, health care
decisionmakers have allowed postgraduate year 3 (PGY3)

pediatric residents to perform dissociative and deep sedation
independently, without the supervision of a pediatric
emergency physician. Approval for independent sedation is
not granted to all pediatric residents; this decision is made
exclusively by the director of the pediatric ED. Minimum
requirements for the autonomy of pediatric residents in Israel
during their 4.5-year residency program include advanced
pediatric resuscitation course certification, successful
completion of 3 months of training in a pediatric intensive
care unit, proof of successful completion of mandatory
simulation-based training in patient safety during sedation,
and successful performance of 10 procedural sedations under
direct supervision, demonstrating competency through this
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Editor’s Capsule Summary

What is already known on this topic
Emergency department (ED) patients frequently
require procedural sedation; however, not all settings
regularly have emergency physicians available to
administer them.

What question this study addressed
Can specially trained pediatric residents provide
pediatric procedural sedation as safely as pediatric
emergency physicians?

What this study adds to our knowledge
In this retrospective study of 23,578 sedations
performed over 5 years at 10 pediatric EDs, more
than half were performed by unsupervised PGY3
pediatric residents who had undergone specific
sedation training. Ketamine and propofol were the
predominant sedatives. Critical sedation events were
rare and occurred with similar frequency between
pediatric residents and pediatric emergency
physicians.

How this is relevant to clinical practice
This large study suggests that specially trained
pediatric residents can provide procedural sedation
with safety similar to that for pediatric emergency
physicians.

focused training. Authorized pediatric residents are
encouraged to consult with the on-call pediatric emergency
physician before any planned sedation if they believe it is
necessary. To prepare the residents for this responsibility, a
specialized sedation course has been developed.4,5 The
simulation-based training focuses on providing residents
with theoretical knowledge and learning effective strategies
to identify and treat sedation adverse events. Course
scenarios are video-recorded, followed by instructor
assessments. A written knowledge examination is
administered at the course’s conclusion. Residents must
pass both the examination and the practical skills
assessment to receive course credit, as per the Pediatric
Emergency Medicine Sedation Committee’s decision.5

This educational process aims to provide pediatric residents
with the skill set required to safely perform deep and
dissociative sedation independently. By bridging the
staffing gap, this approach ensures that emergency
department (ED) patients receive timely and appropriate
procedural sedation care, regardless of the time of day.

Although this practice has been established for many
years, health care decisionmakers in Israel have raised
concerns about patient safety regarding the appropriateness
of allowing unsupervised residents to conduct independent
dissociative and deep sedation.

Importance
Examining sedations performed by pediatric residents in

various pediatric EDs over an extended period could enable
an evaluation of the safety profile of sedation practices
conducted by trained, unsupervised pediatric residents.

Goal of This Investigation
This study aimed to assess the frequency of critical

events associated with procedural sedations performed by
trained, unsupervised pediatric residents in pediatric EDs in
Israel.

MATERIALS AND METHODS
Study Design and Setting

We conducted a retrospective chart review on all
patients receiving intravenous procedural sedation across 10
university-affiliated, Israeli pediatric EDs from January 1,
2018, to September 30, 2022: 6 tertiary referral centers
(Shaare Zedek, Schneider, Rambam, Sheba, Sourasky, and
Soroka medical centers) and 4 secondary care institutions
(Meir, HaEmek, Hille Yafe, and Bnei-Zion medical
centers). During the study period, the 10 pediatric EDs
employed approximately 80 pediatric emergency
physicians, including both specialists and fellows and about
140 PGY3 pediatric residents who were authorized to
independently perform sedation. We coordinated the study
through the Israel Pediatric Emergency Research Network
(ISPERN). Established formally in 2020, ISPERN
encompasses all pediatric EDs in Israel. ISPERN activities
are supported by the Israel Medical Association through the
Pediatric Emergency Medicine Section of the Israeli
Association of Emergency Medicine.6 The ethics
committees of the participating hospitals approved the
study.

