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Background: Despite the high frequency of hypotension during spinal anesthesia with proper sedation, no previous report
has compared the hemodynamic effects of dexmedetomidine and midazolam sedation during spinal anesthe-
sia. We compared the effects of bispectral index (BIS)-guided intravenous sedation using midazolam or dex-
medetomidine on hemodynamics and recovery profiles in patients who underwent spinal anesthesia.

Material/Methods: One hundred and sixteen adult patients were randomly assigned to receive either midazolam (midazolam group;
n=58) or dexmedetomidine (dexmedetomidine group; n=58) during spinal anesthesia. Systolic, diastolic, and
mean arterial pressures; heart rates; peripheral oxygen saturations; and bispectral index scores were record-
ed during surgery, and Ramsay sedation scores and postanesthesia care unit (PACU) stay were monitored.

Results: Hypotension occurred more frequently in the midazolam group (P<0.001) and bradycardia occurred more fre-
quently in the dexmedetomidine group (P<0.001). Mean Ramsay sedation score was significantly lower in the
dexmedetomidine group after arrival in the PACU (P=0.025) and PACU stay was significantly longer in the dex-
medetomidine group (P=0.003).

Conclusions: BIS-guided dexmedetomidine sedation can attenuate intraoperative hypotension, but induces more bradycar-
dia, prolongs PACU stay, and delays recovery from sedation in patients during and after spinal anesthesia as
compared with midazolam sedation.

MeSH Keywords: Anesthesia, Spinal ¢ Bradycardia ¢ Dexmedetomidine ¢ Hypotension ¢ Midazolam

Full-text PDF: http://www.medscimonit.com/abstract/index/idArt/896461

%1945 EES MEIZ %21

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




JoYY.etal:
Midazolam vs. dexmedetomidine during spinal anesthesia
© Med Sci Monit, 2016; 22: 3544-3551

Background

Despite the benefits of spinal anesthesia, which include its
greater cost effectiveness and less postoperative pain than in
general anesthesia [1], it has been associated with a high rate
of hemodynamic instability. A previous analysis of 952 cases
identified hypotension and bradycardia rates of 33% and 13%,
respectively, during spinal anesthesia, which were attributed
to thoraco-lumbar sympathetic block and relative activation
of parasympathetic tone, leading to diminished cardiac out-
put [2]. Sedation during spinal anesthesia undertaken to im-
prove patient satisfaction and acceptance of regional anesthe-
sia could aggravate spinal anesthesia-induced hemodynamic
instability caused by the anxiolytic properties and negative
inotropic actions of sedatives.

Recently, dexmedetomidine, a selective o.-adrenoreceptor ago-
nist, was a focus of interest for sedation during regional anes-
thesia due to its rapid offset, prolongation of spinal anesthe-
sia, and excellent postoperative analgesia characteristics [3,4].
In addition, dexmedetomidine has a biphasic hemodynamic
effect, whereby an initial increase in blood pressure by o,-re-
ceptor-mediated peripheral vasoconstriction is followed by a
decrease due to norepinephrine release and sympathetic ac-
tivity inhibition in central nervous system [5,6].

Bispectral index (BIS) monitors offer distinct advantages of
objective, real-time assessment of sedated patients without
the application of external stimuli [7]. In addition to monitor-
ing hypnotic state, BIS monitoring might be helpful during the
titration of sedatives so as to avoid adverse effects such as
awareness due to inappropriate dosage and the adverse ef-
fects of over-dosage. Although the rate of hypotension during
spinal anesthesia with proper sedation has been reported to
be high, no previous report has compared the hemodynam-
ic effects of BIS-guided sedation using dexmedetomidine or
midazolam during spinal anesthesia. We hypothesized that
transient hypertension induced by dexmedetomidine might
attenuate spinal anesthesia-induced hypotension. Thus, the
aim of this study was to compare the effects of BIS-guided
intravenous sedation using midazolam or dexmedetomidine
on hemodynamics and recovery profiles in patients undergo-
ing spinal anesthesia.

