
To provide an updated literature review on pediatric procedural 
sedation in the emergency department. Discuss patient 
evaluation, monitoring, indications, and contraindications of 
common pharmacologic agents used for procedural sedation 
during orthopedic fracture reductions in the pediatric emergency 
department. Literature search from 1995 to 2015 was conducted 
using MEDLINE (PubMed), CINAHL, Cochraine and EMBASE 
databases. Terms included; procedural sedation, fracture reduction, 
orthopedic reduction, fasting, monitoring, capnometry, Bispectral 
index and pediatric procedural sedation. We identified a total of 
1268 publications covering the literature search criteria listed above. 
Twenty-two studies evaluated procedural sedation for reduction 
of closed skeletal injuries in the pediatric emergency department 
(eight retrospective case series, five prospective case series and 
nine randomized controlled clinical trials). The published literature 
utilized different pain assessment scales, pharmacologic agents, 
and satisfaction evaluation methodology. Ketamine alone or in 
combination with midazolam was the most common sedation agent 
used in the published literature. The use of procedural sedation 
for performing painful procedures in the pediatric emergency 
department is common. Ketamine and nitrous oxide are the 
most commonly used pharmacologic agents. Both agents have 
an excellent safety profile when published sedation guidelines are 
followed. Patient monitoring is the single most critical element for 
providing safe sedation in the emergency department. There are 
several adjuncts for providing safe and effective sedation in the 
emergency department including capnography, Ramsay sedation 
scale, Bispectral index, and aldrete score.
Keywords: Sedation, childhood, pediatric emergency department, 
orthopedic reduction, capnometry, Bispectral index

Çocuk acil servisinde sık olarak uygulanan ortopedik redüksiyonlar 
süresince girişimsel sedasyon uygulaması ile ilgili literatürün gözden 
geçirilmesi ve girişimsel sedasyonda hasta seçimi, monitorizasyon ve 
sık kullanılan ilaçların tartışılması amaçlandı. 
MEDLINE (PubMed), CINAHL, Cochraine ve EMBASE veritabanları 
kullanılarak 1995 ve 2015 yılları arasındaki yayınlar tarandı. Çocuk 
acil serviste girişimsel sedasyon uygulaması sırasında hastanın açlık 
durumu, monitorizasyonu, kapnometri ve Bispecteral indeks kullanımı 
ile ilgili ulaşılabilen 1268 makale incelendi. Literatürde çocukluk 
dönemindeki ortopedik redüksiyon uygulamaları ile ilgili ulaşılabilen 
yirmi iki makale incelendi (sekiz retrospektif olgu, beş prospektif olgu 
ve dokuz klinik randomize çalışma). Ketamin ve/veya midazolam 
kombinasyonu incelenen çalışmalarda en sık kullanılan ilaçlardı. 
Girişimsel sedasyon çocuk acil servislerinde sıklıkla uygulanmaktadır. 
Ketamin ve azot oksit girişimsel sedasyonda en yaygın kullanılan 
ve mevcut sedasyon rehberlerine uyularak kullanıldığında oldukça 
güvenli iki ilaçtır. Acil servislerde güvenli sedasyonu sağlamanın en 
kritik öğelerinden biri hasta monitorizasyonudur. Güvenli ve etkin 
sedasyonun sağlanmasında kapnografi, Ramsay sedasyon skorlaması, 
Bispecteral indeks ve aldrete skorlamasınıda içeren birçok etmen 
vardır. Çocuk acil servislerde sedasyon ile ilgili iyi planlanmış, geniş 
serili çalışmalara gereksinim vardır.
Anahtar Kelimeler: Sedasyon, çocukluk çağı, çocuk acil servisi, 
ortopedik redüksiyonlar, kapnometri, Bispectral indesk
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Introduction

Procedural sedation and analgesia (PSA) is an essential 
element of care for children requiring painful procedures in 
the pediatric emergency department (PED). While several 
medications are available for PSA, the ideal agent should have 
rapid onset of action, short recovery time, provide adequate 
analgesia and sedation, and have no or minimal adverse 
effects. To date, there is no single agent having all these 
properties. 

Medication selection for PSA is guided by the patient’s 
underlying medical conditions, age, anticipated degree 
of pain, and required procedure. To ensure patient safety 
during PSA, pre-sedation evaluation, American Society of 
Anesthesiologists (ASA) status, type of procedure, length of 
procedure, and monitoring equipment are important adjunct 
to ensure patient safety during the procedure and selecting 
appropriate sedation agent.1 The safety and efficacy of 
PSA in the PED are well described in the literature.2,3 The 
objective of this review was to discuss patient evaluation 
and monitoring, as well as indications and contraindications 
of common procedural sedation (PS) pharmacologic agents 
properties, dose, indications, contraindications, and adverse 
effects during orthopedic fracture reductions in the PED. 

