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Abstract

Background: Spinal anesthesia with sedation is a common anesthetic tech-
nique in infraumbilical surgeries. Dexmedetomidine has been widely used as a
sedative during spinal anesthesia, and is recognized as an adjuvant that pro-
longs the duration of spinal anesthesia. We compared the effects of a conti-
nuous intravenous infusion of dexmedetomidine to provide intraoperative
sedation on the duration of sensory and motor blockade induced by spinal
anesthesia, with those of midazolam. Methods: A double-blind randomized
controlled trial was performed on 40 patients, aged between 20 and 75 years,
who requested intraoperative sedation, and were classified as American So-
ciety of Anesthesiologists (ASA) physical status I-II, and underwent elective
surgeries under spinal anesthesia. After spinal anesthesia with 13 mg (2.6 ml)
of 0.5% hyperbaric bupivacaine, patients were randomized to receive intra-
venous dexmedetomidine 3 pg/kg/h for 10 mins followed by an infusion of 0.5
pg/kg/h (Group D), or intravenous midazolam 0.15 mg/kg/h for 10 mins fol-
lowed by an infusion of 0.025 mg/kg/h (Group M). Sedation was titrated to
Observer’s Assessment of Alertness/Sedation (OAA/S) score of 3. Sensory and
motor blockade was evaluated using the pinprick test and modified Bromage
scale, respectively. Results: The time taken to achieve OAA/S score 3 was sim-
ilar in the two groups. The maximal level of sensory blockade was 5.3 + 1.3
min in group D and 4.1 + 1.5 in group M (P = 0.03). No significant differences
were observed in the time taken to achieve the maximal level or the
two-segment regression time of sensory blockade between the two groups.
The time to sensory regression to the L2 level was significantly longer in
group D than in group M (234.6 + 78.1 mins versus 172.4 + 41.5 mins, respec-
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tively, 2= 0.008). The time to motor regression to modified Bromage score 1
was significantly longer in group D than in group M (232.2 + 79.3 versus
176.5 *+ 48.8, respectively, P = 0.02). Conclusion: Continuous intravenous
dexmedetomidine to provide sedation during spinal anesthesia significantly
prolongs the duration of sensory and motor blockade induced by spinal anes-
thesia over that with midazolam.
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1. Introduction

Spinal anesthesia is a common anesthetic technique in infraumbilical surgeries,
and sedation is often performed during spinal anesthesia [1]. Midazolam, which
is a benzodiazepine sedative, has been used intravenously to provide sedation
during spinal anesthesia, and dexmedetomidine is now being more widely used
[2]. Dexmedetomidine is a highly selective a2-adrenergic agonist that induces
higher quality sedation than other y-aminobutyric acid receptor (GABA) agon-
ists (propofol and benzodiazepines) without severe respiratory depression [3].
Furthermore, dexmedetomidine exerts its analgesic effects via the activation of
a2-adrenergic receptors in the spinal cord, and has been employed as an intra-
thecal adjuvant to local anesthetic [4]. However, intravenous dexmedetomidine
also significantly prolonged the duration of sensory blockade induced by bupi-
vacaine spinal anesthesia [5]. This finding indicates that not only the intrathecal
administration, but also the systemic administration of dexmedetomidine alters
the duration of spinal anesthesia from that with intravenous midazolam. Dex-
medetomidine as a sedative agent during regional anesthesia is administered via
continuous intravenous infusion following an initial loading dose. However, few
studies have investigated the effects of dexmedetomidine as a sedative on the
duration of blockade induced by bupivacaine spinal anesthesia. Therefore, in
this prospective double-blind randomized controlled trial, we compared the ef-
fects of the continuous intravenous infusion of dexmedetomidine to provide
intraoperative sedation on the duration of sensory and motor blockade induced

by bupivacaine spinal anesthesia, with those of midazolam.

2. Patients and Methods

This study protocol, performed between October 2013 and March 2017, was ap-
proved by the Institutional Review Board for Clinical Research in Tokai Univer-
sity hospital (13R-165), and written informed consent was obtained from each
patient. Forty patients who requested sedation during surgery, aged between 20
and 75 years, classified as American Society of Anesthesiologists (ASA) physical

status I or II, and undergoing elective lower abdominal or lower limb surgery
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under spinal anesthesia were enrolled.

