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Background: Dexmedetomidine is widely used for conscious sedation in patients under-

going lower-extremity surgery under regional anesthesia. We evaluated the postoperative

analgesic effects of intravenous dexmedetomidine given during ankle surgery under spinal

anesthesia.

Methods: Forty-three participants underwent repair of lateral angle ligaments under spinal

anesthesia. For sedation during surgery, participants were allocated to a dexmedetomidine

group (n=22) that received a loading dose of 1 mcg.kg−1 over 10 min, followed by a main-

tenance dose of 0.2–0.7 μg.kg−1.h−1; and a propofol group (n=21) that received an effective site

concentration of 0.5–2.0 μg.mL−1 via target-controlled infusion. The primary outcome was the

postoperative, cumulative, intravenous (IV) morphine equivalent dose delivered via IV patient-

controlled anesthesia (PCA) and rescue analgesic consumption in the first 24 h after surgery.

We recorded sensory and motor block durations.

Results: The postoperative IV morphine equivalent dose was 14.5 mg (0.75–31.75 mg) in

the dexmedetomidine group compared to 48.0 mg (31.5–92.5 mg) in the propofol group

(median difference, 33.2 mg; 95% confidence interval, 21.0–54.8 mg; P<0.001). The time to

the first complaint of surgical site pain was significantly prolonged in the dexmedetomidine

group (P<0.001), but the duration of motor block was comparable between the two groups

(P=0.55).

Conclusion: IV dexmedetomidine given as a sedative during ankle surgery under spinal

anesthesia reduced postoperative opioid consumption in the first 24 h. Thus, intraoperative

dexmedetomidine is a versatile sedative adjunct.

Level of evidence: Level I, prospective randomized trial.

Keywords: ankle surgery, dexmedetomidine, postoperative analgesia, spinal anesthesia

Introduction
Dexmedetomidine is a selective α2-adrenergic agonist with sedative, anxiolytic, and

analgesic effects.1 Most sedatives (eg, propofol) act on the gamma-aminobutyric

acid (GABA) or N-methyl-D-aspartate (NMDA) receptors, but systemic dexmede-

tomidine activates α2-receptors in the locus coeruleus of the brain stem, triggering

an unconsciousness similar to that of natural sleep.2 Because of this unique

property, patients remain easily rousable, cooperative, and most importantly, at

minimal risk for respiratory depression. Therefore, in the time since the drug was
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introduced in the 1990s, it has been widely used to sedate

patients during a variety of surgical and nonsurgical

procedures.3

The analgesic efficacies of both perineural and intrave-

nous (IV) dexmedetomidine given as adjuncts to local

anesthetics have been investigated in various contexts

including neuraxial anesthesia and peripheral nerve

blocks.4–7 Perineural dexmedetomidine prolongs both sen-

sory and motor blocks; the latter block may be disadvan-

tageous in clinical settings, delaying rehabilitation and

possibly hospital discharge.7 IV dexmedetomidine seda-

tion during spinal anesthesia significantly reduces post-

operative pain and opioid consumption.8 In particular,

a recent meta-analysis showed that IV dexmedetomidine

significantly prolongs the duration of sensory block and

the time to the first analgesic request after spinal

anesthesia.4 Motor block duration is also prolonged, but

less so than the sensory block, emphasizing the utility of

IV dexmedetomidine in the context of regional anesthesia.

However, most studies that have evaluated the postopera-

tive analgesic effects of IV dexmedetomidine after spinal

anesthesia have been performed in patients undergoing

urological, lower abdominal, and lower extremity sur-

geries such as total knee replacement surgery.9–13

Therefore, we compared the postoperative analgesic

effects of IV dexmedetomidine and propofol, another pop-

ular sedative, in patients undergoing ankle surgery under

spinal anesthesia. We hypothesized that intraoperative dex-

medetomidine sedation would decrease postoperative

opioid consumption during the first 24 h after surgery.

Methods
This single-center, prospective, parallel-group, randomized

control trial was conducted in accordance with the

Declaration of Helsinki. In addition, this study was approved

by the Institutional Review Board (IRB) of Samsung medical

center, Seoul, Republic of Korea (IRB no. 2016–11-

002–002) and written informed consent was obtained from

all participants. The trial was registered with the Clinical

Research Information Service prior to recruitment of the

first participant (registration no. KCT0002246).