Preparing the Patient for Procedural Sedation and 
Analgesia

The first step in preparing for PSA in the PED is to have 
dedicated staff appropriately trained in airway management, 
monitoring equipments, medications, and a sedation plan 
based on the required procedure. Requirements for safe PS are 
well documented in the guidelines.4-6 In addition to monitoring 
equipment, oxygen, bag-mask system, suction catheters, 
resuscitation medications, laryngoscope with appropriate size 
blades, endotracheal tubes and the other rescue airway devices 
should be readily available in the PSA room.4,5 

The number of personnel required to provide safe PSA is not 
clear.6 However, the minimal requirement is one physician 
skilled in airway management to administer medication and 
one qualified nurse for monitoring.4 The physician responsible 
for sedation should not be responsible for performing the 
procedure.

Pre-sedation Patient Evaluation

A review of the patient allergies, medical and surgical history, 
and family history relevant to anesthesia is important to 
identify contraindication to sedation. Physical examination 
should include a thorough evaluation of the upper airway, 
including degree of mouth opening (Mallampati classification), 

respiratory, cardiovascular, and neurologic systems. The goal 
in evaluating the airway is to identify a potentially difficult 
airway prior to sedation (facial abnormalities, neck masses, 
neck mobility, obesity, etc.). The Mallampati classification 
is a simple scoring system to assess mouth opening and 
visualization of the posterior oropharynx.7 Mallampati class 
3 and 4 predict a potentially difficult airway.8 The ASA 
classifications categorize the health status of candidates into 
one of 5 classes. Patients with ASA class 1 and 2 are generally 
considered appropriate candidates for PSA.4 

Patient’s last oral intake [nil per os (NPO) status] for PS in the 
emergency department (ED) remains controversial. The American 
Academy of Pediatrics and ASA guidelines recommendations for 
elective procedures are: 2 hours for clear liquids, 4 hours after 
breast-feeding, and 6 hours after solid and non-clear fluids.4,5 
However, the association between NPO status and vomiting 
during or following sedation is not well established in the 
pediatric literature. Several observational studies found no clear 
association between adverse events and NPO status.9-12 

Monitoring

Before initiating the PSA, baseline vital parameters 
(temperature, heart rate, respiratory rate, blood pressure, and 
pulse oximetry) should be documented. The minimal monitoring 
recommendation includes close patient observation by a 
trained provider, pulse oximetry, heart rate and intermittent 
assessment of the level of sedation. Monitoring in moderate 
and deep sedation includes continuous monitoring of oxygen 
saturation, heart rate, and intermittent recording of respiratory 
rate and blood pressure. In addition, the Ramsay sedation 
scale can be used to assess sedation level.13 Other non-
invasive monitoring options include the use of capnography to 
detect hypoventilation and Bispectral index (BIS) to measure 
the depth of sedation (Table 1).

Capnography

There are 2 types of hypoventilation. The first one is bradycardic 
hypoventilation commonly observed with opioid use and 
characterized by increased end tidal carbon dioxide (ETCO2) 
and increased partial pressure of carbon dioxide (PaCO2). The 
second is hypopneic hypoventilation occurs most commonly 
with sedative hypnotic drugs and is characterized by a normal 
or decreased ETCO2 and an increased PaCO2. 

Capnography is believed to detect hypoventilation during sedation 
before it becomes apparent by clinical examination or pulse 
oximetry.4,5,14 Several investigators reported early detection of 
hypoventilation in sedated pediatric patients when capnography 
is compared to conventional monitoring with pulse oximetry 
and patient observation.15-19 However, routine capnography use 
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for all patients is not recommended in the 
current guidelines.4,5

The Bispectral Index

The BIS is based on the principle 
that electroencephalography (EEG) 
waveforms change with the level 
of alertness. The index generates  a 
numerical scale of 0-100 by placing two 
electrodes on the frontal-parietal areas. 
The BIS index is used for monitoring 
patients during general anesthesia to 
decrease the anesthetic drug dose 
which lead to a shorter recovery time.20 
However, BIS has limited value in 
children receiving nitrous oxide (N2O) 
and infants younger than 6 months of 
age when sedated with ketamine.21,22