Patients were excluded for any of the following reasons: no request for seda-
tion during surgery, contraindications to spinal anesthesia, pregnancy, obese pa-
tients (body mass index > 30), patients with cardiovascular (including arrhyth-
mia), respiratory, hepatic, renal, neurological, or psychological diseases, the use
of any analgesics or sedative drugs, and a history of alcohol abuse. No patient
received premedication. An intravenous line was inserted at a hospital ward, and
the administration of extracellular fluid was initiated. On arriving at the operat-
ing room, standard hemodynamic monitoring was performed, including elec-
trocardiography, pulse oximetry, and non-invasive blood pressure measure-
ments (BSM-6501, 1763; Nihon Kohden Co., Ltd., Tokyo, Japan). Patients were
placed in the lateral position and dural puncture was performed at the L3-L4 in-
terspace with a 25-G Quincke needle. After ensuring the free flow of cerebros-
pinal fluid, 13 mg (2.6 mL) of 0.5% hyperbaric bupivacaine was injected intra-
thecally. Patients were then turned to the supine position and received oxygen 4
I/min via a facemask throughout the procedure. Patients were randomly and
equally divided into two groups: group D (dexmedetomidine group) and group
M (midazolam group), using random numbers generated by a computer. Dex-
medetomidine and midazolam were diluted with normal saline to a final volume
of 50 mL (4 pug/mL and 0.2 mg/ml, respectively) in 50-mL syringes. These sy-
ringes were masked with black tape by an anesthesiologist who was not involved
in this study. Five minutes after dural puncture, group D patients (n = 20) re-
ceived a loading dose of 3 ug/kg/h of dexmedetomidine (200 pg/50ml) for 10
minutes (equal to 0.5 pg/kg over 10 mins) followed by a maintenance dose of 0.5
ug/kg/h intravenously. Group M patients (n = 20) received a loading dose of 0.15
mg/kg/h of midazolam (10 mg/50ml) for 10 minutes (equal to 0.025 mg/kg over
10 mins) followed by a maintenance dose of 0.025 mg/kg/h intravenously. The
Observer’s Assessment of Alertness/Sedation (OAA/S) scale was used to evaluate
the sedation state [6] (Table 1). The score was reevaluated appropriately
throughout the procedure. The infusion rate was decreased to half or increased
2-fold in order to maintain OAA/S score 3 at the maintenance dose. Levels of
sedation were assessed at 5-min intervals until OAA/S score 3 was achieved and
when the sensory blockade level was being assessed. The sensory blockade level
was assessed by the pinprick test at 2-min intervals until the maximal level of
sensory blockade was achieved, and then at 15-min intervals until regression to
the L2 level. Motor blockade was assessed by the modified Bromage Scale [7]:
modified Bromage 0, able to move the hip, knee, and ankle; modified Bromage 1,
unable to move the hip, but able to move the knee and ankle; modified Bromage
2, unable to move the hip or knee, but able to move the ankle; and modified
Bromage 3, unable to move the hip, knee, or ankle, and was checked at 15-min
intervals (immediately after the sensory blockade assessment) until regression to
modified Bromage score 1.

Patients with hypotension (systolic pressure < 80 mmHg) were treated with

fluid replacement and intravenous ephedrine at bolus doses of 4 mg, while those
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Table 1. Observer’s assessment of alertness/sedation scale (OAA/S).

Facial

Subscore Responsiveness Speech . Eyes
expression
Responds readily to name
5 . Normal Normal Clear
spoken in normal tone
4 Lethargic 1.‘esp0nse to name Mild‘slowi.ng OF  \rild relaxation Glazed ‘mild
spoken in normal tone thickening ptosis
Responds only after name . . Marked Glazed marked
3 Slurring or slowing . .
spoken loudly or repeatedly relaxation ptosis
) Responds after mild prodding ~ Few recognizable

or shacking words

Dose not respond to mild
prodding or shaking

with bradycardia (heart rate < 50 beat/min) were treated with intravenous atro-

pine at 0.01 mg/kg.

