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Background: This study evaluated the effect of decrease in loading dose administration
rate of dexmedetomidine (DMT) on sedation and DMT requirement in elderly patients.

Methods: Fifty-eight patients over 65 years old with ASA I-Il who were planned to re-
ceive DMT sedation during spinal anesthesia were randomly assigned to two groups.
Group S (n = 29) received a 0.5 ug/kg DMT loading dose over 20 minutes, while group
C (n = 29) received the DMT loading dose over 10 minutes. Then, both groups received
a continuous infusion of 0.4 ug/kg/h. The sedative status was recorded before and at
5, 10, 15, 20, 25, and 30 minutes after administration of DMT and at the end of the
anesthesia according to the Ramsay sedation scale (RSS). Also, the time to reach RSS-
3 (patients asleep, responsive to commands) and the dose of DMT until reaching RSS-3
were recorded.

Results: The time to reach RSS-3 was similar between the two groups (group S = 16.0 +
4.3 minutes vs. group C = 15.5 + 4.2 minutes, P = 0.673). However, the DMT required
to reach RSS-3 in group S was significantly lower than that in group C (23.3 + 7.1 vs.
32.5 £ 6.0 ug, P < 0.001). There was no difference in RSS between the two groups from
the administration of DMT to the end of the anesthesia (P = 0.927).

Conclusions: Decreasing the administration rate of the DMT loading dose did not delay
the onset of RSS-3 sedation and reduced the DMT requirement in elderly patients.
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INTRODUCTION

Dexmedetomidine (DMT) is a selective a-2 agonist that
has both sedative and analgesic effects [1-3]. It is clinically
widely used because it induces mild respiratory depression in
patients who are responsive to mild tactile stimulation dur-

ing sedation [4-6]. Therefore, DMT is an effective sedative to

reduce anxiety in patients undergoing regional anesthesia.
The recommended dose of DMT includes a loading dose
of 1 ug/kg over 10 minutes, followed by a continuous infu-
sion of 0.2-0.7 ug/kg/h [7]. In addition to its sedative proper-
ties, DMT can also reduce heart rate (HR), cardiac output,
and circulating catecholamine in a dose-dependent fashion.

[7-9]. The use of DMT in elderly patients is associated with a
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higher incidence of side effects, including severe hypotension
and bradycardia, than in young adults [10]. Thus, it is recom-
mended to use a reduced loading dose of DMT in elderly pa-
tients [7].

The sedative and hemodynamic effects of DMT can vary
by dose and method of administration. Therefore, several
studies have assessed different loading doses or various
maintenance doses of DMT following the same loading dose
in elderly patients in order to avoid adverse events while
maintaining adequate sedation [11,12]. However, there has
been no report on the effects of DMT on sedation and hemo-
dynamics when changing the administration duration of the
same load dose.

Therefore, the purpose of this study was to determine the
appropriate administration method of DMT loading dose in
the elderly. We compared the effects of sedation and hemo-
dynamics using different loading dose administration dura-
tions (of 0.5 ug/kg DMT) in the elderly. We also investigated

the side effects, including desaturation.

MATERIALS AND METHODS

Written informed consent was obtained from patients and
approved by the Institutional Ethics Committee of the Kosin
University Gospel Hospital (KUGH 2016-10-019). The study
included patients over 65 years old who were planned to un-
dergo elective orthopedic surgery under spinal anesthesia.
All of the included patients had American Society of Anesthe-
siologists physical status classification I or II. Patients were
excluded if they had a past history of head or neck surgery; se-
vere renal, liver, or cardiac disease; or mental disease. Obese
patients (body mass index > 30 kg/m?) were also excluded.

A total of 58 patients were included as subjects. Patients
were randomly divided into two groups using computer-gen-
erated random numbers. Those in group S (n = 29) received
a DMT loading dose of 0.5 ug/kg over 20 minutes, followed
by a continuous infusion of 0.4 pug/kg/h. In contrast, those in
group C (n = 29) received the loading dose of 0.5 pg/kg DMT
over 10 minutes, followed by a continuous infusion of 0.4 ug/
kg/h. In both groups, DMT was administered for up to 10
minutes before the end of anesthesia.

