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Comparison of the effectiveness of two different
combinations of oral ketamine and
midazolam premedication in autistic children
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Abstract

Objective: Effective premedication is one of the key factors for anes-
thetic management of autistic children. We designed a study protocol
to compare two different dose regimens of midazolam plus ketamine
for premedication of autistic children.

Methods: We performed a prospective randomized double-blind
study in 142 autistic children, aged 1-17 years, undergoing brain
SPECT imaging procedure. Group I received oral 0.5 mg/kg midazo-
lam with 3 mg/kg ketamine and Group II received oral midazolam 0.25
mg/kg with ketamine 6 mg/kg. Onset of sedation and sedation score
just before the induction of anesthesia were recorded. Anxiety of chil-
dren was assessed by a four point scale at admittance, during separation
from parents and at venipuncture. Post-anesthetic recovery was
assessed using the modified Aldrete score. Postoperative vomiting and
any other side effects were recorded when seen. Ten days after the pro-
cedure, parents were interviewed for changes in behaviors, sleep distur-
bances and feeding difficulties.

Results: Acceptable sedation scores were obtained in both groups.
Success rates for parental separation and intravenous cannulation were
higher than 85% in both groups. There were no differences between
two groups in terms of sedation onset time, intravenous cannulation
anxiety score, parental separation anxiety score, side effects and changes
in behaviors, sleep disturbances and feeding difficulties. The only signif-
icant difference between two groups is sedation scores before induction
of anesthesia. Children in high ketamine group had deeper sedation
state than those in the other group.

Conclusion: Our results showed that both dose regimens provided suc-
cessful premedication in autistic children.
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Ozet

Amag: Otistik cocuklarin anestezi yonetiminde etkin bir premedikas-
yon hayati 6nem tagir. Calismamizda otistik ¢ocuklarda premedikas-
yon amaciyla kullanilan iki farkli midazolam+ketamin kombinasyonu-
nun etkileri kargilagtirilmigtir.

Yoéntem: Prospektif, randomize ve cift-kor olan bu ¢alismaya beyin
SPECT goérintiileme yontemi uygulanabilecek yaglar1 1-17 arasinda
142 otistik cocuk dhil edilmistir. 1. gruba 0.5 mg/kg midazolam + 3
mg/kg ketamin, 2. gruba ise 0.25 mg/kg midazolam + 6 mg/kg keta-
min oral yoldan verilmistir. Sedasyon baslama siiresi ve anestezi in-
diiksiyonu 6ncesi sedasyon skoru kayit edilmistir. Cocuklarda baglan-
gicta, aileden ayrilirken ve damar yolu agilirken anksiyete dortli bir
skala ile, anestezi sonras derlenme ise modifiye Aldrete skoru ile de-
gerlendirilmistir. Postoperatif donemde bulanti ve benzeri yan etkiler
kayit edilmistir. Islemden 10 giin sonra hasta yakinlari aranmig ve
davranis degisiklikleri, uyku bozukluklari ve beslenme sorunlar: agi-
sindan sorgulanmstir.

Bulgular: Her iki grupta da kabul edilebilir sedasyon skorlar: elde
edilmis, aileden ayrilma ve intraven6z kaniilasyonda %85’in tistiinde
bagsari elde edilmistir. Sedasyon baslangi¢ siiresi, aileden ayrilma, in-
travenoz kaniilasyonda anksiyete skorlari, yan etkiler, postoperatif
davranis degisiklikleri ve beslenme sorunlar: agisindan iki grup arasin-
da bir fark bulunmamistir. Gruplar arasinda tek anlamli fark, indiiksi-
yon 6ncesi sedasyon skorunda tespit edilmis, yiiksek doz ketamin ice-
ren grupta daha derin bir sedasyon diizeyi saglanmigtir.

Sonug: Her iki rejimin de otistik ¢ocuklarda bagarili premedikasyon
sagladigr gorilmistir.
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Autism is a complex neurodevelopmental disorder defined
by the presence of social deficits, abnormality in commu-
nication, the presence of repetitive and stereotyped pat-
terns of behavior and hyperactivity. Characteristically,
autistic patients have fixed routines in their everyday life.
Any change in their routine can be very distressing and
placing such children in a new environment with strangers
can therefore be stressful and problematic for the patient,
the parents and the medical staff.

The key points of perioperative care can be summa-
rized as a well-planned procedure that exposes the child to
this unpleasant environment as little as possible, a close
cooperation with parents and a premedication regimen to
effectively reduce the emotional trauma. A smooth anes-
thetic induction and emergence avoid early and late post-
operative maladaptive behaviors."”

