
Procedural sedation is an important tool for the emergency
department physician, especially when faced with a child who
requires a painful procedure. The ability to adequately address
the pain and anxiety of the
child and safely complete the
procedure is rewarding to both
the physician and the family of
the child. The use of procedural
sedation is not without risks,
and the clinician must select
appropriate agents and moni-
toring to safely complete the
procedure. This article reviews
the process of procedural seda-
tion and agents that may be uti-
lized in a variety of common
scenarios.

—The Editor

Introduction
Pain management is an important part of patient treatment in

the ED. Common misperceptions by healthcare professionals are

that children do not experience pain and only have short-term
memory of it. This has led to pediatric patients receiving less
pain medicine than adults for similar conditions.1-4 Selbst and

Clark found that children were
less likely than adults to receive
pain medications in EDs for
similar painful conditions.1 This
misperception has been called
into question with recent
research.5-7 The concern has
been significant enough for the
American College of Emer-
gency Physicians (ACEP) to
issue a clinical policy on pedi-
atric pain management and to
discuss the importance of
addressing pediatric pain in the
preface of the clinical policy.8

Additionally, a rapidly expanding body of literature also discuss-
es the importance of pain management in pediatric patients.9-11

The ideal sedation protocol would allow for rapid induction
and emergence, maintain effective spontaneous ventilation and
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airway control, and have minimal to no side-effects.12 No such
agent has been identified to date. Many different forms of proce-
dural sedation have been tried, with each having its own risks
and benefits.

Originally called “conscious sedation” as published by the
American Academy of Pediatrics back in 1992, the currently
preferred term is procedural sedation. The term procedural seda-
tion replaced conscious sedation to reflect the concept that effec-
tive sedation can alter consciousness. It is a commonly needed
tool in the emergency department, as it allows for diagnostic and
therapeutic procedures to be performed while minimizing and
controlling patient pain and anxiety. It has even more importance
in pediatrics, as children cannot fully understand the medical
interventions that must be performed, and the child’s anxiety can
heighten his or her discomfort.

The goal of procedural sedation is to provide effective seda-
tion so that the child can tolerate the procedure and the clinician
can complete the procedure in a controlled manner that increases
patient safety and minimizes complications.

Sedation of pediatric patients has potential serious associated
risks, such as hypoventilation, apnea, airway obstruction, laryn-
gospasm, and cardiopulmonary impairment. Appropriate drug
selections for the intended procedure as well as the presence of
an individual with the skills needed to rescue a patient from an
adverse response are essential. This is the purview of the emer-

gency medicine practitioner. Appropriate physiologic monitor-
ing and continuous observation by personnel not directly
involved with the procedure allow for accurate and rapid diag-
nosis of complications and initiation of appropriate rescue
interventions.13

The sedation of children is different from the sedation of
adults. Sedation in children frequently is administered to control
behavior that will allow for the safe completion of a procedure.
A child’s developmental and chronological age will determine
the ability to control his or her own behavior to cooperate for a
procedure. Often, children younger than 6 years of age and those
with developmental delay require deep levels of sedation to con-
trol their behavior. Therefore, the need for deep sedation should
be expected.13

The goals of sedation in the pediatric patient for diagnostic
and therapeutic procedures are to guard the patient’s safety and
welfare; minimize physical discomfort and pain; control anxiety,
minimize psychological trauma, and maximize the potential for
amnesia; control behavior and/or movement to allow the safe
completion of the procedure; and return the patient to a state for
safe discharge from medical supervision, as determined by rec-
ognized criteria.13

Indications for Conscious Sedation
The purpose of procedural sedation is to induce a state that

allows the patient to tolerate an unpleasant procedure while
maintaining cardiorespiratory function.13 Sedation may be used
for a variety of reasons in children, including inhibition of respi-
ratory drive, promotion of synchrony with mechanical ventila-
tion, reduction of oxygen consumption, reduction of the stress
response, and performance of a wide variety of procedures.14 The
most common specified pediatric procedures performed in the
ProSCED Registry study included laceration repairs (n = 86,
25%), shoulder relocations (n = 78, 23%), and fracture care of
the upper extremity (n = 56, 16%).15 (See Table 1.)

Physiology of Pain
Acute pain is produced by stimulation significant enough to

possibly cause tissue damage. Its utility is in warning a person of
a potentially serious injury or illness. This encourages the person
to stop the task that initiated the painful stimulus or to seek treat-
ment for the underlying disorder.16

Pain is a process that involves multiple steps: activation of
receptors, pain signal transmission, modification of the pain sig-
nal, and perception of pain. Activation of the ubiquitous nocicep-
tors permits a person to sense the noxious stimulus. These types
of receptors change chemical, mechanical, and thermal stimula-
tion into an electrical impulse. They can be found throughout the
body in places such as the skin, teeth, joints, muscles, perios-
teum, and arterial walls. There are many chemical mediators
involved in the perception of pain including bradykinin, sero-
tonin, histamine, leukotrienes, platelet aggregating factor, acetyl-
choline, substance P, and thromboxanes. 
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There are two types of pain receptors or nociceptors.17 They
are A-delta fibers and C fibers. The A-delta fibers are associated
with thinly myelinated fibers that pass through the contralateral
spinothalamic tract. These neurons pass the neuronal impulse
faster than their counterpart, the C fibers, and provide the sensa-
tion of sharp or burning pain. The C fibers are not myelinated
and therefore are slower than the A-delta fibers. These C fibers
provide impulses relating to dull and aching pain and also pass
through the contralateral spinothalamic tract. Both fibers carry
impulses to the lateral and medial thalamus. From there, the sig-
nal is relayed to the cerebral cortex.