None of the patients received premedication. After entering
the operating room, routine monitoring was used, including

non-invasive blood pressure measurement, pulse oximetry,
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and electrocardiography. Two anesthesiologists and a nurse
from the anesthesiology department attended the anesthesia.
The nurse prepared the study drug and controlled the ad-
ministration rate of DMT loading dose according to patient
group. Therefore, both anesthesiologists were blinded to the
patient assignment. All spinal anesthesia procedures and an-
esthetic management were performed by an experienced an-
esthesiologist with exception of control over the administra-
tion rate. The other anesthesiologist recorded all measured
data.

Prior to beginning the spinal anesthesia, 300 ml of lactated
Ringer’s solution was administrated over a 5-minutes in order
to maintain the intravascular volume. For spinal anesthesia,
the patient was positioned in the lateral decubitus position.
The L3-4 inter vertebral space was estimated based on the
superior iliac crest. After confirmation of free-flowing, clear
cerebrospinal fluid using the midline approach with a 25 G
spinal needle, 8-11 mg of heavy bupivacaine was adminis-
tered depending on the height and weight of the patient. The
patient was then positioned in the supine position, and DMT
was started according to the patient group. DMT (Precedex®,
Hospira, USA, 200 pg/1 ml) was diluted in 49 ml normal sa-
line for a total of 50 ml of solution. The level of the sensory
block was confirmed using the pin-prick test. Patients were
excluded if they had incomplete spinal anesthesia, confirmed
anesthesia over the sixth thoracic vertebrae, or required three
Or more vasopressors to maintain a systolic blood pressure
>90 mmHg. The sedative status was recorded using the Ram-
say sedation scale (RSS) before DMT was administered; at 10,
15, 20, 25, and 30 minutes after it was given; and at the end of
anesthesia [13]. The time to reach RSS-3 (in which patients
are asleep but responsive to commands) was measured. The
sedative status was confirmed every minute after initiating
DMT. Also, the dose of DMT administered until RSS-3 seda-
tion was recorded. Mean arterial blood pressure (MAP), HR
were recorded before DMT administration; immediately
after; at 10, 20, 30 minutes after administration of DMT; and
at the end of the anesthesia. The incidence of hypotension
(systolic blood pressure < 90 mmHg), bradycardia (HR < 45
beats/min), and desaturation (peripheral oxygen saturation
measured by pulse oximetry [SpO,] < 90%) were also record-
ed. If a patient developed hypotension, 5 mg of ephedrine
was given with a 200 ml of lactated Ringer’s solution over 5

minutes. In the case of bradycardia, 0.5 mg of atropine was
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given intravenously. If a patient developed oxygen desatura-
tion, the head was turned to the side to induce spontaneous
breathing. Oxygen was administered by facial mask if the de-
saturation persisted despite this position change.

Deterministic simulations were performed using Asan
Pump ver. 2.1.3 software (Bionet Co. Ltd., Korea; http://www.
fitAnm.org/download, last accessed: June 24, 2014). The time
courses of plasma DMT concentrations after a loading dose of
0.5 pug/kg over 10 or 20 minutes, and after zero-order infusion
at the rate of 0.4 pug/kg/h for 50 or 40 minutes, were simulated
in a hypothetical patient weighing 60 kg. The pharmacoki-
netic parameters used in the simulations were obtained from
previous studies [14,15].

In a pilot studies in elderly patients, the mean time to in-
duce RSS-3 was 15 minutes (with a standard deviation of 4
minutes) using a DMT loading dose of 0.5 ug/kg over 10 min-
utes and followed by a continuous administration of 0.4 pg/
kg/h. Therefore, we hypothesized that there would be a >25%
difference in time to reach RSS-3 sedation when loading dose
was administrated over 20 minutes. Twenty-nine patients in
each group were needed for a power analysis of 0.8 (. = 0.05,
B=0.2).

