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This study compared the incidence of vomiting and the sedative effectiveness of
ketamine to a ketamine-promethazine combination in pediatric dental patients.
Twenty-two patients with American Society of Anesthesiologists' classification I
physical status who were between the ages of 21 and 43 months were randomly
divided into 2 groups. The control group received 10 mg/kg of ketamine orally,
whereas the experimental group received 10 mg/kg of ketamine and 1.1 mg/kg of
promethazine orally. Nitrous oxide in oxygen was supplemented between 35 and
50%. Each patient received 1 or 2 quadrants of restoration by one operator. Heart
rate, blood pressure, and oxygen saturation were monitored and recorded during
the treatment. Crying, alertness, movement, and overall general behavior were rated
using the scale by Houpt et al. A dentist-anesthesiologist conducted the vital sign
monitoring and behavioral assessment. Ketamine combined with promethazine
eliminated the incidence of vomiting. A 2 x 2 chi-square contingency table showed
a statistical difference between the 2 groups at P < .05 (control group, 27%; ex-
perimental group, 0%). Ketamine alone yielded better sedations than the combined
agents as shown by the Mann-Whitney U statistical analysis (P < .05). Ketamine
and a ketamine-promethazine combination are effective in the sedation of pediatric
dental patients.
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etamine is a dissociative anesthetic agent that has
been shown to be useful as a safe and effective

oral sedative.1-8 The drug was first derived in 1961, and
reports on human trials were begun in 1965. It is a
chemical derivative of phencyclidine and cyclohexami-
ne.9 Ketamine is unique in being effective for induction
of anesthesia by either the intravenous or the intramus-
cular route; however, only recently has the drug been
studied in subanesthetic sedative doses per oral admin-
istration. Patients who are given anesthetic doses of ke-
tamine may appear to be awake with open eyes, yet are
unaware of the environment and do not experience
pain. This response is termed dissociative anesthesia,
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during which patients independently and continuously
maintain their protective reflexes and may or may not
respond appropriately to verbal or painful stimulation,
depending on the level of dissociation. Patients often
exhibit nonpurposeful movement independent of the
stimulation. In the central nervous system, dissociative
anesthesia is characterized by electroencephalographic
evidence of dissociation between the limbic system and
the thalamus. Ketamine also produces intense analge-
sia, which can be explained in part by specific suppres-
sion of the spinal cord activity necessary for transmis-
sion of pain to the higher brain centers.10 Anterograde
amnesia is intense, which may be a beneficial effect in
the consciously sedated patient. Nystagmus associated
with ketamine often heralds the onset of dissociative se-
dation. Although nystagmus may preclude the use of the
drug for operations or examinations of the eyes, this
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side effect is of little importance in the dental patient.
Emergence delirium, including dreams and hallucina-
tions,1112 ranges from 5-30%, with an increased inci-
dence reported in patients older than 16 years, female
patients, patients taking high intravenous doses (>2
mg/kg), and patients with a history of personality prob-
lems or frequent dreaming. Emergence delirium can
also be attenuated with concomitant use of a benzodi-
azepine agent.10 Other central nervous system effects
include an increase in cerebral blood flow and subse-
quent increase in intracranial pressure. This ketamine-
induced activity is unlikely to precipitate convulsions in
patients with seizure disorders and does not alter the
seizure threshold in epileptic patients.10
Ketamine produces cardiovascular effects that resem-

ble a centrally mediated sympathetic stimulation. Al-
though the mechanisms are complex, intravenous an-
esthetic induction doses show increases in systemic and
pulmonary arterial blood pressure, heart rate, cardiac
output, cardiac work, and myocardial oxygen require-
ment. The use of ketamine should probably be avoided
in patients with severe hypertension, coronary disease,
or congenital heart diseases that compromise cardiac
function and reserve. However, this relative contraindi-
cation represents an insignificant portion of the pedi-
atric dental population. Ketamine maintains an intact
protective airway reflex, resulting in an incidence of as-
piration that is minimal.'3 Since ketamine causes both
bronchodilation and maintenance of upper airway skel-
etal muscle tone, it is indicated for the asthmatic patient.
Ketamine has not been shown to significantly alter he-
patic or renal function, and since it does not stimulate
the release of histamine, it rarely causes allergic reac-
tions.
Advantages of using ketamine as an oral sedative

