Clinical Research Article W)

Check for

PISSN 2005-6419 - eISSN 2005-7563 | updates

The effect of triazolam
premedication on anxiety, sedation,
and amnesia in general anesthesia
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Background: Benzodiazepines have been used preoperatively as part of an anesthesia regimen to attenuate the anxiety of
patients. In this study, we aimed to examine the effect of oral triazolam, a short-acting benzodiazepine, on anxiety, seda-
tion, and amnesia.

Methods: Ninety patients, aged 20-55 years, were randomly assigned to receive no premedication, or to receive triazolam
0.25 mg or 0.375 mg 1 h before anesthesia. Anxiety score, sedation score, blood pressure, heart rate and psychomotor
performance were measured on the evening before surgery and on the day of surgery. Additional tests of psychomotor
performance were performed in the postanesthesia care unit and on the next day of surgery. The occurrence of amnesia,
bispectral index (BIS), recovery profiles and patient satisfaction with overall anesthesia care were also evaluated.

Results: Changes in the anxiety and sedation scores on the day of surgery were not significantly different among groups,
whereas the increases in systolic blood pressure and heart rate were significantly less in both triazolam groups. The tri-
azolam groups both showed a higher incidence of high satisfaction scores (= 2). The two triazolam groups also showed
similar outcomes, except for a dose-dependent increase in the number of patients with amnesia and BIS values < 90. De-
layed recovery from general anesthesia and psychomotor impairment were not observed in the triazolam groups.
Conclusions: Triazolam 0.25 mg or 0.375 mg reduced the hemodynamic changes associated with anxiety, produced po-
tent amnesia, and improved patient satisfaction. We suggest that triazolam can be used effectively as anesthetic premedi-

cation in adults.
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Introduction

Most patients experience anxiety and stress before anesthesia
and surgery [1]. Traditionally, benzodiazepine premedication
has been used to prevent adverse effects from preoperative
anxiety [2,3]. Recently, however, the use of benzodiazepines has
declined in healthy adult patients. This could be due to concerns
about potential oversedation before anesthesia, delayed recovery
from anesthesia, and impairment of psychomotor function in
the early postoperative period [4]. Nevertheless, anxiolysis with
an adequate dose of benzodiazepine may lead to a more hemo-
dynamically stable induction of anesthesia [5,6] and improved
general wellbeing of patients, and patient satisfaction [7].
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Midazolam is the most commonly administered benzodiaz-
epine, especially via the oral route [8]; however, benzodiazepine
as an oral tablet is not currently available in South Korea. Similar
to midazolam, triazolam is a short-acting benzodiazepine that
has been used in various clinical fields [9,10]. However, only a
limited number of studies have examined the use of oral triazol-
am premedication before general anesthesia [11,12]. In our pre-
vious study compared the use of triazolam 0.25 mg and alpra-
zolam 0.5 mg as oral premedications, no significant differences
in anxiety or sedation were observed between the two groups,
or in within-group analyses (before versus after premedication)
[13]. We assumed that these neutral results might have been due
to the lack of a comparable control group or insufficient drug
dose, because triazolam is known to possess anxiolytic, sedative
and amnesic properties that also characterize other benzodiaz-
epines [10,14].

Therefore, the present study included a no premedication
group, as well as usual- and high- dose triazolam premedication
groups. The primary endpoint was to clarify the effectiveness of
triazolam premedication for adults, with respect to factors such
as anxiety, sedation, and amnesia. We also evaluated the effects
of triazolam on anesthetic recovery, psychomotor performance
and patient satisfaction.

Materials and Methods

Ninety patients, of American Society of Anesthesiologists
physical status classification I-II, who were aged 20-55 and
were scheduled for elective surgery under general anesthesia,
were enrolled. Patients who took analgesic, sedative, antidepres-
sant, or antiepileptic drugs within the week before surgery were
excluded. The study was approved by the Institutional Review
Board of our institution and National Research Institute of Health
(KCT0001720, https://cris.nih.go.kr/cris/en/).

