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Abstract
Purpose: The purpose of this study was to evaluate the effect of

oral premedication with midazolam on recovery times of children
undergoing dental restorations under general anesthesia.

Methods: The records of 106 children (1.2-11.3 years, ASA I
or II) undergoing ambulatory dental restorations were randomly
selected and retrospectively reviewed: 50 subjects received
midazolam (M) 0.5 mg/kg orally approximately 30 minutes prior
to their procedure and 56 control subjects received no premedica-
tion (C). General anesthesia consisted primarily of inhalational
anesthesia. Time in the operating room (OR), post-anesthesia care
unit (PACU) and same day surgery (SDS) were determined and
compared between groups.

Results: Both groups were similar with respect to age and
weight. There were no significant differences between groups in
time spent in the OR, PACU or SDS (p>0.05). In a subset of
children having shorter dental procedures (OR time ≤75 minutes,
n=29), there remained no significant difference in discharge times
between groups.

Conclusions: Preoperative administration of oral midazolam
does not delay discharge of children undergoing general anesthesia
for dental rehabilitation. (Pediatr Dent 23:491-494, 2001)

Oral midazolam has become one of the most common
premedications used in pediatric anesthesia practice.1

It can effectively decrease anxiety,2 reliably produce
amnesia3  and facilitate anesthetic induction.4 In addition, it
may also decrease agitation on emergence from general anes-
thesia,5 increase the quality of sleep the night of day surgery,6

and result in fewer adverse behavior changes one week post-
operatively.7 Furthermore, preoperatively administered
midazolam has an excellent safety and side effect profile with
no adverse effects on cardiorespiratory parameters.2,8

Midazolam premedication has the theoretical potential to
cause postoperative sedation and delay recovery from general
anesthesia. However, there is no clear consensus in the litera-
ture about this issue despite numerous studies conducted
during the past decade. Furthermore, some studies conducted
in children who received midazolam have demonstrated in-
creased recovery room stays, yet no clinically or statistically
significant delay in discharge from the hospital.5,9 Currently,

there are no published studies evaluating the effects of preop-
erative midazolam use in children undergoing general
anesthesia for dental restorations.

The purpose of this study was to determine if the adminis-
tration of preoperative midazolam affects the recovery or
discharge time of pediatric dental patients undergoing general
anesthesia.

Methods
This was a retrospective analysis of the medical records of pa-
tients undergoing dental restorations at Primary Children’s
Medical Center in Salt Lake City, Utah, between April 1998
and January 2000. This study was approved by the Institutional
Review Board of Primary Children’s Medical Center. All pa-
tients underwent dental restorations under general anesthesia
in the operating room. American Society of Anesthesiologists
(ASA) class I or II patients were randomly selected from the
1,317 children who underwent dental restorations during this
time period. Patients were retrospectively assigned to either the
midazolam study group if they were premedicated with oral
midazolam or the control group if they received no premedi-
cation. Approximately 50 records of patients in each group were
initially selected.

Patients received midazolam preoperatively based on the
practice of the anesthesiologist and/or request of the patient
or parent(s). Patients in the midazolam group received 0.5 mg/
kg midazolam syrup (2 mg/mL, Roche Pharmaceuticals,
Nutley, NJ) orally,1,2 approximately 30 minutes prior to enter-
ing the operating room for complete dental restorations.
Patients in the control group received no sedative premedica-
tion prior to their dental surgery.

All children underwent mask inhalational induction with
nitrous oxide and either sevoflurane or halothane, depending
on the preference of the attending anesthesiologist. All patients
were nasotracheally intubated and general anesthesia was main-
tained primarily with inhalational anesthesia.