agent for pediatric dental patients include a relatively
fast onset (25 minutes) in part due to its extreme lipid
solubility and rapid transfer across the blood-brain bar-
rier, analgesia and sedative effects, minimal respiratory
depression,9 a wide safety margin, and adequate oper-
ating time (36.4 minutes).2 The literature reports oral
doses of ketamine ranging from 4-10 mg/kg. However,
the 10-mg/kg oral dose in this study was selected after
patients in trial runs at 8 mg/kg did not reach the de-
sired level of sedation. Promethazine is a potent anti-
histamine that is useful in dentistry as a sedative, an
antiemetic, and an antisialagogue. 14 Promethazine is
widely used with meperidine as an adjunct to increase
the sedative effect and to minimize the nausea frequent-
ly encountered with meperidine in pediatric dental pa-
tients. The antisialagogue effect of promethazine may
also prove beneficial in avoiding the potential cough and
laryngospasm associated with the excessive salivation13
sometimes seen with ketamine. The addition of pro-

methazine may also enhance the working time needed
for longer operative procedures. Since nausea and vom-
iting have been implicated with ketamine use
alone,2.111215 this study will evaluate the frequency of
vomiting using a ketamine-promethazine combination
compared with ketamine alone.
The purposes of this study were to compare the sed-

ative effectiveness of orally administered ketamine to a
ketamine-promethazine combination to evaluate the in-
cidence of vomiting and to determine if ketamine-pro-
methazine is an effective combination in managing un-
cooperative pediatric dental patients.

MATERIALS AND METHODS

Pediatric dental patients from the Houston Medical Cen-
ter Pediatric Dental Clinic, Houston, Tex, were chosen
for the study, which was approved by the Committee
for the Protection of Human Subjects. The selection cri-
teria included healthy patients between 1½Y2 and 31/2
years of age with no previous dental experience and
those who demonstrated such poor behavior at the ini-
tial dental examination that they were deemed to need
oral sedation for subsequent restorative visits. Poor be-
havior included crying, apprehension, uncooperation
for the examination and cleaning, poor response to be-
havioral management techniques and verbal commands,
and physical resistance. Risks and benefits of the seda-
tion followed by the presedation instructions were ex-
plained to the parent at the initial examination appoint-
ment. The patients had taken nothing by mouth for at
least 8 hours before the procedure. A written consent
form was obtained for each parent or guardian at the
initial appointment.
Twenty-two male and female patients participated,

with 11 patients in the control group and 11 patients
in the experimental group. Preoperative vital signs, in-
cluding heart rate, blood pressure, and oxygen satura-
tion, were obtained. The control group received 10 mg/
kg of body weight of ketamine orally (Ketalar; Parke-
Davis, Morris Plains, NJ), whereas the experimental
group received 10 mg/kg of ketamine and 1.1 mg/kg
of promethazine orally (Phenergan syrup fortis; Wyeth-
Ayerst, Philadelphia, Pa). Each regimen was disguised
in 5 mL of Syrpalta (Emerson Laboratories, Texarkana,
Tex), a concentrated, grape-flavored syrup, to mask the
bitter taste of ketamine. The study was conducted in a
double-blind fashion. The operator, the dentist-anesthe-
siologist, and the subjects did not know which regimen
was selected. A third person randomly selected the drug
regimen and administered it to the patients. After the
drug administration, the patient remained in the waiting
room with the parent until ready for treatment. At 25
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Table 1. Rating Scale for Crying, Alertness, and Movement

