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INHALATION induction may be a stormy procedure in
children.1 In addition, painful and frightening experiences may cause long-term psychologic complications
and make subsequent contacts with health professionals
more difficult.2 As a result, a variety of premedications
administered via various routes have been introduced,3–14 among which rectal administrations of midazolam and ketamine have been performed with no reported late sequelae, but with varying degrees of
success.3– 6,9 –14
Ketamine has well-characterized sedative, anesthetic,
and analgesic properties.15 It also has advantages over
other sedative–anesthetic drugs, because it stimulates
the cardiovascular system, is usually associated with an
unobstructed airway and upper airway reflexes, and
causes minimum respiratory depression.15 On the other
hand, oral16,17 and intramuscular18 ketamine in children
has been associated with increased airway secretions,
increased incidence of postoperative nausea or vomiting, and emergence reactions, including delirium, dysphoria, nightmares, and hallucinations. Furthermore, recovery from ketamine may be prolonged.10,19 Early
clinical trials with rectal ketamine in children yielded
controversial results.9 –14 Satisfactory preoperative sedation and postoperative adverse effects have been reported after rectal administration of 8 –10 mg/kg ketamine.9 –11 However, these studies were confounded by
prior or coadministration of diazepam9,10 or midazolam.11 In other studies, sedative effects of rectal ketamine were found to be either unacceptable or inferior
to rectally administered midazolam.12,14 However, in
these studies a single dose of ketamine was evaluated or
compared with rectal midazolam,14 and does-related effects of rectal ketamine were not assessed. More importantly, evaluations of sedative effects were made 15 or
20 min after rectal ketamine administrations,12,14 despite
the fact that the peak plasma level of ketamine is attained
40 – 45 min after administration.10,12
This randomized, double-blind, dose–response study
was designed to test the hypothesis that rectally administered ketamine would produce sedative effects comparable to that produced by rectally administered midazolam when evaluated at its predicted peak plasma
concentration. In addition, hemodynamic changes after
various doses of rectally administered ketamine were
compared with rectally administered midazolam before,
during, and immediately after anesthesia, and incidence
of postoperative adverse effects and recovery character-
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Background: Results of previous studies of rectal ketamine as
a pediatric premedication are clouded because of lack of dose–
response relation, inappropriate time of assessing sedative effects, and previous administration or coadministration of benzodiazepines. Therefore, the authors reevaluated the efficacy of
rectally administered ketamine in comparison with 1 mg/kg
rectal midazolam.
Methods: Sixty-six infants and children (age, 7– 61 months)
who were American Society of Anesthesiologists physical status
I and who were undergoing minor surgeries as in-patients were
randomized to receive 5 mg/kg ketamine (n ⴝ 16), 7 mg/kg
ketamine (n ⴝ 16), 10 mg/kg ketamine (n ⴝ 17), or 1 mg/kg
midazolam (n ⴝ 17) via rectum. A blinded observer scored
sedation 45 min and 15 min after administration of ketamine
and midazolam, respectively, when children were separated
from parent(s) for inhalational induction. All children underwent standardized general anesthesia with sevoflurane, nitrous
oxide, and oxygen with endotracheal intubation. Blood pressure, heart rate, and oxyhemoglobin saturation were determined before, during, and after anesthesia. Postoperative recovery characteristics and incidence of adverse reactions were also
assessed.
Results: Most children (88%) who received rectally 10 mg/kg
ketamine or 1 mg/kg midazolam separated easily from their
parents compared with those (31%) who received 7 or 5 mg/kg
rectal ketamine (P < 0.05). Similarly, more children who received 10 mg/kg ketamine or 1 mg/kg midazolam underwent
mask induction without struggling or crying compared with
those who received 7 or 5 mg/kg ketamine (P < 0.05). There
were no clinically significant changes in blood pressure,
heart rate, and oxyhemoglobin saturation after administration of either drug. Immediately after surgery, more children
receiving midazolam or 5 mg/kg ketamine were agitated compared with 7 or 10 mg/kg ketamine. Ketamine, 7 and 10
mg/kg, provided postoperative analgesia, but the largest dose
of ketamine was associated with delayed emergence from
general anesthesia.
Conclusions: The results indicate that rectally administered
ketamine alone produces dose-dependent sedative effects in
children, when evaluated at its predicted peak plasma concentration. Ketamine, 10 mg/kg, has a delayed onset but is as
effective as 1 mg/kg midazolam for sedating healthy children
before general anesthesia. However, 10 mg/kg rectal ketamine
is not recommended for brief surgeries because of prolonged
postoperative sedation. (Key words: Anesthetics; hypnotics;
preinduction.)
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istics were examined in healthy infants and children
undergoing minor surgical procedures.

