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Some patients with intellectual disabilities spend longer than others in emergence from
ambulatory general anesthesia for dental treatment. Although antiepileptic drugs and
anesthetics might be involved, an independent predictor for delay of the emergence
remains unclear. Thus, a purpose of this study is to identify independent factors
affecting the delay of emergence from general anesthesia. This was a retrospective
cohort study in dental patients with intellectual disabilities. Patients in need of sedative
premedication were removed from participants. The outcome was time until
emergence from general anesthesia. Stepwise multivariate regression analysis was
used to extract independent factors affecting the outcome. Antiepileptic drugs and
anesthetic parameters were included as predictor variables. The study included 102
cases. Clobazam, clonazepam, and phenobarbital were shown to be independent
determinants of emergence time. Parameters relating to anesthetics, patients’
backgrounds, and dental treatment were not independent factors. Delay in emergence
time in ambulatory general anesthesia is likely to be related to the antiepileptic drugs of
benzodiazepine or barbiturates in patients with intellectual disability.
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Ambulatory general anesthesia is useful for dental
treatment of patients with severe intellectual

disabilities because it is hard for them to cooperate with
dental treatment and to stay in the hospital.1–3 Because
controlling the recovery state is important in managing
ambulatory general anesthesia, we perform total intra-
venous anesthesia consisting mainly of propofol and
remifentanil, which allows a quick and comfortable
recovery.4–7 Midazolam, a short-acting benzodiazepine
injection, was shown to be a clear determinant of delayed

recovery from general anesthesia in our previous study,8

so we ceased using midazolam injection in ambulatory
general anesthesia in our facility. Nevertheless, some
patients still spent longer than others in emergence
and/or recovery from general anesthesia. Therefore,
other independent factors were suspected to affect the
recovery state in patients with intellectual disabilities.

Patients with intellectual disabilities use antiepileptic
drugs (AEDs) at a higher rate; these are known to
interact with other drugs, mainly by affecting drug
metabolism, such as CYP and/or uridine diphosphate-
glucuronosyl-transferase (UGT).9–13 Because AEDs have
a sedative effect, they are considered to enhance the
clinical effects of anesthetics. In addition, patients with
epilepsy are often controlled with multidrug therapy, and
several anesthetics can be used for general anesthesia. It
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is therefore difficult to identify independent factors
affecting recovery from general anesthesia when a
patient with epilepsy has a delayed emergence from
general anesthesia. We therefore sought to identify
factors affecting emergence from general anesthesia.
We used multivariate analysis in a retrospective cohort
study, in which each AED was included as a predictor
variable, in addition to anesthetic parameters.

METHODS

The study was conducted according to the revised
Declaration of Helsinki and approved by the Ethics
Committee, Okayama University, Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences (ap-
proval nos. 433 and 530). Written informed consent was
waived as no interventions were conducted and data
were anonymized. The design was entirely observation-
al. The study was registered to the UMIN Clinical Trial
Registry (intellectual disability: UMIN000006262).

Study Setting

The investigators designed and implemented a retro-
spective cohort study. The study population was
composed of patients presenting for evaluation and
management of dental treatment under ambulatory
general anesthesia in the clinic of Special Needs
Dentistry in Okayama University Hospital from January
2011 to September 2012. For a patient to be included in
the study sample, general anesthesia with tracheal
intubation had to be maintained with total intravenous
anesthesia consisting of remifentanil and propofol.
Patients were excluded as study subjects if they were
hospitalized or sedative premedication was needed.

Variables

Predictor variables were gender, valproic acid (yes or no),
phenytoin (yes or no), clobazam (yes or no), carbamaz-
epine (yes or no), clonazepam (yes or no), phenobarbital
(yes or no), zonisamide (yes or no), sevoflurane use for
induction (yes or no), tooth extraction (yes or no), age,
body mass index, propofol rate (lg/kg body weight/
min), remifentanil rate (lg/kg/h), and treatment time
(minutes).

The outcome variable was emergence time, which was
the duration from the termination of treatment to an
extubation of the tracheal tube, which was just after the
patient’s eyes opened.

Anesthetic Procedure

Preoperative fasting times were 6 hours for food and 2
hours for water. Medicines in daily use were taken as
usual. General anesthesia was started with insertion of an
intravenous line. When it was difficult to place,
sevoflurane was inhaled as induction for general
anesthesia, followed by insertion of an intravenous line.
Remifentanil was started at 0.25 lg/kg/min and
propofol was started using target-controlled infusion,
with the target concentration initially set at 4.0 lg/mL.
The infusion rate of remifentanil was based on body
weight. In patients under 16 years old, propofol was
infused at 10 mg/kg/h (167 lg/kg/min) as target-
controlled infusion cannot be used because of the basic
settings of the infusion pump. After loss of conscious-
ness, rocuronium was injected to induce muscle relaxa-
tion, and an endotracheal tube was inserted, usually
through the nose.

