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There are few areas of dental therapeutics as controversial as the pharma-
cologic management of fearful and uncooperative pediatric dental patients.

A pediatric dentist is faced with one of the most difficult tasks in our pro-

fession: maximizing comfort and cooperation while minimizing risks and

costs of dental care for the unmanageable child. Pharmacosedation provides

the means for children to avoid psychologically traumatic experiences that

might inhibit regular oral health care when they become adults. By control-

ling disruptive behaviors, the pediatric dentist is able to provide quality den-

tal care in an environment that is pleasant for the child, the parent, and the
practitioner.

It is generally agreed that most fearful and uncooperative children can

and should be managed with behavioral (nonpharmacologic) management

procedures [1]. These include behavior modification techniques such as

tell-show-do, positive reinforcement, controlled expectations, modeling, and

suggestion. Unfortunately, there is a small percentage of the pediatric pop-

ulation that cannot be successfully managed solely through behavioral man-

agement techniques. When behavioral management strategies fail, some
form of pharmacologic sedation or anesthesia may be a valuable and neces-

sary alternative.

The sedative agents and techniques used by dentists who treat children

vary with the practitioner’s experience and training. Dentists with limited

knowledge and experience in providing sedation to children should adhere

to single drug regimens that have a wide margin of safety. Conversely,
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pediatric dentists and practitioners who have advanced training in anesthesi-

ology and management of sedation complications in the pediatric popula-

tion may elect to use multiple drug regimens that are likely to produce
deeper levels of sedation.

Levels of sedation and anesthesia have been classified by the American

Dental Association into three categories: conscious sedation, deep sedation,

and general anesthesia [2]. None of these anesthetic strategies is ideal for treat-

ing all pediatric patients (see box below). Sedation regimens that provide con-

scious sedation for young, uncooperative patients are not effective for every

child. Deep sedation techniques are also less than 100% successful and require

added anesthesia training or certification for their safe and proper use. Gen-
eral anesthesia is an effective and reliable means of treating unmanageable

pediatric patients but is expensive, inconvenient, and notwithout added risk [3].

Drugs commonly used to produce conscious sedation are nitrous oxide,

opioids, benzodiazepines, chloral hydrate, barbiturates, and antihistamines

(Table 1). Oral administration is the most common route of administering

sedative agents to children. It is recommended that preoperative medications

not be administered outside the treatment facility: chloral hydrate, opioids,

Definitions of sedation/anesthesia
a

Conscious sedation

A minimally depressed level of consciousness that retains
the patient’s ability to independently and continuously
maintain an airway and respond appropriately to physical
stimulation and verbal command.

Deep sedation

An induced state of depressed consciousness accompanied
by partial loss of protected reflexes, including the inability to
continually maintain an airway independently and/or to
respond purposefully to verbal command.

General anesthesia

An induced state of unconsciousness accompanied by
partial or complete loss of protected reflexes, including the
inability to independently maintain an airway and respond
purposefully to physical stimulation or verbal command.

a American Dental Association. The use of conscious sedation, deep sedation,
and general anesthesia in dentistry. Chicago: American Dental Association; 1996.
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and other sedatives should be administered in the controlled environment

of the dental facility. Many pediatric dentists have decreased their use of pa-

renteral sedation in response to concerns of safety, state certification re-
quirements, and malpractice costs. The goal of sedating the pediatric dental

patient is to safely control the child’s behavior so that quality dental care can

be provided while helping the child cope with the stress of dental treatment.

These goals may not always be met with conscious sedation techniques.

Deeper forms of sedation or general anesthesia may be needed to provide

necessary dental care to uncooperative children.

Sedation is not a substitute for effective local anesthesia. Dosage guide-

lines for local anesthesia based on weight should be strictly followed. Multi-
ple drug techniques that include opioids seem to pose even greater problems

when local anesthesia dosages are exceeded because of the significant inci-

dence of serious side effects and the difficulty of managing the life-threat-

ening respiratory emergencies that may develop [4,5]. A more detailed

discussion of adverse reactions to local anesthetics is presented elsewhere

in this issue of the Dental Clinics of North America.

Nitrous oxide inhalation sedation

Nitrous oxide is used in pediatric dentistry to induce relaxation and to

modify the noxious stimuli of dental treatment. It may be used as the sole

sedative agent or as an adjunct to other agents. Its unique pharmacokinetics

and proven safety record support its continued use in pediatric dentistry [6].