Methods
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ter, and precordial stethoscope, general anesthesia was
induced in all patients with sevoflurane and 67% nitrous
oxide in oxygen. A Jackson-Rees circuit was used with a
fresh gas flow approximately three times the minute
ventilation for children weighing less than 15 kg, or a
semiclosed circle system was used with a fresh gas flow
6 l/min for children weighing more than or equal to 15 kg
throughout the study. The concentration of sevoflurane
was gradually increased by 0.5% every 4 –5 breaths.
When the patient was asleep, a forearm peripheral vein
was cannulated, and lactated Ringer’s solution containing 2% dextrose was started. Ventilation was first assisted
and then controlled to obtain end-tidal carbon dioxide
tensions between 30 and 35 mmHg thereafter. End-tidal
sevoflurane concentration was maintained at 2% in 67%
nitrous oxide in oxygen throughout anesthesia and surgery.
When hemodynamic variables were stable and at least 10
min had elapsed after anesthetic induction, 0.01 mg/kg
atropine and 0.1 mg/kg vecuronium were administered
intravenously in all patients. Another 5 min was allowed
to obtain a baseline SBP and HR measurement before the
patient’s trachea was intubated. The complications of
mask induction and endotracheal intubation were noted,
including laryngospasm, arterial oxygen saturation less
than 90%, and vomiting. Extent of salivation was assessed by the same blinded observer and graded as
follows: (1) dry; (2) wet but suctioning not required; or
(3) wet and suctioning required during mask ventilation
or before endotracheal intubation. At the completion of
surgery, residual muscle relaxant was antagonized with
0.02 mg/kg atropine and 0.05 mg/kg neostigmine administered intravenously, and sevoflurane and nitrous oxide
were discontinued. The patient’s trachea was extubated
after confirming spontaneous respiration, sustained muscle contracture for 5 s to tetanus stimulus at 50 Hz to the
ulnar nerve, and spontaneous eye-opening or purposeful
muscular movements of upper extremities. Time from
the discontinuance of sevoflurane and nitrous oxide until extubation was noted. SBP, DBP, HR, and SpO2 were
measured after induction, after atropine administration,
after endotracheal intubation, at 5-min intervals throughout the surgery, and 5 min after tracheal extubation.
Coefficient of variation (SD/mean) for SBP, DBP, and HR
was determined using data obtained at 5-min intervals
during surgery.
All children were admitted to our hospital for 24 h
unless complications required a longer hospital stay.
They were transported from the operating room with
their parent(s) directly to the pediatric postanesthesia
recovery room on the ward, where they were closely
observed by two blinded observers who had 12 and 19 yr
of clinical experience in pediatric surgery. Emergence
reactions, such as agitation, delirium, dysphoria, and any
adverse events, including nausea and vomiting, were
noted. The rate of recovery was evaluated using a modified Aldrete score and a modified pain– discomfort scale
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After obtaining institutional review board approval and
informed parental consent, we studied 66 infants and
children aged 7– 61 months with American Society of
Anesthesiologists physical status I who were undergoing
minor surgeries for inguinal hernia, undescended testis,
hydrocele, and hypospadias with general anesthesia. Exclusion criteria were symptoms of upper airway tract
infection within the last 2 weeks, gastrointestinal tract
disorders, and history of general anesthesia. No patients
were taking medication within the last 2 weeks before
surgery. All patients were allowed food ad libitum 8 h
before surgery, and a maximum of 10 ml/kg clear liquid
4 h before the anticipated time of general anesthesia
induction. Patients were randomly assigned to one of
the following groups according to computer-generated
random numbers: the midazolam group (n ⫽ 17) received
1 mg/kg midazolam; the ketamine-5 group received
5 mg/kg ketamine (n ⫽ 16); the ketamine-7 group received 7 mg/kg ketamine (n ⫽ 16); and the ketamine-10
group received 10 mg/kg ketamine (n ⫽ 17). All drugs
were administered rectally through a 12-French suction
catheter lubricated with 2% sterile lidocaine jelly with its
tip 3– 4 cm proximal to the anal sphincter. A few milliliters of air were then injected through the catheter
before its withdrawal. The buttocks were tightly apposed for 5 min to avoid loss of the drug. These procedures were performed in the preinduction area by attending anesthesiologists in charge of the case, and
always in the presence of the child’s parent(s). The
concentration of midazolam was 5 mg/ml, and that of
ketamine was 50 mg/ml in all children. Noninvasive
systolic blood pressure (SBP) and diastolic blood pressure (DBP), heart rate (HR), and oxyhemoglobin saturation (SpO2) were measured before drug administration
and immediately before separation from parents. None
of the patients received previous cleansing enemas.
A blinded investigator (Dr. Tanaka) who was unaware
of the drug, the time of administration, and the dose,
observed children at separation from parent(s) (15 min
after midazolam and 45 min after ketamine) and graded
them as follows: (1) asleep; (2) calm but awake; (3)
restless; or (4) agitated, crying, or upset. These observations were repeated by the same investigator when an
anesthetic mask was applied and were similarly graded
as: (1) asleep; (2) calm but awake and apprehensive; (3)
awake and struggling; or (4) agitated or crying with
restraint required.
Anesthetic technique was standardized. After standard
monitors were applied, including an automated blood
pressure (BP) cuff, electrocardiography, a pulse oxime-
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Table 1. The Modified Aldrete Score and the Pain/Discomfort Scale
Modified Aldrete Score