There is few published literature regarding the pre-
medication of combative autistic children. Although vari-
ous case reports and series have addressed autism as a chal-
lenge for the anesthetist,”” we have so far not come across
any publications, which compare different premedication
methods in children with autism. In children, several
reports indicate that both oral midazolam”” and oral ket-
amine™*” may fulfill many of the characteristics of an
ideal premedication. However there are known side effects
to both. In studies that use midazolam, doses have to be
increased in order to obtain effective sedation and this
prolongs recovery time."""" On the other hand, salivation,
psychotic side effects, vertigo and emesis restrain the use
of ketamine as in premedication therapy.”” To overcome
the drawbacks of midazolam and ketamine alone, combi-
nations of both drugs in different doses have been used
since 1992.7"

Our study took into consideration the varying results
of a number of different studies performed on children.
We then designed the following study to compare the
effectiveness of oral ketamine 3 mg/kg and midazolam 0.5
mg/kg (Group I) with oral ketamine 6 mg/kg and midazo-
lam 0.25 mg/kg (Group II) in autistic patients.

Materials and Methods

After obtaining institutional approval, 142 autistic chil-
dren (ASA I-II), and aged 1-17 years undergoing brain
SPECT imaging procedure were enrolled in the study.
Written informed consent was obtained from children’s
parents at least 24 hours before the procedure. Exclusion
criteria were ASA physical status III or higher and severe

cardiovascular or central nervous system dysfunction. The
study was conducted in a randomized, double-blind man-
ner.

Children started fasting 4-6 hours prior to anesthesia.
Each child was randomly assigned to one of the two pre-
medication groups according to a computer generated list.
Group I received 0.5 mg/kg midazolam with 3 mg/kg ket-
amine and Group II received midazolam 0.25 mg/kg with
ketamine 6 mg/kg 30 minutes before anesthesia. An anes-
thetist prepared the drug mixtures using 0.5 ml/kg apple
juice . The same anesthetist also observed its application by
the parents. Children who refused to take the premedica-
tion or spit it out were excluded from the study protocol.

Evaluation of sedation, anxiolysis and recovery was
performed by another anesthetist who was unaware of the
contents of the oral premedication. Sedation was assessed
by a 5 point scale (Table 1) every 5 minutes following
administration of premedication. Onset of sedation (seda-
tion score 3 or less) and sedation score just before the
induction of anesthesia were recorded. Anxiety of children
(Table 2) was assessed by a four point scale at admittance,
during separation from parents and venipuncture.
Sedation and anxiolysis scores were adopted from pub-
lished studies"” investigating pediatric premedication.

Thirty minutes after oral premedication in the ward,
children were taken to the procedure room. In the proce-
dure room, ECG and peripheral oxygen saturation were
monitored. Following intravenous cannulation, all children

Table 1. Level of sedation on five-point scale.

Score Sedation level
1 Barely arousable (full sleep)
2 Eyes closed (light sleep)
3 Eyes opened but looks drowsy
4 Awake
5 Agitated

Table 2. Level of anxiety on four-point scale.

Score Anxiety level

1 Calm and sleepy
2 Apprehensive but withdrawn from surroundings
3 Crying

4 Agitated and difficult to control
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received atropine 0.01 mg/kg. Anesthesia was induced by
a facemask with incremental administration of sevoflurane
up to 8% inspired concentration with 40% O: in air.
Anesthesia was maintained with 1-1.5% sevoflurane via a
laryngeal mask in all children.

Duration of SPECT was 27 minutes for cases and
sevoflurane was stopped in 24th minute. Laryngeal mask
was removed at the end of the procedure when the chil-
dren were deeply anaesthetized. Post-anesthesia recovery
was assessed using the modified Aldrete score™ every §
minutes. The time between the cessation of the anesthet-
ic and reaching an Aldrete score of 9 points was recorded
as recovery time. Postoperative vomiting was recorded as
a single event irrespective of the frequency and size of the
vomiting. Side effects such as laryngospasm, respiratory
depression and post-anesthetic excitement were recorded
when observed.

Ten days after the procedure, parents were interviewed
by telephone for changes in behaviors (anxiety, apathy,
restlessness, aggression against authority), sleep distur-
bances and feeding difficulties following the anesthetic.

Data are expressed as mean = SD or percentages. Chi-
square or Fisher’s exact test, Mann-Whitney U test and
unpaired Students t-test are used to test the significance of
the difference between the groups. Statistical significance
was assumed as p<0.05.

Results

Three children who refused to drink oral premedication
and two children that spit it out were excluded from study.
A total of 137 children were studied.

Two groups were comparable in age, sex and weight
(Table 3). Onset time of sedation was 11.67+2.38 min. in
Group I and 12.71+4.14 min. in Group IL. The difference
in onset time is not statistically significant between two
groups (p= 0.176). Sedation scores just before induction of
anesthesia were 1.52+0.69 in Group I and 1.13x0.45 in
Group II (p< 0.01).

