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This study investigated the physiologic and sedative parameters associated with a
low-dose infusion of dexmedetomidine (Dex). Thirteen healthy volunteers were
sedated with Dex at a loading dose of 6 mcg/kg/h for 5 minutes and a continu-
ous infusion dose of 0.2 mcg/kg/h for 25 minutes. The recovery process was
observed for 60 minutes post infusion. The tidal volume decreased significantly
despite nonsignificant changes in respiratory rate, minute ventilation, oxygen sat-
uration, and end-tidal carbon dioxide. The mean arterial pressure and heart rate
also decreased significantly but within clinically acceptable levels. Amnesia to pin
prick was present in 69% of subjects. A Trieger dot test plot error ratio did not
show a significant change at 30 minutes post infusion despite a continued signifi-
cant decrease in bispectral index. We conclude that sedation with a low dose of
Dex appears to be safe and potentially efficacious for young healthy patients
undergoing dental procedures.
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Dexmedetomidine (Dex) is a sedative and analge-
sic agent that acts through an a2-agonist effect.

1

In Japan and the United States, it is licensed as a sed-
ative agent for intensive care unit ( ICU) sedation after
surgery. The effects of a2-agonists have been associ-
ated with reduced anesthetic requirements and attenu-
ated blood pressure and heart rate in response to
stressful events.2^5 The a2-receptors within the spinal
cord modulate pain pathways, thereby providing some
degree of analgesia.6^8 In addition, Dex induces a sed-
ative response that exhibits properties similar to natu-
ral sleep, unlike other anesthetics. Patients who are
given Dex experience a clinically effective sedation
yet are still easily and uniquely arousable5an effect
that has not been observed with any other clinically
available sedative.9,10 Sedation with Dex may be opti-
mal for dental procedures because it possesses many

of the properties of an ideal sedative agent, such as
minimal influence on respiration and circulation, easy
and rapid control of sedative and conscious levels,
amnesia, and rapid recovery after sedation.
The present study investigated the effects on respi-

ration, circulation, sedative level, recovery parameters,
and amnesia during and after intravenous infusion of
low-dose Dex.

METHODS

Subjects

Subjects consisted of 13 healthy volunteers who ranged
in age from 24 to 37 years. Informed consent was ob-
tained for this institutional reviewboard^approved study.

Dex Infusion (Figure 1)

An intravenous catheter ( Insyte 20-gauge, Becton
Dickinson, Franklin Lakes, NJ) was inserted into a
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medial cubital vein and an infusion of lactated Ringer’s
solution was started at 2 mL/kg/h. Subjects were
kept in a supine position for 20 minutes. After cardio-
vascular parameters had achieved steady state (change
in vital signs ,10%), subjects were sedated with Dex
at a loading dose of 6 mcg/kg/h (1 mcg/kg per
10 minutes) for 5 minutes followed by a continuous
infusion dose of 0.2 mcg/kg/h for 25 minutes; the
recovery process then was observed for 60 minutes
after the Dex infusion was stopped. A pin prick test
with a 27-gauge needle was performed in the gingival
labial mucosa to assess amnesia at 21 minutes after
the loading infusion was started (16 minutes after
maintenance infusion). The following parameters were
measured; tidal volume (TV), respiratory rate (RR),
minute volume (MV), oxygen saturation (SpO2), end-
tidal carbon dioxide (ETCO2), mean arterial pressure
(MAP), heart rate (HR), bispectral index (BIS ), and
Ramsay score (RS).11 Recovery parameters included
theTrieger dot test12 plot error ratio (TDT p.e.r.), which
was used to determine the level of psychomotor func-
tion, and a 1-leg standing with eyes closed test (O-L
test), which was performed to assess the level of re-
covery of equilibrium. Respiratory parameters were
measured with a MAGTRAK ( IMI, Saitama, Japan)
with a tight-fitting mask; SpO2 and ETCO2 were as-
sessed with a Capnomac Ultima (Datex, Milwaukee,
Wis); MAP and HR were evaluated with a Dinamap
8100 (Criticon,Tampa, Fla); and sedative level was de-
termined with a BIS A-2000 (Aspect Medical System,
Norwood, Mass).

Statistical Analysis

Friedman’s test was applied for the statistical analysis,
followed by the Wilcoxon t test with Bonferroni’s
correction. P values of ,.05 were considered statisti-
cally significant. However, a statistical analysis was
not performed for RS and O-L tests.

RESULTS

Subjects (Table 1)

Subjects were on average 28.8 6 3.3 years old and
weighed 69.3 6 8.1 kg.

Respiration (Figures 2 and 3; Table 2)

No significant changes in RR, MV, SpO2, or ETCO2

were observed. TV decreased significantly at 5, 10, 15,
20, 25, and 30 minutes after the start of the Dex infu-
sion (from an average of 560 mL to 430 to 466 mL)
(P , .05).