0
1
2
0
1
2
0
1
2

Pain/Discomfort Scale

Crying
Not crying
Responding to comforting
Not responding to comforting
Moving
None
Restless
Thrashing
Agitation
Asleep or calm
Mild agitation
Severe agitation/hysterical

Score

0
1
2
0
1
2
0
1
2

0
1
2

(table 1).20,21 In addition, time to emergence (spontaneous eye opening without stimulus), time to interaction
(responding to comforting by parents), time to full
points on the modified Aldrete score, and time to drinking fluids were noted. If the sum on the pain– discomfort
scale at any evaluation period was greater than 3, the child
was considered to suffer from pain, and acetaminophen
suppository (50 mg ⱕ 1 yr, 1 yr ⬍ 75 mg ⱕ 3 yr, 3 yr ⬍
100 mg ⱕ 6 yr) was given. If pain relief was inadequate
within the next 30 min, pentazocine 0.5 mg/kg was given
intravenously as a rescue analgesic. For the purpose of
statistical analysis, time to the first analgesic was considered
to be 24 h if no analgesic was required within the first 24 h
after surgery. Children aged more than or equal to 2.5 yr
were specifically questioned about the presence of pain.
Approximately 24 h after children returned to the ward, all
parents, who accompanied their child overnight after surgery, were interviewed by a blinded observer (Dr. Tanaka)
to evaluate their overall satisfaction in anesthetic management, which was graded as excellent, good, fair, or poor. In
addition, they were questioned about the general wellbeing of the child, presence of nightmares, and any behavioral change. Children aged more than or equal to 2.5 yr
were specifically questioned about whether they recalled
any intraoperative event.
All values are presented as mean ⫾ SD. Statistical
analysis was performed using one-way analysis of vari-

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/93/5/1217/400755/0000542-200011000-00014.pdf by guest on 25 January 2022

Activity
Not moving
Nonpurposeful movement
Moving extremities purposefully
Respiration
Apnea/needs airway support
Shallow or limited
Deep breathing/coughing
Consciousness
Unresponsive
Responding to stimuli
Fully awake
O2 saturation
⬍ 90%
90–94%
⬎ 94%