Anxiolysis scores at admittance, during separation from
parents and venipuncture are shown at Table 4. The dif-
ference between the groups was not statistically significant
at any assessment period. At separation from parents
86.5% of children in Group I and 86% of children in
Group II were calm and sleepy (score 1) whereas the rest
of patients had an anxiety level of 2 in both groups (p=
0.82). Success rate at intravenous cannulation was 88% in
Group I and 94% in Group II, respectively.
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The vomiting rate was slightly higher in Group II
(16.2%) than in Group I (12.1%), but the difference
between two groups was not statistically significant (p=
0.5).

One child in Group I demonstrated episodes of ven-
tricular arrhythmia in perioperative period but arrhythmia
was not continued after the procedure. No side effect was
detected in Group II.

Recovery time was 32.4+14.8 minutes in Group I and
31.2+10.5 minutes in Group II (p=0.753). During recovery
from anesthesia no difference was observed as assessed by
an Aldrete score of 9 or 10 points. All the children were
discharged two hours after the end of the procedure.

Data collected by telephone interview did not demon-
strate statistically significant differences between the
groups. Five children (7.5%) in Group I and six children
(8.3%) in Group II had behavioral changes like anxiety
and restlessness, whereas five parents (7.5%) in Group 1
and four parents (5.5%) in Group II reported decrease in
appetite. Only two parents (3%) reported restless sleep in
Group I whereas restless sleep was not observed in Group
II. All the changes returned to normal within one week.

Discussion

In order to deal with problems in autistic children, we pre-
viously used oral midazolam in mild cases and oral keta-
mine in severe cases as premedication based on the previ-
ous study by van der Walt and Moran.” When we used
only midazolam, we had unsatisfactory sedation in a signif-

Table 3. Patient data.

Group | (n=66) Group Il (n=71) p value
Age (years) 7.54+£4.11 7.31+4.34 0.845
Weight (kg) 30.92+17.26 28.46+20.41 0.327
Gender (M/F) 25/41 21/50 0.305

Table 4. Anxiolysis score at admitance, at intravenous cannulation and
at parenteral seperation.

Group | (n=66) Group Il (n=71) p value

At admittance 1.82+0.78 1.98+0.65 0.154
At IV cannulation 1.73+0.71 1.71+0.57 0.826
At separation from parents 1.14+0.35 1.14+0.31 0.913
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icant proportion of patients. All the children given oral
ketamine were successfully sedated but hallucination and
nystagmus were observed in some. We therefore decided
to mix ketamine and midazolam. To the best of our
knowledge, there is no published literature that compares
different combination of ketamine and midazolam in
autistic children. Therefore, we based our study on previ-
ous studies made on non-autistic children.""” This study
provides evidence that both groups experienced effective
premedication in autistic children without any serious side
effects. The only statistically significant difference in the
two groups is sedation scores before induction of anesthe-
sia. The mean sedation score of the high ketamine group
is significantly lower from that of the low ketamine group.

In this study, onset of sedation time was found to be
approximately 12 minutes in both groups. The most
extensive study on anesthesia management strategies for
autistic children has been done by van der Walt and
Moran.” They used midazolam, ketamine and a mixture
of midazolam and ketamine. However onset time of seda-
tion has not been recorded in that particular study. In a
prospective study that compares oral ketamine with oral
midazolam for premedication in normal children, onset
time of sedation was found to be 13.6 minutes in the ket-
amine group and 10 minutes in the midazolam group."”

Previous studies reported that when ketamine is used
as a single drug for premedication in children, increase in
ketamine dose results in better premedication.”” We
found that, children in Group II have a deeper sedation
state than those in the other group before the induction of
anesthesia. This better sedation in Group II was most like-
ly due to higher dose of ketamine as the authors suggest.

We had no problems in parental separation in both
groups. In a study conducted on normal children, Warner
et al."” used a combination of midazolam 0.4 mg/kg and
ketamine 4 mg/kg for oral premedication and obtained a
successful separation rate of 100 %. Funk et al."” com-
pared a combination of midazolam 0.5 mg/kg and keta-
mine 3 mg/kg with both drugs alone. Their success rate at
separation was greater than 90% in the combination
group. These success rates are consistent with the 86.5%
and 86% separation rates obtained in the present study.
The authors also reported painless venipuncture in greater
than 90% of the cases with combination. Our success rates
for intravenous cannulation which was 88% in Group I
and 94% in Group II are also parallel to this study.