In the central nervous system (CNS) the pain stimulus is
modified by neuromodulators, which can be excitatory or
inhibitory to the pain signal. Some of these modulators include:
opioid (e.g. mu, kappa, delta), serotonin, GABA (gamma-
aminobutyric acid), adenosine, glutamate, and alpha adrenergic.

Goals of Sedation
As discussed previously, the purpose of procedural sedation is

to address the pediatric patient’s pain while allowing an uncom-
fortable procedure to be completed. While analgesics such as
acetaminophen, non-steroidal anti-inflammatory drugs
(NSAIDs), and opiates provide relief from pain, they do not
address the need for sedation. The goals for procedural sedation
include minimizing pain, reducing patient anxiety and fear, and
controlling the patient to allow successful performance of the
needed procedure.

Definitions
Terms commonly associated with procedural sedation include

pain, analgesia, anesthesia, sedation, minimal sedation, moderate
sedation, deep sedation, general anesthesia, and dissociative
sedation.16 Each of these terms should be understood to allow for
clear communication of level of sedation and the effects of each
sedative agent. 

Pain is defined as having both a sensory and emotional com-
ponent. The unpleasant stimulus has the potential to cause tissue
damage and is exacerbated by fear and anxiety. The purpose of
procedural sedation is to control the emotional component while
at the same time allowing for analgesia from the uncomfortable
stimulus.

Analgesia is a reduction in or relief from pain. This reduction
is accomplished without a loss of consciousness.

Anesthesia is usually a drug that is administered to provide
amnesia, reduced level of consciousness, analgesia, and relax-
ation of the body’s musculature without having a detrimental
affect on the patient’s physiologic or cardiorespiratory stability.

Sedation simply reflects a reduction of anxiety, fear, or
excitement through administration of a pharmacologic agent.
Minimal sedation refers to a level of sedation where the patient
responds appropriately to verbal command. Cognitive processing
may be affected while the pulmonary and cardiovascular func-
tions are not. Moderate sedation is a level of sedation in which

the patient responds appropriately to verbal commands or with
the addition of mild stimulus. A patient with moderate sedation
maintains his or her airway and ventilates without any interven-
tion being required. With this level of sedation, cardiopulmonary
function is maintained near baseline. Deep sedation is a level of
sedation in which the patient is not easily aroused but does
respond purposefully with a significantly uncomfortable stimu-
lus. A patient with this level of sedation may require medical
intervention to maintain an airway and ventilation. This patient
also maintains his or her baseline cardiovascular function.1

General anesthesia refers to a patient who is unable to be
aroused with a verbal or painful stimulus. These patients often
need help in maintaining their airway and may require positive
pressure ventilation. Additionally, the patient’s cardiovascular
function may be negatively affected.

Dissociative sedation is a state in which the patient maintains
protective airway reflexes, spontaneous respiratory drive, and
cardiovascular stability. In this level of sedation, the patient is
placed into a trance-like state in which he or she experiences sig-
nificant analgesia and amnesia. 

Pre-procedural Fasting
The issue of fasting is often considered when determining the

risk-benefit ratio for procedural sedation. Traditionally, the rec-
ommendations for both pediatric and adult procedural sedation
have included pre-procedural fasting. This has been based on the
real but rare risk of aspiration. The recent clinical policy on pro-
cedural sedation of pediatric patients from the American College
of Emergency Physicians states that definitive sedation guide-
lines based on sound evidence are lacking because of a paucity
of ED studies about pre-procedural fasting.8 The American Soci-
ety of Anesthesiologists (ASA) published guidelines that were
based on consensus from patients undergoing general
anesthesia.18 Dissociative agents such as ketamine and inhala-
tional agents such as nitrous oxide have a different mechanism of
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DIAGNOSTIC PROCEDURES INCLUDE THE FOLLOWING:

• Lumbar puncture 
• Arthrocentesis 
• Sexual assault examination 
• Radiologic evaluation (CT, MRI)

THERAPEUTIC PROCEDURES INCLUDE THE FOLLOWING:

• Laceration repair 
• Wound care 
• Abscess incision and drainage 
• Fracture reduction 
• Dislocation reduction
• Foreign body removal 
• Burn dressing
• Any painful procedure

Table 1. Potential Indictions for Procedural
Sedation



action and do not blunt the airway reflexes to the same extent as
other sedatives. The sedation practitioner needs to be aware of
the range of sedation from anxiolysis to general anesthesia and
the effect the selected agent chosen will have on protective air-
way mechanisms, but in general, procedural sedation may be
safely administered to patients who have had recent oral intake.

