
Introduction
Multiple invasive procedures, such as bone marrow
aspirations and lumbar punctures, are performed on
children with malignancy during the course of their
illnesses. These procedures cause substantial pain
and distress in children. Anxiety can be extreme and
often affects the relatives of patients. During these
procedures, the inadequate management of pain and
distress may cause depression and other long-term
psychological disorders in children.1,2

Sedatives such as chloral hydrates, narcotic anal-
gesics, and phenothiazine cocktails are largely
ineffective and have a prolonged recovery time.
Intravenous agents, such as propofol, generally
require anaesthesiology support because of the high
risk of respiratory depression.3–5

Recently, the combination of ketamine and mida-
zolam has been commonly used for painful procedures
in children. Ketamine has sedative, anaesthetic, and
analgesic properties. It also stimulates the cardio-

vascular system, and causes minimum respiratory
depression.6 Midazolam is an anxiolytic drug used in
preanaesthetic medication for surgical procedures.7,8

It has been reported that the combination of intra-
venous ketamine and midazolam is free of the adverse
effects of ketamine alone and provides rapid onset of
sedation with minimal haemodynamic or respiratory
compromise.9 These agents have the advantage over
many other sedatives and analgesic drugs in that
therapeutic plasma levels can be obtained with intra-
venous, intramuscular, oral, rectal, sublingual, and
nasal administration.10–17 However, the preferred
route of administration remains in dispute.

The combination of intravenous ketamine and
midazolam had also been used for paediatric
oncology patients.18–20 In the present study, we inves-
tigated the efficacy of a combination of ketamine and
midazolam, comparing intravenous, oral, and rectal
administrations for invasive procedures in children
with malignancy.

Materials and Methods
Seventy-three children under 5 years of age attend-
ing Dr. Behçet Uz Children’s Hospital for bone
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marrow or lumbar puncture tests in the course of
their treatment for malignancy were included in this
study. Fifty-eight children (79.4 per cent) were
treated for blood malignancy and 15 children (20.5
per cent) for solid tumours. Children with increased
intracranial pressure, severe neurological dysfunc-
tion, and cardiovascular and respiratory malform-
ation, active respiratory infection, liver or renal
failure, and drug allergies were excluded. Informed
parental consent was obtained for all children.

An application to the American Academy of
Paediatrics (AAP) for guidelines on the use of
sedative agents in children was granted.21 Patients
were instructed to intake nothing for 4 h before
sedation. Children were admitted to the intervention
room 1 h before the scheduled procedure. The intra-
venous line was established and intravenous fluid
infused. Before administration of the sedative medi-
cation, the baseline vital signs were recorded and
then the patient was monitored for heart rate, respi-
ratory rate, and oxygen saturation. The measure-
ment of blood pressure was performed every 5 min
during the procedure and the recovery period. The
children were assigned to one of three groups: group
1 (IV, n = 25), ketamine 1 mg/kg and midazolam 0.05
mg/kg given intravenously; group 2 (PO, n = 24),
ketamine 3 mg/kg and midazolam 0.5 mg/kg in 5 ml
cherry syrup given orally; group 3 (PR, n = 24),
ketamine 3 mg/kg and midazolam 0.5 mg/kg in 5 ml
0.9 per cent normal saline given rectally.

Sedation state was assessed before drug adminis-
tration and thereafter every 5 min by a second
observer blinded to the route of medication. The
quality of sedation was graded according to the scale
used by Karl, et al.,15 as follows: grade 1 being
agitated, grade 2 anxious, grade 3 calm, grade 4
drowsy, and grade 5 asleep. Less than grade 3 was
failed sedation, grade 3 was considered as acceptable
sedation and grade 4 or 5 was considered as the
optimal sedation. When sedation grade was 3 or
more, the procedures were performed after local
anaesthesia was administered using lidocaine 1 per
cent by infiltration. After the procedure, patients
were observed in the waiting room. Recovery from
the sedation was assessed by level of awareness (fully
awake) and age-appropriate orientated responses to
verbal or motor stimuli. Recovery time was the time
from the completion of the procedure until the child
was entirely alert again. All patients were discharged
according to the criteria recommended by AAP.21

We contacted the children’s parents 24 h after
discharge, and asked them to assess their satisfaction
with the consequences of the sedation regime used
on their child.

Statistical analysis was performed using one-way
analysis of variance, Mann–Whitney test and the chi-
squared test or Fisher exact test. A p-value less than
0.05 was considered statistically significant.

Results
There were no significant differences among the
three groups in terms of age, sex, weight, and type of
procedure used. Demographic and procedure data
are shown in Table 1.