On the evening prior to surgery, a routine preoperative visit
was performed by the assigned anesthesiologist, with written
informed consent for study participation and anesthesia ob-
tained separately. A research nurse then evaluated the patient’s
baseline level of anxiety, sedation, psychomotor performance,
and hemodynamic variables such as systolic blood pressure and
heart rate. The level of anxiety was determined using a 7-point
scale (0, calm and relaxed; 1, apprehension; 2, mild anxiety with
unsteady eyes; 3, moderate anxiety with body shaking; 4, ver-
bally expressing anxiety without being asked; 5, severe anxiety;
and 6, crying) [13,15]. The level of sedation was determined by a
5-point scale (0, alert; 1, aroused by voices; 2, aroused by gentle
tactile stimulation; 3, aroused by vigorous stimulation; and 4,
lack of responsiveness) [13]. Because psychomotor performance
(visual-motor coordination) may be affected by the periopera-
tive use of benzodiazepines, we evaluated it using a Digit Sym-
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bol Substitution Test (DSST) [13,16]. The DSST consists of digit-
symbol pairs (e.g., 1/-, 2/--. .. 7/A, 8/X, 9/=) followed by a list
of 20 digits. The patient was asked to write the corresponding
symbol under each digit as fast as possible, and the completion
time was recorded.

On the day of surgery, patients were allocated to receive no
premedication (control group), or oral triazolam (Halci0n®;
Pfizer, New York, NY, USA) 0.25 mg (T0.25 group) or 0.375 mg
(T0.375 group) according to a computer-generated randomiza-
tion list. The study drug was administered 1 h before transfer
to the operating room, because a plateau concentration of oral
triazolam is achieved in 30 min and maintained for 180 min
[17]. Upon patient arrival in the operating room, the same re-
search nurse evaluated the patient’s level of anxiety, sedation,
psychomotor performance, and hemodynamic variables. In a
memory test used to detect amnesia, the research nurse showed
each patient an object, such as a stethoscope, while saying the
name of object, and asked the patient to remember it [13]. Then,

a bispectral index sensor (BIS®

, Aspect Medical Systems, Nor-
wood, MA, USA) was applied and patients were asked to keep
their eyes closed. To confirm the accuracy of the measurement,
a BIS value was obtained when the signal quality exceeded 50.
General anesthesia was induced with 2.0 mg/kg intravenous
propofol, and endotracheal intubation was facilitated by ro-
curonium 0.8 mg/kg. Anesthesia was maintained with desflu-
rane (4-5 vol%) and remifentanil to achieve BIS values between
40 and 60. At the end of surgery, serotonin type 3 antagonists
were given to the patient to prevent postoperative nausea and
vomiting. Residual neuromuscular block was reversed with pyr-
idostigmine and glycopyrrolate. After tracheal extubation, the
patient was transported to the postanesthesia care unit (PACU),
where consciousness scores were recorded every 15 min (0, un-
responsive; 1, aroused by calling; 2, fully awake). The incidence
of nausea and vomiting was recorded during the PACU stay.
When the patient was ready for discharge, the PACU stay time
was recorded and psychomotor performance was re-evaluated.

On the next day of surgery, the research nurse asked each pa-
tient whether he/she remembered being moved from the ward
to the operating room and inquired about the object shown be-
fore anesthesia. When the patient could not remember either of
these, amnesia was confirmed. The psychomotor performance
and patient satisfaction score concerning overall anesthesia care
(0, unsatisfactory; 1, fair; 2, good, 3; excellent) were also evalu-
ated.

The sample size was calculated using data from a preliminary
study, which suggested a 0.4-fold difference in the proportion of
patients with increased anxiety in the operating room between
the no premedication and triazolam 0.25 mg groups. For a two-
sided test of difference, using a = 0.016 (error type I/number
of comparisons = 0.05/3) and B = 0.2 for each comparison, the
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required sample size was estimated to be 28 evaluable patients
per group. Assuming a dropout rate of 5%, we planned to recruit
30 patients to each group. Differences among the groups were
assessed by one-way analysis of variance (ANOVA) or Student’s
t-test for normally distributed variables, by the Kruskal-Wallis
test for non-normally distributed variables, and by Fisher’s exact
test or the linear-by-linear association test for categorical vari-
ables. The DSST completion times, as an index of psychomotor
performance, were compared using repeated measures ANOVA.
Spearman’s correlation coefficients were calculated for all mea-
sured variables. SPSS for Windows software (ver. 20.0, IBM
Corp., Armonk, NY, USA) was used for statistical analyses.