Patients scheduled for elective repair of the ankle lateral

ligament (Brostrom’s operation) under spinal anesthesia

were assessed in terms of eligibility from February 2017 to

June 2018. Written informed consent was obtained from all

patients who participated in the study. Inclusion criteria were

20–70 years of age and American Society of

Anesthesiologists (ASA) physical status I–II. Exclusion

criteria included contraindications for spinal anesthesia (eg,

coagulopathy, pre-existing neurological deficits in the lower

extremities, infection of the puncture site, and refusal to

undergo such anesthesia); prolonged preoperative use of

opioids or sedatives; any known allergy to study agents

including dexmedetomidine and propofol; arrhythmia; heart

failure; and/or severe hepatic or renal disease.

Randomization
After enrollment, all participants were randomly allocated

to one of the two study groups using Allocation Software

Version 1.0 running the random, permuted block method.

Group assignments were placed in consecutively num-

bered, opaque sealed envelopes and patients received

envelopes given to them by one of the authors not

involved in either anesthetic management or outcome

assessment. Propofol and dexmedetomidine differ in

color and injection method; the anesthesiologist involved

in ankle surgery thus knew the group assignment.

A blinded investigator not involved in either spinal

anesthesia or sedation collected all postoperative data.

Anesthesia protocols
After a patient entered the operating theatre, a standard elec-

trocardiographic monitor and noninvasive devices measuring

blood pressure and peripheral oxygen saturation were

attached. The forehead was cleaned with a 70% alcohol

swab and a bispectral index (BIS) quadrant sensor was

attached according to the manufacturer’s guidelines.

Intraoperative BIS values were monitored using a BIS Vista

monitor (2013; BISx Revision 1.15; BIS Engine 4.1). After

obtaining baseline data on vital signs, the patient was placed

in the lateral decubitus position (depending on the surgical

site) and IV midazolam 1–1.5 mg was administered as pre-

medication. Each patient received oxygen at 4 L/min via

a facial mask during spinal anesthesia, which was established

via the L 3–4 or L 4–5 interspace (using a midline approach

and a 25-G Whitacre needle; Vygon, UK). After free flow of

cerebrospinal fluid was confirmed, 0.5% (w/v) hyperbaric

bupivacaine 10 or 12 mg (depending on sex), with 200 μg
morphine sulfate, was injected into the intrathecal space.

Each patient was placed in the supine position immediately

after intrathecal injection and an anesthesiologist blinded to

group assessed the extent of sensory block using the pin prick

test with a blunt 27 G needle. The extent of motor block was

assessed using the modified Bromage scale (0= the ability to

raise the extended leg against gravity; 1= an inability to raise

the extended leg, but an ability to bend the knee; 2= an
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inability to bend the knee, but an ability to flex the ankle; and

3= complete motor block) at 5 min intervals for up to 30 min.

After confirming the establishment of appropriate spinal

anesthesia, the study drugs were administered. The dexme-

detomidine group received dexmedetomidine at 1 μg.kg−1

over 10 min (loading dose) and then 0.2–0.7 μg.kg−1.h−1 for
maintenance; the propofol group received propofol at an

effective site concentration of 0.5–2.0 μg.mL−1 via target-

controlled infusion (Orchestra®; Fresenius Vial, Brezins,

France). The drug levels were adjusted to maintain BIS

values of 60–80 (thus ensuring sedation during the operative

period); continuous end-tidal CO2 monitoring via a facial

mask was performed during sedation. All surgeries were

performed by a single experienced surgeon.

Hypotension (a mean blood pressure decrease of more

than 20% from the pre-induction value) was treated via

injection of 5 mg ephedrine or 100 μg phenylephrine;

bradycardia (a heart rate less than 50 beats per min) was

treated with 0.5 mg atropine. When the respiratory rate

was lower than 8/min or when the oxygen saturation was

lower than 90%, we considered that these reductions were

side effects of the sedative, and the drug level was adjusted

to maintain respiration, oxygen saturation, and the end-

tidal CO2 level within the normal ranges. After arrival in

the post-anesthetic care unit (PACU), all patients were

assessed in terms of the extents of sensory and motor

blocks; they were also scored on the OAA/S scale and

adverse effects such as nausea and vomiting were recorded

every 30 min. When the Aldrete score exceeded 9, the

patient was transferred to the general ward.14

Postoperative supplemental analgesia was standar-

dized. Pain severity using a numeric rating scale (NRS,

ranging from 0 [no pain] to 10 [the worst pain]); if

a patient scored the surgical site pain as over 3, IV PCA

(delivered via an Abbott Hospira Gemstar pain manage-

ment infusion pump) was commenced; this featured 0.9%

normal saline with fentanyl 15 µg.mL−1 running at 1 mL.