The Joint Commission on Accreditation of Healthcare Orga-
nizations (JCAHO) addresses this issue by mandating that each
facility develop a standardized protocol that is utilized during
procedural sedation. The amount of time a patient must fast
before a procedure is not defined by JCAHO; rather, they expect
each facility to develop its own standards. The vast majority of
literature concerning this subject is from general anesthesia and
its applicability to emergency procedural data is limited.19,20 Of
studies performed using a pediatric emergency department, the
risk of adverse outcomes with limited pre-sedation fasting,
including pulmonary aspiration, was extremely low.21-23 This
suggests that fasting prior to procedural sedation is not mandato-
ry. However, it is a consideration when contemplating the depth
of sedation the physician selects.  

Commonly Used Drugs
Ketamine. Ketamine is a dissociative agent, which induces a

state of catalepsy that provides sedation, analgesia, and amnesia.
The advantages of ketamine include: administration intramuscu-
larly or intravenously, and reliability in production of potent
analgesia, sedation, and amnesia.24

Ketamine does not affect pharyngeal-laryngeal reflexes and,
therefore, allows a patent airway as well as spontaneous respira-
tion to maintain intact; making it particularly useful for emer-
gency procedures when fasting is not assured. The unique disso-
ciative action permits painful procedures to be performed in a
consistent state of sedation. The onset of action for intravenous
(IV) administration is within 1 min, and duration of action lasts
about 5-10 min. If administered intramuscularly (IM), the onset
of action is observed between 3-5 min, and duration of procedur-
al conditions lasts about 20-30 min.

Ketamine acts by inhibiting reuptake of catecholamines and,
therefore, can produce mild to moderate increases in blood
pressure, heart rate, cardiac output, and myocardial oxygen
consumption.25 Administration of ketamine stimulates salivary,
tracheal, and bronchial secretions, causing potential airway
obstruction, laryngospasm, and tracheal aspiration of secre-
tions. Excessive secretions can be prevented effectively with
prior administration of an antisialagogue like atropine or gly-
copyrrolate.25

The most common adverse reactions are nightmares and
unpleasant recovery agitation (mostly in adults up to 30%), eme-
sis (6-7%), laryngospasm (0.4%), and apnea (0.002%).24

The unpleasant hallucinations and dreams that occur during
the recovery period may be reduced with benzodiazepines. They
occur with less frequency in children than in adults. The use of
ketamine and midazolam together has been found to reduce the

incidence of hallucinations as well as provide faster onset of
analgesia and more effective amnesia.26 However, benzodi-
azepines suppress ketamine metabolism through competition for
hepatic-degradation enzymes and may prolong ketamine recov-
ery time.27,28

In a study by Karapinar et al., 4.8% of patients had potentially
serious respiratory complications. All were treated with airway
management.25 In a study by Green et al., studying intramuscular
ketamine, seven subjects demonstrated transient laryngospasm,
apnea, or respiratory depression. None of these children had any
contraindications to ketamine, and all had received concurrent
atropine. None required endotracheal intubation and, in all cases,
the procedure was completed and recovery was uneventful.24

The dosing for ketamine is 1-2 mg/kg intravenously or 2-5
mg/kg (usually 4 mg/kg) for intramuscular use in ED procedural
sedation. (See Table 2.)

Propofol. Propofol (2,6-diisopropylphenol) is an intravenous
hypnotic that is produced in a soy-based emulsion. The emulsion
contains soybean oil, egg lecithin, and glycerol. It has a rapid
onset of action with a loading dose of 2 to 2.5 mg/kg, achieving
unconsciousness within 10-50 seconds of intravenous adminis-
tration. The drug has certain properties that make it attractive for
both anesthesia and sedation: rapid redistribution and elimina-
tion following a single bolus injection, or during and after con-
tinuous infusion; antioxidant and anti-inflammatory properties;
mild bronchodilating capabilities; and action on N-methyl-D-
aspartate and [gamma]-aminobutyric acid type A receptors that
has demonstrated usefulness in the management of refractory
seizures and severe delirium tremens.29,30

Its mechanism of action is poorly understood but is likely
caused by action on the lipid membrane sodium channel func-
tion and potentiation of the stimulatory effect of [gamma]-
aminobutyric acid on coupled chloride channels. It is highly pro-
tein-bound and undergoes rapid distribution into the brain and
other tissues. It is metabolized by the liver by glucuronidation
and sulfation, and then it is excreted in the urine. Its distribution
half-life is between 1 and 8 minutes with metabolic clearance in
30-50 minutes. Children have a more rapid metabolism than
adults, averaging about 9.3 minutes after a single 2.5 mg/kg
intravenous dose.29

Propofol is a hypnotic agent with no analgesic properties.
Propofol has been used on its own or with a pre-sedation dose of
narcotic (fentanyl or morphine) with similar outcomes. Analge-
sia should be administered during painful procedures either dur-
ing or soon after sedation for the procedure.29

