
SCIENTIFIC REPORT
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Population Prior to Undergoing Multiple Dental
Extractions Under General Anesthesia: A
Prospective, Double-Blind, Randomized Comparison
J. A. Roelofse, PhD,* E. A. Shipton, FFA, FRCA, FANZCA, FFPMANZCA, D Med,t
C. J. de la Harpe, BChD, BSc,$ and R. J. Blignaut, PhD§
*Department of Anesthesiology, Faculty of Dentistry, University of Stellenbosch, tDepartment of Anesthesiology, Christchurch School
of Medicine, University of Otago, and §Department of Statistics, University of the Western Cape

This article details a double-blind, randomized study evaluating the efficacy and safe-
ty of intranasal sufentanil and intranasal midazolam (S/M) when compared with
intranasal ketamine and intranasal midazolam (K/M) for sedation and analgesia in
pediatric patients undergoing dental surgery. Fifty healthy ASA status 1 children
aged 5-7 years, weighing 15-20 kg, and having 6 or more teeth extracted, were
randomly allocated to 2 groups of 25 patients each (n = 50). In the S/M group,
25 children received intranasal sufentanil 20 pxg, and intranasal midazolam 0.3 mg/
kg 20 minutes before the induction of anesthesia. In the K/M group, 25 children
received intranasal ketamine 5 mg/kg and intranasal midazolam 0.3 mg/kg 20
minutes before the induction of anesthesia. Sevoflurane in nitrous oxide and oxygen
was used for induction and maintenance of anesthesia. This study demonstrated the
safety and efficacy of both methods with ease of administration, combined with a
rapid onset of action. Both groups were equally sedated. A smooth mask induction
of anesthesia was experienced in the majority of children. Effective postoperative
analgesia for multiple dental extractions was provided. The intranasal administration
of drugs for sedation and analgesia has some promising features in preschool chil-
dren undergoing multiple dental extractions.
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n increasing number of children are undergoing
day-case surgery. Children from 3 to 5 years of

age may experience significant emotional upset as a re-
sult of hospitalization, fear of separation from parents,
and unfamiliar surroundings. Children in this age group
may not be fully aware of the necessity of their surgical
procedure. They are fearful of injections and cannot be
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easily reassured with an explanation. The primary clin-
ical need in the pediatric population is for a well-toler-
ated, effective, and expedient analgesic agent that is
safe to use. The intranasal administration of opioids
may be an alternative route to intravenous, subcutane-
ous, oral transmucosal, oral, or rectal administration in
some patients. Intranasal administration of lipophilic
opioids has been shown to be an effective method of
administration that is devoid of major side effects.1

Sufentanil is a potent mu opioid agonist used as a
perioperative analgesic. Sufentanil is 5-10 times more
potent and 2 times more lipophilic than fentanyl, with
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rapid absorption from the nasal mucosa.2 In a recent
double-blind, randomized, controlled study evaluating in-
tranasally administered fentanyl for postoperative anal-
gesia in pediatric patients, satisfactory analgesia was
achieved and adverse effects were within an acceptable
range.3 Intranasal sufentanil (1.5-3.0 pg/kg) facilitates
separation of children from parents and can provide
postoperative analgesia.4
Midazolam is a benzodiazepine that is widely used as

a sedative in conscious sedation or monitored anesthetic
care. Rapid uptake and high bioavailability of intranasal
midazolam has been demonstrated in healthy volun-
teers.5 Both intranasal midazolam and sufentanil provide
rapid, safe, and effective sedation in small children be-
fore anesthesia.6 Ketamine is a phencyclidine anesthetic
agent that provides analgesic activity at subanesthetic
doses.7 It is an N-methyl-D-aspartate receptor antagonist
with opioid-receptor activity. Controlled studies and
case reports on ketamine demonstrate efficacy in neu-
ropathic and nociceptive pain.7 Premedication with in-
tranasal administration of S+ ketamine (1-2 mg/kg)
and midazolam (0.2 mg/kg) provides good conditions
for induction of anesthesia in preschool children with
adverse effects within an acceptable range.8
There has, however, been no direct comparison of

the combination of intranasal sufentanil/midazolam and
ketamine/midazolam to determine which combination
is preferable for sedation and perioperative analgesia in
preschool children. The aim of this prospective, ran-
domized, double-blind study is to evaluate the efficacy
and safety of preoperative sedation and postoperative
pain relief with intranasal sufentanil/midazolam when
compared with intranasal ketamine/midazolam in chil-
dren undergoing dental extractions under general an-
esthesia.