The data were gathered and recorded by one examiner (JH)
from the patients’ medical records using the following infor-
mation: preoperative Same Day Surgery (SDS) assessment
form, anesthesia intraoperative record, Post Anesthesia Care
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Unit (PACU) assessment form, post operative same day sur-
gery recovery form, the perioperative nursing record and the
perioperative medication list. Demographic data included the
age, weight and sex of each child. The operating room (OR)
time was defined as the time elapsed between entering the OR
and leaving the OR for the PACU. The PACU time was the
total time spent in the Post Anesthesia Care Unit upon admis-
sion from the operating room to the time of discharge to the
SDS outpatient unit. The SDS time was the period of time
between admission to same day surgery and discharge home.
The total postoperative time was the sum of the times in the
PACU and SDS. All times were recorded in minutes. Patients
were discharged from the PACU and SDS after meeting dis-
charge criteria according to a written institutional protocol,
which is a modification of the Aldrete scoring system.10

Descriptive statistics were used to represent the data. Data
are presented as mean ± SD and the two groups were compared
by Student’s t-test. For data that failed the test of normality,
groups were compared using the Mann-Whitney Rank Sum
Test. Proportions were compared between groups using chi
square analysis. Multiple linear regression analysis was used to
determine whether OR, PACU, SDS or total postoperative
time could be predicted from dependent variables, including
preoperative midazolam use, intraoperative opioid use and
whether an extraction procedure was performed. Statistical sig-
nificance was set a priori at P≤0.05. Statistical analysis was
performed using SigmaStat software version 2.03 (SPSS, Inc.,
Chicago, Illinois).

Results
There was a total of 106 patients included in the final analy-
sis: 56 patients in the control group and 50 patients in the
midazolam study group. The mean age and weight for the en-
tire group of 106 patients was 3.8 ± 1.6 years and 15.5 ± 3.6
kg, respectively. The mean OR time for the entire group of
patients was 94.7 ± 27.9 minutes, while PACU and SDS times
were 34.9 ± 13.3 and 109.3 ± 44.7 minutes, respectively. The
total postoperative time was 144.2 ± 44.5 minutes.

There were no significant differences in the age, weight or
sex distribution between the two groups (Table 1). Outcome
results are presented in Tables 2 and 3. There were no significant

differences in time spent in the OR, PACU or SDS between
the patients who received preoperative midazolam and those
in the control group.

Potentially confounding variables included extraction pro-
cedure during surgery and administration of opioids. Statistical
analysis demonstrated no significant difference between the two
groups in the percentage of patients requiring extraction; how-
ever, a greater percentage of patients in the midazolam group
received an opioid postoperatively (82%) as compared to the
control group (54%; P=0.004). Analysis by multiple linear re-
gression indicated that neither opioid administration nor
preoperative midazolam administration significantly contrib-
uted to predicting the time in the OR, PACU, SDS or the total
postoperative time (P>0.34).

To study the effect of midazolam premedication on chil-
dren having shorter OR procedures, a subset of patients with
OR times ≤75 minutes was analyzed (n=29). There were 16
patients in the midazolam group and 13 in the control group,
and the mean OR time for this subset of children was 65.0 ±
9.1 minutes. Mean time in the PACU and SDS was 33.3 ± 11.3
and 103.6 ± 38.5 minutes, respectively. There was no signifi-
cant difference between the midazolam and control group with
respect to OR time (65.6 ± 11.9 vs. 64.6 ± 6.5 min, respec-
tively; p=0.76) when the two groups of this subset were
compared. Similarly, there was no difference between the
midazolam and control group in the time that patients re-
mained in the PACU (35.9 ± 11.4 vs. 30.0 ± 10.7 minutes,
respectively), SDS (99.1 ± 40.9 vs. 109.2 ± 36.2 min, respec-
tively) and the total postoperative time (135 ± 39.8 vs. 139.2
± 39.4 min, respectively) (P>0.13).

Discussion
It is well established that benzodiazepines potentiate the seda-
tive and hypnotic effects of opioids10 and volatile anesthetics.11

Accordingly, preoperative administration of midazolam has the
potential to augment postoperative sedation, thus delaying re-
covery from general anesthesia and increasing costs. While
numerous studies have addressed the effectiveness of preopera-
tive midazolam in patients receiving general anesthesia, there
are no published studies evaluating its effect on duration of
recovery and hospital stay in pediatric patients undergoing
outpatient dental restorations. Studies evaluating other patient
populations have revealed conflicting results. Cray et al12 re-
ported that midazolam decreased anxiety scores in children
presenting for day case surgery; however, the median time to
hospital discharge was delayed by 30 minutes in the midazolam
group. In two recently published studies,5,9 children undergo-
ing same day ear, nose, and throat surgery were prospectively
assigned to midazolam premedication or placebo. Both stud-
ies found that emergence from anesthesia was slightly longer
(less than 10 minutes) in the midazolam groups, although dis-
charge to home was not delayed compared to the placebo
group.