Selection of Participants
We identified intravenous sedation cases by searching

electronic medical records of the 10 participating
hospitals for the following terms: ketamine, propofol,
midazolam, fentanyl, and etomidate. We excluded cases
where these drugs were used for something other than
procedural sedation, eg, major trauma care, tracheal
intubation.
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Pediatric Emergency Medicine Section of the Israeli
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during their 4.5-year residency program include advanced
pediatric resuscitation course certification, successful
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care unit, proof of successful completion of mandatory
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and successful performance of 10 procedural sedations under
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DISCUSSION
In this large sample of dissociative and deep sedations

performed by trained unsupervised pediatric residents and
pediatric emergency physicians, we observed a low
frequency of critical sedation events. This aligns with a
previous study using a similar outcome where critical
sedation events was noted in 85 out of 139,142 (0.061%),
and confirms a strong safety profile for procedural sedation
in pediatric EDs in Israel.8 Previous single-center studies
from Israel of pediatric emergency physicians and pediatric
residents have found similar results.12-18

In our large sample, pediatric residents performed almost
half of the sedations involving similar patients and
procedures as pediatric emergency physicians. Almost all
the resident sedations were dissociative or deep, and used
doses and regimens similar to those of pediatric emergency
physicians (Table 1). A key finding of the current study is
that PGY3 pediatric residents in Israel are capable of

acquiring and applying comprehensive skills in both
dissociative and deep sedation.4,5 Given the rigorous
training, sustained independent practice, and the low rate
of critical sedation events, we believe that the residents have
demonstrated competency in performing dissociative and
deep sedation.19 In the United States, a recent joint policy
statement on procedural sedation by the American College
of Emergency Physicians and the Emergency Nurses
Association stated that “Procedural sedation is a critically
important component of comprehensive emergency care
and a required core competency of emergency medicine
residency training.”20 In light of our findings, it might be
suitable to consider this requirement for pediatric residency
programs, considering that pediatric residents regularly care
for children in pediatric EDs.

The study findings are particularly significant for
countries where continuous 24/7 coverage by pediatric
emergency medicine specialists is unavailable, such as Israel.

Figure. Histograms demonstrating the distribution of ages of study subjects.
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Procedural sedation has had a long and contentious

history.1-3 When, three decades ago, procedural sedation by
emergency physicians, pediatricians, dentists,
gastroenterologists, and others became widespread,
anesthesiologists asserted authority over these so-called
“nonanesthesiologists” issuing guidelines and advancing
institutional policies that tightly restricted both practitioners
and medications. These restrictions resulted in inconsistent
or unavailable procedural sedation care for patients, creating
barriers to optimal care in health care systems worldwide.4-8

Practical demands of patient care, however, drove the
continued expansion of procedural sedation. The multiple
specialties for whom such practice was needed incorporated
sedation training into their residency and fellowship
programs, developed specialty-specific guidelines, and took
on leadership roles in advancing the field. Through these
efforts, procedural sedation evolved into a thriving
multidisciplinary field encompassing an expanding range of
clinical settings, with a robust body of literature
demonstrating the safety of procedural sedation performed
by a diverse group of practitioners including physicians (eg,
cardiologists, emergency physicians, gastroenterologists,
intensivists, oncologists, plastic surgeons, hospitalists, and
radiologists), dentists, nurses, and physician assistants.9-15

In this issue, Cohen et al16 further expand the evidence
base for multidisciplinary sedation practice, demonstrating
its safety when performed by pediatric residents. Their
analysis of 23,578 sedations across 10 emergency
departments showed that pediatric residents, who completed
a dedicated procedural sedation training program, achieved
comparable safety outcomes to those of pediatric emergency
physicians, with similarly low rates of major critical events
(0.027% versus 0.023% respectively). Although the
retrospective design may have underestimated minor adverse
events, and did not assess quality metrics such as patient
comfort, procedural effectiveness, or stakeholder satisfaction,
these findings reinforce the principle that procedural
sedation represents a distinct clinical competency that can be
effectively acquired and mastered through structured
training, independent of specialty background.