Statistical Analysis

In order to detect a 20-min difference in the mean duration of sensory blockade
with a standard deviation of 20 min (a = 0.05, = 0.02), a minimum sample size
of 17 in each group was estimated using G" power software (version 3.1.7) based
on previous findings [8]. Data were analyzed statistically using GraphPad Prism
5.0 software. All data were presented as the mean and standard deviation (SD) or
the number of patients with percentages. The unpaired #test or Mann-Whitney
U test was used appropriately for intergroup comparisons. Probability values of

P <0.05 were considered to be significant.

3. Results

Spinal anesthesia failed in two patients in group D and one in group M. Fur-
thermore, one patient in group M was changed to general anesthesia for surgical
reasons. Therefore, two patients in each group did not complete the study. No
significant differences were observed in age, weight, height, the duration of sur-
gery, duration of anesthesia, or type of surgery between the two groups (Table
2). Table 3 shows the OAA/S scale scores and characteristics of sensory and
motor blockade. The time taken to achieve OAA/S score 3 was similar in the two
groups. The maximum upper levels of sensory blockade in groups D and M were
5.3 + 1.3 and 4.1 + 1.5 min, respectively, and it was significantly lower in group
D than in group M (P = 0.03). However, no significant differences were noted in
the time taken to achieve the maximum upper levels of sensory blockade be-
tween the two groups. The times for the two-segment regression of sensory
blockade were similar in the two groups. The times for regression to the L2 level
of sensory blockade in groups D and M were 234.6 + 78.1 min and 172.4 + 41.5
min, respectively, and it was significantly longer in group D than in group M (P =

0.008). No significant difference was observed in the time taken to achieve the
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Table 2. Demographic data and intraoperative characteristics.

Group D (n=18) Group M (n = 18) Pvalue

Age (years) 56.5 + 22.3 58.13 £13.9 0.81

Weight (kg) 62.4+5.8 64.9 +£9.3 0.36

Height (cm) 166.5 £ 6.3 165.6 +7.8 0.74

Duration of surgery (min) 53.8 +£24.0 54.6 + 32.6 0.94

Duration of anesthesia (min) 79.3 +22.8 76.3 + 30.5 0.76

Type of surgery 0.53
Lower abdominal 8 (44%) 6 (33%)
Lower limb 10 (56%) 12 (67%)

Values are expressed as the mean + SD or number of patients with percentages.

Table 3. Study parameters-OAA/S scores and characteristics of sensory and motor

blockade.
Group D (n=18) Group M (n=18) Pvalue
Time taken to achieve OAA/S 3 (min) 21.3+8.8 17.2+£93 0.27
Maxi level of
aximum upper e.ve ot sensory 53+1.3 4115 0.03
blockade (thoracic segments)
Time to the maximum upper
) 146 £3.6 134 £39 0.38
level of sensory blockade (min)
Time for the two-segment regression
N 91.3 £295 944 £29.9 0.82
of sensory blockade (min)
Time for regression to the L2 level
. 234.6 £ 78.1 172.4 £41.5 0.008
of sensory blockade (min)
Time for motor blockade to Bromage 1 (min) 3.7+0.9 38+1.6 0.95
Time for the regression of motor
232.2+£79.3 176.5 + 48.8 0.02

blockade to Bromage 1 (min)

Values are expressed as the mean + SD. OAA/S = Observer’s Assessment of Alertness/Sedation scale.

motor blockade of modified Bromage score 1 between the two groups; however,
the time for the regression of motor blockade to modified Bromage score 1 was
significantly longer in group D than in group M (P = 0.02). Ephedrine and/or
atropine were used for hypotension and/or bradycardia in ten patients in group
D (56%) and five in group M (28%) (P = 0.11); however, significant hemody-
namic changes caused by the study drugs were not observed in any patients.
Furthermore, appreciable respiratory depression was not detected in any pa-
tients.

4. Discussion

The present results demonstrated that the intravenous administration of a load-
ing dose of dexmedetomidine followed by continuous infusion at a maintenance
dose, for sedation during spinal anesthesia, prolonged the duration of both sen-

sory and motor blockade induced by spinal anesthesia over that with midazo-
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lam. Furthermore, dexmedetomidine did not alter the time required to reach the
maximum upper level of sensory blockade. In the present study, patients who
requested sedation during surgery were selected, and, thus, patients treated with
physiological saline solution as a placebo were not included. Nevertheless, Patel
VH, et al. and Rekhi BK, ef al. also reported that the continuous intravenous in-
fusion of dexmedetomidine following an initial loading dose significantly pro-
longed the duration of sensory and motor blockade induced by spinal anesthesia
over that with midazolam [9] [10]. In addition, in the present study, the time
taken to achieve OAA/S score 3 was similar in the two groups, and the setting of
the dosages of sedatives used were appropriate. Intravenous midazolam and
dexmedetomidine are commonly used during regional anesthesia. Therefore,
care is needed when using continuous intravenous dexmedetomidine, but not
midazolam, for sedation during spinal anesthesia because the duration of spinal
anesthesia will be prolonged.