Patients were continuously monitored with an electro-
cardiogram. Blood pressure, SpO2 (noninvasive oxygen
saturation of hemoglobin in arterial blood), bispectral
index, and partial pressure of CO2 in the anesthetic
circuit were also monitored. Body temperature was
measured every 30 minutes at the axilla. After intubation,
the infusion rate of remifentanil was reduced to 0.10–
0.15 lg/kg/min and the target concentration of propofol
set at 3.0 lg/mL. During treatment, the bispectral index
value was maintained between 40 and 60 by adjusting
the target concentration of propofol.14–16 During treat-
ment, local anesthetic containing 2% lidocaine and
1 : 80,000 adrenaline was used if considered necessary.
Intravenous or suppository nonsteroidal anti-inflammato-
ry drugs were used after tooth extraction. At the end of
surgery, infusion of both remifentanil and propofol was
terminated and the effect of the muscle relaxant reversed
with sugammadex. The tracheal tube was removed when
the patient’s eyes opened and spontaneous breathing
recovered.

Data analysis

Data were analyzed using JMP 9.0.0 (SAS Institute Inc,
Cary, NC). Student’s t test was used between each
outcome variable and the nominal variables, and a linear
regression was applied to examine the bivariate regres-
sion between each outcome variable and continuous
variables. P , .05 was considered significant. To extract
independent variables affecting the outcome, possible
predictive variables were selected with stepwise regres-
sion, for which the cutoff was a P value ,.20, followed
by a multiple regression analysis. Confounding factors
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were examined by Fisher’s exact test for nominal
variables and by Student’s t test for continuous variables.

RESULTS

The study group comprised 102 cases (69 male, 33
female). Emergence time was significantly longer in
males and with use of valproic acid, phenytoin,
clobazam, clonazepam, phenobarbital, and sevoflurane,

using bivariate regression (Table 1). Examining the
relationship of continuous variables to emergence time,
a significant negative correlation with propofol rate was
observed (Table 2).

Male gender and use of clobazam, clonazepam,
phenobarbital, carbamazepine, and sevoflurane were
selected with stepwise regression analysis. In a multiple
regression analysis, use of clobazam, clonazepam, and
phenobarbital were independent determinants of the
delay of emergence (Table 3).

Because valproic acid, phenytoin, sevoflurane use,
and propofol rate may be confounding factors, their
relationship with clobazam, clonazepam, and phenobar-
bital was examined. Clobazam was taken by 35.7% of
patients also taking valproic acid compared with only
6.8% of patients not taking valproic acid. Phenobarbital
was taken by 66.7% of patients also taking phenytoin
but only 1.2% of those not taking phenytoin. Finally, in
patients in need of sevoflurane, phenobarbital was used
in only 2.7%, compared with 15.4% of those not in need
of sevoflurane. These differences were statistically
significant. Propofol rate was significantly decreased in
patients taking clobazam or clonazepam (Table 4).

DISCUSSION

Independent factors associated with a delay in emer-
gence from ambulatory general anesthesia in patients
with intellectual disabilities were clobazam, clonazepam,
and phenobarbital, but not parameters related to general
anesthesia. This result suggests that daily medication
with benzodiazepine and/or a barbiturate enhances the
clinical pharmacological effect of anesthetics. Among
them, the effect of propofol is considered to be enhanced
by these drugs because its mechanism is mainly mediated
via activation of gamma-aminobutyric acid,17 which is
the same mechanism as both benzodiazepine and
barbiturates. This induces sedation and hypnosis.18,19

Propofol rate was negatively correlated with emer-
gence time, and was significantly decreased in patients
using clobazam or clonazepam in this study. Because the

Table 1. Differences in Emergence Time From General
Anesthesia by Nominal Variables

Variable
(No. of Patients)

Emergence Time (min)

Mean SD P Value

Gender ,.001
Male (69) 21.2 9.6
Female (33) 14.9 6.0

Valproic acid ,.001
Yes (28) 24.3 10.9
No (74) 17.2 7.5

Phenytoin .003
Yes (15) 25.5 7.4
No (87) 18.1 8.9

Clobazam ,.001
Yes (15) 29.5 9.0
No (87) 17.4 7.8

Carbamazepine .402
Yes (12) 21.3 9.0
No (90) 18.9 9.1

Clonazepam ,.001
Yes (12) 30.9 9.5
No (90) 17.6 7.8

Phenobarbital .016
Yes (11) 25.4 9.0
No (91) 18.4 8.8

Zonisamide .255
Yes (4) 24.3 3.0
No (98) 19.0 9.2

Sevoflurane for induction .046
Yes (37) 16.8 10.1
No (65) 20.5 8.2

Extraction .534
Yes (38) 18.4 8.4
No (64) 19.6 9.5

Table 2. Continuous Variables and Their Relationship to Emergence Time From General Anesthesia*

Variable Average SD

Emergence Time

P ValueCorrelation

Confidence Interval

Lower 95% Upper 95%

Age (y) 26.9 14.4 0.137 �0.059 0.323 .170
BMI (kg/m2) 21.8 4.7 0.162 �0.033 0.346 .103
Propofol rate (lg/kg/min) 119.1 26.3 �0.240 �0.415 �0.048 .015
Remifentanil rate (lg/kg/h) 9.7 2.8 �0.134 �0.320 0.062 .180
Treatment time (min) 96.1 20.0 0.121 �0.075 0.309 .224