Propofol has a rapid onset of action, inducing unconscious-
ness within minutes of intravenous administration. Its advantage
over other agents is that it has a brief duration of action with a
very rapid return to pre-sedation levels. Thus, is it ideal for ED
sedation. Until recently it was used exclusively in the operating
room, but there are now more studies that have demonstrated its
successful use in the ED and outpatient setting (e.g. procedural
sedation units).29 There have been two methods by which propo-
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fol has been administered for sedation. Due to its short half-life,
both methods require an initial bolus followed by either repeated
boluses or a continuous infusion. Guenther, et al. used 1 mg/kg
propofol (with fentanyl 1-2 mcg/kg) followed by a bolus of 0.5
mg/kg every 1-2 minutes, as required. The mean dose was 3.8
mg/kg with a range of 1-15 mg.31 The advantage of this system is
that oversedation is less likely to occur because it is up to the
physician to administer subsequent doses when the patient is felt
to be under-sedated. Vardi, et al. and other studies have used
propofol bolus 2 to 2.5 mg/kg followed by a continuous infusion
of between 0.05 and 0.1 mg/kg/min.32 This has the advantage of
keeping the patient at a steady state of sedation but has an
increased risk of oversedation.29

The onset of action is dependent on the speed of injection.
Slower injection is recommended since rapid injection has been
associated with hypotension and apnea. Injection of propofol
causes pain in a significant number of patients (up to 70%). The
addition of lidocaine 1% (20-40 mg) to propofol does decrease
this incidence, but it is more effective to inject 0.5 mg/kg of lido-
caine into the forearm with a rubber tourniquet applied well
above the injection site approximately 30-120 seconds before
propofol infusion. This prevents pain in approximately 60% of
patients.29

Propofol is similar to all sedative agents in that the depth of
sedation is variable. Propofol is more likely than other sedative
agents to produce general anesthesia at some stage during the
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AGENT DOSAGE ADVANTAGES DISADVANTAGES CONTRAINDICATIONS

Ketamine 1-2 mg/kg IV May be administered  Unpleasant hallucinations Previous hypersensitivity
2-5 mg/kg IM intramuscularly or intravenously Potentially serious Elevated intracranial 

Reliably produces potent analgesia, respiratory complications: pressure
sedation, and amnesia laryngospasm, 

apnea
respiratory depression

Stimulates salivary, tracheal 
and bronchial secretions

Propofol 1 mg/kg bolus Rapid onset of action No analgesic properties Mitochondrial disorder
then 0.5 mg/kg  Rapid redistribution and elimination hypotension Allergy to eggs, sulfites
q 1-2 min. Mild bronchodilating capabilities respiratory instability or soy products

laryngospasm, Previous hypersensitivity
2-2.5 mg/kg bolus bronchospasm

then 0.1 mg/kg/min. regurgitation
aspiration
PRIS in long term use

Nitrous 50% concentration Onset and offset occurrence  Requires special delivery Previous hypersensitivity
Oxide blended with within 5 minutes device Recent full meal

oxygen Does not require IV access Emesis
Nausea

Midazolam 0.2 to 0.6 mg/kg Rapid onset Does not provide an analgesic Previous hypersensitivity
intranasally Anxiolysis effect Pregnancy

Profound anterograde amnesia Disturbances in respiratory Lactation
0.05-0.2 mg/kg IV function Glaucoma

(higher doses in Hypoxemia
6 months to 5 years 
of age)

0.1-0.2 mg/kg IM

Fentanyl 10-20 mcg/kg oral Good analgesic Vomiting Previous hypersensitivity
transmucosal Peak effects 15-30 minutes Facial pruritus Elevated intracranial 

Reversible with naloxone Respiratory depression pressure
1-2 mcg/kg IM Hypotension Severe respiratory disease

or IV

Table 2. Common Sedation Agents



procedure. Barbi, et al. reported on more than 1,000 sedations of
children using propofol and reported that level of sedation down
to general anesthesia occurred in 91% of patients.33 This study
was performed by non-anesthetists and non-ED staff and these
doctors were given an intense training procedure before they
were able to use propofol.29

Propofol can have significant cardiovascular side effects. A
decrease in preload, heart rate, systolic blood pressure, diastolic
blood pressure, mean arterial blood pressure, stroke volume, car-
diac index, left ventricular stroke work index, systemic vascular
resistance, myocardial contractility, myocardial blood flow,
myocardial oxygen consumption, cardiac output, end systolic
pressure-volume relationship, and cardiac arrest with electro-
mechanical dissociation have been described. The cardiorespira-
tory depressant effect of propofol can be minimized by titrating
the dose to produce the desired clinical effect, rather than admin-
istering a fixed dose based on body weight.34

The most common adverse effect of propofol is dosage-
dependent hypotension as a result of direct smooth muscle
vasodilation, blunted sympathetic activity, and reduced tachycar-
dia as a result of diminished baroreceptor response. More than
30% of the children in a study developed hypotension.35 Propo-
fol-induced hypotension seems to be transient and of little physi-
ologic relevance in the relatively healthy child who remains well
perfused with peripheral warmth and excellent capillary refill
during a sedation intervention.35