Such recognition of procedural sedation as
multidisciplinary does not equate to permitting
unrestricted practice to anyone. Merely having completed a
specific residency program or possessing a set of related
skills is not sufficient to assume procedural sedation
competence. Entrustment decisions must be grounded in
demonstrated, task-specific proficiency through observed
clinical performance, where practitioners engage in
repeated supervised practice until achieving predefined
mastery-level benchmarks. Procedural sedation
competence, like all clinical capabilities, is dynamic and
context-dependent, requiring ongoing assessment and
development. Skills may evolve or deteriorate over time,
emphasizing the importance of continuous medical
education and sustained professional development.17,18

When examining procedural sedation entrustment
through a lens of competency-based decisionmaking, two
crucial questions arise.

First, what constitutes procedural sedation competence?
Cohen et al specified the ability to ensure patient safety,
reflecting the traditional focus of sedation research and
guidelines. Although essential, patient safety is an
incomplete representation of high-quality procedural
sedation. Recognized quality indicators include time
needed to achieve adequate sedation, ease of the procedure,
recovery time, and emotional and psychological well-being
throughout the sedation experience.19-21 Procedural
sedation providers should therefore demonstrate
proficiency across other domains, including patient- and
family-centered outcomes, organizational efficiency, and
ongoing quality assurance. The International Committee
for the Advancement of Procedural Sedation has delineated
4 essential domains of procedural sedation competence,
with a detailed list of specific competencies for each
domain: Patient safety (prevention of harm and mitigation
of risks), Clinical effectiveness (optimal procedural outcomes
and patient comfort), Psychological safety (maintaining
emotional well-being and avoiding procedural distress), and
Deliberate practice (sustained engagement in continuous
learning and improvement activities in order to develop
and maintain expertise).22
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Summary

Procedural sedation is practised by a heterogeneous group of practitioners working in a wide array of settings. However,
there are currently no accepted standards for the competencies a sedation practitioner should have, the content of
sedation training programmes, and guidelines for credentialing. The multidisciplinary International Committee for the
Advancement of Procedural Sedation sought to develop a consensus statement on the following: which competencies
should medical or dental practitioners have for procedural sedation and how are they obtained, assessed, maintained,
and privileged. Using the framework of Competency-Based Medical Education, the practice of procedural sedation was
defined as a complex professional task requiring demonstrable integration of different competencies. For each question,
the results of a literature review were synthetised into preliminary statements. Following an iterative Delphi review
method, final consensus was reached. Using multispeciality consensus, we defined procedural sedation competence
by identifying a set of core competencies in the domains of knowledge, skills, and attitudes across physical safety,
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Summary

Procedural sedation is practised by a heterogeneous group of practitioners working in a wide array of settings. However,
there are currently no accepted standards for the competencies a sedation practitioner should have, the content of
sedation training programmes, and guidelines for credentialing. The multidisciplinary International Committee for the
Advancement of Procedural Sedation sought to develop a consensus statement on the following: which competencies
should medical or dental practitioners have for procedural sedation and how are they obtained, assessed, maintained,
and privileged. Using the framework of Competency-Based Medical Education, the practice of procedural sedation was
defined as a complex professional task requiring demonstrable integration of different competencies. For each question,
the results of a literature review were synthetised into preliminary statements. Following an iterative Delphi review
method, final consensus was reached. Using multispeciality consensus, we defined procedural sedation competence
by identifying a set of core competencies in the domains of knowledge, skills, and attitudes across physical safety,
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avoiding patient harm andminimising sedation-related risks),
effectiveness (i.e. assuring optimal procedural success and
patient comfort), and psychological safety (i.e. assuring the
patient’s emotional and psychological well-being).

How is procedural sedation competence obtained?

We reached strong consensus (13/14 strongly agree, 1/14
agree) about how procedural sedation competence should be
obtained.