Material and Methods

Participants and group assignment

After obtaining Institutional Review Board approval, 116 adult
patients with American Society of Anesthesiologists (ASA)
physical status 1 or 2, aged 20-65 years, and scheduled for
elective surgery from January 2014 to December 2014 were
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enrolled in this prospective randomized study. The exclusion
criteria applied were: a history of uncontrolled diabetes melli-
tus or uncontrolled hypertension, severe cardiovascular or re-
spiratory disease, or any contraindication for spinal anesthesia.
Patients were randomly assigned to receive either midazolam
(the midazolam group; n=58) or dexmedetomidine (the dex-
medetomidine group; n=58) using a randomized list gener-
ated using Excel 2007 (Microsoft Office, Redmond, WA, USA)
without stratification.

Anesthesia and outcome assessment

No patient was premedicated. On arrival at the operating room,
standard monitors were applied for non-invasive blood pres-
sure, EKG, and pulse oximetry. All patients received a fluid pre-
load of 300 ml of saline solution. Spinal anesthesia was per-
formed in the lateral decubitus position using 0.5% hyperbaric
bupivacaine by an anesthesiologist unaware of group identi-
ties. Study drugs were prepared by an anesthesia nurse blind-
ed to group assignments (50 ml of midazolam 0.2 mg/ml in
saline for the midazolam group and 50 ml of dexmedetomi-
dine 4 ug/ml in saline for the dexmedetomidine group). Ten
minutes after an intrathecal injection, 1.5 ml/kg/h of the study
drug in a 50-ml syringe was infused over 10 min as a loading
dose and then 0.125 ml/kg/h was infused as an initial main-
tenance dose. Infusion volumes were determined using mid-
azolam or dexmedetomidine loading doses of 0.05 mg/kg or
1 ug/kg, respectively, for 10 min, and initial maintenance dos-
es of midazolam or dexmedetomidine of 0.025 mg/kg/h or
0.5 pg/kg/h, respectively. Using a target bispectral index score
(BIS) of 6585, infused solutions were titrated until the end
of surgery. Hypotension was defined as a fall in systolic blood
pressure (SBP) to 80% below baseline or <90 mmHg; phenyl-
ephrine (50 ug) or ephedrine (5 mg) was administered when
SBP fell to <90 mmHg. Bradycardia was defined as heart rate
(HR) of <50 beats/min; atropine (0.5 mg) was administered at 2
min intervals when HR fell to under 45 beats/min. Intravenous
fluid was infused at a constant rate of 6 ml/kg/h. Systolic, dia-
stolic, and mean arterial pressures, heart rates, pulse oximeter
oxygen saturations, and bispectral index scores were recorded
before anesthetic induction (T0), at 5 min before anesthetic
induction (T5), at 10 min (T10; start of midazolam or dexme-
detomidine administration), and every 5 min (T15-T40) after
the intrathecal injection. After arrival at the postanesthetic
care unit (PACU), we monitored hemodynamic variables, cold-
and pin prick-determined spinal block levels, and Ramsay se-
dation scores (1=anxious, agitated, or restless; 2=cooperative,
oriented, and tranquil; 3=only responsive to verbal commands;
4=asleep, but brisk response to a light glabella tap or loud au-
ditory stimulus; 5=asleep and sluggish response to a glabel-
la tap or loud auditory stimulus; 6 asleep=no response to a
light glabella tap or loud auditory stimulus). Patients were dis-
charged from the PACU when vital signs were within 20% of
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Figure 1. Patient assignment flow diagram.
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preanesthetic values, the Ramsay sedation score was <3, and
spinal blocked level was under T10, as determined by an in-
dependent anesthesiologist.

Statistical analysis

The primary outcome variable was mean blood pressure (MBP)
after spinal anesthesia. The sample size calculation was based
on the findings of a previous study [8], which reported that
the lowest mean blood pressure (MBP) was 82.7+7.4 mmHg
in a midazolam group. Assuming a 5% difference in mean
values of the lowest MBP, a power of 80%, and an a-error of
0.05, 49 patients were found to be required per group. Thus,
58 subjects were included per group to accommodate an ex-
pected loss of 20%.

