
ABSTRACT
Objective: To assess the safety of pediatric procedural sedation performed by emergency physi-
cians working within a structured sedation protocol.
Methods: A retrospective review of all children undergoing emergency department (ED) proce-
dural sedation during a 2-year period after the institution of a structured sedation protocol.
Results: 167 children underwent procedural sedation, primarily for orthopedic manipulation,
wound management and foreign body removal. Of these, 82% received ketamine, 17% received
fentanyl and midazolam and 1% received midazolam alone. Sedation was adequate in all but 6
patients, who required supplemental ketamine for orthopedic manipulation. Vomiting after arousal
occurred in 17 children (10%), but no episodes of clinical aspiration occurred. One child became
agitated during recovery and another experienced a transient visual hallucination. There were no
cases of laryngospasm, apnea or cardiorespiratory compromise, and no mortality or significant
morbidity occurred.
Conclusion: Emergency physicians using a structured sedation protocol can safely perform ED
pediatric procedural sedation. Where intravenous access is not already present, intramuscular ket-
amine, administered in the doses described, is a safe and effective agent for pediatric sedation.

RÉSUMÉ ANALYTIQUE
Objectif : Évaluer la sécurité de la sédation avant une intervention douloureuse chez l’enfant par
un urgentologue respectant un protocole de sédation structuré.
Méthodes : Revue rétrospective des dossiers de tous les enfants ayant été soumis à une sédation
avant une intervention douloureuse à l’urgence au cours d’une période de 2 ans suivant l’établisse-
ment d’un protocole de sédation structuré.
Résultats : Cent soixante-sept enfants subirent une sédation avant une intervention, principalement
pour une manipulation orthopédique, le traitement d’une blessure et l’excision d’un corps étranger.
Parmi ceux-ci, 82 % reçurent de la kétamine, 17 % reçurent du fentanyl ainsi que du midazolam et
1 % reçurent du midazolam seul. La sédation était adéquate chez tous les patients, sauf chez six
d’entre eux qui durent recevoir une dose supplémentaire de kétamine pour une manipulation
orthopédique. Dix-sept enfants (10 %) furent victimes de vomissements après leur réveil, mais il n’y
eut aucun épisode d’aspiration clinique. Un enfant devint agité pendant la récupération et un autre
fut en proie à des hallucinations visuelles transitoires. Il n’y eut aucun cas de laryngospasme, d’apnée
ni de détresse cardiorespiratoire. Il n’y eut aucun décès ni morbidité importante.
Conclusions : Les urgentologues qui suivent un protocole de sédation structuré peuvent effectuer
la sédation avant une intervention douloureuse chez l’enfant à l’urgence en toute sécurité. En
l’absence d’un accès intraveineux, la kétamine intramusculaire, administrée aux doses recom-
mandées, est un agent sécuritaire et efficace pour effectuer la sédation chez l’enfant.
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Introduction

Procedural sedation of adults for brief painful procedures is
commonly performed in North American emergency
departments (ED). US centres have published extensive
data documenting effectiveness, safety and a low incidence
of easily-managed complications during pediatric seda-
tion.1-10 In Canada, however, pediatric procedural sedation
by non-anesthesiologists is controversial and poorly
described in the literature. 

Given the apparent safety of this procedure, as docu-
mented in several large studies, a pediatric procedural seda-
tion protocol was devised and implemented at the Surrey
Memorial Hospital (SMH). To evaluate the safety of this
protocol, we collected data prospectively for 2 years, then
reviewed our experience with 167 children. 

Methods

Design
A retrospective review of prospectively gathered sedation
data. 

Setting
A suburban community hospital ED with an annual census
of 78,000 patients, including 26,000 under the age of 17.

Subjects
Patients from 6 months to 16 years were eligible for the pro-
cedural sedation protocol if they underwent brief sedation for
a painful procedure between Jan. 1, 1996, and Dec. 31, 1997,
and if they were considered ASA class I as defined in the
American Society of Anesthesiologists physical status classi-
fication. Patients were excluded if they had poor airway
anatomy that would preclude active airway management. 