Practitioners, after completing a general medical or dental
degree, can become competent in procedural sedation as part
of a specialty training programme, or through a certified
procedural sedation training programme. In both cases, per-
forming procedural sedation is considered a complex profes-
sional task requiring integration of multiple competencies
(Table 2). Therefore, CBME is an optimal framework for the
design of a procedural sedation curriculum.16 Structuring this
curriculum according to a set of EPAs helps trainees and
educators gain insight into progressive acquisition of compe-
tencies and make entrustment decisions.61,62 Different cate-
gories of EPAs can be distinguished:

Clinical EPAs related to the practice of procedural sedation: The
intended learning outcomes of a particular procedural seda-
tion curriculum (e.g. minimal sedation in a child, propofol-
based sedation in adults for endoscopy, ketamine-based
sedation for painful procedures in patients with ASA phys-
ical status 1 or 2) determine the content and relevance of the
contributing clinical EPAs. Published CBME curricula can
inform curriculum designers to identify and describe the
relevant clinical EPAs for their procedural sedation training
programme (Supplementary material 1).31,63,64

Nested EPAs: Within a clinical EPA, several nested EPAs
might be identified, that is, self-contained smaller units of
practice that have their own specific set of competencies and
can be trained separately. Examples are airway management,
basic and advanced life support, pharmacology, use of local

and topical analgesia, patient communication, and establish-
ing trust.12

Organizational EPAs include oversight of the sedation pro-
cess as it relates to clinical need, staffing and availability of
resources, and maintenance of standards through adherence
to established guidelines,55,56 quality management (i.e.
outcome reporting and reviewing, including adverse events
and efficiency),38,65 and continuing medical education.66

Although these EPAs might be more relevant for directors of
sedation programmes, they are part of the overall procedural
sedation competence framework as they contribute substan-
tially to procedural sedation quality.

A procedural sedation curriculum should encompass a
variety of educational modalities: knowledge acquisition
through self-study or didactic instruction (e.g. lecture, video,
demonstration, third-party training modules), application of
knowledge, and demonstration of clinical skills (e.g. through
simulation modelled as an Objective Structured Clinical Ex-
amination and supervised sedation), with exposure to
different patient morbidities and the full range of procedures
that the future practitioner is expected to manage.67,68 Each of
these formats should involve structured feedback and include
a portfolio to document and monitor the learner’s progression
towards proficiency (Table 1). Final privileging is based on
documented exposure to, and demonstrated competence in, a
specific category of sedation techniques, procedure, and
patient types, as defined within the curriculum’s intended
learning outcomes.

How is procedural sedation competence assessed?

We reached strong consensus (14/14 strongly agree) about how
procedural sedation competence should be assessed.

Competence in procedural sedation should be assessed
through multiple sources, including knowledge evaluation
and practical skills demonstrated through supervised sedation
practice (Table 3).69

Table 3 Approaches to assessment of procedural sedation competencies and performance.15.

Assessment format Examples

Knowledge - Written knowledge tests on procedural sedation-related topics (e.g. pharmacology, sedation risks,
procedural distress, procedural sedation history, content of sedation guidelines)

Knowledge application - Written assignment or essays on specific procedural sedation topics/cases (e.g. risk assessment
based on a theoretical case scenario)

- Oral questioning on possible patient management
- Case evaluation/reflection (written or oral)

Simulated practice - Simulated procedural sedation scenario (e.g. high-fidelity scenario training)
- Objective Structured Clinical Examination (OSCE)
- Oral case presentation/discussion
- Skills station (e.g. airway management)
- Virtual reality or computer-based cases

Clinical practice - Direct observation in clinical settings
- Video observation of real practice
- Multi-source feedback (360-degree feedback)
- End of rotation evaluation
- Patient outcomes data
- Personal project review (e.g. quality audit of the practitioner’s procedural sedation service;
quality improvement project; evidence-based guideline on a specific topic)
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