Score Crying Alertness Movement
1 Hysterical crying Fully awake, alert Violent, interrupting treatment
2 Continuous or strong crying Drowsy, disoriented Continuous, making treatment difficult
3 Intermittent or mild crying Asleep Controllable, not interfering with treatment
4 No crying No movement

minutes, each patient was brought to the operatory and
placed onto the Papoose Board (Olympic Medical Corp,
Seattle, Wash). The patient was monitored with a pre-
cordial stethoscope, pulse oximeter (Mini Pack 911-ST,
Pace Tech, Clearwater, Fla), and blood pressure cuff. A
total of 50% N2 0-02 was used at 3 L/min of total gas
flow for the first 5 to 10 minutes. After the local anes-
thetic was given, the nitrous oxide was reduced to 35%
for the remainder of treatment. A total of 100% oxygen
was given during the last 5 minutes of the appointment.
The patient received either 1 or 2 quadrants of resto-
ration, including alloys, pulpotomies, and stainless steel
crowns. All treatment was performed with rubber dam
isolation. One operator performed the dental treatment
on all of the patients. The dentist-anesthesiologist re-
corded the heart rate, oxygen saturation, and blood
pressure at 5-minute intervals and also evaluated the pa-
tients for crying, alertness, and movement (Table 1) at
each of the following intervals: (a) parental separation;
(b) placement onto Papoose Board; (c) placement of na-
sal mask and monitors; (d) local anesthetic administra-
tion; (e) placement of rubber dam and bite block; (f) ini-
tiation of treatment; and (g) 15-minute intervals until
completion of treatment.
The overall general behavior of each patient was as-

sessed by the operator and dentist-anesthesiologist im-
mediately after the completion of the treatment, using
the rating scale by Houpt and coworkers' consisting of
6 behavior classifications (Table 2).

After the treatment, each patient was returned to the
parent and remained in the waiting room for up to 1
hour. The patient's physical status and alertness were
assessed before discharge. Each patient had to be able
to respond to verbal commands, be alert or easily ar-

Table 2. Rating Scale for General Behavior

1 Aborted No treatment rendered
2 Poor Treatment interrupted, only partial treat-

ment completed
3 Fair Treatment interrupted but eventually all

completed
4 Good Difficult but all treatment performed
5 Very good Some limited crying or movement, eg,

during anesthesia or mouth prop inser-
tion

6 Excellent No crying or movement

ousable, breathe spontaneously, be able to walk with
minimal assistance, and be accompanied by a respon-
sible adult before being dismissed. A follow-up tele-
phone call was made by the operator the same evening
to determine the patient's condition.

Using the Mann-Whitney U test, the difference in the
general behavior was evaluated. The chi-square test was
used to compare the vomiting frequencies and the Stu-
dent's t test was used to compare the difference in total
time in the operatory between the 2 groups.

RESULTS

The age range of the subjects was 21-43 months, with
a mean age of 331/2months. There were no significant
differences in age (for controls, range, 21-43 months;
mean, 33 months; for experimental patients, range,
25-43 months; mean, 34 months) (Table 3). Under the
conditions of this study, the average time in the opera-
tory, from placement onto the Papoose Board until
treatment completion, was not significantly different be-
tween the 2 groups using the Student's t test at P =
.05 (Table 3). In the control group (ketamine only), 3
(27%) of 11 patients vomited. The first patient had one
episode of vomiting during the treatment procedure and
once when she left the office. The second patient vom-
ited once when he left the office. The third patient vom-
ited once approximately 15 minutes after receiving the
ketamine. These patients vomited varying small
amounts of clear liquids. In the experimental group (ke-
tamine and promethazine), none of the subjects expe-
rienced vomiting (0%). A 2 x 2 chi-square contingency
table showed that there was a statistically significant dif-
ference in the vomiting frequencies between the 2 drug
regimens at P <. 05.