Circulation (Figure 4; Table 2)

After a brief, statistically insignificant increase in MAP
following infusion initiation, the MAP decreased sig-
nificantly from 10 minutes after infusion throughout
the 60 minute postinfusion period. The MAP de-
creased from an average of 86 mm Hg to 70 to
77 mm Hg over this 80 minute period. HR decreased
significantly from 5 minutes after infusion throughout
the 60 minute postinfusion period (beats per minute
[bpm] range, low 60s to mid 50s).

BIS (Figure 5)

BIS decreased significantly from 10 minutes after
the start of the Dex infusion to 30 minutes after

Figure1. Time course of the investigation. Subjects were sedated with dexmedetomidine (Dex) at a loading dose of 6 mcg/kg/
h for 5 minutes and a continuous infusion dose of 0.2 mcg/kg/h for 25 minutes. The recovery process was observed for
60 minutes after cessation of the Dex infusion. (Control value was not measured in Ramsay score.)

Table 1. Background of Subjects. We studied healthy adult
volunteers (we obtained informed consent from them). Age,
weight, and ASA physical status are following.

Number 13

Age (yr ) 28.8 63.3
Weight (kg) 69.3 68.1
ASA-PS 1
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the end of the Dex infusion. The lowest average
BIS was 73.6 at 30 minutes after the start of the Dex
infusion.

RS (Figure 5)

Statistical analysis was not performed in RS, which
was within the optimal sedative score (,3 to 4) at
15, 20, 25, and 30 minutes after the start of the Dex
infusion.

TDT p.e.r. (Figure 6; Table 3)

TDT p.e.r. increased significantly at 5 and 10 minutes
from the end of the Dex infusion. Values were 37.5%
and 25.4%, respectively (P , .05), in comparison with
the control value of 12.4%.

O-LTest (Figure 6; Table 3)

At 15 minutes post infusion, only 31% of subjects had
successfully completed this test. At 30 minutes post
infusion, 85% of subjects were successful, and all sub-
jects were successful 60 minutes after cessation of the
Dex infusion.

Amnesia (Figure 7)

Amnesia was demonstrated with the 27-gauge needle
prick test in 69% of subjects at 21 minutes after the
start of the Dex infusion.

DISCUSSION

Dex was originally developed for sedation of the intu-
bated ICU patient for short periods. To maximize safety
prior to study of the use of Dex for sedation during
actual dental procedures, this initial pilot study used a
low initial loading dose and the lowest continuous
infusion dose within the typical recommended range
of 0.2 to 0.7 mcg/kg/h.

Respiration

Results presented here show that TV decreased signifi-
cantly despite the absence of significant changes in
RR, MV, SpO2, and ETCO2. This respiratory change is
similar to that seen in studies in which other a2-ago-
nists are used.13,14 Belleville15 reported a small but
statistically significant decrease in MV caused by Dex,
thus reflecting a reduction in TV. The significant
decrease in TV was consistent with Belleville’s report,

Table 2. Summary of the Results in Respiration, Circulation, and Sedative Level (Minutes).�`

Baseline 5 10 15 20 25 30 After 30 After 60

TV 559 6 .71 466 654* 439 6101* 430 688* 446 682 * 452 697* 447 666* 495 6117 531 6124
RR 14.2 62.2 15.2 63.2 14.8 62.4 16.2 62.3 15.1 62.5 15.6 62.4 15.8 62.4 14.4 62.7 14.8 62.4
MV 7.9 61.3 7.1 61.7 6.5 61.5 6.9 61.5 6.7 61.7 7.1 61.2 7.1 61.4 7.0 61.7 7.9 62.2
SpO2 97.2 60.6 97.1 60.5 96.5 61.0 96.5 6 0.7 96.9 6 0.4 96.6 60.7 96.5 60.7 96.8 6 0.4 96.8 6 0.6
ETCO2 40.7 63.5 40.0 63.4 40.0 62.9 39.4 6 4.1 40.5 6 4.8 40.2 64.5 41.0 64.7 39.8 6 4.0 38.9 63.2
MAP 85.7 66.3 88.8 69.6 77.0 67.0* 75.6 65.1* 74.6 65.1* 72.5 6 6.0* 72.7 66.2* 70.0 65.1* 70.8 67.0*
HR 65.2 611.1 54.4610.3* 57.1 69.6* 56.8 6 8.9* 55.1 69.3* 55.5 69.2* 55.1 68.6* 53.4 68.2* 54.469.6*
BIS 96.6 62.4 91.9 68.1 81.6 615.6* 80.6 68.2* 77.6 611.3* 79.1 613.4* 73.6 613.0* 84.5 611.3* 94.5 63.5
RS 2.1 60.3 2.7 60.6 3.4 61.0 3.6 61.0 3.6 60.7 3.9 6 0.9 2.1 60.3 2.0 60.0

� Mean 6 SD.
` BIS indicates bispectral index; ETCO2, end-tidal carbon dioxide; HR, heart rate; MAP, mean arterial pressure; MV, minute vol-

ume; RR, respiratory rate; RS, Ramsay score; SpO2, oxygen saturation; andTV, tidal volume.
* P ,.05 vs. control.