The absorption of N2O through the pulmonary alveoli is rapid, with

blood levels and clinical effects being seen within minutes of its administra-
tion [7]. The distribution of N2O is limited when compared with other anes-

thetic gases and therefore large tissue reservoirs of the gas that would delay

recovery are not established. Metabolism of N2O is essentially nonexistent

and excretion rapidly occurs primarily through the lungs at a rate similar

to its absorption. The clinical consequences of N2O’s unique pharmaco-

kinetics include rapid induction and recovery, ability to titrate and adjust

to desired sedative endpoint, and reversibility.

The induction process for a child who is familiar with nitrous oxide/
oxygen inhalation sedation can be nearly complete in 3–5 minutes. Children

who have not experienced the effects of nitrous oxide need more explanation

of the experience and require a slower, more controlled induction. Subjec-

tive symptoms such as tingling of the extremities or a feeling of warmth usu-

ally occur within the first few minutes.

Within 5–10 minutes after discontinuing nitrous oxide, the patient has

eliminated most of the gas from the body. Because of a higher cardiac out-

put, recovery may be more rapid in children than adults. After a 10–15
minute observation period, full recovery is apparent and the child may usu-

ally leave the office and return home.
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Because of rapid elimination during the initial 3–5 minutes, large volumes

of nitrous oxide are exhaled. As nitrous oxide leaves the plasma and enters the

alveoli, it dilutes the ambient air (21%oxygen) that is being inhaled. The result

is a theoretic drop in the oxygen concentration to hypoxic levels, frequently
referred to as ‘‘diffusion hypoxia.’’ In clinical practice, diffusion hypoxia is

not a significant problem when administering N2O sedation. A child who has

received nitrous oxide:oxygen sedation has been breathing high concentra-

tions of oxygen (at least 40–50%) and the excess oxygen prevents the dilution

of oxygen in air [8]. Diffusion hypoxia is likely to be a problem only after

general anesthesia in which the nitrous oxide:oxygen ratio is often higher

(75%:25%) and other respiratory depressant drugs have been administered

[6].Nevertheless, a commonpractice in dentistry is to administer 100%oxygen
at the conclusion of nitrous oxide sedation. This procedure has been recom-

mended primarily because it is believed to prevent nausea [9].

The rapid elimination of nitrous oxide permits the pediatric dentist to

reverse the effect of the sedation. This reversibility is one of the major rea-

sons for nitrous oxide’s record of safety. If a child becomes unexpectedly

oversedated, the nitrous oxide concentration can be decreased and the child

immediately returns to a more comfortable level of sedation.

One of the absolute advantages of nitrous oxide’s rapid absorption and
elimination is that the sedative effects can be adjusted to the amount of stim-

ulation that occurs during the procedure. By adjusting the concentration,

the sedation can be titrated to the child’s moment-to-moment needs.

Pediatric dentists commonly use nitrous oxide/oxygen inhalational seda-

tion. A survey of members of The American Academy of Pediatric Dentistry

indicated that 85% of the respondents used nitrous oxide/oxygen analgesia

with most using it more frequently than five times per week [10]. In a study

that looked at the effect of nitrous oxide-oxygen on physiologic and behav-
ioral parameters in children, there were significant reductions in adverse

behavior with no effect on oxygen saturation when a nitrous oxide-oxygen

mixture was compared with 100% oxygen [11]. Nitrous oxide has been com-

bined with other agents to provide additive sedative effects. It has been

found to augment the effects of diazepam and to result in ‘‘deep’’ rather

than ‘‘conscious’’ sedation when combined with chloral hydrate [12–14].

Nitrous oxide-oxygen analgesia seems to be a safe and useful tool in the

sedation of pediatric dental patients.

Opioid sedation

Opioid analgesics decrease a patient’s psychologic reaction to painful

stimuli, produce sedation, and reduce disruptive motor activity. Side effects

of opioids include nausea and vomiting that is induced by direct stimulation

of the chemoreceptor trigger zone [15]. Respiratory depression, a conse-
quence of decreased sensitivity to CO2, may also be seen [16]. An estimate
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of the comparative frequency of these two side effects reveals that mild

respiratory depression is more commonly observed than nausea and

vomiting [17].
When used for pediatric sedation, the dosage ranges for opioids are

invariably higher than required for analgesia. For example, the recom-

mended dosage guidelines in pediatric dentistry are up to 2.0 mg/kg for

meperidine (Demerol�). When used concomitantly with other central ner-

vous system (CNS) depressant drugs, these guidelines should be adjusted

downward [4,18].

