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Objectives. This study evaluated sublingua[ administration of triazolam for preoperative sedation in dental outpatients. 
Study design. A double-blind, placebo-controlled study compared 0.25 mg sublingual triazolam, 0.25 mg oral triazolam, and 
placebo administered 1 hour before oral surgery. 
Results. Sublingual triazolam resulted in significantly less anxiety and pain at 15 minutes intraoperatively than both oral triazolam 
and placebo (p < 0.05). Patients' global evaluation of the efficacy of sedation ranked sublingual triazolam as significantly more 
efficacious than placebo (p < 0.05) with oral triazolam intermediate between the two. No difference was demonstrated in the rate 
of recovery or incidence of side effects between the two drug groups. Plasma triazolam levels were higher after sublingual admin- 
istration during and after the surgical procedure. 
Conclusions. These results indicate that sublingual triazolam results in greater anxiolytic activity and less pain perception than 
oral administration as a result of greater plasma drug levels and may be useful as an alternative for nonparenteraI outpatient seda- 
tion. 
(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1997;84:119-24) 

Clinicians who are not trained in parenteral sedation 
generally recommend oral administration of anxiolytic 
drugs for surgical premedication for moderately anx- 
ious outpatients. The clinical utility of oral premedica- 
tion in comparison to the intravenous (IV) route is lim- 
ited by delayed onset, a ceiling in peak efficacy, and 
prolonged recovery. Alternatives for oral premedica- 
tion include triazolam, a sedative-hypnotic with rapid 
onset after oral administration, short duration of action, 
amnestic effects, and inactive metabolites. Orally 
administered triazolam produces anxiolytic activity 
during minor surgery comparable with a substantial 
dose of intravenously administered diazepam (mean, 
19.3 mg) but with less psychomotor impairment post- 
operatively. 1 These findings and the drug's pharmaco- 
kinetic profile suggest that triazolam has greater clini- 
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cal utility than drugs currently used for outpatient pre- 
medication. 

The onset of orally administered benzodiazepine hyp- 
notics is related to their rate of absorption from the gas- 
trointestinal tract. 2 Co-ingestion of food or other drugs 
may alter the rate of gastric emptying and subsequent 
absorption and response to benzodiazepines. 3,4 The 
bioavailability of sublingually administered triazolam is 
increased by an average of 28% when compared with 
oral administration of the same dose, suggesting 
increased absorption or avoidance of the first-pass 
effect. 5 Another study with 12 normal men demonstrat- 
ed that sublingual dosing produces earlier and higher 
peak drug levels than oral dosing, 6 but it did not evalu- 
ate if this resulted in any greater pharmacologic effect. 
Studies with lorazepam and alprazolam also have 
demonstrated that sublingual dosage can be an effective 
route of administration. 7,8 The present study compared 
the clinical efficacy and plasma drug levels of sublin- 
gually and orally administered triazolam to determine if 
the greater bioavailability of sublingual triazolam 
results in greater anxiolytic activity when given as a 
preoperative sedative. 
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Table I. Demographic data, adjunctive drugs administered, duration of surgery, and type of extractions (mean _+ SD) 

Surgical procedure* 
Age Height Weight Lidocaine Duration Upper right Upper left Lower left Lower right 

Variables (years) Sex Race (inches) (lb) (rag) (min) third molar third molar third molar third molar 

Placebo 23.9 6 M 19 W 66.3 147.5 186.0 19.4 1.3 1.3 2.3 2.1 
-+ 4.4 14 F 1 AA -+ 3.3 -+ 27.8 -+ 42.0 -+ 9.0 -+ 0.7 -+ 0.7 -+ i.2 -+ 1.0 
25.3 10 M 20 W 67.5 149.6 178.0 17.7 1.4 1.5 1.9 2.2 
+-3.8 l l F  1A -+4.6 +30.9 -+68.0 -+8.5 -+0.7 -+0.8 -+1.0 -+1.2 
24.9 10 M 20 W 66.9 149.2 174.0 21.1 1.2 1.1 2.0 2.0 
-+ 6.6 13 F 3 AA -+ 4.4 -+ 24.0 -+ 44.0 -+ 10.8 -+ 0.7 -+ 0.4 -+ 1.3 -+ 1.3 

Oral 
triazolam 

Sublingual 
triazolmn 

*Type of extraction for each tooth: 1, simple extraction; 2, soft tissue surgical extraction; 3, partial bony surgical extraction; 4, full bony surgical extraction. 