Interventions
Eligible patients and caregivers were advised about the nature
of the procedure, the side effects of medications and the likeli-
hood of complications. Baseline demographic and clinical
data were recorded, and verbal informed consent was obtained.
No attempt was made to influence the clinicians’ choice of
sedating agents; however, when ketamine was selected, physi-
cians were required to complete a specific ketamine eligibili-
ty form. Figure 1 summarizes the SMH sedation protocol.
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Figure 1. Procedural Sedation Protocol

• Contraindications to procedural sedation are identified. 
• The attending physician explains to patient and caregivers the need for the procedure, the effects of

medications being used, and the associated risks. Verbal consent is obtained.
• The patient is placed on NPO status. The ED nurse documents a presedation assessment on the sedation

record (Fig. 2).
• The patient is connected to an ECG monitor, oxygen saturation monitor and automated blood pres-

sure monitor. Oxygen is applied by mask or nasal cannula.
• The resuscitation cart is brought to the bedside. Oral airway, bag-valve-mask, suction, and reversal

drugs are made immediately available. 
• The respiratory technologist, nurse and attending ED physician remain at the bedside. 
• Medications are administered. The choice of agent and route of administration is at the discretion of

the attending physician. 
• Vital signs are recorded every 5 minutes during the procedure and for 15 minutes after. Vital signs are then

recorded every 15 minutes until discharge criteria are met. One-to-one nursing care is maintained during
the monitoring period.

• Readiness for discharge is assessed according to the discharge criteria key (Fig. 2). Patients must achieve
a score of 7 prior to discharge.

• The entire procedure is documented on the procedural sedation record.
• Written and verbal after-care instructions* are given to the patient’s caregiver prior to discharge.
• If the agent chosen is ketamine, the ED physician must complete a specific ketamine eligibility form to

assure appropriate use.

*Available from the authors on request.
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Using specific procedural sedation data forms (Fig. 2), ded-
icated bedside nurses documented (in real-time) the procedure
performed, medication dose and route, ongoing vital signs,
level of consciousness, discharge criteria, critical times, and
adverse events. A copy of each sedation record was reviewed
by the authors within a few days to assure protocol compli-
ance, safety and full data collection. Telephone follow-up was
attempted in all cases to identify late adverse effects and deter-
mine parental satisfaction with the procedure.

Data analysis
Descriptive statistics were presented for patient demo-
graphics, procedures performed, medication, dose and
route used, adverse reactions, time
of emergency presentation and dura-
tion of ED stay. 

Results

During the 2-year period, 167 children
underwent procedural sedation,
including 103 males (62%) and 64
females (38%). All charts were avail-
able for review and none were exclud-
ed from analysis. Table 1 shows that
patients ranged in age from 8 months
to 16 years and that most (71%) were
less than 4 years old. Overall, 22
patients (13%) presented between
0700 and 1500 h, 137 (82%) between
1500 and 0200 h, and 8 (5%) between
0200 and 0700 h.  

Table 2 shows that orthopedic
manipulation and wound repair were
the most common indications for
sedation. In children less than 12
months old, indications included
sedation for CT scan, ophthalmolog-
ic exam, laceration repair, orthope-
dic manipulation and dorsal slit pro-
cedure for paraphimosis.

Table 3 shows that 133 (79%) of 167 children received
intramuscular (IM) ketamine. When vascular access had been
obtained for other reasons, the combination of intravenous
(IV) fentanyl and midazolam was most often administered
(28 cases). IV ketamine was administered in only 5 cases.  

Sedation was adequate in all but 6 children, who required
supplemental IM ketamine (1–3 mg/kg) for orthopedic
manipulation. The mean time interval from drug adminis-
tration to discharge eligibility was 65.2 minutes.

Of 138 patients who received ketamine, 50 (36%) devel-
oped nausea on arousal and 17 (12%) vomited. Most par-
ents observed transient gait unsteadiness during the recov-
ery period, lasting 1–2 hours. No episodes of laryngospasm
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Fig. 2. Surrey Memorial Hospital procedural sedation record.