Sedation using opioids has maintained a degree of popularity among

pediatric dentists. The most common opioid used for oral sedation in pedia-
tric dentistry is meperidine. It is rapidly absorbed from the gastrointestinal

tract and has an onset of 30–60 minutes. First-pass metabolism breaks down

nearly 75% of the administered dose. The maximum clinical effect is seen

after approximately 1 hour with a duration of action of less than 2 hours.

Supplemental drugs frequently used for their added sedative effects and

antiemetic effects are promethazine and hydroxyzine [4].

A less commonly used oral opioid sedation technique is oral transmu-

cosal fentanyl citrate (OTFC). This formulation is available as a lozenge
on a plastic stick (Fentanyl Oralet�). The child sucks on the lozenge and

slowly releases the sedative drug, fentanyl, into saliva, that is then absorbed

across the mucous membranes of the oral cavity. The advantages of the

OTFC are patient acceptance, rapid onset, and a high bioavailability com-

pared with oral administration that must undergo significant first-pass

metabolism [19,20]. Three different formulations are available (200, 300, and

400 micrograms), depending on the child’s weight. Dosing recommenda-

tions are for 5–15 mcg/kg; doses higher than 15 mcg/kg are contraindicated
because they are associated with an excessive frequency of hypoventilation

[21]. The use of a pulse oximeter is necessary during administration. Once

the desired level of preoperative sedation is achieved, the lozenge should

be removed. The formulation is marketed only to hospitals and monitored

anesthesia care settings. Respiratory depression, hypotension, itching of the

eyes and nose, nausea, and vomiting have been reported [20,22].

Benzodiazepine sedation

Although benzodiazepines have been used extensively in the management

of adults who are anxious and fearful of dental procedures, their clinical use

in pediatric dentistry has only recently been initiated. The benzodiazepines

lack significant respiratory depressant effects at therapeutic doses. There is a

specific benzodiazepine antagonist available (flumazenil) that can reverse the

central nervous system (CNS) depressant effects seen with overdose [23,24].

Diazepam has been used to provide sedation of pediatric dental patients.
Although the drug’s elimination may be delayed in the neonate, the pharma-

cokinetics of diazepam seems to be similar for young children and adults. It
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has an apparent long duration of action caused by an active metabolite, des-

methyldiazepam, that is slowly eliminated and retains some sedative activity.

In pediatric dentistry, diazepam seems to be an effective sedative, partic-

ularly if the lack of cooperation is from fear and apprehension [25]. Its
large therapeutic index and linear dose-response relationship are valuable

assets for a pediatric sedative that is administered orally [26,27]. The recom-

mended dose for oral diazepam is 0.15–0.25 mg/kg given 1 hour before the

appointment.

Newer benzodiazepine derivatives such as midazolam and triazolam are

now being studied to determine appropriate dosages and to address safety

concerns in younger children [28–30]. Midazolam offers the advantage of

having a shorter onset and duration of action. It is commonly used as a pre-
anesthetic sedative and is becoming popular in pediatric dentistry. There is a

flavored oral preparation available that has eliminated the need to mix the

intravenous formulation in a vehicle to make it palatable. The dosage regi-

men of midazolam for pediatric dentistry is 0.5–0.75 mg/kg, administered

approximately 30 minutes before the procedure. Duration of action is

approximately 30 minutes. A shorter onset period may be an advantage in

some clinical situations. Triazolam has not gained widespread acceptance

in pediatric dentistry in part because few studies have demonstrated its
safety or efficacy in children undergoing dental procedures. The lack of a

commercially available liquid formulation of triazolam also limits it useful-

ness as a pediatric premedicant.

In addition to oral administration of various benzodiazepines, intranasal

administration of midazolam, a water soluble, short-acting benzodiazepine,

has been evaluated clinically because of its rapid onset (10–15 minutes) and

rapid elimination [31]. Although the drug is reliably absorbed, the formula-

tion is somewhat irritating and may cause stinging and discomfort when ini-
tially administered. Dosages of 0.2–0.3 mg/kg have been reported to provide

adequate sedation with rapid onsets and minimal delay in recovery [22].