Score

ance to compare demographic variables and hemodynamic data among groups. When a significant difference
was identified, it was followed by an unpaired Student t
test with Bonferroni correction to adjust for multiple
comparisons. Time to first analgesic and number of analgesic requirements within the first 24 h were compared using the Mann–Whitney test. Intergroup differences in categoric demographic data, the level of
sedation, extent of salivation, analgesic requirement, incidence of adverse effects, and parent’s satisfaction were
also compared using the chi-square test or Fisher exact
test as appropriate. Changes in hemodynamic and oxyhemoglobin saturation over time were analyzed by twoway analysis of variance with repeated measures, followed by the Wilcoxon signed rank test. Correlation
between the degree of sedation and the extent of salivation was assessed by the Spearman correlation coefficient by rank. A P value less than 0.05 was considered
statistically significant.

Results

There were no significant differences among the four
groups in terms of age, gender distribution, weight,
height, duration of surgery and anesthesia, and time
from discontinuance of anesthetics until tracheal extu-

Table 2. Patients’ Demographic, Surgical, and Anesthetic Data

Age (months)
Male/female (n)
Weight (kg)
Height (cm)
Duration of surgery (min)
Duration of anesthesia (min)
Time until tracheal extubation (min)

Midazolam
(n ⫽ 17)

Ketamine-10
(n ⫽ 17)

Ketamine-7
(n ⫽ 16)

Ketamine-5
(n ⫽ 16)

33 ⫾ 19
10/7
13 ⫾ 4
89 ⫾ 13
74 ⫾ 61
124 ⫾ 68
11 ⫾ 5

29 ⫾ 13
8/9
13 ⫾ 4
86 ⫾ 12
86 ⫾ 73
149 ⫾ 79
12 ⫾ 5

26 ⫾ 12
14/2
12 ⫾ 3
84 ⫾ 7
79 ⫾ 50
133 ⫾ 63
12 ⫾ 6

32 ⫾ 16
9/7
13 ⫾ 4
86 ⫾ 12
81 ⫾ 76
146 ⫾ 62
11 ⫾ 6

Values are mean ⫾ SD, or number of patients. No significant differences between groups.
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Table 3. Blood Pressure, Heart Rate, and Oxyhemoglobin Saturation before and 15 min after Rectal Midazolam and 45 min after
Rectal Ketamine Administration

Before premedication
SBP
DBP
HR
SpO2
After premedication
SBP
DBP
HR
SpO2

Midazolam

Ketamine-10

Ketamine-7

Ketamine-5

102 ⫾ 9
61 ⫾ 12
114 ⫾ 18
98 ⫾ 1

105 ⫾ 12
61 ⫾ 10
111 ⫾ 19
99 ⫾ 1

107 ⫾ 8
64 ⫾ 10
118 ⫾ 10
99 ⫾ 1

106 ⫾ 7
65 ⫾ 11
110 ⫾ 14
98 ⫾ 1

96 ⫾ 13†
55 ⫾ 11
119 ⫾ 21
98 ⫾ 1

108 ⫾ 12*
63 ⫾ 15
124 ⫾ 16†
99 ⫾ 1

116 ⫾ 12*
66 ⫾ 13*
120 ⫾ 8
98 ⫾ 1

116 ⫾ 11*
60 ⫾ 5
115 ⫾ 10
98 ⫾ 1

* P ⬍ 0.05 versus the midazolam group.

† P ⬍ 0.05 versus before premedication.