METHODS

The University Ethics Committee approved the study,
and the parents signed written consent forms. Fifty
healthy ASA status 1 children, free of any nasopharyn-
geal or respiratory problems, aged 5-7 years, weighing
15-20 kg, and having 6 or more teeth extracted, were
eligible for participation in the study. Exclusion criteria
were as follows: the use of analgesics or central nervous
system depressants over the previous 24 hours; the use
of anticoagulants; hypersensitivity to opioids, benzodi-
azepines, and ketamine, or any other medication likely
to interfere with the study drugs. At a presurgery visit,
patients were evaluated for inclusion, and baseline as-
sessments (including a medical history) were performed.
Patients were randomly allocated before surgery accord-
ing to a computer-generated randomization list to 1 of

2 treatment groups. Children were fasted for 8 hours
beforehand with only sips of clear fluid allowed 3-4
hours preinduction. In the S/M group, 25 children re-
ceived intranasal sufentanil 20 ,ug (50 pg/mL, via Go
MedicalR nasal spray) and intranasal midazolam 0.3 mg/
kg (5 mg/mL, via a tuberculin syringe in the other nos-
tril) 20 minutes before the induction of anesthesia. In
the K/M group, 25 children received intranasal keta-
mine 5 mg/kg (100 mg/mL, via Go Medical nasal
spray) and intranasal midazolam 0.3 mg/kg (via a tu-
berculin syringe in the other nostril) 20 minutes before
the induction of anesthesia. Sevoflurane in nitrous oxide
and oxygen was used for induction and maintenance of
anesthesia. The children were all intubated and a throat
pack inserted to protect the airway. The children were
allowed to breathe spontaneously. They underwent den-
tal extractions. No local anesthesia was used. A blinded
observer/researcher monitored parameters. The blind-
ed observer/researcher remained with the child from
prior to drug administration until discharge from the re-
covery room and was unable to tell which drug combi-
nation was being administered. Patients were also ob-
served for adverse effects like nausea, vomiting, itching,
and excessive sedation.

Monitoring consisted of a Dinamap adult/pediatric
noninvasive blood-pressure monitor, an Ohmeda Biox
III pulse oximeter for measuring oxygen saturation, and
a continuous electrocardiogram and heart-rate monitor.
Blood pressures (systolic, diastolic, mean), pulse and re-
spiratory rates, and oxygen saturations were recorded
at the following time intervals: before the start of seda-
tion, 15 and 20 minutes after drug administration, and
at 30, 60, 90, and 120 minutes postoperatively. The
same anesthesiologist and the same dental surgeon car-
ried out all the treatments and the independent observ-
er/researcher made all the assessments. The indepen-
dent observer/researcher assessed the following: the ac-
ceptability of the intranasal spray (observed scale: 1 =

no defense action; 2 = defense action/weeping; 3 =

refusing vehemently), the ease of mask induction (ob-
served scale: 1 = no defense action; 2 = defense ac-
tion/weeping; 3 = refusing vehemently), anxiety scores
(observed scale: 1 = very anxious; 2 = alert, moderately
anxious; 3 = calm, indifferent, not anxious; 4 = asleep),
and sedation scores (according to Ramsay9: 1 = fully
awake, orientated; 2 = drowsy; 3 = eyes closed, ar-
ousable to command; 4 = eyes closed, arousable to
shoulder shaking; 5 = unarousable to shoulder-tip shak-
ing).

Patients remained in the recovery room for 4 hours
after surgery, where recovery was assessed according to
the Aldrete postanesthetic recovery score'0. Postoper-
ative pain was assessed by the following: Oucher facial
pain scale (0 = no pain, 100 = extreme pain), as eval-
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Table 1. Demographic Profile and Baseline Vital Signs in the
2 Groups*

Group S/M
Mean + SD

Group K/M
Mean ±+ SD

Age (year) 5.87 + 1.33 5.68 ± 1.31
Weight (kg) 17.80 ± 2.72 17.17 _3.09
Number of teeth 10.68 _3.77 10.63 + 4.26
Heart rate 94.48 ± 26.22 105.16 ± 20.64

(beats/min)
Duration of surgery 20.64 + 6.60 19.96 + 4.95
Gender

Male 15 12
Female 10 13
* S/M indicates sufentanil/midazolam; K/M, ketamine/mid-

azolam.

uated by the mother, the child, and the observer/re-
searcher; word graphic rating scale, as evaluated by the
observer/researcher (A = no pain, B = little pain, C =
moderate pain, D = severe pain); and the modified
Hannalah objective pain scale. The modified Hannalah
objective pain scale1 is a behavioral-cardiovascular
checklist on which a percentage is calculated according
to 6 parameters (systolic blood pressure, crying, move-
ment, agitation, posture, and complaints of pain). The
behavioral categories include crying, movement, agita-
tion, posture, and complaints of pain (verbalization).
Any adverse reactions were noted. Children with any

pain value over time more than 40 mm on a 100-mm
visual analogue scale were classified as nonresponders,
and those with any pain value over time of equal or less
than 40 mm on a visual analogue scale as responders.

