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Abstract

Background: One of the major problems in pediatric surgery is anxiety and fear of separation from parents.
Objectives: We studied the efficacy of different doses of oral midazolam for pre operation sedation of children.
Patients and Methods: In this randomized, double-blinded clinical trial, 120 children aged 1 - 8 years were enrolled in the study
.The children were randomly assigned to one of 4 groups and received orally 0.5 mg/kg (group A), 0.8 mg/kg (group B), 1 mg/kg
(group C), 0mg/kg (group D) of injectable midazolam mixed with 10 - 15 mL apple juice 45 minutes before separation from parents.
Sedation score, changes in MAP, HR, SPO2, respiratory rate, time of recovery and frequency of nightmares evaluated and analyzed
with Kruskal-Wallis and ANOVA tests.
Results: The mean age of children was 4.46 ± 2.17 years. Sedation levels in 26 patients in group A and 21 patients in group C were
desirable qualified. MAP changes increased in group D and decreased in the other groups. Most changes were observed in group C
equals -3 ± 2.5 mmHg. Most changes in heart rate were observed in group D (increased to 11.5 ± 7.41 beat). Most decrease of SPO2
was in group A (-0.86±0.93%). Maximum decrease of RR was in group C (-3.36± 2.88%). Maximum of recovery time was observed in
group C (76.3 ± 12.67 minutes). Group D had the highest frequency of nightmares (10 children, 58.8%).
Conclusions: Oral midazolam with 0.8 mg/kg, as premedication, reduces recovery time and hemodynamic disturbances .We can
use that as appropriate premedication dose in children for reducing children anxiety and fear of separation from parents.
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1. Background

One of the major concerns in children‘s surgery is their
fear of surgery and parents’ separation anxiety, which may
cause permanent psychological effects on them. Phar-
macologic and psychological preparation for operation is
called Premedication [1]. Anxiety is a psychological condi-
tion that may appear in many cases. In children whom are
surgery candidate and in the time of separation from par-
ents it may appear as irritability, insomnia, and bizarre be-
havior [2].

Pharmacologic and psychologic preparation were
shown to have synergistic effects [1]. Premedication is
particularly essential in children older than 10 - 12 months
old, in whom parents separation anxiety begins to de-
velop [3]. Premedication agents are administered in oral,
intravenous, intramuscular, rectal, or nasal root. Oral
root is preferred. The most common drugs which are
used are Benzodiazepines. In addition to their sedative
effects, they have other desirable features: acquiring new
knowledge without obvious changes in background, the
lowest cardiopulmonary depression, and relative safety in

overdose, rare addiction, and having selective antagonist
-Flumazenil- to neutralize their central nervous system
CNS effects [4]. Factors that may influence the pharmacoki-
netics of benzodiazepines are age, gender, race, enzyme
induction, and hepatic and renal disease [5].

Among these drugs, midazolam is more used as pre-
medication agent. It is only benzodiazepine approved by
FDA (food and drug administration) for neonates. It’s seda-
tive and anti-anxiety effects were induced by several doses
and success rate was about 50% - 80% [5]. Midazolam is
a water soluble, chemically midazolam HCL IS 8-CHLORO-
6(2-Fluorophenyl)-1-methyl-4H- imidazole (1,5a) benzodi-
azepine hydrochloride [6]. Midazolam is frequently ad-
ministered through oral and rectal routes, but bioavail-
ability is only 40% for oral the oral route [7]. The intramus-
cular route is painful and has poor acceptability [8]. The
intranasal route has been in practice since 1988.through
the latter, midazolam is rapidly absorbed directly into sys-
temic circulation, with a bioavailability of 55% - 83% [9,
10] but it can be irritating [3] and oral route versus nasal
route have better acceptance in children [11]. Oral mi-
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dazolam is the most commonly administered premedica-
tion in the United States [3]. After oral ingestion mida-
zolam is absorbed completely, and the peak plasma con-
centration is achieved in 30 - 80 minutes. It exert own
action through GABAA receptors which are the key tar-
gets that mediate most of the clinically important effects
[5]. The elimination half-life ranges from 1.7 to 3.5 hours.
Midazolam is metabolized by CYP3A4 and CYP3A5 to its
main metabolite 1-hydroxymidazolam and minor metabo-
lite 4-hydroxymidazolam and 1, 4-hydroxymidazolam .the
metabolites are cleared more rapidly than midazolam,
thus making them of little concern in patients with normal
hepatic and renal function. In patients with renal impair-
ment, however, the main metabolite and its conjugated
metabolite can cause profound sedation [3].