As expected, the onset of sedation was quite rapid
after intravenous administration, with clinical effects
seen within 3–5 min. The onset of sedation following
rectal administration was similar to that after oral
administration (15–20 min). The time to statistically
compare the sedation state after drug administration
was the 5th min for the IV group, and the 20th min
for the PO and PR groups. The optimal sedation
(grades 4 or 5, drowsy and asleep) was provided in
78 per cent of all patients and no statistical difference
was observed among the three groups (Table 2). The
mean recovery time was longer (statistically signifi-
cant) in the intravenous group (>90 min in two
patients) compared with the other groups (Table 3).

No severe complications were observed in all
groups. In each of the three groups, the baseline and
after-procedure vital signs are shown in Table 4.
There was cardiovascular stability during and after
the procedure. No patient was documented to have
significant tachycardia, hypo/hypertension, or respi-
ratory depression. The pulse rate remained within 5
per cent of baseline values in most patients. In only
five patients was transient tachycardia noted. The
oxygen saturation was over 90 per cent in all
patients. There was no apnoea or need to assist
ventilation.

The observed adverse effects were increased sali-
vation, agitation, hallucination, and vomiting. The
former was seen in most of the patients but did not
interfere with respiratory effort. Vomiting was noted
in nine (12 per cent) of the patients during recovery
from sedation and associated with neither route of
administration nor procedure type. Aspiration was
neither observed nor suspected. Four (5.4 per cent)
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TABLE 1
The demographic and procedure data

IV group PO group PR group 

n 25 24 24
Sex (M/F) 11/14 12/12 13/11
Age (years) 3.6 ± 1.2 3.9 ± 1.3 3.7 ± 1.1
Weight (kg) 16.2 ± 2.8 15.6 ± 3.1 15.8 ± 2.3
Type of procedure

BMA (n) 7 8 4
BMA+ LP (n) 8 9 11
BMA + BMB (n) 10 7 9

Data are mean ± SD or number of patients. No significant
differences among the three groups. 
LP, lumbar puncture; BMA, bone marrow aspiration; BMB,
bone marrow biopsy; IV, intravenous; PO, per oral; PR, per
rectal.
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of all patients experienced agitation during recovery
but no significant difference was observed among the
groups. Hallucination was noted in three (12 per
cent) patients given intravenous medication, but not
in those given oral or rectal medications.

Most of the parents reported that they were
satisfied with the consequences of the sedation: 68
per cent, 71 per cent and 75 per cent for the intra-
venous, oral, and rectal groups, respectively.
However, three (12 per cent) parents in the intra-
venous group stated that they were very worried
because their child had hallucinations.

Discussion

A combination of ketamine and midazolam has been
commonly used for invasive procedures in children.
This combination has both sedative and analgesic
properties. When these agents are used as single
agents, midazolam and ketamine may produce respi-
ratory depression and dysphoric reaction, respec-
tively. The use of lower doses of midazolam with
ketamine has been shown to result in more rapid
onset of analgesia, more amnesia of the procedure,
and less adverse effects. Previous studies reported
that the combination of ketamine and midazolam is
effective and safe in patients with malignancy.18–20 In
all of these studies, intravenous administration of
these agents was used and found to be safe and effec-
tive. Our study provides evidence that a combination
of midazolam and ketamine is effective and safe with
both intravenous and transmucosal (oral and rectal)
administrations.

Oral ketamine alone (10 mg/kg) was used for
painful procedures in children with cancer and anal-
gesia was achieved in 85 per cent of the children.22

Auden, et al.17 reported that oral ketamine/midazo-
lam can be superior to intramuscular meperidine,
promethazine, and chlorpromazine for sedating
children with congenital heart disease. In this study,
ketamine 10 mg/kg and midazolam 1 mg/kg were
used in children ≤3 years old. Roelofse, et al.23

compared midazolam (1 mg/kg) alone and midazo-
lam (0.35 mg/kg) combined with ketamine (5 mg/kg)
for sedation of paediatric dental patients. They
reported that both drug groups had reliably good
anxiolysis and sedation without loss of respiratory
drive or protective airway reflexes. Funk, et al.24

reported that significantly better anxiolysis and
separation were observed with a combination of oral
midazolam (0.5 mg/kg) and ketamine (3 mg/kg) than
with midazolam (0.5 mg/kg) or ketamine (6 mg/kg)
alone for preanaesthetic medication. In our study
also, the combination of ketamine (3 mg/kg) and
midazolam (0.5 mg/kg) was used orally in children
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TABLE 2
The quality of sedation

Sedation state
—————————————————

Groups Failed Acceptable Optimal 
(grade 1–2) (grade 3) (grade 4–5)

IV group, n (%) 0/25 (0) 5/25 (20) 20/25 (80)
PO group, n (%) 0/24 (0) 6/24 (25) 18/24 (75)
PR group, n (%) 0/24 (0) 5/24 (21) 19/24 (79)
Total, n (%) 0/73 (0) 16/73 (22) 57/73 (78)

Data are number of patients. No significant differences among
the three groups (p > 0.05).
IV, intravenous; PO, per oral; PR, per rectal.