SBP ⫽ systolic blood pressure (mmHg); DBP ⫽ diastolic blood pressure (mmHg); HR ⫽ heart rate (beats/min), SpO2 ⫽ oxyhemoglobin saturation (%).

bation (table 2). In addition, no significant difference
was seen with respect to BP, HR, and SpO2 before premedication among groups (table 3). SBP decreased significantly after rectally administered midazolam and was
significantly less than those of the ketamine groups,
whereas DBP, HR, and SpO2 remained unchanged. On
the other hand, 10 mg/kg rectal ketamine, but not 7 or
5 mg/kg, increased HR significantly (table 3). No patients
developed SpO2 less than 97% on room air.
At separation from parent(s), significantly greater proportions of children in the midazolam and ketamine-10
groups were classified as being “asleep” and “calm but
awake” than in the ketamine-7 and -5 groups (fig. 1).
Although two children in the midazolam and ketamine-10 groups were either restless, agitated, crying, or
upset at the time of separation, none required restraint
when an anesthetic mask was applied for inhalational
induction (figs. 1 and 2). On the other hand, 12 children
(75%) in the ketamine-5 group required restraint, and
smooth induction was accomplished in only 4 (25%; fig.
2). During mask ventilation, a significantly greater proportion of children in the ketamine-5 group were classified as “wet” compared with the ketamine-10 group (fig.
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Values are mean ⫾ SD.

3). Significant negative correlation was observed between the degree of salivation versus the degree of
sedation at induction (P ⫽ 0.027) but not versus the
ketamine dose.
After the induction of anesthesia, there were no significant differences in terms of SBP, DBP, HR, and SpO2
among groups (table 4). Significant increases in BP and
HR were observed after intravenous atropine in all
groups but ketamine-5. SBP, DBP, and HR significantly
increased after endotracheal intubation in the midazolam and ketamine-5 groups but were unchanged in the
ketamine-10 group (table 4). During surgery and after
tracheal extubation, there were no significant differences in SBP, DBP, HR, SpO2, and coefficient of variation
for these vital signs among the four groups (table 4).
One patient in the midazolam group aspirated stomach
contents immediately after induction of anesthesia. This
child did not require antibiotics and recovered 3 days
postoperatively. One patient in the ketamine-10 group
developed retching 20 min after rectal administration,
but it was not accompanied by hypotension or hypoxemia. One patient in the ketamine-7 group developed
laryngospasm after induction. Postoperatively, time to

Fig. 1. Percentage of patients in each sedation category at separation from parent(s). Midazolam group ⴝ 1 mg/kg midazolam; ketamine-10 ⴝ 10 mg/kg
ketamine; ketamine-7 ⴝ 7 mg/kg ketamine; ketamine-5 ⴝ 5 mg/kg ketamine.
Patients in the midazolam group were assessed at 15 min and those in the ketamine groups at 45 min after rectal administration. Open bar ⴝ asleep; hatched
bar ⴝ calm but awake; stippled bar ⴝ
restless; solid bar ⴝ agitated, crying, or
upset. *P < 0.05 versus the ketamine-7
and -5 groups.
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emergence in the ketamine-10 and -7 groups were significantly prolonged compared with the ketamine-5
group, and time to full points on the modified Aldrete
score in the ketamine-10 group was significantly longer
than any other group (table 5). However, number of
analgesics and proportions of children requiring analgesic in the ketamine-10 and -7 groups were significantly
less than those in the midazolam and ketamine-5 groups
(table 5). Immediately after surgery, 4 (24%) and 3 (19%)
patients in the midazolam and ketamine-5 groups, respectively, and none in the ketamine-10 and -7 groups
were severely agitated (P ⬍ 0.05). All of these children
developed a pain– discomfort scale score greater than 4
and received the first dose of analgesic. One in the
ketamine-10 group developed delirium 30 min after receiving pentazocine as a rescue analgesic. Mild dysphoria was noted in one patient in each of the ketamine-7
and -5 groups within 6 h after surgery. Nightmare, hallucination, and recall of intraoperative events were not
noted. Nausea or vomiting occurred in 4 (24%), 2 (12%),
2 (13%), and 5 (31%) patients in the midazolam and
ketamine-10, -7, and -5 groups, respectively. Except for