In the dosages required for deep sedation, propofol can result in
respiratory instability. Oxygen desaturation occurred in almost 5%
and airway obstruction that required an oral airway or nasal trum-
pet occurred in 2% in a study by Vapasiano, et al. Approximately
2.6% of the patients required some form of airway/respiratory
intervention (e.g., oral airway, nasal trumpet, rescue breaths, intu-
bation).35 Oxygen desaturation in sedated patients who receive
oxygen supplementation is a late sign of alveolar hypoventilation.
Propofol also appears to have less nausea and vomiting than other
sedation agents (e.g., ketamine and nitrous oxide). The risk of nau-
sea and vomiting is related both to the agent used (e.g., higher
with nitrous oxide and opioids) and the type of procedure under-
taken (e.g., ophthalmic or ears, nose, and throat surgery).29

Other less common complications during procedural sedation
have been laryngospasm, bronchospasm, regurgitation, and aspi-

ration. Complications associated with long-term infusion propo-
fol administration have included hypertriglyceridemia, pancreati-
tis, green-colored urine (secondary to the production of a pheno-
lic green chromophore), and hemodynamic instability, especially
in the presence of hypovolemia.30

In 1992, case reports described fatalities in children undergo-
ing sedation with propofol that came to be known as the “propo-
fol infusion syndrome” (PRIS). The reports were mainly about
children with upper respiratory tract infections who received
high and escalating doses of propofol. The patients developed
metabolic acidosis, refractory bradycardia (even after high doses
of positive inotropic agents), lipidemia, rhabdomyolysis, fever,
and refractory heart failure.30

The occurrence of PRIS has been associated with long-term
propofol infusions (> 48 hours) at doses higher than 4 mg/kg/h
(60 mcg/kg/min), and in children younger than 4 years of age.
The mechanism for the constellation of metabolic derangements
noted in this disorder has been postulated to be related to a
defect in the mitochondrial respiratory chain that leads to
impaired fatty acid oxidation due to reduced mitochondrial entry
of long-chain fatty acids causing respiratory chain failure. Low
carbohydrate supply may be a contributing factor in PRIS
because energy demand is maintained by lipolysis if carbohy-
drate supply is low and thus results in an accumulation of free
fatty acids. Patients with a mitochondrial disorder and patients
who are allergic to eggs, sulfites, or soy products should not be
considered candidates for sedation with propofol.30

Nitrous Oxide. Nitrous oxide is a dissociative gas that pro-
vides mild to moderate procedural anxiolysis, analgesia, and
amnesia in a linear dose-response pattern. It is typically blended
with oxygen and is recommended as a level A recommendation by
the clinical policy from ACEP at a concentration of 50%.14 Nitrous
oxide has both opioid agonist and N-methyl-D-aspartate (NDMA)
glutamate receptor agonist effects. Most healthy patients have
minimal cardiovascular or respiratory effects. Its advantages
include an onset and offset occurrence within 5 minutes and it
does not require IV access. It does, however, require a special
delivery device for administration, or it can be used through an
anesthetic machine, which already may be present in the ED.29

Adverse effects include emesis, nausea and, to a lesser
extent, dizziness, euphoria, and dysphoria. Babl, et al. found
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Figure 1. Mallampati Scale

Courtesy of Molecular Medicine web site by Daniele Focosi, MD, accessed online at http://immunesig.org.
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that vomiting occurred in 7% of pediatric patients during
nitrous oxide use in the ED.36 The emesis, however, did not
appear to be associated with the length of fasting, type of pro-
cedure, depth of sedation, or length of administration. Since
nitrous oxide is commonly blended with oxygen, hypoxemia
is rare. Diffusion hypoxia with the cessation of nitrous oxide
or “wash out” is a concern. A study by Dunn-Russell, et al. in
1993 found clinically significant difference in oxygen satura-
tion after 30 minutes of 40% nitrous oxygen blended with
oxygen.37

Midazolam. Midazolam is currently one of the most com-
monly used sedative drugs for premedication in children.
Midazolam is a short-acting agent with rapid onset, and is
associated with anxiolytic, sedative, and amnestic properties.
Its mechanism of action is by interacting with γ-aminobutyric
acid (GABA) receptors in the brain.38 It has been attributed
several beneficial effects such as anxiolysis, rapid onset of
sedation, and profound anterograde amnesia. This may not be
of benefit in the anxious patient requiring routine treatment, but
it can be beneficial in those undergoing unpleasant proce-
dures.39 Benzodiazepine sedation does not provide an analgesic
effect and is inadequate to prevent pain induced by more
aggressive procedures.25

The problem with the parenteral use of sedative and analgesic
agents is the disturbances in respiratory function and hypoxemia.
This was observed in 4.8% of patients in one study.25 Other
adverse postoperative behavior changes observed have been hic-
cups and paradoxical reactions.40

Intranasal midazolam has been found to be effective in doses
ranging from 0.2 to 0.6 mg/kg when used for conscious sedation.
This technique has advantages when compared with oral admin-
istration as the bioavailability of intranasally administered mida-
zolam is approximately 55%, compared with 15% when admin-
istered orally. The rate of onset and recovery are more rapid and

patients are not required to actively swallow or hold the bitter
preparation in their mouths.39