Statistical Analysis

All tests of the significance of differences were 2-tailed
and a probability of .05 or less was accepted as signif-
icant. Various tests, such as the chi-square, Kruskal-Wal-
lis, and the Wilcoxon rank index, were applied. All sta-
tistical modeling and significance testing was performed
using the SAS statistical package (CMS version 5.18).

RESULTS

Patients in the 2 groups were similar with respect to
age, height, weight, gender distribution, and length of
surgery, and the number of teeth removed (Table 1).
There were no significant differences (P = .05) in the
physiological parameters, namely blood pressures (sys-
tolic, diastolic, mean arterial), heart rates, respiratory
rates, and oxygen saturation between the 2 groups at
the various time intervals measured (Table 2). With re-
gard to the preoperative sedation and anxiety levels at

the intervals post-drug administration, no significant dif-
ferences were found between the 2 groups (P = 0.05)
(Figures 1 and 2). Significantly more patients in the S/
M group accepted the nasal premedication (chi-square
test = 7.718, P = .021; Table 3). No significant differ-
ences were found in the ease of mask induction (P =
.05; Table 4). No adverse effects like nausea, vomiting,
itching, and excessive sedation were observed in either
group. There were no significant differences seen be-
tween the 2 groups as far as postoperative recovery
went (P = .05; Table 4). The Oucher facial pain scale
showed the S/M group to experience less pain than
those in the K/M group, although this was not statisti-
cally significant (P > .05) (Table 4). In the S/M group,
72% of children were responders as compared with
52% in the K/M group (P > .05; Figure 3). Using the
word graphic rating scale and the modified Hannalah
objective pain scale (Table 4 and Figures 4 and 5), no
significant differences were found between the 2 groups
at the various time intervals measured postoperatively
(P = .05).

DISCUSSION

The intranasal route of administration shows promise.
The intranasal route is one of the most permeable and
highly vascularized sites for drug administration, ensur-
ing rapid absorption into the systemic circulation and
onset of therapeutic action.12 In general, it has been po-
tentially explored as an alternative route for drugs with
poor bioavailability and for the delivery of biosensitive
and high molecular-weight compounds such as proteins,
peptides, steroids, and vaccines.12 Direct systemic ab-
sorption bypasses the portal circulation (hepatic first-
pass effect) and may increase the bioavailability of na-
sally absorbed drugs. Added absorption enhancers, such
as cyclodextrins, phospholipids, bioadhesive powder
systems, and chitosan, improve nasal delivery.13 Intra-
nasal delivery devices include drops14 (eg, dripped in us-
ing a tuberculin syringe), sprays, aerosols,15 and micro-
sphere formulations. 16 Atomization of aqueous polymer
solutions is a key step in the formulation of several phar-
maceutical products.17 For example, in pediatric dental
patients, intranasal midazolam spray administered using
an atomizer has been found to be safe.18 Nasal drug
delivery may be assessed by a variety of means, but high
reliance is often placed on in vitro testing methodology
(emitted dose, droplet or particle size distribution, spray
pattern, and plume geometry).19 Spray pattern and
plume geometry define the shape of the expanding
aerosol cloud, while droplet size determines the likeli-
hood of deposition within the nasal cavity by inertial
impaction. Aerosols are deposited mainly in the anterior
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Figure 2. Anxiety scale: baseline, 15, and 20 minutes post-
drug administration.

and turbinate regions, with little passing beyond the na-

sopharyngeal region.15 Spray droplets are deposited in
spots of the middle and posterior portions of the turbi-
nate region as well.