Fig. 3. Incidence (percentage) and severity of salivation of children in each group
during mask ventilation or before endotracheal intubation. Midazolam group ⴝ
1 mg/kg midazolam; ketamine-10 ⴝ 10
mg/kg ketamine; ketamine-7 ⴝ 7 mg/kg
ketamine; ketamine-5 ⴝ 5 mg/kg ketamine. Open bar ⴝ dry; hatched bar ⴝ
wet but suctioning not required; solid
bar ⴝ wet and suctioning required during
mask ventilation or before endotracheal
intubation. *P < 0.05 versus the ketamine-10 group.
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Fig. 2. Percentage of patients in each sedation category at induction of general
anesthesia. Midazolam group ⴝ 1 mg/kg
midazolam; ketamine-10 ⴝ 10 mg/kg ketamine; ketamine-7 ⴝ 7 mg/kg ketamine;
ketamine-5 ⴝ 5 mg/kg ketamine. Patients
in the midazolam group were assessed at
15 min and those in the ketamine groups
at 45 min after rectal adminstration.
Open bar ⴝ asleep; hatched bar ⴝ calm
but awake and apprehensive; stippled
bar ⴝ awake and struggling; solid bar ⴝ
agitated or crying with restraint required.
*P < 0.05 versus the ketamine-7 and -5
groups; †P < 0.05 versus the ketamine-5
group.

agitation, there were no significant differences in the
incidence of any of these adverse effects among groups.
Through the postoperative interview, parent(s) reported
lethargy on the day of surgery in one child of the midazolam group and appetite loss in one in the ketamine-5
group. However, 88% or 89% of parents in each group
graded overall anesthetic management as either excellent or good.

Discussion

The major finding of our study is that rectal ketamine
as a sole agent produces a dose-related sedative effects
when assessed at its predicted peak plasma levels. Rectal
ketamine, 10 mg/kg, reliably eases separation from parent(s) and facilitates a smooth, struggle-free inhalational
induction of anesthesia in a manner comparable to that
of 1 mg/kg rectal midazolam, which was reported to
produce the maximum sedative effect. BP after rectal
ketamine administration was well maintained, and an
increase in HR after 10 mg/kg ketamine was of a clini-
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Table 4. Blood Pressure, Heart Rate, and Oxyhemoglobin Saturation during and after Surgery, and Intraoperative Coefficient of
Variations
Ketamine-10

Ketamine-7

Ketamine-5

87 ⫾ 11
44 ⫾ 7
114 ⫾ 16
99 ⫾ 1

93 ⫾ 9
46 ⫾ 7
110 ⫾ 16
99 ⫾ 1

94 ⫾ 11
47 ⫾ 12
110 ⫾ 17
99 ⫾ 1

96 ⫾ 17
53 ⫾ 11
118 ⫾ 13
99 ⫾ 1

95 ⫾ 11*
50 ⫾ 8*
147 ⫾ 12*
99 ⫾ 1

102 ⫾ 11*
57 ⫾ 11*
151 ⫾ 15*
99 ⫾ 1

103 ⫾ 15*
55 ⫾ 15*
146 ⫾ 20*
99 ⫾ 1

101 ⫾ 15
58 ⫾ 8
146 ⫾ 10*
99 ⫾ 1

103 ⫾ 13†
55 ⫾ 10†
155 ⫾ 15†
99 ⫾ 1

104 ⫾ 13
59 ⫾ 12
156 ⫾ 14
99 ⫾ 1

110 ⫾ 13†
54 ⫾ 13
152 ⫾ 24
99 ⫾ 1

105 ⫾ 14†
55 ⫾ 6†
154 ⫾ 10†
99 ⫾ 1

114 ⫾ 16
60 ⫾ 9
162 ⫾ 20
99 ⫾ 1

108 ⫾ 12
62 ⫾ 13
153 ⫾ 21
99 ⫾ 1

112 ⫾ 11
67 ⫾ 10
166 ⫾ 28
98 ⫾ 1

115 ⫾ 9
65 ⫾ 7
152 ⫾ 14
99 ⫾ 1

6.3 ⫾ 2.0
10.0 ⫾ 3.7
3.6 ⫾ 1.9

7.7 ⫾ 3.1
10.4 ⫾ 4.1
3.1 ⫾ 1.0

5.6 ⫾ 3.1
7.6 ⫾ 3.5
4.0 ⫾ 1.6

5.5 ⫾ 1.9
8.5 ⫾ 3.9
4.8 ⫾ 3.2

Values are mean ⫾ SD.
* P ⬍ 0.05 versus before atropine.