8 to 12 yr 11

12 to 16 yr 6

Total 167

Age range n

6 mo to 1 yr 27

100

4

7

1 to 4 yr 92
18
55

4 to 8 yr 31

16

%

Table 1. Age distribution



or cardiorespiratory compromise were recorded, and no
mortality or significant morbidity occurred. One 3-year-old
female developed intractable screaming after receiving 2
mg/kg IM ketamine for an elbow reduction, and one 4-year-
old male experienced a visual hallucination within 24 h of
receiving 5 mg/kg IM ketamine. The child told his parents
he saw “Barney” (a purple dinosaur, popular child’s cartoon
character) coming out of the wall. He was not distressed by
the hallucination and his parents were amused. The halluci-
nation seemed to resolve within 1 minute. 

Only 90 parents (54%) could be reached for telephone
follow-up. All expressed satisfaction with the procedure
and indicated they would choose a similar technique if their
child required a painful procedure in the future.

Discussion

Several authors have documented their experience with
pediatric procedural sedation;11-20 however, this is the first
published report describing the safety and effectiveness of
pediatric sedation performed by emergency physicians in a
Canadian ED. 

In this study, males outnumbered females by a ratio of 1.6
to 1, and 119 of 167 children (71%) were under 4 years old.
This is an age group in which vascular access is often diffi-
cult and  painful — a stress to patient and family. In the cur-
rent study, because of the availability of IM ketamine, 133
patients (79.6%) underwent sedation without intravenous
access. Our experience reflects that of other authors17,21 and
suggests that an IV line is not necessary in otherwise
healthy children undergoing ketamine procedural sedation.  

If IV access is not available, physicians may administer
oral, nasal or rectal agents; however, IM ketamine offers
several advantages over these, including potent analgesia,
amnesia and sedation, rapid onset, and preservation of ven-
tilatory drive and airway protective reflexes. Most patients in
this series received 4 mg/kg of IM ketamine (range 2–5
mg/kg). Sedation was adequate in 123 (95%) of 129 patients
after a single IM injection, but 6 patients — all undergoing
orthopedic manipulation — required supplemental doses of
1 to 3 mg/kg. Green and coworkers17 documented similar
effectiveness, achieving adequate sedation in 398 of 431
patients after a single IM injection. Although some authors
suggest that ketamine should be co-administered with ben-
zodiazepines (to limit emergence agitation) or antisialo-
gogues (to reduce salivation), our usual practice is to admin-
ister it without adjunctive medications. In this series, only 2
patients were co-administered atropine and 2 midazolam.

When IV access was available, our ED physicians tended
to use a midazolam–fentanyl combination, titrated to effect.
This combination provides potent sedation, analgesia and
amnesia, and dual administration permits lower doses of
each medication. Fentanyl and midazolam doses used in
this study (Table 3) compare favourably with other pub-
lished reports.7,11,15,22

The current controversy around procedural sedation focus-
es on safety and on whether or not emergency physicians are
inducing general anesthesia in the ED. Commonly used
agents like midazolam and fentanyl cause dose-related sup-
pression of airway protective reflexes and ventilatory drive;
therefore (particularly in cases requiring deeper sedation),
they may provoke airway compromise, hypoventilation and
hypotension. Clinicians employing these agents should be
comfortable with airway management and familiar with the
pertinent reversal agents, flumazenil and naloxone. 

Ip and Saincher

18 CJEM • JCMU January • janvier 2000; 2 (1)

Splinting of lower limb 5

Foreign body removal

Joint reduction 35

Wound repair
Hand 29
Face

Procedure

17

Orthopedic

46

Reduction, upper limb fracture 36
Reduction, lower limb fracture 5

81

n

23
Nares 10
Ear 7
Eye 2
Pharynx 1

Table 2. Indications for procedural sedation

Hand 2
Foot 1

Miscellaneous 17
Dorsal slit of the penis 5  
Ophthalmologic examination 4  
Sedation for CT scan 3  
Dental (splinting/extraction) 2
TMJ reduction 1
Fecal disimpaction 1  
Rectal prolapse reduction 1  

Total 167

(27.5%)

(48.5%)

(13.8%)

(10.2%)