Table 1. Demographic Characteristics (Mean ±SD)

Midazolam (n=50) Control (n=56) P value

Age (years) 3.8 ± 1.7 3.7 ± 1.5 0.83

Weight (kg) 15.6 ± 3.3 15.4 ± 3.8 0.82

Sex (M/F) 26/24 28/28

Midazolam (n=50) Control (n=56) P value

OR time (min) 94.4 ± 28.7 94.9 ± 26.7 0.68

PACU time (min) 36.1 ± 15.4 34.2 ± 10.8 0.87

SDS time (min) 112.2 ± 45.0 106.9 ± 43.9 0.48

Total post-op
time (min) 148.2 ± 46.7 141.1 ± 42.0 0.41

Table 2. Comparison of Postoperative Times (Mean ±SD)

Midazolam (n=50) Control (n=56) P value

Extractions 14 (28%) 20 (36%) 0.52

Opioids 41 (82%) 30 (54%) 0.004

Table 3. Number of Patients Who Had Extractions and
 Who Received Opioids Postoperatively
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Other investigators have found that premedication with
midazolam does not delay discharge. McMillan et al2 evaluated
the use of midazolam premedication in children undergoing
same day surgery in a randomized, placebo-controlled study.
Sedation and anxiolysis scores were greater in the midazolam-
treated groups, and anxiolysis at the time of separation from
parents was rated excellent in 80%-90% of the children. They
found that mean times to hospital discharge were similar in the
midazolam-treated group and placebo group. In the only other
study of children undergoing dental surgery, Alderson and
Lerman14 randomly assigned 40 children to either midazolam
or ketamine premedication in a blinded manner. Patients given
midazolam were ready for discharge from the hospital approxi-
mately 20 minutes earlier than the children who received
ketamine.

The results of this study provide additional evidence that
preoperative sedation with midazolam does not prolong recov-
ery time or hospital stay in children. The time spent in the OR,
PACU and SDS was strikingly similar between the two groups.
In this study, two potentially confounding variables, dental
extractions and opioid administration, and their effect on dis-
charge times were evaluated. Performing dental extractions
could potentially contribute to longer recovery times. The lat-
ter may be a result of greater levels of pain and the subsequent
need for additional opioids. Performing dental extractions did
not affect the outcomes of this study, primarily since there were
equal numbers of patients in each group that required extrac-
tions. Consequently, the total postoperative times for the
midazolam and control groups were almost identical, 148.2
min vs. 141.1 min, respectively.

Administration of opioids with benzodiazepines may pro-
long sedation and therefore must also be analyzed as a covariate
in determining discharge times. In this study, a greater percent-
age of patients in the midazolam group received postoperative
opioids (82% vs. 54% in the control group), thus increasing
the likelihood of prolonged postoperative times and hospital
stays in the benzodiazepine group. Nevertheless, no such trend
in the data was found. It is not certain why the midazolam
group required more frequent opioid administration. There
have been reports that midazolam may have a mild anti-anal-
gesic effect.15,16 This appears to be due to an interaction with
the central GABA receptors, as the benzodiazepine antagonist,
flumazenil, eliminates this effect.16 Although we did not spe-
cifically compare pain scores in the two groups, both groups
had approximately the same number of patients undergoing
potentially painful extraction procedures. Thus, the results of
these studies do not appear to be confounded by a greater mag-
nitude of pain in either one of the study groups.

The conflicting results between published studies may be
partially explained by differences in study methodologies, du-
ration of surgery, and administration of opioids intraoperatively
and in the postanesthesia care unit. Thus, one must be cau-
tious in extrapolating the findings of one study to another
population. Similarly, the fact that midazolam did not delay
discharge in the entire cohort of patients in this study may not
apply to shorter procedures. To investigate the effect of
midazolam premedication on shorter dental procedures, a sub-
set of patients with operative times less than 75 minutes (mean
65 minutes) was selected. Shorter OR times led to similar re-
sults (ie, patients who received midazolam premedication did

not experience longer times in the OR, PACU or SDS as com-
pared to the children who received no premedication). One
should be careful, however, not to overinterpret these results
since the number of patients in this subgroup was small and
the power was likely insufficient to determine small differences.
Additional data are needed to determine whether premedica-
tion with midazolam affects discharge time after short OR
procedures.