In the present study, the maximum upper level of sensory blockade was lower
in group D than in group M. Few studies have investigated the effects of conti-
nuous intravenous dexmedetomidine on the maximum upper level of sensory
blockade. Dinesh CN, ef al reported that continuous intravenous dexmedetomi-
dine at 1 pg/kg over 10 mins followed by a maintenance infusion of 0.5 ug/kg/h
increased the maximal level of sensory blockade over that with physiological sa-
line [11]. In contrast, although other studies employed the same or a similar in-
fusion protocol to that described by Dinesh CN ef a/, no significant differences
were noted in the maximal level of sensory blockade between continuous intra-
venous dexmedetomidine and the control group [8] [9] [10] [12] [13]. A pre-
vious meta-analysis by Abdallah FW, ef al concluded that intravenous dexme-
detomidine did not increase the maximal level of sensory blockade [14]. Howev-
er, the addition of epinephrine, an a-adrenoreceptor agonist, to a bupiva-
caine/opioid mixture significantly lowered the maximum upper level of sensory
blockade [15]. Dexmedetomidine, which is also an a-adrenoreceptor agonist,
may exert similar effects. Two different single doses of dexmedetomidine (0.5
ug/kg and 1 pg/kg over 10 mins) resulted in a slightly lower level of sensory
blockade in the dexmedetomidine group than in the saline group [16]. We were
not able to elucidate the mechanisms responsible for this result in the present
study; however, we do not consider the clinical meaning of the result to be sig-
nificant because the difference in the maximum upper level of sensory blockade
is only one dermatome.

Our results showed that the time for two-segment regression was similar in
the two groups; however, a significant difference was observed in the time for
regression to the L2 level of sensory blockade between the two groups. These re-
sults suggest that the speed of the regression of sensory blockade in group D was
slower (non-linear regression of sensory blockade) after two-segment regression
than in group M. In contrast, previous studies indicated that continuous intra-

venous dexmedetomidine significantly prolonged the time for the two-segment
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regression of sensory blockade [8] [10] [11] [17]. Furthermore, single-dose
intravenous dexmedetomidine before or after spinal anesthesia also increased
the time for the two-segment regression of sensory blockade [5] [18]. The dif-
ference between the results of the present study and these findings may be attri-
buted to the different administration protocols of dexmedetomidine, namely, the
difference in blood concentrations. Therefore, we attempted to simulate plasma
concentrations of dexmedetomidine in our and some previous studies that de-
scribed the mean age, body weight, and height of patients [5] [8] [10] using Anes-
tAssist™ PK/PDversion 1.9 (Palma Healthcare Systems LLC), an iPhone/iPad ap-
plication for understanding and visualizing the pharmacokinetics, pharmacody-
namics, and interactions of commonly used anesthetic drugs. The results ob-
tained are shown in Figure 1. The predicted peak plasma concentration of dex-

medetomidine in the first 15 minutes in our infusion protocol was lower than

2.5

Simulated dexmedetomidine plasma concentration [ng/mL]

0.0

O 15 30 45 60 75 90 105 120
Time [minutes]