h−1 with a 1 mL bolus dose and a 15 min lockout time. The

time to the first complaint of pain was recorded and

patients with NRS scores over 3 despite IV PCA were

given a rescue analgesic (IV pethidine 50 mg or morphine

10 mg). Once oral intake was tolerated, all patients

received oral Cetamadol 325 mg/37.5 mg (acetaminophen

325 mg/tramadol HCl 37.5 mg) every 8 hrs. Despite of this

analgesic protocol, if the patient complained pain greater

than NRS 4, rescue analgesia with IV propacetamol 1 g

was given. The cumulative opioid levels were converted

into IV morphine equivalents,15 and the blinded assessor

visited each patient at 8, 16 and 24 hrs after surgery and

tabulated postoperative pain at rest in each time point. In

addition, we educated patients to comment if the NRS

scores was greater than 3 at the surgical site at other

times throughout the first 24 hrs. If postoperative nausea

and vomiting developed, metochlopramide 10 mg was

administered; if the symptoms were not relieved, lamose-

tron 0.075 mg was given. If pruritus developed, chlorphe-

niramine 4 mg was administered. At 24 h after surgery,

patient satisfaction in terms of intraoperative sedation and

postoperative analgesia was measured using a Likert scale

(1 to 5; 1= strongly dissatisfied, 2= dissatisfied, 3= neither

satisfied nor dissatisfied, 4= satisfied, and 5= very

satisfied).16 All patients were discharged on

postoperative day (POD) 3 and were followed-up at the

outpatient clinic on POD 14. Adverse effects associated

with spinal anesthesia or intraoperative sedation were

evaluated on PODs 3 and 14.

The primary outcome was the cumulative opioid con-

sumption (IV morphine equivalent) in the first 24 h fol-

lowing surgery. Secondary outcomes included the time to

the first complaint of pain at the surgical site, the durations

of sensory and motor nerve blocks, and postoperative

resting NRS scores.

Statistical analyses
Sample size calculation was based on a previous study12

and the mean 24 h morphine consumption after knee

arthroplasty was 61.2 mg (standard deviation [SD]

11.2 mg). When a 20% reduction in opioid consumption

associated with the use of intraoperative dexmedetomidine

was considered clinically significant, use of the two-sided

Student’s t-test with an alpha of 0.05 and a power of 0.9

indicated that 19 participants/group were required.

Assuming a potential drop-out rate of 10%, the number

of participants required to exhibit a clinically meaningful

difference totaled 44 (22 in each group).

Continuous variables were compared using Student’s

t-test or the Mann–Whitney U test, as appropriate, and

adjusted by reference to the Bonferroni correction if multiple

comparisons were in play. The normalities of continuous

variable distributions were explored using the Shapiro–

Wilk test. The chi-square test or Fisher’s exact test was

used to analyze categorical variables. Kaplan–Meier survi-

val analyses were performed (using the log-rank test) to

compare the times to the first complaints of pain at surgical

sites. Data are presented as means (with SDs), medians (with

interquartile ranges [IQRs]), or median differences (with
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95% confidence intervals [CIs]) for continuous variables;

and as numbers (with percentages) for categorical variables.

All statistical analyses were performed using SAS ver-

sion 9.4 software (SAS Institute Inc., Cary, NC, USA) and

SPSS version 22.0 software (IBM Corporation, Armonk,

NY, USA). A P-value <0.05 was considered to reflect

statistical significance.

Results
A total of 45 patients were recruited; 1 who refused to parti-

cipate was excluded. Thus, 44 participants were allocated to

the two study groups; 43 completed the study (Figure 1).

Patient characteristics were comparable between the two

groups (Table 1).