ME'I'HODS 
The study was a single-dose, double-blind, parallel 

group comparison of oral to sublingual triazolam with a 
placebo control approved by the Institutional Review 
Board. All patients were at least 18 years of age, free of 
systemic disease, no history Of psychiatric illness, and 
no reported history of allergy to any of the test medica- 
tions. Subjects had all received preventive and restora- 
tive dental procedures with local anesthesia but were 
naive to oral surgery and conscious sedation. Patients 
were informed of possible risks and signed an institu- 
tion-approved consent form that described the study 
drug and the methods of administration. 

Patients received one of three treatments 1 hour 
before surgery: 0.25 mg oral triazolam and a sublingual 
placebo, 0.25 mg sublingual triazolam and an oral 
placebo, or both an oral and sublingual placebo (dou- 
ble-dummy placebo). Both oral and sublingual tablets 
appeared identical, approximately the size of a com- 
mercially available 325 mg acetaminophen tablet, com- 
posed of an outer white anhydrous lactose layer that 
contained either a 0.25 mg triazolam or a lactose place- 
bo. The treatments were prepared and randomly allo- 
cated by the Pharmaceutical Development Service of 
the National Institutes of Health (NIH) and assigned 
consecutively as subjects were placed on the study. 
Patients swallowed the oral tablet with a small quantity 
of water and then were instructed to place the sublin- 
gual tablet under their tongue until dissolved. An inves- 
tigator observed the patients to ensure that they did not 
swallow until the sensation of the tablet under their 
tongue was gone. Preliminary evaluation by the 
Pharmaceutical Development Service determined that 
the sublingual tablet was totally dissolved within 90 
seconds. 

Before administration of the study drug, subjects 
were seated in full view of the surgical instruments 
while the oral surgeon explained the surgical procedure 
and possible risks in order to maximize preoperative 
anxiety. Patients then completed a graphic rating scale 
consisting of a 20 cm vertical column with descriptors 

of anxiety on the right of the column and arrows from 
the descriptors pointing to the appropriate values on the 
column. 9 This scale has previously been shown to be 
sensitive to the effects of oral triazolam and parenteral 
diazepam. 1 The digit symbol substitution test (DSST) 
was administered as a measure of cognitive-psychomo- 
torimpairment. 1° The DSST consists of symbols paired 
with digits in a code given at the top of the page. The 
number of symbols correctly paired by the subjects with 
digits in 90 seconds are compared with baseline perfor- 
mance as an index of recovery from drug-induced psy- 
chomotor impairment. The pairing of the symbols with 
the numbers were changed for each test to minimize 
learning. Pictures of common objects (book, clock, 
bird, house) were shown to the patient briefly and they 
were asked to verbally identify the objects in the picture 
to verify recognition. The patients were asked on the 
following day to identify pictures they recalled from a 
composite of the pictures as a test of amnesia to non- 
noxious stimuli. 

Questionnaires consisting of the anxiety scales and 
the DSST were administered and a picture shown every 
15 minutes after drug administration for 60 minutes 
until starting surgery. Before oral surgery, 60 minutes 
after drug administration, the oral surgeon re-entered 
the surgical suite to administer local anesthesia consist- 
ing of 2% lidocalne with 1:100,000 epinephrine. The 
efficacy of local anesthesia was tested 5 minutes from 
the time of the first injection by probing the overlying 
mucosa with an elevator and by the presence of lower 
lip anesthesia. The surgical procedure was then per- 
formed in a standardized manner with clinically accept- 
ed techniques. At 15 minutes intraoperatively, the 
surgery was interrupted and data collected that included 
category and horizontal visual analog scales (VAS) for 
pain and the graphic rating scale for anxiety. The cate- 
gory scale rated the pain reported as: 0, no pain; 1, 
slight pain; 2, moderate pain; or 3, severe pain. The 
VAS consists of a 100 mm horizontal line labeled "no 
pain" at one end and "pain as much as it could be" on 
the other end. Subjects were also asked to report any 



ORAL SURGERY ORAL MEDICINE ORAL PATHOLOGY 
Volume 84, Number 2 

Table II. Global evaluation by the patients and recall of 
the procedure and picture shown intraoperatively 

Global Recall of Recall of Recall of 
evaluation anesthesia extractions picture 

Placebo 1.7 100% 100% 83.3% 
-+ 1.1 + 0.0 + 0.0 -+ 38.3 

Oral 2.2 100% 100% 66.7% 
triazolam +- 1.2 --- 0.0 -+ 0.0 + 48.3 

Sublingual 2.9* 95.6% 100% 42.5%* 
triazolam -+ 0.9 _+ 0.2 _+ 0.0 _+ 50.7 

*p < 0.05 compared with placebo. 

other effects of the medication. At the completion of 
surgery, a questionnaire was filled out by the surgeon 
and an investigator rating the patient's movements dur- 
ing surgery as: 0, no interfering movements; 1, minor 
movements with positioning remaining appropriate; 2, 
minor movements that required repositioning; or 3, 
movements that grossly interfered with the procedure. 