Table 1. Demographic Data

VOL. 70, NO. 3, JUNE 2017

P values less than 0.05 were considered statistically significant.

Results

The three groups were similar with respect to age, gender,
weight, operation site, and duration of anesthesia (Table 1).
Time intervals from medication to arrival in the operating room
were also similar between both triazolam groups. In total, 15.6%
of patients (14 out of 90) were excluded due to patient refusal (n
= 3), follow-up failure (n = 4), randomization error (n = 3), and
an inadequate time interval from medication to arrival in the
operating room (n = 4).

Control T0.25 T0.375

(n=24) (n=25) (n=27) Pvalue
Age (yr) 453+ 6.9 427 +9.7 458 +5.0 0.289°
Gender (M/F) 9/15 11/14 11/16 0.956
Weight (kg) 64.6 + 6.8 62.9 +10.3 67.0+7.3 0.208°
Operation site 0.866"
Breast 10 9 12
Thyroid 11 10 11
Abdomen 3 6 4
Duration of anesthesia (min) 119.8 +36.0 135.4 +70.1 112.9 +44.7 0.617°
Time interval from medication to operating room (min) - 53.8+17.2 50.1 £13.0 0.390¢

Values are represented by means + SD, or number of patients. T0.25: triazolam 0.25 mg, T0.375: triazolam 0.375 mg. ‘One-way analysis of variance,

PFisher’s exact test, “Kruskal-Wallis test, “Student’s t-test.

Table 2. Effects of Triazolam on Anxiety, Hemodynamics, Sedation, and Amnesia

Control T0.25 T0.375 P value
(n=24) (n=25) (n=27)

Anxiety score

Baseline 0.8+0.8 0.8+0.6 09+1.0 0.852°

In the operating room 1.5+£1.0 0.8+0.6 1.1+£038 0.053"

Change from baseline 0.8+12 0.0+0.9 0.1+13 0.055*
Systolic blood pressure (mmHg)

Baseline 113.1 £ 10.8 1182+ 124 1157 £ 11.3 0.187°

In the operating room 138.1£19.3 1284133 127.8 £13.5 0.091°

Change from baseline 24.0 +19.0 10.1 + 14.7* 12.2 + 12.4* 0.008"
Heart rate (beats/min)

Baseline 71.5+7.5 73.2+11.5 729 +9.8 0.803"

In the operating room 79.8 £13.3 71.6 £15.0 69.2 £ 11.1* 0.034°

Change from baseline 7.8+12.9 —-13+13.2*% —3.1+12.2% 0.008"
Sedative score (baseline score = 0 in all patients)

In the operating room 0+0 0.1+0.3 02+04 0.163"

Presence of sedation (> 1) 0 (0%) 3(12.0%) 4 (14.8%) 0.204°

Bispectral index (BIS) 94.5+4.7 92.6+7.4 912+75 0.256"

BIS < 90 2(8.3%)" 7 (28.0%)" 9(33.3%)" 0.085°, 0.039"
Amnesia 0 (0%)" 6 (24.0%)* " 10 (37.0%)* 1 0.005° 0.001°

Values are represented by means + SD, or number of patients (%). Anxiety scores range from 0-6 (calm to crying). Sedative scores range from 0-4 (alert
to unresponsive). Amnesia was confirmed on the next day of surgery. T0.25: triazolam 0.25 mg, T0.375: triazolam 0.375 mg. “Kruskal-Wallis test,
*one-way analysis of variance (*P < 0.05 vs. control group on post hoc Tukey’s test), “Fisher’s exact test, “linear-by-linear association (P < 0.05).
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Baseline anxiety score, systolic blood pressure and heart rate
measured on the evening prior to surgery were similar among
the groups (Table 2). Upon arrival in the operating room, the
proportion of patients showing increased anxiety in the control,
T0.25 and T0.375 groups was 58.3% (n = 14), 32.0% (n = 8), and
40.1% (n = 11), respectively; these differences were not statisti-
cally significant (P = 0.167). The changes in anxiety scores from
baseline were also not statistically different among the groups
(P = 0.055). However, systolic blood pressure and heart rate
showed marked increases in the control group, whereas the cor-
responding increases were significantly lower in the T0.25 and
T0.375 groups (Fig. 1).