The postoperative, cumulative, IV morphine equivalent

dose (median [IQR]) was significantly lower in the dexme-

detomidine group (0.0 mg [0.0–8.0 mg]) than the propofol

group (10.5 mg [6.6–29.7 mg]) at 16 h (median difference,

7.95 mg; 95% CI, 4.2–13.5 mg; P=0.005) and 24 h (14.7 mg

[0.5–31.8 mg] and 48.0 mg [31.4–92.6 mg], respectively;

median difference, 33.2 mg; 95% CI, 21.0–54.8 mg;

P=0.0006) (Figure 2). However, there were no significant

between-group differences at 8 h (P=0.06). Postoperative

consumption of non-opioid analgesics was comparable

between two groups (P=0.648). The postoperative NRS

scores did not differ significantly at 8, 16, or 24 h (P=0.26,

P=0.05, and P>0.99, respectively) (Figure 3).

The time to the first complaint of pain (median [IQR])

at the surgical site was 594 min (488–857 min) in the

dexmedetomidine group and 449 min (418–522 min) in

the propofol group (median difference: 150 min, 95% CI:

62–285 min; P<0.001). Kaplan–Meier survival analyses

performed using the log-rank test showed that the time to

first pain at the surgical site was longer in the dexmedeto-

midine than the propofol group (P<0.001) (Figure 4).

The highest levels of sensory block, the times to two-

level regression of the sensory block, and the durations of

motor block were comparable in the two groups (P=0.74,

P=0.23, and P=0.55, respectively) (Table 2).

The total amounts (mean [SD]) of agents used for intrao-

perative sedation were 99.36 (87.44) μg in the dexmedeto-

midine group and 194.24 (92.82) mg in the propofol group.

Table 3 lists the intra- and postoperative data. Intraoperative

bradycardia was more frequent in the dexmedetomidine

group than the propofol group (7/22 [31.8%] and 1/21

[4.8%], respectively; P=0.046). The incidence of overall

postoperative complications did not differ significantly

between the two groups. No spinal anesthesia- or sedation-

related complications were evident on POD 3 or 14.

Discussion
Patients who received the sedative dexmedetomidine dur-

ing ankle surgery under spinal anesthesia required signifi-

cantly less opioids during the first 24 h after surgery and

the time to first pain at the surgical site was prolonged.

Ankle surgery can be performed under spinal anesthesia,

affording both surgical anesthesia for up to 3 h and postopera-

tive analgesia for up to 4 h.17 Once the analgesic wears off,

Patients assessed for eligibility (n=44)

Excluded (n=1)

Randomized (n=43)

Allocated to group D (n=22) Allocated to group P (n=21)

Discontinued intervention (n=0) Discontinued intervention (n=0)

Analyzed (n=22) Analyzed (n=21)

- Declined to participate (n=1)

Figure 1 The CONSORT diagram.
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ankle surgery is usually associated with moderate to severe

pain a few days in duration; inadequate pain management can

cause negative outcomes such as pulmonary function impair-

ment, cardiac overload, and vascular resistance in turn trigger-

ing ventricular arrhythmia or major cardiac events.18–20

Clinically, IV opioids are the first-line agents used to control

postoperative pain, but can be associated with various side

effects such as nausea, vomiting, sedation, and respiratory

depression. Therefore, pain management regimens featuring

adjunct analgesia should be applied during ankle surgery to

afford adequate pain relief and reduce opioid consumption.

Recently, many studies have shown that intraoperative IV

dexmedetomidine significantly reduces postoperative opioid

consumption and prolongs both peripheral and neuraxial

blocks.21,22 The analgesic effects of dexmedetomidine are

not fully understood but may feature binding of the drug to α2

-receptors of the central nervous system, probably those of

the locus coeruleus and spinal cord, blocking pain signal

propagation and inducing analgesic effects.23,24 As neuronal

α2-receptors may contribute to analgesic effects by inhibiting

norepinephrine release,23 dexmedetomidine may enhance the

actions of local anesthetics (LAs) and afford intraoperative

sedation during spinal anesthesia.4 A previous study found

that the α2-adrenergic receptors of the locus coeruleus

mediated an antinociceptive effect after dexmedetomidine

injection into rats.25 In line with this result, we found that

sedation via IV dexmedetomidine significantly reduced post-

operative opioid consumption and prolonged the duration of

analgesia compared to propofol. Therefore, dexmedetomi-

dine may afford effective postoperative pain control.