Intranasal administration of sedatives and opioid an-

algesics provides a mechanism for more rapid drug ab-
sorption and more rapid onset of pain relief compared
with oral dosing.20 Although the pharmacokinetics of
intranasal sufentanil have not been worked out, lipo-
philic agents with a low molecular weight produce plas-
ma levels similar to those achieved by the intravenous
route.3 While previous work has demonstrated the effi-
cacy and safety of preanesthetic sedation of children
with intranasal sufentanil or midazolam, there has been
no direct comparison of a combination of sufentanil/
midazolam and intranasal ketamine/midazolam to de-
termine which drug combination is preferable for se-

dation and postoperative pain relief in preschool chil-
dren. The Go Medical nasal spray is a portable 0.18-
mL patient-controlled analgesic device that is a

hand-activated spray. It incorporates a 3-minute fill time
(during which another full dose cannot be delivered).
The spray is delivered in small-droplet form (80 Rtm). It
is simple to use.

In this study, patients had similar weight distributions
in both groups (S/M group, mean = 17.8 kg; K/M
group, mean = 17.17 kg). As drugs are administered
according to weight, bias according to this variable was

not introduced. The presurgery behavior was reflected
in the baseline anxiety scale (Figure 2), in the preanes-

thetic sedation (in which both groups were equally calm,
drowsy, and peaceful), as well as in an uneventful and
smooth mask induction of anesthesia in the majority of
children.

Despite the potentially additive effects that a benzo-
diazepine with an opioid may have on respiratory de-
pression, no such event was detected. Preanesthetic and
postanesthetic oxygen-saturation levels were the same
for both groups, at mean values of 97-98%. The study
demonstrated that the drug combinations chosen had
no negative effects on behavior during the perioperative

period. There was an absence of adverse effects (such
as nausea and respiratory depression), and no abnormal
physiological responses during the perioperative period.

Dental practitioners specifically referred these pa-
tients for extractions. Single dental extractions are not
usually associated with severe pain. Increasing pain is
usually associated with multiple extractions.21-23 For in-
clusion in the cohort, it was a prerequisite that 6 or
more extractions were to be performed. Ninety-two per-
cent of patients had received no previous dental surgery.
Sufficient pain was therefore present to demonstrate the
analgesic properties of the drug combinations used. Al-
though measuring pain and pain relief can be difficult in
the pediatric patient, the pain assessment methods used
have all been validated.2-26 The Oucher facial pain scale
is validated for use in children, as is a visual scale that
children readily understand.27 Seventy-two percent of
children in the S/M group (vs 52% in the K/M group)
were responders. The Oucher facial pain scale showed
the S/M group to experience less pain than those in the
K/M group. Even though the S/M group showed im-
proved clinical analgesia, this was not statistically signif-
icant (P > .05). The analgesia provided was effective
and reliable for pain due to multiple dental extractions.
Using the modified Hannalah objective pain scale (Table
5 and Figure 5) as a behavioral-cardiovascular checklist,
no significant differences were found between the 2
groups at the various time intervals measured postop-
eratively (P = .05). As the children had received no local
anesthesia, no significant differences reflected on the
combination of drugs that were used.

Intranasal pharmacokinetic studies in volunteers are
reported for fentanyl, alfentanil, sufentanil, butorpha-

Table 3. Acceptance of Intranasal Spray*

Good Moderate Poor Total
Group K/M 4 9 12 25
Group S/M 7 15 3 25

Total 11 24 15 50
* K/M indicates ketamine/midazolam; S/M indicates sufen-

tanil/midazolam. P = .021.

Anesth Prog 51:114-121 2004
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Table 4. Mask Acceptance Score, Recovery Room Score, and Pain Measures*

Mean + SD
S/M group, mask induction

acceptance score 42.40 ± 2.92
K/M group, mask induction

acceptance score 39.69 _7.49

Time 30 minutes 60 minutes 90 minutes 120 minutes

S/M group, recovery room
score 78.40 + 15.46 81.60 ± 8.50 81.67 ±+ 6.37

K/M group recovery room
score 74.80 ± 13.88 80.00 + 7.64 79.58 ± 10.42

S/M group, sum of Hannalah
scale (%) 29.00 ± 25.36 21.33 + 24.66 11.33 ±+ 13.58 10.33 ± 12.33

K/M group, sum of Hannalah
scale (%) 26.00 + 22.35 14.33 + 14.74 10.67 ±+ 13.29 9.33 _12.80

Child Mother Researcher

S/M group, oucher sum 86.40 ± 85.82 86.00 ± 85.63 84.00 + 83.22
K/M group, oucher sum 115.20 +± 89.36 115.60 + 88.98 114.00 ± 90.00

* S/M indicates subfentanil/midazolam; K/M, ketamine/midazolam.