For both groups, most of the patients drank the liquids
willingly and tolerated the taste quite well. Four of the
patients refused any oral intake and were administered
the premedication using a Monoject syringe. Also, in
both groups most of the patients were drowsy or asleep
and exhibited no crying or movement at 25 minutes
when they were separated from the parents. For the local
anesthetic administration, approximately half of the con-
trol and half of the experimental subjects did not cry,
whereas the other half exhibited intermittent to strong
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Table 3. Comparisons Between Experimental and Control Groups

Variable Experimental Group (n = 11) Control Group (n = 11)
Age, mean ±+ SD 34 + 6.28 33 ± 6.65

(range), mo (25-43) (21-43)
Sex Males = females Males = females
Time in operatory, mean +± SD 33 + 11.87 30 + 6.12

(range), min (10-50) (20-42)
Vomiting, No. (%) 0 (0) 3 (27)
General behavior score, mean _ SD 3.12 ±+ 0.29 4.27 ± 0.5

crying. Most remained drowsy and about half of the pa-
tients were awake. There was an increase in body move-
ment, however, in more than half of the patients, and
the movement was rated by the anesthesiologist observer
as controllable and not interfering with the local anes-
thetic administration. At the initiation of treatment, more
patients were crying in the experimental group than in
the control group. In both groups, most of the patients
were drowsy and only a few were fully awake. A greater
number of patients exhibited continuous movement in
the experimental group than in the control group.
The control group yielded more effective sedations

than those seen in the experimental group. There were
more control patients rated in the good and very good
categories, whereas the experimental patients were
more distributed in the fair and good categories (Table
3). Each group yielded one excellent sedation. Of the
total participants, only one case (experimental group)
was aborted due to the patient's violent physical move-
ment and crying, rendering the treatment impossible.
The patient was rescheduled to have the dental treat-
ment performed under general anesthesia. The differ-
ence in the general behavior between the 2 groups was
statistically significant as demonstrated by the Mann-
Whitney U test at P = .05. The pulse and blood pres-
sure measurements were within a normal range from
baseline for each patient. Oxygen saturation levels were
maintained between 97-100%. One patient had a tran-
sient drop of the oxygen saturation from 99-95% half-
way through the treatment, but it quickly returned to
97%. There were no clinically significant differences in
saliva production between the experimental group and
the control group and no other apparent adverse effects
on either patient group as a whole.

DISCUSSION

Ketamine has been used as an oral sedative in the man-
agement of uncooperative patients. Common side ef-
fects of ketamine are nausea and vomiting, which have
been reported in 0-43% of patients.16 In this study, the
addition of promethazine, a potent antiemetic drug, re-

duced the vomiting incidence from 27% (control group)
to 0% (experimental group).

Patients given oral ketamine achieved sedation in ap-
proximately 25 minutes as evidenced by their drowsi-
ness when separated from the parents and the presence
of a blank stare. The blank stare and nystagmus are
typical effects seen with ketamine administration. It
should be noted that some of the parents who were
unfamiliar with ketamine sedation were not totally com-
fortable seeing their child sedated and demonstrating a
blank stare and nystagmus. Explaining to the parents
the expected clinical side effects of ketamine, especially
about the nystagmus, is helpful in making them more at
ease and relieving unnecessary anxieties.
One patient from the control group (31/2 years old)

said that she had a nightmare after the dental treatment
was completed. The parent also reported later that the
patient complained of nightmares while she was in the
waiting room after she was given the ketamine. After
the appointment, the parent did mention that the child
had a history of nightmares and that she would some-
times wake up at night crying.
The follow-up telephone calls revealed that most pa-

tients slept after returning home. The postoperative
drowsiness and sleep for both groups ranged from 15
minutes to 6 hours, with an average of 3 hours. How-
ever, these data were obtained subjectively from the par-
ents by their recall and were not precisely measured.
The sleep pattern as reported by the parents appeared
to be intermittent, with periods of wakefulness in be-
tween. There were no other adverse problems except
for the incidences of vomiting previously discussed.