Chloral hydrate sedation

Liebig first introduced chloral hydrate into practice in 1832 and it is

the oldest and best-studied sedative-hypnotic used in pediatric dentistry. The
sedative-hypnotic activity of chloral derivatives is probably caused by the

active metabolite trichloroethanol. Following absorption, chloral hydrate

is rapidly metabolized to trichloroethanol (TCE) and to a lesser extent

to trichloroacetic acid (TCA). Plasma half-life of TCE is estimated to be

8 hours. Peak plasma concentrations of TCE are reached in 20–60 minutes.

Plasma concentrations of chloral hydrate are nearly undetectable after oral

dosing. Rectal absorption of chloral hydrate formulations containing poly-

ethylene glycol vehicles is nearly as rapid as oral absorption, although some-
what less complete [32,33].
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Although definitive studies in children are sparse, it is generally assumed

that therapeutic doses of chloral hydrate have minimal effects on respiratory

and cardiovascular function [34]. Changes in respiratory function (pCO2,
respiratory rate, tidal volume) are comparable to natural sleep. Asthmatic

patients may be somewhat more sensitive to chloral hydrate’s minimal res-

piratory depressive properties [35]. The CO2 chemoreceptor response seems

to be unchanged in infants administered 50 mg/kg chloral hydrate [36].

The primary pharmacologic effect of chloral hydrate is CNS depression.

Signs and symptoms following ingestion of increasing doses of chloral hydrate

progress from relaxation, lethargy, drowsiness, and hypnosis to loss of con-

sciousness and coma. Given alone, chloral hydrate provides measurable seda-
tion at doses more than 40 mg/kg with therapeutic doses ranging from 50–60

mg/kg. When administered in combination with other CNS depressants, a

lower dose of chloral hydrate also may be effectively prescribed [37].

Adverse effects of chloral hydrate administration are rare. When used as

a hypnotic, untoward reactions occur in approximately 2% of cases. Overt

CNS depression, characterized by disorientation, and prolonged drowsiness

account for half of these reactions. The reports of reactions in dental pre-

medication are generally similar although dose-related reactions such as
prolonged CNS depression and vomiting occur more frequently in younger

ambulating populations. With extremely high doses of chloral hydrate (ie,

75 mg/kg) a significant incidence of vomiting has been reported [38]. The

maximum recommended dose in children, irrespective of body weight, is

1000–1500 mg [39].

Chloral hydrate may induce cardiac arrythmias, and in overdose situa-

tions cardiac arrest has been reported [34]. Cutaneous reactions to chloral

hydrate, although described frequently in textbooks, seldom occur. Skin
eruptions are usually erythematous, eczematous, and scarlatiniform [40].

Fixed eruptions, skin lesions occurring at the same site on repeated admin-

istration, have also been reported [41].

Chloral hydrate has been implicated in a variety of drug interactions. As

one might expect, chloral hydrate produces additive CNS depression when

administered with other sedatives. This additive drug interaction permits one

to decrease the dose of both depressants, thereby limiting the side effects of the

drugs. The reduced dosages when chloral hydrate is combined with the anti-
emetic promethazine have been shown to appreciably decrease the incidence

of nausea and vomiting [38,42]. Nitrous oxide/oxygen in combination with

60 mg/kg chloral hydrate may increase the level of CNS depression to such

an extent that the child’s protective reflexes may be compromised [14].

Three inadvertent overdose reactions have been described by Hayden

[43]. These mishaps were caused by either incorrect calculation of dose or

lack of communication among the dentist, staff, parent, and patient. A low

dose (250 mg) has reportedly induced laryngospasm and cardiac arrest when
chloral hydrate elixir, a known irritant to mucous membranes, was rapidly

introduced into the oropharynx with a syringe.
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Because vomiting is frequent with doses greater than 60 mg/kg, consump-

tion of a large overdose is often prevented. In children, hypotension and

cardiac arrhythmias commonly occur with overdose. These symptoms are

distinctly different from local anesthetic or narcotic overdose in which con-
vulsions and respiratory depression are usually reported. The high incidence

of nausea and vomiting, concerns for its possible mutagenicity, and the risk

for cardiovascular collapse have decreased the use of chloral hydrate in

recent years.