Most patients were alert (sedation score = 0), although seven
patients in the triazolam groups were minimally sedated and
aroused by voices (sedation score = 1). The presence of sedation
(sedation score > 1) and BIS values before anesthesia induc-
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tion were not significantly different among the groups (Table 2).
However, there was a positive correlation between triazolam
dose and the number of patients with BIS values < 90 (linear-by-
linear association, P = 0.039). The incidence of amnesia was also
dose-dependent (linear-by-linear association, P = 0.001), and
significantly higher in the T0.25 and T0.375 groups (Table 2).
No patient showed amnesia in the control group. Except for the
dose-dependent increase in the number of patients with amne-
sia and BIS values < 90, there were no significant differences in
outcomes between the T0.25 and T0.375 groups.

Delayed recovery from general anesthesia was not observed
in any study group with respect to the time from end of surgery
to PACU admission, PACU stay time, and consciousness scores
in the PACU (Table 3). The rate of return to baseline psycho-
motor performance, as assessed by the DSST completion time
was also similar among the groups. The incidence of nausea
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Fig. 1. The changes in anxiety score, systolic blood pressure and heart rate in the operating room compared with baseline values. *P < 0.05 vs. control.

T0.25: triazolam 0.25 mg, T0.375: triazolam 0.375 mg.

Table 3. Effects of Triazolam on Anesthetic Recovery

Control T0.25 T0.375 P value
(n=24) (n=25) (n=27)
Time from end of surgery to PACU (min) 9.6+2.5 104+ 1.4 102+ 1.7 0.312°
PACU stay (min) 53.5+10.4 52.4+12.8 55.6 £10.5 0.343"
Consciousness scores in PACU
On arrival 1.0+0.2 1.2+04 1.0+0.2 0.083"
Overall stay 1.7+0.2 1.7+0.2 1.6 £0.2 0.616"
DSST completion time (s) 0.217°
Baseline 39.3+10.7 41.9+12.9 44.0+12.5
In the operating room 344 +11.8 41.5+15.6 402+ 14.3
At PACU discharge 51.6 +25.7 68.1 +28.1 67.2+27.9
On the next day of surgery 31.6 £10.1 384 +16.7 35.5+15.9
Nausea in PACU 4(16.7%) 0 (0%) 1(3.7%) 0.039°
Vomiting in PACU 2(8.3%) 0 (0%) 0 (0%) 0.097°

Values are represented by means + SD, or number of patients (%). Consciousness score: 0, unresponsive; 1, arousable by voices; 2, fully awake. PACU:
postanesthesia care unit, DSST: Digit Symbol Substitution Test. T0.25: triazolam 0.25 mg, T0.375: triazolam 0.375 mg. *Kruskal-Wallis test, "repeated
measures analysis of variance (group by time interaction), ‘Fisher’s exact test.
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Table 4. Patient Satisfaction with Overall Anesthesia Care

VOL. 70, NO. 3, JUNE 2017

Control T0.25 T0.375 P value
(n=24) (n=25) (n=27)

Patient satisfaction score 1.7+1.2 24+0.8 24+0.6 0.054"
Score =3 10 (41.7%) 13 (52.0%) 14 (51.9%) 0.741%, 0.479°
Score > 2 11 (45.8%) ' 21 (84.0%)* " 25 (92.6%)* " <0.001*
Score > 1 19 (79.2%) * 25 (100%) ' 27 (100%) 0.002", 0.004°

Values are represented by means + SD, or number of patients (%). Patient satisfaction scores range from 0-3 (unsatisfactory to excellent). T0.25:
triazolam 0.25 mg, T0.375: triazolam 0.375 mg. *Kruskal-Wallis test, "Fisher’s exact test (*P < 0.017 vs. control group in pairwise analysis), ‘linear-by-

linear association (P < 0.05).
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Fig. 2. Distribution of patient satisfaction by group. T0.25: triazolam 0.25
mg, T0.375: triazolam 0.375 mg.

was 16.7% in the control group compared with 0% in the T0.25
group and 3.7% in the T0.375 group (P = 0.039); however, post
hoc analysis with Bonferroni correction did not reach statistical
significance. In all patients, no respiratory depression was ob-
served in the preoperative or postoperative period.