All statistical analysis was performed using IBM SPSS
Statistics 24.0 software (IBM Co., USA). The Kolmogorov-
Smirnov test was used to test the normal distribution of
continuous data. We compared normally distributed data
between the two groups using two-tailed unpaired and Stu-

dent’s t-tests. Normally distributed data are shown as mean
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and standard deviation. Normally distributed data are shown
as mean and standard deviation. Non-normally distributed
data were compared as median value using the Mann-
Whitney U test. Categorical data, including the incidence of
complications, were compared using the chi-square test or
Fisher’s exact test. Changes in RSS, MAP, and HR over time
within and between groups were measured using repeated-
measures analysis of variance and adjusted for multiple com-
parisons using the Bonferroni method. P values < 0.05 were

considered statistically significant.

RESULTS

All patients completed the study. There were no significant

Table 1. Demographic Data and Level of Sensory Block

. Group S Group C
Variable P value

(n=29) (n=29)
Age (yr) 69.7+4.6 71.2+69 0.338
Sex (M/F) 14/15 12/17 0.257
Weight (kg) 61.3+10.3 58.6+74 0.601
Body mass index (kg/m?)  24.4+3.1 233+24 0.224
Level of sensory block 98+1.2 96+1.2 0.647

Values are presented as mean + SD or number of patients. Group S: a
loading dose of dexmedetomidine (DMT) of 0.5 pg/kg over 20 minutes,
followed by a continuous infusion of 0.4 ug/kg/h. Group C: a loading
dose of DMT of 0.5 pg/kg over 10 minutes, followed by a continuous
infusion of 0.4 pg/kg/h. Levels of sensory block are presented as 9th
thoracic vertebra = 9, 10th thoracic vertebra = 10, 1st lumbar vertebra
=13.
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Fig. 1. Simulated time courses of plasma dexmedetomidine concentrations after a loading dose of 0.5 ug/kg over 10 or 20 minutes, and after zero-
order infusion at the rate of 0.4 pg/kg/h for 50 or 40 minutes in a hypothetical patient weighing 60 kg. The pharmacokinetic parameters used in the
simulations were obtained from results of lirola et al. [14] and Angst et al. [15]. RSS: Ramsey sedation scale.
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differences in demographic data or level of spinal anesthesia
between the two groups (Table 1).

The simulated plasma concentration of group C was higher
than group S until reaching RSS-3 (Fig. 1). After reaching
RSS-3, a similar sedation status was obtained until the end of
anesthesia in both groups.

The time required to reach RSS-3 was similar between the
two groups (group S = 16.0 + 4.3 minutes vs. group C = 15.5
+ 4.2 minutes, P = 0.673). However, the DMT requirement to
reach RSS-3 in group S was significantly lower than that in
group C(23.3+7.1 ugvs. 32.5+6.0 ug, P <0.001) (Table 2).

Table 2. Sedation and Duration of Dexmedetomidine Administration

Group S
(n=29)

Group C

Pval
(n=129) value

Variable

Duration of anesthesia (min) 110.3+34.7 116.6+43.1 0.548

Time to reach RSS-3 (min) 16.0+4.3 15.5+4.2 0.673

Dose of DMT until reaching 23371 325+6.0 <0.001
RSS-3 (ug)

Total dexmedetomidine dose  56.7 +16.0 639+175 0.112
()

Values are presented as mean + SD. Group S: a loading dose of dex-
medetomidine (DMT) of 0.5 ng/kg over 20 minutes, followed by a con-
tinuous infusion of 0.4 ug/kg/h. Group C: a loading dose of DMT of 0.5
ug/kg over 10 minutes, followed by a continuous infusion of 0.4 g/
kg/h. RSS: Ramsey sedation scale.
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Fig. 2. Changes in Ramsey sedation scale (RSS). Graph shows the
mean values and standard deviations. Group S: a loading dose of
dexmedetomidine (DMT) of 0.5 ug/kg over 20 minutes, followed by a
continuous infusion of 0.4 ug/kg/h. Group C: a loading dose of DMT
of 0.5 ug/kg over 10 minutes, followed by a continuous infusion of 0.4
ug/kg/h. There was no significant difference between the two groups
(P =0.927). BA: before administration of DMT, A5, A10, A15, A20, A25,
A30: 5, 10, 15, 20, 25 and 30 minutes after administration of DMT,
EA: end of anesthesia.
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There were no significant difference in RSS between the
two groups from the time of DMT administration through the
end of anesthesia (Fig. 2).