Recent studies found a strong correlation 
between BIS score and modified Ramsay 
sedation scale.23,24 Investigators also 
noted poor association between the 
BIS and depth of sedation in patients 
sedated with ketamine.24,25 

Common Procedural Sedation 
Agents Used for Fracture Reduction 
in Randomized Control Trials in 
Pediatric Emergency Departments

Ketamine: Ketamine is a phencyclidine 
derivative that acts as a dissociative 
sedative through binding of the 
N-methyl-D-aspartate receptor. It 
provides sedation, analgesia and 
amnesia while preserving spontaneous 
breathing and protective airway 
reflexes. Ketamine has rapid onset of 
action and short half-life. Therefore, it 
is the preferred agent for brief painful 
procedures, such as fracture reduction 
due to its rapid onset, relatively short 
duration of action and excellent sedative 
and analgesic properties.26-28

The disadvantages of ketamine include 
vomiting, increased salivation and 
airway secretion, and hallucinations 
during recovery. A rare life-threatening 
complication associated with 
intramuscularly (IM) ketamine is 
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laryngospasm.26-30

Ketamine can be administered either IM or intravenously 
(IV). However, IM ketamine is associated with longer recovery 
time, respiratory adverse effects (especially laryngospasm) 
and vomiting.29-31 

The initial ketamine dose is 1-2 mg/kg administered over 
30 to 60 seconds.27,30,32,33 Chinta et al.34 reported in a 
prospective small trial for fracture reduction that smaller 
ketamine doses (0.7-0.8 mg/kg) with a rapid infusion (5 sec) 
technique achieved effective brief sedation and rapid recovery.

Ketamine is the most popular agent for sedation in PED. 
Most studies combined it with midazolam.35-37 Investigators 
evaluated different combination medications including 
ketamine/midazolam, fentanyl/midazolam and propofol/
midazolam.35-38 Ketamine/midazolam was found to be more 
effective in relieving pain and anxiety compared to fentanyl/
midazolam.35 Favorable reduction in respiratory depression 
was noted with ketamine/midazolam compared to propofol 
midazolam.36 The combination of propofol/fentanyl 
had shorter recovery and total sedation time with more 
desaturation than ketamine/midazolam.36-38 Midazolam 
premedication was associated with an increased frequency of 
oxygen desaturation.39

Ketamine is contraindicated in patients younger than three 
months, and psychosis. History of cardiac disease and 
increased intracranial or intraocular pressure are relative 
contraindication.32 

Propofol: Propofol is a nonopioid, nonbarbiturate sedative 
hypnotic, first reported pediatric use for PSA in the ED was 
described in 1996.40 It is highly lipophilic and extensively 
distributed in tissues. It acts on neuronal lipid membranes 
to potentiate γ-aminobutyric acid effect, producing rapid 
sedation.41,42 

The common adverse effects of propofol are respiratory 
depression, apnea, bradycardia and hypotension.42-49 It can 
also cause pain during administration and injection and the 
recommendation is to use large vein and injecting lidocaine 
prior administration.42

Because of the high lipophilic properties, unintended greater 
depth of sedation can occur. Propofol has several advantages 
over other agents, including rapid onset of action, short 
recovery time and reducing intracranial pressure. Several 
studies have examined the safety profile of propofol in the 
ED.45-48 Because propofol has no analgesic effect, it is often 
combined with an analgesic agent, opioid, which increases 
the potential for respiratory depression.50

The recommended initial IV bolus dose for propofol is 
0.5-1 mg/kg for brief procedures and it can be repeated 
every 3-5 minutes to maintain sedation to a maximum total 

dose 3 mg/kg.43,44 In a prospective observational study, 
Young et al.49 showed that 2 mg/kg initial bolus dose for 
pediatric sedation was well tolerated during a wide range 
of procedures.45 

Two randomized controlled trials evaluated the safety and 
efficacy of propofol for PSA during orthopedic fracture 
reduction in PEDs. In their study, Godambe et al.36 noted a 
higher event rate of respiratory depression in the propofol/
fentanyl group compared to ketamine/midazolam. Havel 
et al.51 found no differences in Ramsay sedation scores 
or complication rates between propofol/morphine and 
midazolam/morphine. However, they did not specifically 
report sedation or pain scores at the time of reduction and 
the study may not have enough power to detect  clinically 
important adverse events.