In our study, recovery time was 32 minutes in Group I
and 31 minutes in Group II. In a study by van der Walt

and Moran."” the mean recovery time of 9 autistic children
premedicated with midazolam plus ketamine was 47 (30-
100) minutes. However, the dose of each drug, the dura-
tion of surgery and the medication used for maintenance
of anesthesia and postoperative analgesia have not been
reported for this group. Darlong et al."” compared a com-
bination of oral midazolam 0.25 mg/kg and oral ketamine
3 mg/kg with ketamine or midazolam alone in 78 normal
children. The recovery time was 22 minutes in the combi-
nation group. Their shorter recovery time may be related
to lower doses of midazolam and ketamine. On the other
hand, our recovery times are shorter than those of some
other studies that use similar doses in normal children.
Trabold et al."” compared 0.5 mg/kg midazolam plus 1.8
mg/kg ketamine with 0.5 mg/kg midazolam plus 3 mg/kg
ketamine. Their recovery time was 51 minutes in the low
dose ketamine group and 54 minutes in the high dose ket-
amine group. Operation durations were more than one
hour in that study and sevoflurane and alfentanyl were
given for the maintenance of anesthesia. In another study,
recovery time was found to be 72 minutes for 0.5 mg/kg
midazolam plus 3 mg/kg ketamine group."” Anesthesia
was also maintained with sevoflurane and alfentanyl in that
study. We used only sevoflurane 1-1.5% for the mainte-
nance of anesthesia. This may explain why our recovery
times in both groups are shorter than the values reported
in the two previous studies. On the other hand, our short-
er recovery times may be due to a factor inherent in autis-
tic children.

No serious side effects were noted in our study except
nausea and vomiting. It was shown that preoperative
administration of ketamine may increase the incidence of
postoperative emesis.”'” This side effect is dose related
and can be diminished with the use of a lower doses of oral
ketamine™'*"” Ghai et al."” used a combination of oral ket-
amine 2.5 mg/kg and oral midazolam 0.25 mg/kg for pre-
medication in children. They have seen postoperative
emesis in 2 of 49 children. Funk et al."” reported no nau-
sea and vomiting in 39 children that were premedicated
with a combination of oral ketamine 3 mg/kg and midazo-
lam 0.5 mg/kg. Our vomiting incidence (12% in Group I,
16% in Group II) is higher than these two studies. This
high incidence may be intrinsic to autistic children. van
der Walt and Moran" reported that postoperative nausea
and vomiting (PONV) were seen in 4 of 9 autistic children
in the ketamine/midazolam group. The overall incidence
of PONV in this study on autistic children was 27%.
Although they used prophylactic antiemesis with tro-
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pisetron, their incidence of PONV in both ketamine and
ketamine-midazolam groups is higher than that reported
in the literature. Further works are needed to investigate
the effects of antiemetics and different doses of ketamine
on the incidence of vomiting in autistic population. On the
other hand, we did not see emergence delirium and hallu-
cinations in either group. This may be due to different fac-
tors. First, our study groups are children. It was known
that ketamine causes awakening hallucinations,”" but these
emergence reactions are rare in children under 10.”” If the
drug is being used as a pure sedative for a painful proce-
dure, emergence reactions may be of some concern. This
study was performed for procedural anesthesia, so pain
was of no importance. It is unknown whether the con-
comitant use of midazolam in autistic children is a factor
for the absence of hallucination and emergence delirium
or not. In two previous studies that used ketamine alone in
premedication for children, the authors did not observe
emergence delirium and agitation."”’ Rainey van der
Walt" reported that there was no emergence delirium in
three autistics that were given oral ketamine without
midazolam and they concluded that midazolam was not
necessary for a successful premedication. Kulkarni et al.””
used 7 mg/kg oral ketamine in 50 non-autistic children
and he reported no emergence agitation. van der Walt and
Moran" also did not observe any problems with postoper-
ative agitation or dysphoric reactions in the recovery area.

When we look at the late post-anesthetic period, we
find that sleep disturbances, behavioral changes and
appetite changes are similar in both groups. All these
changes returned to normal within maximum five days.
Using a standardized questionnaire, Funk et al."” investi-
gated changes in behavior (eating, sleeping and toilet
training) after premedication with oral ketamine plus
midazolam on days 1 and 7 after the operations. They
reported restless sleep in 9 of 39 children and nightmares
in 2 of 39 children. We have only two cases of restless
sleep in Group I. Because children with autism already
suffer sleep disturbances, gastrointestinal dysfunction,
mood disorders and aggressive behavior, so understanding
minor behavioral changes in these children after general
anesthesia needs careful parental observation.”*”” Because
of these questionnaire difficulties it would be unreliable to
compare our results with those of other studies that were
done in non-autistic children.

In conclusion, our study showed that both regimens
provided effective premedication without serious side
effects in autistic children undergoing procedural seda-
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tion. This data encourage clinicians because if optimum
premedication is achieved, the reaction to hospital envi-
ronment and operation processes observed in autistic chil-
dren is not far different than that of the normal popula-
tion.
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