The statistical analysis was performed using PASW Statistics
13® (SPSS Inc, Chicago, IL, USA). Results are expressed as means
+SDs or numbers of patients. Patient characteristics were com-
pared using the t test or Fisher’s exact test, as appropriate.
Hemodynamic variables and BIS values at each time point were
compared using the t test. Changes in hemodynamic variables
and BIS in the 2 groups were compared using repeated mea-
sures ANOVA. Post hoc comparisons within groups were per-
formed using Bonferroni’s test. Statistical significance was ac-
cepted for P values <0.05.

Results

The data of 116 patients were analyzed (Figure 1). No signifi-
cant intergroup differences were observed for patient charac-
teristics, total operative time, or the type of surgery (Table 1).

During surgery, hypotension was more common in the mid-
azolam group (P<0.001) and bradycardia was more common
in the dexmedetomidine group (P<0.001). Phenylephrine and
ephedrine requirements were non-significantly higher in the
midazolam group. However, more atropine was required dur-
ing surgery in the dexmedetomidine group (P=0.04) (Table 2).
During sedation, no patient experienced arterial desaturation,
defined as a Sa0, of <90% and no patients required transfu-
sion of packed red blood cell due to blood loss.

Intraoperative changes in systolic blood pressure (SBP), MBP,
heart rate (HR), and BIS are shown in Figure 2. All variables
were normally distributed (all P values »0.05). SBP and MBP
were significantly higher in the dexmedetomidine group at
T10-T40. SBP and MBP were significantly decreased after in-
trathecal injection in both groups versus baseline (P<0.001).
Changes in SBP and MBP over time differed significantly in
both groups (P<0.001). At T15-T40, HR was significantly low-
er in the dexmedetomidine group. HR decreased significantly
from T10 in the dexmedetomidine group and from T20 in the
midazolam group versus baseline. HR changes differed sig-
nificantly in the 2 groups (P<0.001). In particular, BIS was sig-
nificantly higher at T15 in the dexmedetomidine group. Over
time, BIS changed significantly in both groups (P<0.001), but
no intergroup difference was observed (P=0.677).

Lowest SBP and MBP were significantly higher (P values <0.001)
and lowest HR and BIS were significantly lower (P<0.001 and
0.011, respectively) in the dexmedetomidine group. Changes
in SBP, MBP, HR, and BIS ((baseline — lowest value)/baseline
value) were significantly different in the 2 groups (P<0.001,
P=0.001, P<0.001, P=0.030, respectively) (Table 3).
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Table 1. Patient characteristics and perioperative data.

Midazolam (n=58)

Age (yr) 47.0+16.2 47.1+£15.2 0.972
Weight®® 683133 693£131 o 0659
Height@m) 168479 1678483 0698
Genderw® sns a8 0537
 Diabetes mellitus () I 0793
Wypertension®) 10 o 0412
Hypertensive medication (") 0405
"""" Bblocker 12
"""" Calum-channel blocker 6 11
"""" Others 7 e
Anesthesia time (min) 7024258 7308276 0583
Dose of bupivacaine (mg)  130[12-15]  135[1-1] 0358
Cinfused fuid m) #04173 ae3s161 0427
CTypeofsugery M) 0489
"""" Knee 1015
"""" Tibiofibular/ankleffoot 25 23
"""" Uology 216
"""" Others 24

Values are means * standard deviations, medians [interquartile ranges], or numbers of patients.

In the PACU, hemodynamic changes were similar in the 2 groups
(Table 4). Ramsay sedation score was significantly lower in the
dexmedetomidine group after arrival in the PACU (P=0.025),
and PACU stay was significantly longer this group than in the
midazolam group (P=0.003) (Table 5).