The DSST was administered at 60, 90, 120, and 180 
minutes from the end of surgery. At the conclusion of 
the 3-hour observation period, the patients were asked 
which of the following they recalled: IV line being 
placed (before drug administration), local anesthetic 
injections, extractions, and walking to the recovery 
room; they also completed a global evaluation of the 
test medication scored as poor (1), fair (2), good (3), or 
excellent (4). 

Blood samples (6 ml) were collected with an IV line 
for measurement of plasma levels of triazolam before 
drug administration and at 15, 30, 45, 60, 75, 90, 120, 
150, 180, and 240 minutes after drug administration. 
Samples were collected into chilled heparinized tubes, 
placed in the centrifuge at 4°C, the plasma decanted, 
frozen over dry ice, and stored at -70°C until analyzed. 
Samples from 24 randomly selected subjects who 
received an active drug were analyzed for triazolam 
plasma concentration levels by a modification of a pre- 
viously established method using gas chromatogra- 
phy. 11 Aliquots of subject samples, standards, and qual- 
ity control samples were spiked with internal standard 
alprazolam and extracted into iso-amyl alcohol in 
toluene (1.5%). After drying the organic layer the sam- 
ples were reconstituted and injected onto a 10 m x 0.32 
mm I.D. by 0.25 gm column (DB 1701, J&W 
Scientific, Folsom, Calif.) in a Hewlett Packard 5890 
Series II gas chromatograph with helium as the carrier 
gas and argon-methane as the make-up gas. Triazolam 
and the internal standard alprazolam were detected and 
quantified with a 63Ni electron capture detector. For 
each analysis group, standard curves were prepared by 
plotting peak height ratios of triazolam:alprazolam vet- 
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Fig. 1. Anxiety change from baseline to 15 minutes intraop- 
eratively as measured by a graphic rating scale for anxiety 
(upper panel); intraoperative pain as measured by a visual 
analog scale (lower panel). 

sus the triazolam standard concentrations added to 
blank plasma. Subject and quality control sample con- 
centrations were calculated from the standard curves by 
regression analysis. 

Data were analyzed for the mean and standard devia- 
tion. Continuous measures such as visual analog scales 
for anxiety and pain were analyzed by analysis of vari- 
ance to determine if differences existed among treat- 
ment groups, with effects localized by Duncan's post 
hoc comparisons. Categorical data (global evaluations, 
intraoperative pain) were analyzed with the nonpara- 
metric Kruskal-Wallis analysis of variance. Repeat 
measurements (DSST) were evaluated with repeated 
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Fig. 2. Cognitive psychomotor impairment as measured by 
the digit symbol substitution test starting 60 minutes before 
surgery and from 60 to 240 minutes postoperatively. The 
repeated measure analysis of variance includes all time points 
except the -60 time point that was used as a covariate to com- 
pensate for differences among groups in baseline scores. 
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Fig. 3. Plasma triazolam levels measured from time of 
administration (-60 minutes) through 180 minutes fi'om the 
start of surgery in the two groups of subjects who received 
the active drug. 

measures analysis of variance with the predrug score 
used as a covariate to adjust • for differences between 
groups at baseline. Amnesia to pictures shown during 
the procedure as well as recall of clinical events were 
compared by Chi-square analysis. 