Table 3. The Results of TDT p.e.r. and O-L Test (Minutes).�

Cont After 5 After 10 After 15 After 30 After 60

TDTp.e.r. % 12.4 610.4 37.5 613.9* 25.4 614.5* 17.0 619.1 20.1 613.0 13.8 611.6
O-L test % 100 0 0 31 85 100

� Mean 6 SD.
* P ,.05 vs. control.
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although MV did not show a significant change in the
current study. Presumably, in individual subjects with
a greater decrease in TV, a compensatory increase in
RR reflects minimal changes in MV. The decrease in
TV suggests inhibition of the central respiratory drive.

a2-Adrenoceptors are ubiquitous throughout the cen-
tral nervous system, including the brainstem regions,
which are instrumental in control of breathing.16 How-
ever, the mechanism of a2-adrenoceptors in the con-
trol of respiration has not yet been elucidated.

Figure 2. Changes in tidal volume (TV ), respiratory rate
(RR), and minute volume (MV). TV decreased significantly
from 5 minutes to 30 minutes after the start of dexmedeto-
midine (Dex) infusion. However, RR and MV did not show
significant changes. TV decreased significantly from an aver-
age of 580 mL (control value ) to approximately 430 to
470 mL (P , .05).

Figure 3. Changes in end-tidal carbon dioxide (ETCO2) and
oxygen saturation (SpO2). Respiratory rate (RR) and SpO2
did not show significant changes. Sedation with dexmedeto-
midine (Dex) had no effect on ETCO2 and SpO2.

Figure 4. Changes in mean arterial pressure (MAP ) and
heart rate (HR). The transient increase in MAP was observed
at 5 minutes after the start of dexmedetomidine (Dex) infu-
sion (not significant ); MAP decreased significantly from an
average of 86 mm Hg (control value) to approximately 70 to
77 mm Hg over 80 minutes since 10 minutes after the start
of Dex infusion (P , .05). HR decreased significantly since
5 minutes after the start of Dex infusion, and HR decreased
significantly from an average of 65 beats per minute (bpm)
(control value) to approximately 53 to 57 bpm (P , .05).

Figure 5. Changes in bispectral index (BIS ) and Ramsay
score (RS). BIS decreased significantly from 10 minutes after
the start of dexmedetomidine (Dex) infusion to 30 minutes
after the end of Dex infusion (P , .05). RS showed the opti-
mal sedation level from 10 minutes to 30 minutes after the
start of Dex infusion.
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In clinical situations, the decrease in TV may be
affected not only by inhibition of the central respirato-
ry drive but also by an upper airway obstruction.
However, the current results indicate that a significant
decrease inTV has no influence on MV; therefore, low-
dose Dex infusion can be safely used for a healthy pa-
tient without causing hypoxemia and hypercapnia.

Circulation

Although MAP increased in a statistically and cli-
nically insignificant manner at 5 minutes following
the loading dose of Dex, it decreased significantly after
10 minutes. This transient increase is thought to be
due to activation of the peripheral a2B-adrenoceptors
that mediate vasoconstriction, which appeared earlier
than that of a2-adrenoceptors in the central nervous
system that mediate decreased sympathetic outflow.17

At the same time as the early transient increase in
MAP, HR showed a significant decrease from 65.2 6

11.1 (control value) to 54.4 6 10.3. This bradycardic
effect may occur as a reflexive response to the MAP
increase caused by activation of a2B-adrenoceptors on
the peripheral vasculature.18 With regard to the early
effect, Hall et al17 suggested that this effect might be
unavoidable when a2-agonists are infused because of
the time differential between direct binding to the
peripheral vascular receptors and diffusion into the
central nervous system with resultant sympatholytic

effects. In addition, MacDonald et al18 reported that
the bradycardiac effect induced by a2-adrenoceptor
agonists is mediated in part by a2-adrenoceptors and
in part by a baroreflex-mediated response.
MAP showed significant decreases from the

10 minute time point following infusion throughout
the 60 minute post-infusion period. It decreased from
an average of 85 mm Hg to 70 to 77 mm Hg over an
80 minute period. The decrease in MAP from 10 min-
utes until 60 minutes post infusion (80 minutes total
time) likely reflects inhibition of sympathetic outflow,
which overrode the direct effects of Dex on the vascu-
lature.17 Generally, local anesthesia such as epineph-
rine is used in the clinical setting of dental procedures,
and this can lead to an increase in blood pressure.19,20