† P ⬍ 0.05 versus after atropine.
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After induction, before atropine
SBP
DBP
HR
SpO2
After atropine
SBP
DBP
HR
SpO2
After endotracheal intubation
SBP
DBP
HR
SpO2
After tracheal extubation
SBP
DBP
HR
SpO2
Intraoperative CV
SBP
DBP
HR

Midazolam

SBP ⫽ systolic blood pressure (mmHg); DBP ⫽ diastolic blood pressure (mmHg); HR ⫽ heart rate (beats/min), SpO2 ⫽ oxyhemoglobin saturation (%); CV ⫽
coefficient of variation (%).

cally acceptable level. In addition, airway complications
were uncommon in most children. These results indicate
that rectally administered 10 mg/kg ketamine, but not 5
or 7 mg/kg, is a clinically useful tool in the anesthetic
management of healthy infants and children. However,
whether a larger dose of rectally administered ketamine
may reliably produce sedation in a larger proportion of
children remains to be determined in future studies.
Our results are in clear contrast with a previous trial, in
which an acceptable level of sedation was not obtained
in any pediatric patient 20 min after rectal administration
of 10 mg/kg ketamine.12 Similarly, another study showed
that significantly more children receiving 3 mg/kg rectal
ketamine struggled or cried at separation from parents

and during intravenous catheter placement than those
receiving 0.5 mg/kg rectal midazolam.14 In the latter
study, clinical effects were also assessed 10 –15 min after
rectal midazolam or ketamine administration. However,
peak plasma concentration after rectal ketamine is attained at 40 – 45 min,10,12 whereas that of rectal midazolam occurs at 12–16 min.4,6 Therefore, inadequate level
of sedation in previous trials is considered to be caused,
at least in part, by inadequate time elapsed and, hence,
insufficient plasma concentration of ketamine achieved
at the time of clinical assessment. On the other hand,
results of other studies demonstrating adequate sedation
after rectal ketamine are flawed with previous administrations of 0.2 mg/kg intramuscular diazepam,9

Table 5. Recovery Time from Anesthesia and Analgesic Profile

Rate of recovery
Time to emergence (h)
Time to interaction (h)
Time to full Aldrete score (h)
Time to drink fluids (h)
Analgesic profile
Analgesic treatment (yes/no)
Time to first analgesic (h)
Number of analgesic within first 24 h

Midazolam

Ketamine-10

Ketamine-7

Ketamine-5

0.6 ⫾ 0.4
1.4 ⫾ 1.0*
1.7 ⫾ 0.8
3.8 ⫾ 1.5

1.4 ⫾ 1.4*
1.7 ⫾ 0.6*
3.5 ⫾ 1.7†
4.7 ⫾ 1.5

1.3 ⫾ 1.2*
1.3 ⫾ 1.0*
2.2 ⫾ 0.9
4.2 ⫾ 1.3

0.3 ⫾ 0.2
0.4 ⫾ 0.3
1.7 ⫾ 1.2
4.0 ⫾ 1.1

11/6
6.0 ⫾ 10.8
1.0 ⫾ 1.0

4/13‡
22.4 ⫾ 3.3‡
0.3 ⫾ 0.6‡

3/13‡
20.4 ⫾ 7.7‡
0.2 ⫾ 0.4‡

14/2
5.0 ⫾ 7.7
1.1 ⫾ 0.9

Values are mean ⫾ SD or number.
* P ⬍ 0.05 versus the ketamine-5 group.
groups.