nol, oxycodone, and buprenorphine.27 Mean times for
achieving maximum serum concentrations vary from 5
to 50 minutes, while mean figures for bioavailability vary

from 46 to 71%.28 Fentanyl, pethidine (meperidine),
and butorphanol have been studied for postoperative
pain. Mean onset times vary from 12 to 22 minutes and
times to peak effect from 24 to 60 minutes.28 There is
considerable interindividual variation in pharmacokinet-
ics and clinical outcome.28 This may partly be due to
lack of optimization of nasal formulations. Patient-con-
trolled intranasal opioid analgesia may be an effective
alternative to intravenous patient-controlled analgesia.28
Adverse effects are mainly those related to the opioids
themselves rather than being due to nasal administra-
tion.28 Fewer patients with intranasal patient-controlled
analgesia suffer opioid adverse effects, such as episodes
of vomiting, when compared with intravenous patient-
controlled analgesia.1
The use of oral midazolam as a premedicant in pe-

diatric dentistry preceded the use of the intranasal route
and still needs to be compared with it.29 Using intranasal
midazolam in healthy volunteers, the mean (+± SD) peak

plasma concentration of midazolam of 71 (±+25) ng/mL
is reached after 14 (±+5) minutes.5 Mean bioavailability
following intranasal administration is 0.83 ±+ 0.19.5 It
has an elimination half-life of 4 hours. Intranasal mida-
zolam (0.3 mg/kg, 0.4 mg/kg, 0.5 mg/kg) has been
used in conscious sedation of young pediatric dental pa-
tients.30 There is a rapid onset of sedation, with the
maximal effect occurring between 8 and 15 minutes.30
This sedation lasts for 25-40 minutes.30 All 3 doses of
intranasal midazolam are effective in modifying the be-
havior of the uncooperative-child patient to accept den-
tal treatment.30 Another recent study showed that, for
premedication in young children, intranasal midazolam
(0.3 mg/kg) achieves maximum sedation and anxiolysis
at 20 minutes.31 Patient mask acceptance is good in the
majority of children (more than 75%).31 It does, how-
ever, cause significant nasal irritation. Most parents are

satisfied with its use for premedication.

Non-mspondor Responder

Figure 3. Oucher score categories for observer/researcher.
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Figure 4. Word graphic rating scale for observer/researcher.
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Figure 5. Modified Hannalah objective pain scale: for observ-
er/researcher.

In children, intranasal administration of low doses of
ketamine produce plasma concentrations associated
with analgesia.32 Intranasal ketamine permits pleasant
and rapid separation of children from their parents, co-
operative acceptance of monitoring and of mask inha-
lation induction, and does not cause prolonged post-
anesthetic recovery or delayed discharge home.33 The
bioavailability of the nasal spray is approximately 45%.
The area under the curve (0 to 6 hours) of its metabolite,
norketamine, is low (approximately 100 ng/mL) in both
enantiomers.34 Most reports demonstrate no or mild
psychotomimetic effects when ketamine is dosed at su-
banesthetic doses.7 This is further reduced by the use of
the S-enantiomer of ketamine.35

This study directly compared a combination of sufen-
tanil/midazolam with intranasal ketamine/midazolam to
determine which drug combination is preferable for se-
dation and postoperative pain relief in preschool chil-
dren. This is, to our knowledge, the first time that a
randomized double-blind study has been used in this
way. This study demonstrated the safety and efficacy of
both methods. Key features were the ease of adminis-
tration, combined with rapid onset of action. Both
groups were equally sedated. A smooth mask induction
of anesthesia was experienced in the majority of chil-
dren. Effective postoperative analgesia for multiple den-
tal extractions was provided. However, these techniques
may potentially still induce deep sedation and should not
be attempted by operators unskilled in advanced anes-
thesia techniques.
The study of the intranasal route is still in its infancy.

But the intranasal administration of drugs for sedation
and analgesia has some promising features, especially
in preschool children with fear of separation from par-
ents and unfamiliar surroundings. Improvements of na-
sal sprayer devices and formulations may improve clin-
ical outcome. Further adequately designed clinical stud-
ies are needed.

Table 5. Modified Hannalah Objective Pain Scale

Observation Criteria Points
Blood Pressure ± 10% preop 0

>20% preop 1
>30% preop 2

Crying Not crying 0
Crying but responds to tender 1

loving care
Crying and does not respond 2

to tender loving care
Movement None 0

Restless 1
Thrashing 2

Agitation Patient asleep or calm 0
Mild 1
Hysterical 2

Posture No special posture 0
Flexing limbs 1
Holding mouth 2

Complaints of pain Asleep or states no pain 0
Cannot localize 1
Can localize 2
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