Discussion

This prospective randomized study shows that BIS-guided dex-
medetomidine sedation can decrease the incidence of hypo-
tension as compared with midazolam sedation during spinal
anesthesia. However, dexmedetomidine was found to provoke
more episodes of bradycardia and to prolong PACU stay due
to delayed recovery from its hypnotic effects.

Dexmedetomidine reduces the release of norepinephrine in-
duced by presynaptic a,-receptor activation and inhibits sym-
pathetic activity induced by postsynaptic receptors in the cen-
tral nervous system, and these can decrease blood pressure
and heart rate [6]. Some studies have reported blood pressure
reductions after midazolam induction for ICU sedation or pre-
hospital rapid sequence induction [9,10]. Given its anxiolyt-
ic and sedative properties, midazolam has negative inotropic

activity in atrial tissues mediated by the inhibition of L-type
calcium channels [11]. However, although dexmedetomidine
and midazolam reduce blood pressure and heart rate, a pre-
vious comparative study demonstrated lower heart rate and
blood pressure during third molar surgery for dexmedetomi-
dine compared to midazolam during monitored anesthesia
care [12]. However, in the present study, blood pressure was
significantly higher in the dexmedetomidine group during the
sedation period. Dexmedetomidine provokes an initial tran-
sient increase in blood pressure because of a,,-adrenoceptor-
mediated vasoconstriction in peripheral vessels, and a dimin-
ished heart rate could increase blood pressure mediated by
the baroreceptor reflex [5]. A previous animal study demon-
strated that pretreatment with oral dexmedetomidine before
halothane administration can prevent the halothane-induced
suppression of baroreceptor function, and produces a better
hemodynamic profile than halothane alone [13]. However, mid-
azolam causes a transient baroreflex depression and a sus-
tained decrease of sympathetic tone in humans [14]. It has
been reported that the preserved baroreflex and transient bi-
phasic hemodynamic response observed during dexmedeto-
midine administration can attenuate hemodynamic changes
induced by thoracolumbar sympathetic block and venous pool-
ing during spinal anesthesia [15].
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Table 2. Sensory block level and adverse events during spinal anesthesia.

Midazolam (n=58) Dexmedetomidine (n=58)

Sensory block level at T10 (thoracic segments) 6 [6-8] 8 [6-8] 0.259
Timetoreach to BIS 70 (min) 14362 126:38 0498
Timetorecover to BIS 80 (min) 15566 13571 0546
Incidence of hypotension () 3 (66 8 ¢y «©oo1
Phenylephrineuse®) 9 e 4 @ 0141
Ephedrineuse () 7 @ 9 e 0075
Incidence of bradycardia () n o) 2 0 ©oo1
Atopineuse® 3 @ o 0004

Values are means +SDs, medians [interquartile ranges] or numbers of patients (%). T10 — 10 min after intrathecal injection (T10; start
of midazolam or dexmedetomidine); BIS — bispectral index score.
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Figure 2. Intraoperative hemodynamic changes in systolic blood pressure, mean blood pressure, heart rate, and bispectral index in
patients that received midazolam (midazolam group, O) or dexmedetomidine (dexmedetomidine group, ®) during spinal
anesthesia. Error bars represent standard deviations. Before anesthetic induction (T0), 5 min after intrathecal injection (T5),
10 min after intrathecal injection (T10; start of midazolam or dexmedetomidine), and every 5 min after sedative injection
(T15-T40). * P<0.05, midazolam group vs. dexmedetomidine group, # P<0.05 vs. TO.
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Table 3. Intraoperative hemodynamic and bispectral index data.