2. Objectives

In this study, we want to find the best dose of oral mi-
dazolam with minimum recovery time and hemodynamic
complications. It can be different from other studies be-
cause of different races.

3. Patients and Methods

After approval from the university ethics committee
and obtaining written informed consent from parents of
children, one hundred and twenty (120) children of ages
1 - 8 years, referred to Aliibn AbiTalib and Khatamolanbiya
hospitals in Zahedan, were randomized in four groups,
receiving Midazolam (Daropakhsh company Tehran-Iran)
0.5 mg/kg (group A), 0.8 mg/kg (group B), 1 mg/kg (group
C) or 0.0mg/kg (group D).

1 to 8 years old patients with ASA (American society of
Anesthesiologists) physical class status of I-II admitted for
elective herniorrhaphy were selected and those with: 1, re-
nal disease; 2, liver disease; 3, active central nervous system
(CNS) disease; 4, history of receiving Erythromycin; 5, his-
tory of receiving calcium channel blockers; 6, history of re-
ceiving anti convulsive drugs; 7, grapefruit usage were ex-
cluded.

Children of 1 to 3 years old for 6 hours and older chil-
dren for 8 hours prior to surgery received no food and they
had no oral fluid intake up to 4 h before surgery.

Patients were fed 45 minutes before separation from
their parents by drug or placebo solved in 10 - 15 cc of apple
juice. Patients and their parents were blinded to the used
dose. Peripheral oxygen saturation (Spo2), pulse rate (PR),
respiratory rate (RR), and mean arterial pressure (MAP)
(Monitor: Siemens sc 7000) were registered by a blinded
colleague, after drug intake and before entrance to opera-
tion room.

Several rating scales have been developed to commu-
nicate a patient’s level of sedation more easily. One of the
most common scales , Ramsay scale simply rates the pa-
tients level of arousal from anxiety or agitation (level 1) to
deep sedation (level 4, 5) to anesthetized (level 6) [12-14].

In our study, patient‘s consciousness was assessed with
modified Ramsay scales (Table 1).

Anesthesia was induced by Fentanyl 0.5 - 1 mg/kg and
Nesdonal 5 mg/kg. Patients underwent mechanical venti-
lation with appropriate LMA. During operation (one sur-
geon done all surgeries) anesthesia was maintained by 50
percent mixture of Nitrous oxide/Oxygen and Propofol 6
- 12 mg/kg/hour to maintain cerebral state index at 40 -
60. In Recovery room, after removal of LMA, until patients
gain full score of Table 2 (Deliberate movements of limbs,
deep breath, and full consciousness), time was measured
in minutes and recorded as recovery time. In next 24 hours,
parents were asked about nightmares. Finally, data were
analyzed, by ANOVA and Kruskal-Wallis through SPSS ver-
sion. 19. Statistic of significance was determined at P <
0.005.

4. Results

Mean age of population study was 4.46± 2.17 with min
of 1 and max of 8 years old. 61 patients (50.8%) were male
and 59 patients (49.2%) were female. There was no signif-
icant difference between patients in their age and gender
(P > 0.05).

Most of patients (86.7%) in group B have an appropriate
sedation level after the surgery. In group C two third (70%),
in group A just one third (33.3%) and in group D few patients
(13.2%) had the same condition (Ramsay 2 and 3). However,
in rest one third of children in group C, sedation level was
excessive (Ramsay > 3) and higher than our need (Table 1).