Regarding patient satisfaction scores for overall anesthesia
care, the mean scores were not significantly different among the
groups, although the T0.25 and T0.375 groups showed a signifi-
cantly higher incidence of high scores (> 2) compared with the
control group (Table 4, Fig. 2). Satisfaction scores were also cor-
related with the presence of sedation (> 1), as well as with
the number of patients with a BIS value < 90 and amnesia
(P < 0.05, Spearman correlation coeflicient = 0.243, 0.227 and
0.228, respectively) (Fig. 3).

Discussion

This clinical study evaluated the effect of oral triazolam pre-
medication at 0.25 mg and 0.375 mg on anxiety, sedation, and
amnesia in adults undergoing general anesthesia. Previous stud-
ies have demonstrated that triazolam at 0.25 mg has significant
anxiolytic and sedative effects [11,18]. In contrast, Baughman
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Fig. 3. Proportion of patients with sedation, bispectral index (BIS) < 90
and amnesia by patient satisfaction level. Sedation = sedative score > 1.

et al. [12] reported that those effects were significant only at
0.5 mg. However, Longbottom and Pleuvry [19] showed that
triazolam at 0.5 mg produced significantly prolonged cognitive
deficits, despite a better sedative effect compared with 0.25 mg.
Therefore, we selected the usual recommended dose of 0.25
mg, as well as a slightly higher dose of 0.375 mg, rather than the
maximum permissible dose of 0.5 mg to reduce unnecessary
complications.

In the present study, both triazolam 0.25 mg and 0.375 mg
significantly lessened the increase of systolic blood pressure and
heart rate before anesthesia induction. Since such hemodynamic
changes have been used as physiologic indicators of anxiety
response [20,21], this finding suggests that triazolam has a clini-
cally meaningful anxiolytic effect. In terms of the anxiety score,
the level of anxiety in both triazolam groups was generally lower
than that in the control group, although the differences were not
statistically significant.

Numerous studies have demonstrated a significant sedative
effect of triazolam [11,18]. In the present study, however, the
sedative effects of triazolam at 0.25 mg and 0.375 mg were not
prominent in either the subjective (sedation scale) or objective
(BIS) assessments. These results correlated with those of our
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previous study [13], which showed that sedation level did not
increase significantly from baseline in the triazolam 0.25 mg
group. Baughman et al. [12] also reported that only triazolam at
0.5 mg, and not at 0.25 mg or 0.125 mg, produced more seda-
tion than placebo. Taken together, although a dose-dependent
increase in the number of patients with BIS values < 90 was ob-
served in the present study, it is likely that triazolam at below 0.5
mg has a weak sedative effect in adult patients.

Meanwhile, the amnesic effect of triazolam 0.25 mg and 0.375
mg was strong and significant, consistent with previous studies
[11,13]; it was also dose-dependent. This high amnesic potential
could be helpful for patients who have unpleasant memories of
the operating room before anesthetic induction [22,23]. The cor-
relation analysis in the present study showed that patients who
had amnesia, or even weak sedation, tended to report higher
levels of satisfaction with overall anesthesia care.

No significant delay in postoperative mental or psychomotor
recovery was observed among the healthy young adults included
in the present study. However, in elderly populations, and in pa-
tients with hepatic dysfunction, greater and prolonged sedation
or impairment of psychomotor function could occur due to high
plasma concentrations and high sensitivity to triazolam [24,25].
Therefore, triazolam should be used cautiously, and with dose
adjustment, in such populations.

One interesting finding was that postoperative nausea was
less common in the triazolam groups compared with the control
group, although the difference did not reach statistical signifi-
cance. Numerous studies, and a recent meta-analysis including
12 randomized controlled trials, have highlighted the antiemetic
properties of benzodiazepines, particularly midazolam, when
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