Midazolam (n=58) Dexmedetomidine (n=58) P-value
Baseline
"""" Systolic blood pressure (mmHg)  141x18 14416 0377
"""" Mean blood pressure (nmHg) ~ 105¢14 10513 0946
"""" Heartrate (beats/min) 7312 74¢13 0853
"""" Bispectralindex. ~ 95s4 95 0249
Clowest
"""" Systolic blood pressure (nmHg) ~ 103«11  115¢16 <0001
"""" Mean blood pressure (nmHg) 7610 81l <001
"""" Heart rate (beats/min) 589 s:7 <001
"""" Bispectralindex ~ e7+l0 sl ool
CChanges (%)
"""" Systolic blood pressure 27410 20411 <0001
"""" Mean blood pressure 2611 20é11 0001
"""" Heatrate 1910 2911 <0001
"""" Bispectralindex. ~ 29¢11  34s12 0030
Values are means +SDs. Changes, (baseline-lowest)/baseline*100.
Table 4. Postoperative hemodynamic data.
PO P10 P20 P30
Midazolam 114+15 110+£26 115+14 114420
SBP (MMHE) oo ooooooooooiiioooooooooooooiiioiooooo-
Dexmedetomidine 109+16 106123 111415 111+15
"""""""""""""""""" Midazolam  8as1s  gsll  g4rlo 8412
I P (1 10 ) I R s
Dexmedetomidine 81412 81+12 82+11 82+11
"""""""""""""""""" Midazolam 69 ssell 5919 5918
HR (DEALS/MIN) oo
Dexmedetomidine 58+11 56+10 57+11 57+9

Values are means +SDs. SBP — systolic blood pressure; MBP — mean blood pressure; HR — heart rate; P 0-30 — 0-30 min after
postanesthetic care unit admission.

During the operations, patients in the dexmedetomidine group
were administered atropine more frequently than patients in
the midazolam group because of the higher incidence of bra-
dycardia. Previous animal studies have demonstrated that at-
ropine during dexmedetomidine administration can increase
blood pressure [16,17]; therefore, the hemodynamic effect of
atropine may have contributed to the relatively high blood pres-
sures we observed in the dexmedetomidine group.

Sim et al. [18] reported that dexmedetomidine 1 pg/kg as a
loading dose might lead to faster sedation without severe
complications compared to a 0.5 pg/kg loading dose dur-
ing spinal anesthesia; therefore, we used a loading dose of

dexmedetomidine 1 pg/kg, which led to an onset similar to
that observed for midazolam sedation.

In a previous comparative study, memory recalls at the end of
1-h infusions of 0.2 or 0.6 pg/kg dexmedetomidine were sig-
nificantly worse than in a placebo control group, and BIS re-
covered to baseline 4 h after stopping dexmedetomidine [19].
We also found that PACU stays were longer with higher se-
dation score in the dexmedetomidine group than in the mid-
azolam group. It has been previously suggested that proper
control of infusion rate might help reduce delayed recovery
from sedation [20].
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Table 5. Postoperative profiles.
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Sensory block level at PACU arrival (thoracic segments)

Atropine use (n)

Midazolam (n=58) Dexmedetomidine (n=58) P-value

7 [6-8] 8 [6-10] 0.264
Coam7 ss¢27 0003
23QR-6) 27002-6) 0025
21Qp-4) 23p-s) 0066
"""" 4+ @ 609 o0s08
o e 0315
"""" 1@ 0 1@ o090
et 3@ 0140
"""" 19 5@ o008

Values are means +SDs or means (medians [minimum-maximum]). PACU stay — time spent in the postanesthetic care unit (PACU).

The present study is limited because we could not measure
the sensory regression time of spinal block because all patients
were moderately sedated (BIS <85). A previously study report-
ed that intravenous dexmedetomidine prolonged the dura-
tion of spinal anesthesia [21] and that sensory level could af-
fect hemodynamic changes. However, despite the possibility
of prolonged spinal block by dexmedetomidine, since blocked
sensory levels were similar at the end of surgery, the hemody-
namic effects induced by blocked levels might have been min-
imal in the present study.
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Conclusions

BIS-guided dexmedetomidine sedation attenuated spinal an-
esthesia-induced hypotension more so than midazolam seda-
tion, but dexmedetomidine induced bradycardia more frequent-
ly and was associated with greater atropine use. In addition,
dexmedetomidine prolonged PACU stay and delayed sedation
recovery after spinal anesthesia.
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