The limitations of this study include its retrospective de-
sign and the possibility that PACU and SDS discharge times
may have been influenced by nurses’ interpretation of discharge
readiness. However, this potential discharge bias was minimized
by the presence of a written institutional protocol10,17 with pre-
determined PACU and SDS end points for discharge. While
the discharge protocol is still dependent upon nurses’ assess-
ments and judgment, the discharge criteria utilize objective
physical measures of discharge readiness (eg, blood pressure
compared to preoperative values, duration of capillary refill
time, etc), thus minimizing the potential for bias. Another
potential limitation was the fact that this study did not con-
trol for the use of different maintenance inhalational
anesthetics. The influence of halothane vs. sevoflurane on dis-
charge times is somewhat controversial in the literature. Some
studies suggest that sevoflurane produces more rapid recovery,
ie, time spent in the PACU. However, for relatively brief out-
patient procedures similar to dental restorations, several studies
suggest that there are no significant differences in time to dis-
charge between the two inhalational agents.18-21

Our preoperative practice is to administer oral midazolam
0.5 mg/kg at least 30 minutes prior to the start of the proce-
dure. Although the onset of action occurs in 10 minutes,8 peak
sedative effects do not occur until approximately 30 minutes,
which corresponds to the time at which we separate the child
from his/her parents and begin induction of anesthesia. Peak
serum concentrations of midazolam after oral administration
occur at about 60 minutes.22 Since midazolam’s half-life is ap-
proximately 60 to 70 minutes22 and the average dental OR time
in this study was approximately 90 minutes, one would expect
midazolam’s serum concentrations at the time of emergence
to be approximately 50% of the peak concentration. As indi-
cated by the results of this study, this estimated concentration
of midazolam apparently does not prolong PACU or SDS dis-
charge.

In summary, the results of this study indicate that premedi-
cation with oral midazolam prior to outpatient dental
restoration does not prolong recovery time and/or hospital stay.
By administering midazolam approximately 30 minutes prior
to induction of anesthesia, the child receives the maximum
preoperative benefit of anxiolysis and amnesia while not de-
laying discharge. Furthermore, the use of preoperative
midazolam will contribute to the additional benefits of
smoother emergence, increased quality of sleep the night of
surgery and less night waking and nightmares as compared to
children who do not receive midazolam premedication.

Conclusions
Oral midazolam 0.5 mg/kg administered to children 30 min-
utes prior to induction of anesthesia and dental restoration does
not prolong time in the operating room, postanesthesia care
unit or same day surgery outpatient unit.
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The purpose of this prospective study was to determine if antibiotics were being prescribed appropriately for
emergency dental treatment. All patients presented to any of five emergency dental clinics during an 11-week
period were included in this study. A questionnaire was completed for each patient which contained the patient’s
complaint, the dentist’s clinical diagnosis, the treatment provided, and the type of antibiotic used, if any. For all
patients, 879 out of 1011 presented due to pain, 35% of these (311/879) had pulpitis, and 74% of these (230/
311) were given a prescription for antibiotics without any additional treatment. Of the children who presented,
95% were in pain (94/99) with 76% (76/99) receiving antibiotics as the sole treatment. The most frequently pre-
scribed antibiotic was amoxicillin. The authors concluded that antibiotics are being inappropriately prescribed by
the dental profession.

Comments: The authors recognize that these results may not be representative of the entire U.K., let alone the
U.S., but using antibiotics appropriately is something all of us need to be aware of.  MM

Address correspondence to Y.M. Dailey, Department of Clinical Dental Services, University of Liverpool, Liverpool
L69 3BX, U.K.

Are antibiotics being used appropriately for emergency dental treatment? Dailey YM, Martin MV. Brit Dent
J 191:391-393, 2001.

19 references

ABSTRACT OF THE SCIENTIFIC LITERATURE

␣ ARE ANTIBIOTICS BEING USED APPROPRIATELY FOR EMERGENCY DENTAL TREATMENT?