Figure 1. Simulated dexmedetomidine plasma concentra-
tion. The plasma dexmedetomidine concentrations of four
intravenous administration protocols were simulated using
Anest Assist™ PK/PD software: our infusion protocol (con-
tinuous line, continuous infusion of 0.5 ug/kg/h followed by
an initial loading dose of 0.5 pg/kg over 10 mins), Rekhi BK,
et al. (dotted line, continuous infusion of 0.5 pg/kg/h fol-
lowed by an initial loading dose of 1 pg/kg over 10 mins), Te-
kin M, et al (dashed line, continuous infusion of 0.4 pug/kg/h
followed by an initial loading dose of 1 ug/kg over 10 mins),
and Kaya FN, et al (long dashed short dashed line, single
dose of 0.5 pg/kg over 10 mins). The mean age, height, and
body weight of patients administered dexmedetomidine in
each study were used in the simulation as parameters.
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that in the other three investigators’ protocols. Therefore, a high plasma concen-
tration of dexmedetomidine in the early phase may mediate the prolongation of
the two-segment sensory regression time. Moreover, the predicted plasma con-
centration from 15 minutes onward was higher than that in the study by Kaya
EN et al [5], and gradually became similar to those in the other two studies [8]
[10]. This change in the predicted plasma concentration may have led to the re-
sult obtained for the regression time to the L2 level of sensory blockade in the
present study. The initial loading dose of dexmedetomidine was suggested to be
6 pg/kg/h for 10 minutes (equal to 1 ug/kg over 10 minutes). However, in our
pilot study, excessive sedation occurred after the suggested initial loading dose in
some patients, and, thus, it was set to 3 pg/kg/h for 10 minutes (equal to 0.5
ug/kg over 10 minutes). Therefore, if dexmedetomidinedose-dependently pro-
longs the duration of spinal anesthesia, the suggested initial loading dose of 6
pg/kg/h for 10 minutes may prolong the time for the two-segment regression of
sensory blockade, similar to the simulation of the two other continuous infusion
protocols. However, the administration of single-dose intravenous dexmedetomi-
dine before undergoing spinal anesthesia did not appear to have a dose-dependent
prolongation effect on sensory blockade [16]. Further studies are needed in or-
der to investigate the contribution of the dexmedetomidine dose and its prolon-
gation effect on the duration of spinal anesthesia.

In the present study, continuous intravenous dexmedetomidine significantly
prolonged the duration of motor blockade over that with midazolam. The simi-
lar prolongation of the duration of motor blockade was observed in studies on
the continuous infusion of dexmedetomidine following an initial loading dose
[8] [10] [11] [13] [19]. In contrast, single-dose intravenous administration did
not extend the duration of motor blockade in three previous studies [5] [16]
[20]. Furthermore, continuous infusion without an initial loading dose and the
BIS-targeted continuous infusion of dexmedetomidine did not prolong the du-
ration of the sensory or motor blockade induced by spinal anesthesia [21] [22].
The mechanisms underlying the prolongation of motor and sensory blockade
induced by the administration of dexmedetomidine remain unclear, and the dif-
ferent infusion protocols for the administration of dexmedetomidine may affect
the duration of motor blockade. On the other hand, we consider the prolonga-
tion of motor blockade to not necessarily be desirable due to the extension of the
time until early ambulation and discharge, whereas the extension of the duration
of analgesia is clinically favorable.

In patients who received continuous intravenous dexmedetomidine following
an initial loading dose, bradycardia was a more common hemodynamic adverse
effect than hypotension [14]. Previous studies by Tekin M, et al. and Rekhi BK,
et al. showed that bradycardia occurred in the first 15 - 20 mins after the initia-
tion of administration [8] [10]. Therefore, the rapid increase observed in the
plasma concentration of dexmedetomidine induced by the initial loading dose

(Figure 1) appears to have caused bradycardia in the initial phase of administra-
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tion [23]. In the present study, no significant differences were observed in the
percentage of patients administered the cardiovasoactive drugs between the two
groups, and the loading dose set to 3 pg/kg/h in our protocol may have influ-
enced this result. Nevertheless, previous studies indicated that bradycardia was
transient and easily reversed with intravenous atropine [10] [11] [12] [20].

There are several limitations in the present study. The sample size was small,
and thus, a larger sample size needs to be examined. Furthermore, a physiologi-
cal saline group was not included in the present study. Talakoub R, et al re-
ported that 0.03 mg/kg of intravenous midazolam significantly extended the du-
ration of the motor blockade of lidocaine spinal anesthesia over that with saline
[24]. Therefore, the addition of a saline group as a placebo may be preferable for
observing the effects of dexmedetomidine itself on the duration of spinal anes-

thesia.

5. Conclusion

Continuous intravenous dexmedetomidine to provide sedation during surgery
significantly prolonged the duration of sensory and motor blockade induced by
bupivacaine spinal anesthesia and lowered the maximal level of sensory blockade

over that with midazolam.
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