Barbiturate sedation

The barbiturate sedative-hypnotics were the primary therapeutic agents for
treating anxiety and induction of sleep before the introduction of benzodiaze-

pines. As premedicants in pediatric dentistry, the most frequently prescribed

agents are secobarbital and pentobarbital [44]. The barbiturates produce

dose-dependent effects ranging from relaxation and sedation to hypnosis and

general anesthesia. They haveminimal effects on respiratory function at thera-

peutic doses although respiratory drive may be inhibited at higher doses.

The use of barbiturates in pediatric dentistry has been limited for two rea-

sons: their reputed ability to induce paradoxic excitement and their limited
therapeutic dosage range. Inadequate doses are ineffectual and may actually

cause some uncooperative children to become more unmanageable. Even at

higher doses in the therapeutic range, a few children, particularly when

stimulated, demonstrate paradoxic excitation [45]. This reversal of sedative

effects, seen with less than 5% of pediatric patients, may be caused by bar-

biturates’ anti-analgesic properties or may be attributable to respiratory

depression and subsequent agitation.

Precautions

Overall, the safety and efficacy of pediatric pharmacosedation is a func-

tion of a practitioner’s ability and preparedness, drug and dosage selection,

and awareness of a child’s unique physical and psychologic makeup (see list

below).

• Unique characteristics of pediatric sedation

• Child’s weight and volume of distribution

• Unique physical anatomy

• Responsiveness to oral sedatives

• Limitations for route of drug administration

• Psychologic makeup and coping skills

When compared with adults, pediatric patients have unique characteris-

tics that seem to increase the risks associated with sedation [3]. The most

obvious anatomic difference between the adult and pediatric patient is body

size. An increased awareness of dosage adjustment in pediatric patients has
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developed in the last few years within dentistry. Available data as reported

by Aubuchon’s survey [46], and by Moore and Goodson’s case report anal-

ysis [5] reinforce the belief that serious adverse reactions in pediatric seda-
tion are commonly caused by inadequate weight-based dosage reduction.

The pediatric airway anatomy is an important factor in airway complica-

tions when sedating children. Infants and young children have narrow nares,

a large tongue, a high glottis, and slanting vocal cords. In an infant, the nar-

rowest point of the upper airway may be at the level of the cricoid ring

rather than the vocal cords. Airway obstruction is therefore more likely to

occur below the vocal cords in pediatric patients [47]. Additionally, because

of the smaller caliber of the airway passages, acute bronchial inflammation
can present a significantly more severe obstruction in younger patients.

Because children have significantly higher metabolic rates, hypoxia develops

rapidly when airway obstructions occur.

Children’s responsiveness to sedatives may differ from that of adults

because of differences in pharmacokinetics or pharmacodynamics. Fortu-

nately, differences in drug absorption, distribution, and excretion occur pri-

marily in the perinatal period and are usually not relevant to office practice,

where treatment is usually limited to children over 2 years of age.
It has been reported that young children may be unexpectedly sensitive to

the CNS depressants used for sedation in pediatric dentistry. Transient air-

way obstruction was seen in 4 of 15 preschool children who were adminis-

tered 60 mg/kg of chloral hydrate in combination with nitrous oxide.

These four children were found to be among the youngest in this treatment

group [14]. This finding supports empiric findings by Grimes, who recom-

mends reducing weight-based dosages for patients under 2 years of age

[48]. Wilson reported a similar response and believed that children with large
tonsils and adenoids were most at risk [49].

Children, particularly uncooperative preschool children, come to a dental

office under circumstances different from those of adults. Although children

are anxious and fearful, unlike adults, they have not arrived at a dental office

of their own desire. A 2- or 3-year-old does not consider acquiring good den-

tal health a significant motivator to tolerate treatment and, in fact, sees no

obvious benefits in cooperating with therapy. Additionally, children lack

experience with uncomfortable situations and have inadequate coping skills
with which to tolerate treatment. These differences in a child’s psychologic

development limit the success of any sedation therapy in many instances.

As a consequence of these differences, dose-response curves for sedatives

used in pediatric dentistry are flat, placebo effects seem nearly comparable to

effective doses, and high failure rates are frequently reported [14,50]. Strat-

egies for correcting these pharmacologic inadequacies, such as remedicating

unsuccessfully sedated patients and using a variety of drug combinations,

may increase the likelihood of adverse responses. Using large doses of syn-
ergistic agents decreases the therapeutic index of sedation procedures

and significantly affects the overall safety.
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