Fentanyl. Oral transmucosal fentanyl has been used in adults
and children as a preanesthetic medication, for postoperative
pain, and for cancer pain. More recently it has been used in chil-
dren for sedation and analgesia during painful procedures. Suc-
cess rates for anxiolysis have ranged from 56% to 100% in pub-
lished randomized clinical trials.41 Two studies have examined
the use of oral transmucosal fentanyl for premedication of chil-
dren undergoing laceration repair. In a randomized, unblinded
study involving 30 children, sedation with oral transmucosal fen-
tanyl was found to be adequate in 52% of those receiving 10-15
mcg/kg compared with 60% of those receiving 15-20 mcg/kg.
Vomiting and facial pruritus occurred in 20% and 67% of the
low-dose group, respectively, compared with 47% and 60% of
the high-dose group. One patient (in the low-dose group) experi-
enced oxygen saturation < 95%, which was treated only with
supplemental oxygen. The authors concluded that efficacy at the
2 doses was comparable; but that side effects are higher when
higher doses were used.42

The main complications of oral transmucosal fentanyl include
vomiting and pruritus (mainly facial). Vomiting occurs in
approximately 40% of patients (range: 0%-65%), usually in the
postoperative or postprocedure period, and pruritus occurs in
approximately 60% of patients (range: 3%-81%). Oxygen desat-
uration below 94% has been rare (range: 0%-24%) and never
required more than blow by oxygen or brief stimulation.41

Preparatory Activities to Procedural Sedation
Prior to performing the actual procedural sedation, several

preparatory activities should be performed. These activities
reduce risk to the patient, provide for a more smooth sedation,
and reduce patient anxiety.

First, the patient should have a pre-sedation evaluation. This
encompasses taking a history from the patient or patient’s family,
discussing allergies (including drug allergies), medications used,
previous medical history, previous surgical history, prior hospi-
talizations, prior sedation or general anesthesia, family history,
and last meal or last oral intake.

A physical examination should also be included as part of the
pre-sedation evaluation. This should include examination of the
lungs, heart, neck, mouth, and airway for conditions that would
complicate procedural sedation, intubation, or resuscitation.
Included in this examination should be an estimation of intuba-
tion difficulty. The most commonly referenced scale is the Mal-
lampati scale, which assesses oral access for intubation. (See Fig-
ure 1.) Mallampati Class I is the easiest intubation and allows for
views of the soft palate, uvula, fauces, and pillars. Class II is still
a fairly easy intubation and permits views of the soft palate,
uvula, and fauces. Class III is a moderately difficult airway and
the soft palate and base of the uvula are visible when the patient
opens his or her mouth. Class IV is a very difficult airway and the
hard palate only is visible as the patient opens his or her mouth.
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ASA CLASS DESCRIPTION EXAMPLES

Class I Normal health

Class II Mild systemic disease Mild asthma, controlled 
diabetes

Class III Severe systemic Pneumonia, moderate to 
disease severe asthma, poorly 

controlled diabetes

Class IV Severe systemic Severe CHF  
disease, constant (LVEF < 15%)
threat to life

Class V Critically ill patient Septic shock, severe 
trauma

Table 3. ASA Classification



The physical examination also encompasses patient evalua-
tion according to the ASA classification to determine the overall
health of the patient. (See Table 3.) Class I describes a normal
healthy patient. An example would be a patient with an unre-
markable history. Class II is a patient with mild systemic disease
or no functional limitation. An example would be a patient with
controlled diabetes mellitus, anemia, mild asthma, or controlled
seizures. Class III is defined as a patient with significant or
severe systemic disease causing a functional limitation. Patients
in this ASA classification could have moderate to severe asthma,
moderate obesity, pneumonia, poorly controlled diabetes, or
poorly controlled seizures, for example. An ASA classification
of IV describes a patient with severe systemic disease that is a
constant threat to life. Examples of this classification include
severe sepsis, blood pressure disease, advanced pulmonary,
endocrine, cardiac, renal, or hepatic disease.

The ASA classification is important as part of the initial
assessment, as it generally is recommended that pediatric
patients from ASA class I and class II are acceptable candidates
for mild, moderate, and deep sedation outside of the operating
room.1 Children who are ASA class III, IV, or V, who have
abnormal airways, or who have special needs are not ideal candi-
dates for procedural sedation in the emergency department. If
possible, the procedure should be deferred.

Procedural sedation also should be avoided or deferred with
patients who are hemodynamically unstable or who are compro-
mised in their respiratory status. These patients should be stabi-
lized first, prior to procedural sedation or preferably sent to the
operating room for the sedation.

Second, once the determination has been made to perform
procedural sedation, appropriate monitoring should occur. This
allows for continuous observation of the patient’s cardiopul-
monary status. The hemoglobin oxygen saturation can be moni-
tored with pulse oximetry. This non-invasive tool measures
absorption of infrared light to provide information on the
patient’s hemoglobin oxygen saturation. It renders accurate
measures of arterial oxygen greater than 70-80%.43-45

Capnography is a tool available to monitor end tidal carbon
dioxide. It has been observed that end tidal carbon dioxide
increases with deeper sedation, which may occur if the sedation
produces hypoventilation.46-49 Its utility has been in providing
objective measures demonstrating subclinical respiratory depres-
sion and/or obstruction of the airway.