MAP (mean arterial pressure) was decreased in all
groups except group D (control). Max of MAP changes was
seen in group C (-3± 2.9 mmHg) and Min MAP changes was
in group A (-6 ± 3.7 mmHg). It was significant before and
after treatment in all groups except in group B. Changes
in group C was the most which was inappropriate. Heart
rates in observed groups show different changes. Max of
these changes which was unfavorable was seen in group D,
with 11.5 ± 7.41 increased beat. On the other hand, min of
changes was in group C with 1.13 ± 6.04 decreased beats.
Heart rates changes after treatment was significant in all
groups except group A, Mean of these changes between all
groups was significant (P < 0.001) (Table 2).

SPO2 was decreased in all groups. Max of this decre-
ment was in group A with - 0.86 ± 0.93 and min was in
group D with 0.06 ± 1.48. SPO2 changes were significant
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Table 1. Comparison of Sedative Level Between Groups (Modified Ramsay Scale)a

Sedative Level Group A Group B Group C Group D Total

Anxious, agitated, rest-less (1) 20 (66.7) 4 (13.3) 0 (0) 26 (86.7) 50 (41.7)

Cooperative,oriented, tranquil, responsive to commands (2, 3) 10 (33.3) 26 (86.7) 21 (70) 4 (13.3) 61 (50.8)

Asleep (4, 5 ,6) 0 (0) 9 (30) 9 (30) 0 (0) 9 (5.7)

Total 30 (100) 30 (100) 30 (100) 30 (100) 120 (100)

aValues are expressed as No. (%).

Table 2. Variables’ Changes in Observed Groupsa

Variables 0.5 mg/kg (A) 0.8 mg/kg (B) 1 mg/kg (C) Placebo (D) P Value

MAP changes, mmHg -0.6 ± 3.7 -2.9 ± 2.5 -3.2 ± 2.9 1.9 ± 4.0 < 0.001

HR change, beats/minute 2.2 ± 7.3 -1.1 ± 7.6 -1.2 ± 6.0 11.5 ± 4.7 < 0.001

SPO2 changes, percent -0.8 ± 0.9 -0.8 ± 1.2 -0.7 ± 1.7 0.0 ± 1.4 < 0.009

Respiratory changes, numbers/minute -0.5 ± 3.7 -1.7 ± 3.9 -3.4 ± 2.8 3.6 ± 3.1 < 0.001

Recovery time, minutes 43.4 ± 10.5 52.7 ± 9.1 76.3 ± 12.6 35.0 ± 6.8 < 0.001

Having nightmares (Person), No. (%) 5 (29.4%) 1 (5.8%) 1 (5.8%) 10 (58%) < 0.002

Abbreviations: HR, heart Rate; MAP, mean arterial pressure; Spo2 , peripheral O2 Saturation.
aValues are expressed as mean ± SD unless otherwise indicated.

just in group A and B (P < 0.001 and P = 0.002) Mean of
these changes was not significant in groups (P = 0.09).

Respiratory Rate was increased just in group D and in
the other groups in was increased. Max of this unfavorable
decrement was in group C with -3.36 ± 2.88 and group A
has the min of changes with -0.46 ± 3.74. Respiratory rate
changes before and after treatment was significant in all
groups except group A (P = 0.12) Mean of these changes be-
tween all groups was significant (P < 0.001) (Table 2).

Mean of surgery plus recovery Time in all observed chil-
dren was a 51.88 ± 18.39 minute which was significant be-
tween groups (P < 0.001). Max of these times was in group
C 76.3 ± 12.67 and shows a delay in patient‘s recovery. Min
of these times was in group D with 35.3 ± 6.82. Most of
children did not have nightmares (103 children, 85.8 %). In
group D more than half of patients and in group B one
third of patients have nightmares. It was significant be-
tween groups (P = 0.002) (Table 2).