Ketamine/atropine IM/IM
Ketamine/midazolam IM/PO
Midazolam IV

*Fentanyl dose is in mcg/kg

Medication Route

Ketamine IM

0.05–0.1
2.0–5.0 / 0.5
2.0–5.0 / 0.01

Midazolam/fentanyl IV/IV
0.5–1.0

0.05–0.1 / 2.0–5.0*
Ketamine IV

2.0–5.0

Dose (mg/kg)*

1
2
2

(1)

5
28

129

n

(1)

Table 3. Medications administered

(1)
(3)

(17)
(77)

(%)
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In contrast, ketamine induces thalamoneocortical and
limbic dissociation. In the low doses used in the ED, keta-
mine induces dissociative sedation, a state that falls short of
general anesthesia because airway protective reflexes are
preserved, ventilatory response to carbon dioxide is main-
tained,23 respirations are generally adequate and the eyes
often remain open. Ketamine can, however, cause adverse
effects, including hypersalivation, laryngospasm and apnea.

In a series of 1022 children who received IM ketamine,
Green and coworkers17 reported 4 episodes of laryngospasm
and 2 cases of transient apnea. Other authors have also report-
ed rare episodes of laryngospasm and transient apnea, which
may require suction or brief periods of assisted ventila-
tion.17,19,24 In the current study, there were no episodes of
apnea, hypotension or oxygen desaturation below 92%. Nor
were there episodes of laryngospasm, despite the fact that we
rarely administer antisialogogues. Nevertheless, these issues
remain a concern. Our sedation protocol prohibits ketamine
use during procedures involving pharyngeal stimulation, and
in patients receiving ketamine we avoid mechanical irritation
of the laryngopharynx and discourage deep or aggressive suc-
tioning. Further, we routinely place patients in the recovery
position to allow gravity-assisted drainage of oral secretions.  

While there was no mortality or significant morbidity in
this study, many ketamine recipients experienced nausea
and 12% of these children vomited. Vomiting occurred dur-
ing the arousal phase and was easily treated with antiemet-
ics. There were no episodes of clinical aspiration and all
patients were discharged from the ED in satisfactory condi-
tion. Transient ataxia was also common during the recovery
phase, but resolved quickly. One patient became agitated
during emergence and another experienced a brief visual
hallucination. Parents regarded these as minor events and,
of those contacted for follow-up, all expressed a high
degree of satisfaction with procedural sedation.

In this study, 82% of patients presented between 1500
and 0200 h, a time when our operating rooms (OR) do pri-
marily emergency cases and when lower priority cases like
orthopedic manipulation and wound repair have poor OR
access. If our patients were unable to have their procedures
performed under ED sedation, most would encounter sub-
stantial treatment delays and endure prolonged pain, and
many would be hospitalized for a day or more to accom-
modate their OR procedure. The ability to perform such
procedures using ED procedural sedation therefore shortens
time-to-treatment, limits unnecessary admissions, and
reduces hospital, OR and anesthesiology costs. Apart from
any potential cost savings, shorter treatment times limit
inconvenience and fatigue for patients and caregivers, and
reduce the need for caregivers to lose time from work.

Limitations 

This study is large enough to demonstrate the effectiveness
of ED pediatric sedation; however, because adverse out-
comes after procedural sedation are exceedingly rare
events, we cannot conclude that our sedation protocol has
reduced the incidence of adverse outcomes; nor can we
conclude that the likelihood of such events is zero. 

Unfortunately, we achieved follow-up in only 54% of
cases. It is, therefore, conceivable, that we may have
missed adverse symptoms or events that developed after
ED discharge. 

While we believe that ED procedural sedation shortens
time-to-treatment and reduces both hospital- and patient-
borne costs, we did not perform a formal cost-effectiveness
analysis to demonstrate these benefits. 

Conclusions

Emergency physicians using a structured sedation protocol
can safely perform ED pediatric procedural sedation.
Where intravenous access is not already present, intramus-
cular ketamine, administered in the doses described, is a
safe and effective agent. Minor adverse effects do occur but
are easily manageable. Mortality and significant morbidity
are extremely unlikely; however, advanced airway manage-
ment skills are strongly recommended for physicians per-
forming pediatric procedural sedation. 
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