Third, personnel should be present who are familiar with pro-
cedural sedation and are also comfortable with resuscitations. A
physician should be one of the people on the team who under-
stands the pharmacokinetics and mechanism of action of the pro-
cedural sedation drugs. This same individual should be capable
of rendering emergency airway management if the sedation is
deeper than anticipated or complications occur. Additionally, the
physician can assist with management of any adverse reaction to
any of the medications used.

Last, resuscitation equipment should be made ready and func-
tionality tested prior to procedural sedation being initiated.
Equipment that should be considered includes: suction, bag-
valve-mask, oxygen, advanced airway equipment, and advanced
airway drugs. This equipment should be kept ready and available
until the procedural sedation has been completed. (See Table 4.)

Reversal agent availability at the bedside should be consid-
ered until the patient is discharged. Naloxone (0.005-0.01
mg/kg/dose every 2-3 minutes) is able to reverse sedation and
respiratory depression due to opiate medication effects.
Flumazenil (0.01 mg/kg every 2-3 minutes with max total dose
of 1 mg) is able to reverse the sedation and respiratory depres-
sion secondary to benzodiazepine usage during procedural seda-
tion. (See Table 5.)

Post-procedural Sedation Activities
After the procedural sedation has been completed, the

patient should continue to be monitored as there may be an
increase in sedation once the uncomfortable stimulus of the
procedure is removed. Cessation of monitoring may occur once
the patient has returned to his or her baseline status. Character-
istics evaluated for return to baseline may include: cardiovascu-
lar function, pulmonary function (especially airway mainte-
nance), arousability, hydration, and speech. Some have sug-
gested that discharge after 30 minutes may be acceptable, but
patient characteristics are far more important than a set or
delineated time.50 (See Table 6.)

Discharge instructions to the patient and family should
include information that sedation can be prolonged. The patient
and family should be made aware that coordination may be
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EQUIPMENT

Suction: Appropriate sized suction catheters and suction 
apparatus

Airway:
• Oxygen
• Bag valve mask
• Oropharyngeal and nasopharyngeal airways
• Laryngoscope with appropriately sized blades
• Endotracheal tubes, stylets
• Laryngeal mask airway
• Cricothyroidotomy kit

Monitors:
• ECG monitor
• Pulse oximeter
• End tidal CO2 monitor
• Defibrillator with pads

Pharmacy:
• Normal saline
• ACLS drugs
• RSI agents
• Reversal agents
• Antiemetic agents

Table 4. Procedural Sedation Resources



affected for some time after the procedure and that the patient
may experience agitation and gastrointestinal affects for some
time after the procedure.

Conclusion
In summary, pediatric pain and anxiety needs are often not

addressed appropriately in the emergency department. When a
painful procedure is needed to correct an ailment, procedural
sedation can be utilized to help reduce patient pain and anxiety.
The agent to be used should be determined by the type of proce-
dure being performed, underlying patient co-morbidities, staff
familiarity, onset of action, duration of action, and risk of com-
plications. Common activities for procedural sedation include:
obtaining a patient history and performing a physical examina-
tion, identification of the ASA classification, appropriate selec-
tion of drug, placement of monitors, preparation of resuscitation
equipment and drugs (including reversal agents), completion of
the procedure, post-procedural monitoring, and discharge with
appropriate instructions to the family. The patient may be safely
discharged home once baseline function and mental status are
achieved. When performed in a pre-planned fashion, the risks
associated with procedural sedation can be reduced while main-
taining patient comfort and minimizing patient anxiety.  
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Physician CME Questions

111. Pediatric pain and anxiety are usually well addressed in the 

emergency department.

A. True

B. False

112. Sedation of pediatric patients includes all of the following risks

except:

A. apnea.

B. airway obstruction.

C. laryngeal spasm.

D. sepsis.

E. hypoventilation.

113. The goals of pediatric sedation include all of the following except:

A. Guard the patient’s safety and welfare.

B. Control anxiety, minimize psychological trauma, and maximize

the potential for amnesia.

C. Uncontrolled patient movement.

D. Minimize physical discomfort and pain.

E. Return the patient to a state for safe discharge from medical

supervision.

114. Which of the following are pain receptors?

A. A-delta

B. Opioid

C. Serotonin

D. GABA

E. Adenosine

115. The recent ACEP clinical guidelines clearly show that oral intake is a

contraindication to procedural sedation.

A. True

B. False

116. Patients in which ASA class are candidates for procedural sedation in

the ED?

A. V 

B. IV, V
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implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.
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C. III, IV

D. II, III

E. I, II

117. After procedural sedation, patients may be discharged once they have

returned to their baseline.