5. Discussion

According to results, Children in group B and C have a
better sedative level. After treatment MAP was decreased in
all groups except placebo, max of this unfavorable decre-
ment was in group C. After treatment SPO2 was also de-
creased in all groups with a max in group A and min
Placebo group. Except placebo group Respiratory Rate was

also decreased in all groups, this unfavorable decrement
was most seen in group C. The max of recovery time was in
group C and the min was in placebo group which was half
of the max. The most nightmares were reported in placebo
group and then group A.

The findings of the current study was consistent with
those of Spear et al. in 1991, in which there were no signif-
icant change in blood pressure, Hear rate, SPO2, end expi-
ratory co2 in first 10 minutes in patients treated with oral
Midazolam 0.5 mg/kg. In this study sedation was obvious
in higher dose (1 mg/kg) and there was a delay in recovery
time up to 60 minutes in higher dose (2 mg/kg), in agree-
ment with our study [15]

Due to Cote et al. study in 2002, there was correlation
between different doses of midazolam (0.25 - 0.5 mg/kg)
and onset of sedation, but it has no correlation with re-
covery time. In this study respiratory complication (hy-
poventilation, apnea, and decrease in SPO2) was seen in all
groups but it was at least until 0.25 mg/kg. However, in our
study different doses of midazolam was correlated with re-
covery time and respiratory complications were rare prob-
ably because of different races [16].

Our findings are in agreement with Chernow et al.
study in which midazolam was given 0.75 - 1 mg/kg and
their recovery time was about 60 minutes [17].

Gautam et al. in 2007, the effects of midazolam on 1 - 7
years old children were observed. Most parents were sat-
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isfied about sedation, resistance and crying of their chil-
dren. Parent’s separation also was better tolerated in pa-
tients treated with nasal Midazolam 0.2 mg/kg in compres-
sion with Ketamine [18].

There was a significant difference between sedative ef-
fects of midazolam and placebo in Stokland et al. study in
2007. In this study, 96% of patient in Midazolam group in
compression with 70% of placebo group were sedated that
was in agreement of our study [19].

In 2002, Kogan et al. published a paper in which, they
showed that midazolam has effective features in sedat-
ing and decreasing anxiety before induction of anesthesia.
When it was used through nasal root its effects appear in 20
minutes and it made IV catheterization and mask holding
easier in more than 75% of children in ages of 1 to 5 years
old [20].

In another study done by Vivarelli et al. in 1998, 0.2
mg/kg nasal midazolam made IV catheterization and mask
holding easier and provided a better preparation before in-
duction [21].

Sajedi et al. compared 0.5 mg/kg oral midazolam and
0.2 mg/kg nasal midazolam on 60 healthy 1 to 5 years old
children. Anxiety while administration was significantly
lower in oral root. In other aspects (heart rate and post-
surgery nausea and vomiting) no significant difference
was seen [22].

In Kaviani study on 60 children in 3 to 7 years old,
effects of 0.5 mg/kg oral midazolam was compared with
6mg Ketamin while dentistry procedures. In midazolam
group, consciousness, movement, crying and general be-
havior was better according to Houpt scale. They also have
a shorter recovery time [23].

In 2007, Hasani et al. published a paper in which 2
- 6 years old children received either 0.5 mg/kg rectal Di-
azepam (48 patients) or 0.5 mg/kg oral midazolam (49 pa-
tients). Sedation before induction due to Ramsay scales,
was better in rectal Diazepam insignificantly [24].

In Naziri et al. study on 56 children in class 1 ASA, Sepa-
ration from parents was easier in patients treated with 0.3
mg/kg oral midazolam than whom treated with 1 mg/kg
oral promethazin (P = 0.019). Recovery time was appropri-
ate in 78.6 % patients in midazolam group and 53.6% pa-
tients in promethazin group [25].

In conclusion, According to the results of this study, we
demonstrated that the oral midazolam 0.8 mg/kg can be
used as the suitable dose for premedication in children to
reduce anxiety and fear of separation from parents with lit-
tle complications and intermediate recovery time. For fur-
ther studies with different doses are required to find the
best dose of midazolam as Pre-medication; it may be eval-
uated in more patients and more surgeries.
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