It may be advisable to delay the administration of local
anesthesia with epinephrine until an appropriate time
is reached after the start of the Dex maintenance infu-
sion following a loading dose of 6 mcg/kg/h.
Both MAP and HR still showed a significant de-

crease at 60 minutes after the end of the Dex infusion.
Because the elimination half- life of Dex is 2 hours,
this suggests that at least 120 minutes must pass post
Dex infusion before cardiovascular parameters have
fully recovered.21 From the viewpoint of the cardiovas-
cular system, the decrease in MAP within the normal
range combined with the decrease in HR should pro-
duce some advantages that may be helpful for patients
with ischemic heart disease due to decreasing myocar-
dial oxygen demand.

Sedative Level

A sedative condition was demonstrated on the BIS
monitor from 10 minutes after the start of the Dex in-
fusion to 30 minutes after the end of the Dex infusion
and was observed with the RS from 10 minutes to

Figure 6. Changes in Trieger dot test plus error ratio test
(TDT p.e.r.) and 1- leg standing with eyes closed test (O-L
test ). TDT p.e.r. increased significantly at 5 and 10 minutes
from the end of dexmedetomidine (Dex) infusion (P , .05).
All subjects passed the O-L test at 60 minutes after cessation
of Dex infusion.

Figure 7. Amnesia. Amnes i a was recogn ized wi th a
27-gauge needle prick test performed in 69% of subjects
at 21 minutes after the start of dexmedetomidine (Dex )
infusion.
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30 minutes after the start of Dex infusion. Results of
the present study indicate that dental procedures
should be started 10 minutes after the start of the Dex
infusion. However, if the optimal sedative score is be-
tween 3 and 4 in RS, then dental procedures should
be started at least 13 minutes after the start of Dex
infusion at these doses. This result suggests that
combining Dex with other sedatives such as a benzodi-
azepine and/or increasing the loading dose or the
continuous infusion dose of Dex to improve onset time
may be clinically necessary.
Subjectively, subjects were in a sedative state based

on RS even if they seemed to be clearly conscious. It is
interesting to note that a sedative state based on RS
was not recognized despite demonstration of a seda-
tive condition on the BIS at 30 minutes post infusion.
Discontinuing Dex infusion prior to the time of com-
pletion of the dental procedure may be advisable; this
may result in acceptable sedation at the end of the
procedure.

Recovery Process

Subjects regained their orientation from 15 minutes
after the end of the Dex infusion based on TDT p.e.r.,
which was not significantly different from baseline.
However, the sedative condition on the BIS monitor
was seen at 30 minutes after cessation of the Dex
infusion. This shows that Dex has a unique property
that allows subjects to arouse easily with cognition
from a sedative state.
Although the elimination half- life of Dex is

2 hours,21 all subjects could perform on an OL-test at
60 minutes after the end of the infusion. It should be
appreciated that subjects in this study were young
healthy volunteers who might have been able to recov-
er their sense of equilibrium more quickly than older
or more medically compromised patients. In addition,
we used the lowest recommended dose of Dex at
0.2 mcg/kg/h. Higher doses may delay recovery.

Amnesia

A 27-gauge needle prick test was chosen for use in the
present study because no significant difference in the
perception of pain has been described with penetra-
tion of 25-, 27-, and 30-gauge needles.22 It has been
reported that 50% of subjects described amnesia dur-
ing propofol sedation when a loading dose of propofol
of 6 mg/kg/h (100 mcg/kg/min) was provided for
10 minutes, followed by infusion at 4 mg/kg/h
(66.7 mcg/kg/min) for 20 minutes.23 However, it is
not possible to directly compare these findings with

those of the current study because the infusion meth-
od used in this study was different from the one used
in the earlier report.23 Dex may have a slightly stron-
ger amnesic effect than propofol when given at seda-
tive doses. To improve the incidence of amnesia with a
Dex infusion, a sedative such as a benzodiazepine may
have to be added during sedation.

CONCLUSION

The use of a Dex infusion in the present study was ob-
served to have minimal influence on respiration or cir-
culation in young healthy subjects. For this patient
population, it should be possible to use this infusion
safely for dental procedures. Increasing the mainte-
nance infusion dose of Dex may allow the dental pro-
cedure to start earlier in the sedation process and/or
may achieve an improved amnesic effect during seda-
tion. In addition, discontinuing the infusion at least
15 minutes prior to procedure completion may prove
valuable because it takes at least 60 minutes for such
patients to recover sufficiently for discharge, even
though the patient may recover his or her orientation
within 15 minutes of cessation of the Dex infusion.
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