A. True

B. False

118. All of the following pieces of equipment should be at the bedside

during procedural sedation except:

A. suction.

B. bag-valve-mask.

C. Foley catheter.

D. advanced airway equipment.

E. oxygen.

119. The advantages of ketamine include all of the following except:

A. both IM and IV routes of administration.

B. analgesia.

C. sedation.

D. amnesia.

E. no risk of apnea.

120. Which of the following is not a potential effect of propofol?

A. Amnesia

B. Analgesia

C. Hypotension

D. Apnea

E. Green-colored urine

CME Answer Key
111. B
112. D
113. C
114. A
115. B
116. E
117. A
118. C
119. E
120. B
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Learn:
• The frequency and mechanisms of injury commonly associat-
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• Strategies to implement the return-to-play guidelines into clini-
cal practice.
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Pediatric
Procedural
Sedation

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Potential Indications for Procedural 
Sedation

Common Sedation Agents

DIAGNOSTIC PROCEDURES INCLUDE THE FOLLOWING:

• Lumbar puncture 
• Arthrocentesis 
• Sexual assault examination 
• Radiologic evaluation (CT, MRI)

THERAPEUTIC PROCEDURES INCLUDE THE FOLLOWING:

• Laceration repair 
• Wound care 
• Abscess incision and drainage 
• Fracture reduction 
• Dislocation reduction
• Foreign body removal 
• Burn dressing
• Any painful procedure

AGENT DOSAGE ADVANTAGES DISADVANTAGES CONTRAINDICATIONS

Ketamine 1-2 mg/kg IV May be administered  Unpleasant hallucinations Previous hypersensitivity
2-5 mg/kg IM intramuscularly or intravenously Potentially serious Elevated intracranial 

Reliably produces potent analgesia, respiratory complications: pressure
sedation, and amnesia laryngospasm, 

apnea
respiratory depression

Stimulates salivary, tracheal 
and bronchial secretions

Propofol 1 mg/kg bolus Rapid onset of action No analgesic properties Mitochondrial disorder
then 0.5 mg/kg  Rapid redistribution and elimination hypotension Allergy to eggs, sulfites
q 1-2 min. Mild bronchodilating capabilities respiratory instability or soy products

laryngospasm, Previous hypersensitivity
2-2.5 mg/kg bolus bronchospasm

then 0.1 mg/kg/min. regurgitation
aspiration
PRIS in long term use

Nitrous 50% concentration Onset and offset occurrence  Requires special delivery Previous hypersensitivity
Oxide blended with within 5 minutes device Recent full meal

oxygen Does not require IV access Emesis
Nausea

Midazolam 0.2 to 0.6 mg/kg Rapid onset Does not provide an analgesic Previous hypersensitivity
intranasally Anxiolysis effect Pregnancy

Profound anterograde amnesia Disturbances in respiratory Lactation
0.05-0.2 mg/kg IV function Glaucoma

(higher doses in Hypoxemia
6 months to 5 years 
of age)

0.1-0.2 mg/kg IM

Fentanyl 10-20 mcg/kg oral Good analgesic Vomiting Previous hypersensitivity
transmucosal Peak effects 15-30 minutes Facial pruritus Elevated intracranial 

Reversible with naloxone Respiratory depression pressure
1-2 mcg/kg IM Hypotension Severe respiratory disease

or IV

ASA Classification

ASA CLASS DESCRIPTION EXAMPLES

Class I Normal health

Class II Mild systemic disease Mild asthma, controlled 
diabetes

Class III Severe systemic Pneumonia, moderate to 
disease severe asthma, poorly 

controlled diabetes

Class IV Severe systemic Severe CHF  
disease, constant (LVEF < 15%)
threat to life

Class V Critically ill patient Septic shock, severe 
trauma
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Mallampati Scale

Courtesy of Molecular Medicine web site by Daniele Focosi, MD, accessed online at http://immunesig.org.

I II III IV

Commonly Used Reversal Agents

Procedural Sedation Resources Discharge Criteria

REVERSAL AGENT INDICATION PEDIATRIC DOSE

Naloxone Reverses opioid agonists 0.005-0.01 mg/kg IV/IM; may repeat q 2-3min prn

Opiate intoxication: 0.01-0.1 mg/kg dose IV/IM; may repeat 
every min; not to exceed 2 mg/dose

Flumazenil (Mazicon) Reverses benzodiazepines 0.01 mg/kg/dose IV infused over 15 sec; not to exceed 
0.2 mg/dose; may repeat every min; not to exceed total 
cumulative dose of 0.05 mg/kg or 1 mg (whichever is lower)

EQUIPMENT

Suction: Appropriate sized suction catheters and suction 
apparatus

Airway:
• Oxygen
• Bag valve mask
• Oropharyngeal and nasopharyngeal airways
• Laryngoscope with appropriately sized blades
• Endotracheal tubes, stylets
• Laryngeal mask airway
• Cricothyroidotomy kit

Monitors:
• ECG monitor
• Pulse oximeter
• End tidal CO2 monitor
• Defibrillator with pads

Pharmacy:
• Normal saline
• ACLS drugs
• RSI agents
• Reversal agents
• Antiemetic agents

• The child has a stable airway and normal cardiovascular 
function.

• The child’s neurologic status has returned to baseline, with 
protective reflexes intact and easy arousability.

• The child is able to drink.
• The child’s ability to communicate has returned to baseline.
• The child’s ability to ambulate has returned to baseline.