RESULTS 
Of the 77 patients placed on the study, all or part of 

the data from 64 patients was judged to be usable for 
statistical analysis. Thirteen subjects were excluded 
from the study for a variety of reasons: data collection 
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Table III. Number and type of side effects 

Drowsy, Dizzy, 
Side effects sleepy lightheadedness Euphoria Other None 

Placebo 1 0 1 0 16 
Oral 9 0 1 0 13 

triazolam 
Sublingual 9 3 1 2 9 

triazolam* 

*One patient was both dizzy and euphoric. 

errors (2), patient noncompliance (2), an opioid was 
administered (2), inadequate local anesthesia (2), drug 
administration errors (2), surgery postponed after the 
drug was ingested (1), the patient exceeded prospective 
height-weight criteria for study entry (1), and unusual 
surgical trauma (1). Demographic characteristics of the 
remaining subjects were comparable between groups 
(Table I). Two to four third molars were extracted; these 
were categorized as simple extractions (1), soft tissue 
impaction (2), partially bony impaction (3), or full bony 
impaction (4). The mean degree of difficulty of the sur- 
gical procedures were also similar between groups 
(Table I). 

A significant difference existed at 15 minutes intraop- 
eratively among the treatment groups (F = 3.46, p < 
0.05) with greater anxiety reduction from baseline 
reported after sublingual triazolam (p < 0.05) in com- 
parison with both placebo and oral triazolam (Fig. 1, 
upper panel). Pain was significantly less (p < 0.05) 
intraoperatively after sublingual triazolam than reported 
for placebo and oral triazolam (Fig. 1, lower panel). 
Patients' global evaluation of the efficacy of sedation 
ranked sublingual triazolam as significantly (p < 0.05) 
more efficacious than placebo, with oral triazolam 
intermediate between the two (Table II). There was no 
amnesia to clinical events, but significantly more 
patients in the sublingual triazolam group (p < 0.05) did 
not remember the picture shown intraoperatively (Table 
H). 

Cooperation as rated by the neutral observer and sur- 
geon revealed minor movements in all groups with no 
differences between sublingual drug (0.7 + 0.8), oral 
drug (0.7 _+ 0.6), or placebo (0.7 _+ 0.7). The DSST 
scores after dosing with placebo improved with time, 
consistent with learning. Cognitive-psychomotor 
impairment was maximal for the two active drug groups 
at the first postoperative observation but no significant 
difference was noted between the routes of administra- 
tion (Fig. 2). By the final DSST (180 minutes) observa- 
tion, near complete recovery had occurred in both tria- 
zolam groups. 

Drowsiness, sleepiness, or tiredness was the most fre- 
quently reported side effects, reflecting triazolam's 
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sedative properties. Other side effects were infrequent, 
with no difference between groups (Table III). No dif- 
ference was seen between the two drug groups in the 
mean plasma triazolam levels during the first 60 min- 
utes after drug administration before the start of the sur- 
gical procedure (Fig. 3). Mean plasma levels during 
surgery (nonsignificant) and after surgery (p < 0.05) 
were higher in the sublingual group in comparison to 
oral administration. 

DISCUSSION 
The present study demonstrates that sublingually 

administered triazolam results in greater anxiolytic 
effects than oral administration of the same drug. This 
greater anxiolytic activity, however, is not accompanied 
by greater side effects or longer psychomotor impair- 
ment postoperatively, which usually occurs when 
greater drug effects are achieved with increased dose. 
Drug level determinations suggest that the greater ther- 
apeutic effects after sublingual administration are possi- 
bly due to greater bioavailability from enhanced absorp- 
tion or decreased "first pass" elimination. Previous 
studies have demonstrated the efficacy and safety of tri- 
azolam for sedation in outpatientsJ ,12-15 The results of 
the present study suggest that sublingually administered 
triazolam results in even greater clinical efficacy than 
oral administration but without the side effect liability 
associated with parenteral drug administration. 

Pain perception intraoperatively was also rated as 
lower after sublingual triazolam in comparison with 
both oral triazolam and placebo. Diazepam adminis- 
tered intravenously has been previously demonstrated 
to significantly reduce intraoperative pain during oral 
surgery, primarily through a reduction in the unpleas- 
antuess component of the pain experience. 16 Although 
pain in conscious patients undergoing a surgical or den- 
tal procedure is controlled primarily by local anesthesia, 
these data indicate that patients' perception of the 
unpleasant sensations associated with oral surgery can 
also be reduced by preoperative administration of a ben- 
zodiazepine such as triazolam. 