* BMI indicates body mass index.
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depth of the general anesthesia was adjusted according
to bispectral index, which is a reliable monitor of
conscious level during general anesthesia,20,21 it is
considered that the effect of propofol was enhanced by
clobazam and clonazepam, and that a lower propofol
rate was enough to maintain the depth of general
anesthesia in patients using these drugs. Despite a lower
propofol rate, both clobazam and clonazepam were still
independent predictors of delay of emergence, suggest-
ing strongly that both drugs enhance the anesthetic effect
of propofol.

The actions of remifentanil and rocuronium were also
possibly enhanced by AEDs. Remifentanil is metabo-
lized rapidly by nonspecific cholinesterase in plasma
and leads to quick recovery in patients with any
condition.6,7 Besides, because its context-sensitive
half-life is 5–10 minutes,22,23 interaction with other
drugs in the recovery state is unlikely. Rocuronium, a
nondepolarizing neuromuscular blocking agent, can be
reversed by sugammadex, a specific reversal agent for
rocuronium neuromuscular blockade.24 In addition, the
mechanisms of action of both anesthetics are complete-
ly different from those of AEDs. Thus, the effect of both
remifentanil and rocuronium on the delay of emergence
is considered to be negligible.

Valproic acid inhibits cytochrome P450 2C9 and
CYP2C19,9 and is also believed to suppress UGT1A9
and UGT2B7.10,25,26 Because propofol is metabolized
by CYP2C9 and UGT1A9,27 it was expected that
valproic acid would be an independent predictor of

delayed emergence. On the other hand, clobazam is a
weak inducer of CYP3A4 and has the potential to induce
UGT1A1, but it does not have a significant induction or
inhibition effect on CYPs at clinically meaningful
concentrations in vitro.28 Clonazepam has also been
shown to have no induction effect on CYP1A2 and
CYP3A4 in vitro,29,30 and is reportedly clinically safe in
drug interactions.30 Although phenobarbital induces
CYP2B2, CYP2B6, CYP2C, CYP3A, and UGT1A-like
mRNAs,11–13 a direct effect on propofol metabolism has
never been examined. Thus, although these 3 drugs are
suggested to have an induction effect on CYPs, any
effect of changes in the mechanism of drug metabolism
induced by AEDs seems to be less than a direct
pharmacological effect on the clinical enhancing effect
of propofol.

In this study, valproic acid and phenytoin were not
independent predictors of delayed emergence. However,
this does not mean they have no effect on emergence.
One major adverse effect of antiepileptics is sedation/
fatigue/tiredness.31,32 In epilepsy patients with genetic
polymorphisms in CYP2C9 and CYP2C19, excessive
sedation was observed as a clear clinical symptom of a
higher plasma phenytoin level.33 In our previous report,
valproic acid was related to a decrease in propofol dose
for sedation.25 Thus, an enhancing sedative effect of
anesthetics may be common among AEDs with side
effects of sedation/fatigue/tiredness. Furthermore, in
multivariate analyses, only stronger factors can be
extracted. Our previous report showed midazolam was
an independent determinant of recovery from general
anesthesia where epilepsy was not detected.8 Taken
together, although not significant in this study, other
AEDs such as valproic acid and phenytoin may enhance
the anesthetic effect of propofol.

This study is a retrospective observational analysis with
a small sample size, so further study is necessary to
confirm these results. However, it is difficult to analyze
the individual effect of each AED on clinical pharmacol-
ogy because patients with epilepsy are often controlled
with polytherapy. A prospective analysis of combina-

Table 3. Stepwise Logistic Regression Models for Emergence Time From General Anesthesia*

Variable Estimate SE t Value P Value (Prob . jtj)
Intercept 28.674 2.187 13.11 ,.001†
Gender (male) 1.087 0.841 1.29 .199
CLBZ 3.696 1.436 2.57 .012†
CNZ 4.287 1.672 2.56 .012†
PB 4.048 1.235 3.28 .002†
CBZ 1.547 1.179 1.31 .193
Sevoflurane use �1.324 0.776 �1.71 .091

* R2 ¼ 0.425. CLBZ indicates clobazam; CNZ, clonazepam; PB, phenobarbital; and CBZ, carbamazepine.
† Significant parameter.

Table 4. Differences in Propofol Rate by CLBZ and CNP*

Variable
(No. of Patients)

Propofol Rate (lg/kg/min)

Mean SD P Value

CLBZ (yes or no) .002†
Yes (15) 100.3 10.7
No (87) 122.4 26.8

CNP (yes or no) ,.001†
Yes (12) 95.7 7.5
No (90) 122.3 26.3

* CLBZ indicates clobazam; CNZ, clonazepam.
† Significant difference.
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tions of AEDs in a larger sample size may be useful for
assessing the clinical situation.
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