CONCLUSION

The results of the general behavior rating between the
2 groups were not as expected. There was a trend for
promethazine to decrease in incidence the vomiting, but
it did not improve the sedation in the study group as
might be assumed. At this time, the presumed phar-
macological interaction between ketamine and pro-
methazine is not known. It is questionable whether pro-
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methazine may reduce the sedative effect of ketamine.
The small patient sample in this preliminary study may
have influenced the statistical outcome of the study as
well. It may be speculated that a larger patient sample
could possibly yield different results. It has been sug-
gested that the addition of a different antiemetic agent
to ketamine may produce a different result from that
obtained from this study. Since hydroxyzine is also used
in pediatric dentistry as a mild sedative and as an anti-
emetic drug, its combination with ketamine has poten-
tial merits and a future clinical evaluation is warranted.
From this study, ketamine provided good to excellent

sedations in most patients. Promethazine appeared to de-
crease the vomiting when added to ketamine. The com-
bination of ketamine and promethazine yielded adequate
sedations but was not as effective as ketamine alone.

REFERENCES

1. Houpt MI, Keonisberg SR, Weiss NJ, Desjardins PJ.
Comparison of chloral hydrate with and without promethazine
in the sedation of young children. Pediatr Dent. 1985;7:41-
46.

2. Alfonzo-Echeverri EC, Berg JH, Wild TW, Glass NC.
Oral ketamine for pediatric outpatient dental surgery sedation.
Pediatr Dent. 1993;15:182-185.

3. Guststein HB, Johnson KL, Heard MB, Gregory GA.
Oral ketamine preanesthetic medication in children. Anesthe-
siology. 1992;76:28-33.

4. Petros AJ. Oral ketamine, its use for mentally retarded
adults requiring day care dental treatment. Anaesthesia.
1991 ;46:646-647.

5. Rosenberg M. Oral ketamine for deep sedation of dif-
ficult-to-manage children who are mentally handicapped: case
report. Pediatr Dent. 1991;13:221-223.

6. Tobias JD, Phipps S, Smith B, Mulhern RK. Oral ke-
tamine premedication to alleviate the distress of invasive pro-
cedures in pediatric oncology patients. Pediatrics. 1992;90:
537-540.

7. Green SM, Johnson NE. Ketamine sedation for pedi-
atric procedures: part 2, review and implications. Ann Emerg
Med. 1990;19:1033-1045.

8. Moore PA, Mickey EA, Hargroves JA, Needleman HL.
Sedation in pediatric dentistry: a practical assessment proce-
dure. J Am Dent Assoc. 1984;109:564-569.

9. White PF, Way WI, Trevor AJ. Ketamine: its pharmacol-
ogy and therapeutic uses. Anesthesiology. 1982;56:119-136.

10. Stoelting RK. Pharmacology and Physiology in An-
esthetic Practice. New York, NY: JB Lippincott Co; 1987:
134-140.

11. Cawson RA, Spector RG. Clinical Pharmacology in
Dentistry. 4th ed. New York, NY: Longman Singapore Pub-
lishers; 1985:139, 207, 284-285.

12. Duperon DF, Jedrychowski JR. Preliminary report on
the use of ketamine on pediatric dentistry. Pediatr Dent.
1983;5:75-78.

13. Gonty AA. Ketamine, a new look at an old drug. Oral
Maxillofac Surg Clin North Am. 1992;4:815-824.

14. Holroyd SV, Wynn RL, Requa-Clark B. Clinical Phar-
macology in Dental Practice. 4th ed. St Louis, Mo: CV Mos-
by Co; 1988:75, 380.

15. Bennett CR. Dissociative-sedation: a new concept.
Compend Continuing Educ Dent 1990;11:34-36.

16. Reich DL, Silway G. Ketamine: an update on the first
twenty-five years of clinical experience. Can J Anaesth. 1989;
36:186-197.