† P ⬍ 0.05 versus the midazolam, and ketamine-7, and -5 groups.
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ide,24,25 whereas other studies showed slightly delayed
recovery or discharge after the same dose of oral midazolam when using sevoflurane plus alfentanil or propofol
for ambulatory surgery.26,27 Because elimination half-life
of oral midazolam is 70 min,28 it is conceivable that
discharge may be delayed after ambulatory anesthesia
using rectal midazolam or ketamine, when compared
with no premedication.
There are shortcomings of our study. Although we
demonstrated that 10 mg/kg rectal ketamine was
roughly equipotent with 1 mg/kg rectal midazolam in
sedating pediatric patients, the cost of ketamine per
kilogram is approximately 1.7 times that of midazolam in
our country. The 30-min additional cost for the preinduction room stay with rectal ketamine would even
further increase its cost and therefore limit its usefulness
and restrict its use when compared with rectal midazolam. Second, differing volume of ketamine might affect
relative distribution of the drug between the portal and
systemic drainage, i.e., less volume per dose of the drug
would direct greater proportion absorbed from the systemic drainage, and thus the initial sedative effect would
be greater than the drug being diluted. These considerations imply that, if a smaller dose of ketamine had been
diluted to 0.2 ml/kg, preoperative sedation of a smaller
dose of ketamine would have been attenuated because
of less systemic drainage, and postoperative recovery
possibly affected by norketamine would have been
slower because of more first-pass hepatic metabolism.
Third, performing regional block or providing infiltration of a local anesthetic might have affected the postoperative analgesic profile. Lastly, preoperative anxiety
was not assessed in our study. However, objective evaluation of the level of anxiety in pediatric patients, especially those younger than 12 months, could be especially
difficult compared with older children.
In conclusion, ketamine produced dose-dependent
sedative effects when evaluated 45 min after rectal administration. Although sedative effect of rectal ketamine
at a dose of 10 mg/kg was comparable to that of 1 mg/kg
rectal midazolam and provided postoperative analgesia,
it was associated with delayed emergence from general
anesthesia in children undergoing minor surgical procedures.
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0.5 mg/kg rectal diazepam,10 or coadministration of
0.2 mg/kg rectal midazolam.11 These doses of benzodiazepines alone may be sufficient to produce sedation,
because most children (77%) were indeed sedated after
0.5 mg/kg rectal diazepam before ketamine was administered rectally.10
Minimum hemodynamic changes after rectal midazolam or ketamine further support the safety of these drugs
as a pediatric premedicant. Cardiovascular stimulation
caused by endotracheal intubation in patients receiving
midazolam and the least dose of ketamine, but not the
largest dose of ketamine, suggests that the higher rectal
ketamine dose reliably suppresses stress response associated with laryngoscopy and intubation. Although such
an extent of hemodynamic alterations after endotracheal
intubation may have little clinical importance in otherwise healthy children, this study was conducted to generate data to be used in a future study in children with
congenital heart diseases, in which cardiovascular stimulation and minimum respiratory depression by ketamine would favor its use despite adverse effects.22,23 In
the present study, hemodynamic stability as estimated by
intraoperative coefficient of variation for BP and HR was
demonstrated by the ketamine doses used.
Despite our concern, significant negative correlation
between the degree of preoperative sedation, but not
the dose of ketamine, versus the degree of salivation at
the time of induction suggests that prophylactic anticholinergic may not be routinely indicated after rectal ketamine. However, a larger dose–response study is warranted to determine whether salivation is increased by
rectal ketamine in children.
Delayed emergence in children receiving 10 or 7 mg/kg
rectal ketamine compared with rectal midazolam may be
explained by the significant plasma concentration of
norketamine, an active metabolite of ketamine that possesses one third of anesthetic potency. Previous studies
showed that the terminal half-life of rectal midazolam
and rectal ketamine were both approximately 100
min,6,10 but that of norketamine is longer than ketamine
per se.10 Although our hospital regulation required all
children in our study to be admitted to the hospital on
the day of surgery, it is likely that the time until discharge criteria were met would also be prolonged, especially after 10 mg/kg ketamine, because this dose is
associated with significantly longer time to the fullpoints
on the modified Aldrete score than the other regimens.
Because the incidence of all other side effects were
comparable between midazolam and 10 mg/kg ketamine, and ketamine exerts postoperative analgesia, indication of rectal ketamine premedication in children
should be carefully weighed against prolonging recovery
from general anesthesia and may be confined to in-patients.
Several previous studies have reported no effect on recovery characteristics in children after 0.5 mg/kg oral midazolam premedication when using halothane and nitrous ox-
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