Amnesia to noxious clinical events such as local anes- 
thesia administration and surgical extractions is often 
thought to be important to the success of sedative tech- 
niques. Triazolam at a dose of 0.25 mg did not result in 
detectable amnesia to clinical events by either the oral 
or sublingual routes. Sublingual triazolam did signifi- 
cantly decrease the recall of a picture shown intraoper- 
atively in comparison to both oral triazolam and place- 
bo; less than half of the subjects were able to identify 
the picture on the following day. The importance of 
amnesia to clinical events to the overall efficacy of a 
sedative drug regimen is questionable as total amnesia 
from general anesthesia results in less, not greater, long- 
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term improvement in dental health in anxious patients 
in comparison with a behavioral approach. 17 Thus, the 
lack of amnesia to noxious clinical events after sublin- 
gual triazolam does not lessen its efficacy as an anxi- 
olytic nor is it likely to be a detriment to the use of the 
drug in the management of anxious or phobic patients. 

The DSST indicated that recovery from cognitive- 
psychomotor impairment was almost complete 2 hours 
after surgery. This rapid recovery is contrary to the 
effect of IV medications used for the reduction of the 
anxious patients, in which complete recovery is delayed 
or prolonged in comparison with triazolam. 1 
Drowsiness was reported in approximately 40% of sub- 
jects by both the sublingual and oral route, which is 
consistent with trizolam's property to induce sleep. 
Other reports of side effects (dizziness, euphoria) were 
transient and did not interfere with either the procedure 
or postoperative recovery. 

The lack of a significant difference between the active 
drug groups in triazolam blood levels during surgery in 
a subset of 24 subjects is not readily explained. Analysis 
of the entire set of blood samples may have revealed 
differences between groups. Previous studies demon- 
strating differences in plasma drug levels after sublin- 
gual triazolam in comparison with oral administration 
were within subject crossover studies in volunteers not 
undergoing a therapeutic procedure. 5,6 The use of each 
subject as his or her own control eliminates the large 
pharmacokinetic variation that can exist between per- 
sons. Less variability is also likely if samples are col- 
lected under idealized conditions without the additional 
variability associated with the stress of a surgical pro- 
cedure, the administration of other drugs such as lido- 
caine, and possible alterations in blood volume as a 
result of blood loss and IV fluid administration. Greater 
levels were seen during the postoperative period after 
sublingual administration, however, indicating that 
greater absorption of the drug occurred by this route of 
administration. 

The results of the present study demonstrate that tria- 
zolam is effective for reducing both anxiety and the per- 
ception of pain in anesthetized patients undergoing oral 
surgery. The removal of impacted third molars is gener- 
ally recognized as an unpleasant minor surgical proce- 
dure involving intraoral surgical incisions, bone 
removal, and placement of one or more sutures. This 
level of difficulty suggests that the present results can 
be generalized to patients having similar extractions, 
other dental procedures, and minor surgical procedures. 
A recent study 18 demonstrated that oral administration 
of 0.25 triazolam is more efficacious than 5 mg oral 
diazepam for endodontic procedures, suggesting that 
either oral or sublingual triazolam would also be useful 
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for sedating anxious patients before endodontic proce- 
dures. 

Clinicians are often reluctant to use triazolam because 
of anecdotal reports of global amnesia and acts of vio- 
lence. These reports have never been substantiated or 
were discounted because of the concomitant use of 
other drugs that depress the central nervous system, 
alcohol, or inappropriate clinical practices with the 
drug. 19 As a widely prescribed drug for insomnia, mil- 
lions of doses of triazolam have been ingested annually 
for a decade by a wide range of patients. The Food and 
Drug Administration has twice re-evaluated the use of 
triazolam and determined it to be safe and effective. 2°,21 
As reviewed previously, 19 most data suggest that 
patients with reported adverse reactions to triazolam 
were receiving higher doses (0.5 to 1.5 mg) than gener- 
ally now prescribed. 22,23 

The use of sublingual triazolam may still result in 
patients with anxiety that is not adequately relieved to 
permit administration of the local anesthesia or perfor- 
mance of the surgical procedure. If the anesthesia is 
effective and additional sedation is needed, nitrous 
oxide (30% to 40%) can be safely given in combination 
with the previously administered triazolam.1 The use of 
a higher dose of triazolam (0.5 rag) should be weighed 
heavily against the potential for adverse effects associ- 
ated with this dose, prolonged recovery postoperatively, 
and possible disinhibition in an overly sedated patient. 
If a patient is still anxious and uncooperative after the 
recommended doses of triazolam and supplemental 
nitrous oxide with adequate local anesthesia, the proce- 
dure should be terminated and the patient re-evaluated 
for parenteral sedation. The greater efficacy associated 
with sublingual administration, however, should result 
in a minimum number of treatment failures and the 
need to expose a patient to the greater risks of parenter- 
al sedation or general anesthesia. 
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