TABLE 3
Recovery time from sedation

Recovery time (min) IV group PO group PR group

Mean time 38 ± 23 19 ± 13 24 ± 10
Range 28–130 14–46 18–55

Data are mean ± SD.
p < 0.01 for IV vs. PO groups; p< 0.05 for IV vs. PR groups.
IV, intravenous; PO, per oral; PR, per rectal.

TABLE 4
Vital signs at baseline and end of sedation

IV group PO group PR group
——————————————— ———————————————— —————————————————
Baseline End of sedation Baseline End of sedation Baseline End of sedation

HR (beats/min) 118 ± 28 122 ± 12 116 ± 19 128 ± 17 121 ± 8 118 ± 10
RR (beats/min) 30 ± 13 34 ± 17 32 ± 12 34 ± 14 32 ± 11 31 ± 22
SBP (mmHg) 108 ± 11 104 ± 14 102 ± 10 108 ± 12 105 ± 12 106 ± 15
DBP (mmHg) 68 ± 18 61 ± 12 64 ± 15 58 ± 11 67 ± 13 68 ± 12
SaO2 (%) 98 ± 2.2 97 ± 2.1 97 ± 2.4 98 ± 2.1 97 ± 3.8 98 ± 2.3

Data are mean ± SD. No significant changes were between baseline and end of sedation in all three groups.
HR, heart rate; RR, respiratory rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; SaO2, oxygen saturation; IV, intravenous;
PO, per oral; PR, per rectal.
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aged 1–5 years. All patients can accept oral medi-
cation. The optimal sedation was achieved in 80 per
cent of patients and there was no significant differ-
ence compared with intravenous and rectal adminis-
trations.

Ketamine alone or combined with midazolam has
been commonly used rectally for premedication and
dental procedures. However, early studies with
rectal ketamine in children yielded controversial
results. Significant adverse effects have been
reported after rectal administration of 8–10 mg/kg
ketamine.25–27 Beebe, et al.12 found that the efficacy
of rectal ketamine was unacceptable or inferior to
midazolam. Recently, Tanaka, et al.28 reported that
rectal ketamine, 10 mg/kg, had a delayed onset but
was as effective as 1 mg/kg midazolam for pre-
medication. Thus, 10 mg/kg rectal ketamine is not
recommended for brief surgeries because of
prolonged sedation. In our study, the satisfactory
sedation was achieved with rectal midazolam (0.5
mg/kg) and ketamine (3 mg/kg) for invasive
procedures in children with malignancy.

We observed a few adverse effects with both intra-
venous and transmucosal administrations of this
sedation regime; hallucination was noted in three (12
per cent) patients given intravenous medication.
This condition caused their parents to worry. Hallu-
cination is one of the side-effects of ketamine,
occasionally with manic or hysterical episodes. The
psychedelic effects are related to intravenous or
intramuscular administrations.6,19,29–31 This side-
effect has not been reported in children given oral
and rectal administrations.10,12–14,17,24,28–31 There is a
high first pass metabolism following oral adminis-
tration. The metabolite norketamine also causes
sedation and analgesia.30,31

One of the limiting factors in the use of most
benzodiazepines for sedation is the length of
action.32 Parker, et al.18 used i.v. midazolam (0.05–0.1
mg/kg) and ketamine (1–6 mg/kg) for therapeutic
and diagnostic procedures in children and they found
that recovery time ranged from <15 min to 120 min
with >70 per cent of patients recovering within 30
min. In our study, the mean recovery time was signifi-
cantly longer in the intravenous group compared
with the other groups. Recovery time was longer
than 120 min in two patients who received intra-
venous midazolam and ketamine. However, both
patients had no respiratory depression and flumaze-
nil therapy was not given. Flumazenil has proven to
reverse the effect of sedative and respiratory depres-
sant actions of midazolam.33 However, flumazenil
has been reported to precipitate seizures in the
overdose situation.34,35 Another concern about the
use of flumazenil is its short half-life. Consequently,
rebound sedation and respiratory depression may
occur in patients to whom high doses of midazolam
have been administered.36,37

In conclusion, we report that intravenous, oral,

and rectal ketamine/midazolam is equally effective
for invasive procedures in children with malignancy.
The use of intravenous midazolam/ketamine may
produce prolonged sedation and psychedelic effects
in children. These adverse effects may alter the
child’s comfort and also the parent’s satisfaction.
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