Propofol formulation contains egg lecithin and soybean oil. For 
that reason, some authors suggest being careful when using 
propofol in children with allergies to these components.52

Ketamine + Propofol (Ketofol): The combination of 
ketamine and propofol, known collectively as ketofol, has 
been used for pediatric fracture reduction for the last ten 
years.53 The combination is believed to decrease the adverse 
effects from using either medication alone. Ketamine’s 
sympathomimetic effect could theoretically decrease 
propofol-associated respiratory depression and hypotension. 
Propofol’s sedative and anti-emetic properties could 
hypothetically counter the ketamine-associated recovery 
agitation and emesis.41,54

No standard dosing regimen has been established; a 1:1 ratio 
provides ease of administration and has been documented in 
several recent articles.

We found one randomized controlled trial that assessed the 
safety and efficacy of ketofol on PSA for orthopedic reduction 
at PEDs. Shah et al.55 compared ketofol 1:1 and ketamine 
alone in 137 children for fracture reduction and found slightly 
faster recovery, fewer episodes of vomiting, and higher 
satisfaction scores in the ketofol group.41

Another study reported shorter recovery time and 3 incidences 
of airway compromise requiring intervention.56 In adult 
randomized controlled clinical trials, ketofol did not provide 
superior sedation or reduce clinically important adverse 
effects when compared to propofol alone.57,58

Etomidate: Etomidate is an ultrashort imidazole-derived 
sedative hypnotic agent with a rapid recovery time. It has rapid 
onset of action, short recovery time, and few side effects. 
Since etomidate reduces intracranial pressure and maintains 
hemodynamic stability, it is a better agent for patients with 
multisystem trauma, hypotension, and increased intracranial 
pressure.26,27 
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The common adverse events with etomidate are respiratory 
depression, vomiting and nonepileptiform myoclonus. The 
recommended IV bolus dose is 0.1 to 0.3 mg/kg. Additional 
dose of 0.05 mg/kg may be given every 5 minutes up to a 
maximum 0.6 mg/kg total dose.26,27,59

Recent literature suggested that etomidate is a safe and 
effective agent for PSA.37,60,61 Liddo et al. reported that 
etomidate was more effective for fracture reductions with 
shorter induction and recovery times compared to midazolam 
and, similar incidence of adverse events in both groups.62

Etomidate inhibits 11-beta hydroxylase enzyme that has an 
important role at adrenal steroid production pathway. It is 
contraindicated in adrenal insufficiency and severe sepsis.26,27

Nitrous Oxide: N2O is a colorless anesthetic gas that 
provides sedation, amnesia and anxiolysis. The typically 
concentrations of N2O used for PSA are 50% to 70%. The 
most common adverse effects of N2O are nausea, vomiting 
and dysphoria.63,64 

Two randomize controlled trials evaluated the effectiveness 
of N2O in comparison to other PSA drugs in orthopedic 
reductions. Evans et al.65 compared 50% N2O to 
intramuscular meperidine and promethazine in 30 children 
for orthopedic fracture reduction (FR) in PED. There was 
no significant difference between pain scores in the two 
groups. However, patients in the N2O had a significantly 
shorter recovery time. Luhmann et al.66 compared 
ketamine/midazolam with 50% N2O and a hematoma 
block (2.3 mg/kg of 1% buffered lidocaine) for PSA during 
fracture reduction of 102 children. In this study, patients 
who received N2O had a shorter recovery time and 
significantly less episodes desaturation events compared to 
the ketamine/midazolam group. Both parents and patients 
reported less pain during procedure with N2O.66,67 A clinical 
survey on 111 pediatric emergency physicians revealed that 
N2O and ketamine were most commonly used in PS for 
FR.68 

The effect of N2O on ventilation is dose-dependent. 
Mechanical failure of the delivery system resulting in 
the delivery of 100% N2O is rarely associated with 
death.63 Equipment must be periodically tested to ensure 
adequate safety. N2O is contraindicated in pneumothorax, 
pneumoensefalon, and bowel perforation due to its 
diffusion effect. Use of N2O pregnancy that increases the 
risk of spontaneous abortion.26,27,63,64 

In Table 2, we presented a summary of the available literature 
on randomize controlled trial for FR in PEDs.

Summary: Sedation and analgesia in the PED is safe 
and effective for common painful procedures such as 
closed fracture reduction. Published guidelines provide 
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an excellent framework for providing safe and effective 
minimal to moderate sedation. When the PED physician 
is planning for sedation, patient safety is a top priority 
to avoid undesirable complications. Patient assessment, 
monitoring, choice of appropriate medication, and physician 
competence in managing potential airway compromise are 
essential. In choosing sedation medication, the physician 
should consider patient’s risk factors, type of procedure, 
required duration to complete procedure, and medication 
side effects.
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