There was no significant difference in incidence of desatu-
ration between the two groups, with 2 cases in group S and 4
cases in group C. Oxygen therapy was not required in any of
the cases. There were 2 cases of bradycardia in each group.
There were 5 cases in group S and 9 in group C in which fluid
and ephedrine administration were required given decreases
in MAP after DMT administration; there was no significant

difference between the two groups (Table 3).

Table 3. Distribution of Side Effects of Two Groups

) Group S Group C
Variable
(n=29) (n=29)
Hypotension (SBP < 90 mmHg) 5(17.2) 9(31.0)
Bradycardia (HR < 45 beats/min) 2(6.9) 2(6.9)
Desaturation (SpO, < 90%) 2(6.9) 4 (13.8)

Values are presented as number (%). Group S: a loading dose of dex-
medetomidine (DMT) of 0.5 ng/kg over 20 minutes, followed by a con-
tinuous infusion of 0.4 ug/kg/h. Group C: a loading dose of DMT of 0.5
ug/kg over 10 minutes, followed by a continuous infusion of 0.4 g/
kg/h. SBP: systolic blood pressure, HR: heart rate, SpO,: peripheral oxy-
gen saturation measured by pulse oximetry. There was no significant
difference in side effects between the two groups.
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Fig. 3. Changes in mean arterial pressure (MAP). Graph shows the
mean values and standard deviations. Group S: a loading dose of dex-
medetomidine (DMT) of 0.5 ng/kg over 20 minutes, followed by a con-
tinuous infusion of 0.4 ug/kg/h. Group C: a loading dose of DMT of 0.5
ug/kg over 10 minutes, followed by a continuous infusion of 0.4 g/
kg/h. A significant effect of time (P < 0.001) and no significant interac-
tion between time and group (P = 0.422) are shown. BA: before admin-
istration of DMT, A: immediately after administration of DMT, A10, A20,
A30: 10, 20 and 30 minutes after administration of DMT, EA: end of
anesthesia.
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There were significant decreases in both MAP and HR over
time after DMT administration. However, there was no sig-

nificance difference between the two groups (Figs. 3, 4).

DISCUSSION

In this study, we found that there was no difference in the
time to reach RSS-3 sedation in elderly patients even with
slower administration of the same loading dose of DMT.
These results suggest that different administration duration
of the same loading dose may produce similar sedative ef-
fects in elderly patients.

At an effective concentration of 0.5-1.25 ng/ml (plasma
concentration 0.7-1.9 ng/ml), DMT allows memory preserva-
tion, as well as analgesic and sedative effects [8]. In clinical
anesthesia, DMT is mostly used to administer a loading dose
over a 10 minutes. One might predict that the time to seda-
tion would be prolonged when the loading dose is slowly
administered. We predicted differences in the time required
to induce RSS-3 sedation due to the higher dose during a 15
minute administration period in group C; however, there was
no time difference between the two groups despite the differ-
ence in administered dose (23.3 ug in group S vs. 32.5 pg in

group C). In this study, we only used the RSS tool to evaluate
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Fig. 4. Changes in heart rate (HR). Graph shows the mean values and
standard deviations. Group S: a loading dose of dexmedetomidine
(DMT) of 0.5 pg/kg over 20 minutes, followed by a continuous infusion
of 0.4 ug/kg/h. Group C: a loading dose of DMT of 0.5 ug/kg over 10
minutes, followed by a continuous infusion of 0.4 pg/kg/h. A significant
effect of time (P < 0.001) and no significant interaction between time
and group (P = 0.247) are shown. BA: before administration of DMT, A:
immediately after administration of DMT, A10, A20, A30: 10, 20 and
30 minutes after administration of DMT, EA: end of anesthesia.
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sedation status, the level of sedation at which patients do not
respond to light vocal stimulation, which could be consid-
ered to be a proper level of sedation in regional anesthesia
and also an easy way to determine the patient’s sedation
status [16,17]. We believe that knowing the time required to
reach RSS-3 according to the administration duration of the
loading dose when using DMT in elderly patients will be use-
ful information for anesthesiologists by suggesting various
administration methods of DMT.

There were no significant differences between the two
groups with regard to incidence of desaturation (SpO, < 90%)
after DMT administration. In a previous study of elderly pa-
tients, desaturation did not occur when DMT loading doses
of 0.5 png/kg and 1.0 ug/kg were administrated over 10 min-
utes [11]. Another study found that a loading dose of 1.0 pg/
kg over 5 minutes resulted in 2 cases of desaturation below
90% oxygen saturation among 26 patients [18]. However, the
present study noted desaturation in 6 of 58 patients (group
S: 2/29, group C: 4/29), which was a slightly higher incidence
than previously reported. This difference might be due to dif-
ferences in airway-related conditions that affect patient air-
way maintenance after spinal anesthesia, including pillows
used in the present and previous studies. In this study, most
desaturation occurred after the loading dose was completely
administered. All patients recovered spontaneous ventilation
after lateral rotation of the head during desaturation. None of
the patients required oxygen therapy. Therefore, the tempo-
rary desaturation in this study is thought to be due to airway
obstruction, similar to a previous report [19]. However, de-
saturation occurs in a similar manner even when the loading
dose is administered at a relatively slower rate. This could be
an important clinical consideration, particularly in the elderly
patients, who can be more vulnerable to hypoxic ventilatory
response than younger patients [20]. Therefore, even in cases
of transient desaturation, the importance of routine monitor-
ing of patients, including initial respiratory pattern, end-tidal
CO, and pulse oximetry, should be emphasized for safe DMT
use in elderly patients.

DMT exhibits a biphasic blood pressure response that is
proportional to the dose. Therefore, hypo- and hyperten-
sion are possible. The incidence of complications can vary
depending on administration duration, rate and patient’s
condition [8,21,22]. The risk of these complications is a major

concern for clinicians when using DMT in elderly patients. In
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this study, we used the recommended dose (0.5 pg/kg) with
different administration duration (10 vs. 20 minutes) and
found no differences between the two groups with regard to
the incidence of hypotension or bradycardia. There was also
no biphasic response pattern. These findings are thought to
be due to the finding that the initial dose difference between
the two groups was not enough to induce differences in the
hemodynamic responses. However, in both groups, MAP and
HR consistently decreased after DMT administration through
the end of anesthesia, regardless of administration duration.
When referring to this study and previous study showing that
hypotension and bradycardia were more frequent in elderly
patients with continuous administration than in the younger
patients, anesthesiologists should consider the possibility
of these complications in elderly patients when continuous
DMT administration is prolonged in the operating room [10].

One of the limitations of this study, as previously men-
tioned, is that the RSS scale alone was used to assess sedation
status. Therefore, it is difficult to assess the specific qualitative
difference in sedation status between the two groups. If addi-
tional sedation scale tools were used, including the bispectral
index scale (BIS), we might have detected differences in the
quality of sedation between the two groups [23]. However, we
do not typically use the BIS in assessment of sedation while
using DMT. Therefore, we did not include the BIS for seda-
tion evaluation in our research design process.

Another limitation of this study is that we did not evaluate
sedation when administrating loading doses were greater
than 0.5 pg/kg or when it was administered less than 10 min-
utes. These administration methods might affect the onset
time and level of sedation in elderly patients. However, due to
the risk of side effects, we did not use doses above the recom-
mended dose or durations shorter than are recommended in
this study.

In conclusion, the relatively slow administration of the
same loading dose of DMT over 20 minutes (compared to
over 10 minutes) did not prolong the time to reach RSS-3
sedation in elderly patients. Therefore, even with different
administration durations, similar sedation statuses can be
achieved when using the same loading dose in elderly pa-

tients.
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