In a previous study, IV dexmedetomidine, compared to

midazolam, combined with spinal anesthesia, prolonged

Table 1 Patient’s Characteristics

Dexmedetomidine (n=22) Propofol (n=21) P-value

Gender, female 7 (31.8) 6 (28.6) 0.82

Age (yr) 25.95 (0.64) 25.79 (2.14) 0.85

Weight (kg) 74.25 (11.75) 73.45 (10.35) 0.81

Height (Cm) 167.59 (9.37) 168.42 (8.55) 0.76

BMI (kg/m2) 25.95 (2.98) 25.79 (2.14) 0.85

ASA class (I/II) 15 (68.2)/7 (31.8) 15 (71.4)/6 (28.6) 0.82

Note: Values are expressed as mean (SD) or number (%).

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.
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the sensory block time, increased block level, and was

associated with slower sensory regession.26 By contrast,

we found no between-group differences in either the high-

est sensory block level attained or the time to two-level

block regression. The differences between the two studies

may be attributable to differences in the injection times

and doses of the study drugs. The effects of dexmedeto-

midine peak about 10 min after injection;27 thus, drug

administration after completion of spinal anesthesia

might not affect the sensory block level. The biological

half-life of dexmedetomidine is about 2 h28,29 and the dose

used in the present study was approximately 1.3 mcg.kg−1,

thus twice that of the cited work.26 IV dexmedetomidine

increased the duration of spinal anesthesia, prolonged the

time to first pain at the surgical site, and reduced post-

operative opioid consumption.

An ideal intraoperative sedation agent should alleviate

anxiety and ensure safety by preserving airway tone and
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Figure 3 Postoperative pain severity NRS scores while resting at 8, 16, and 24 h. Boxes represent the medians with the 25th/75th percentiles. Whiskers represent the

minimum/maximum values, excluding outliers. Points represent the outliers. *P<0.05 between the dexmedetomidine and propofol groups.
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preventing respiratory suppression. During spinal anesthesia,

dexmedetomidine may be a better sedative than propofol

because the cardiorespiratory profile is more stable, patient

satisfaction is higher, and the analgesia afforded is more

potent.30 Here, neither propofol nor dexmedetomidine was

associated with respiratory depression. The hypotension rates

and the numbers of patients requiring inotropics were similar

in the two groups. However, the incidence of bradycardia was

higher in the dexmedetomidine group (31.8 vs 4.8%).

Dexmedetomidine does not directly affect the heart, and the

cardiovascular response is biphasic.31Within 1min after bolus

injection of dexmedetomidine, the high concentration in

serum transiently increases blood pressure, triggering barore-

ceptor-reflex bradycardia via stimulation of the α2-
adrenoceptors of vascular smooth muscle. After this initial

phase, reduced drug concentrations in plasma may inhibit

sympathetic outflow, reducing blood pressure.2 A previous

meta-analysis showed that rapid infusion (within 10 min) of

the initial dexmedetomidine loading dose was associated with

a higher incidence of bradycardia than injection over

20 min.1,12 In our study, the incidence of bradycardia was

high because of rapid infusion of the dexmedetomidine load-

ing dose; slower infusion may be preferable. In addition,

although dexmedetomidine-induced bradycardia is transient

Table 2 Duration of spinal anesthesia

Dexmedetomidine (n=22) Propofol (n=21) P-value

Sensory blockade

The highest level (Thoracic level) 8 (2.64) 8.24 (1.87) 0.74

Time to reach level T 10 136.73 (48.68) 133.29 (31.24) 0.79

Time for two-level regression 151.09 (79.79) 145.52 (46.03) 0.78

Motor blockade

Time to regain of modified Bromage score 0 297 (12.6) 294 (18) 0.55

Note: Values are expressed as mean SD.

Table 3 Perioperative data

Dexmedetomidine (n=22) Propofol (n=21) P-value

In operating theatre

Duration of anesthesia (min) 99.68 (24.44) 108.95 (27.23) 0.25

Duration of surgery (min) 57.36 (24.12) 63.76 (23.41) 0.38

Duration of sedative agent infusion (min) 76.77 (41.54) 79.38 (29.04) 0.81

Requirement for additional midazolam 3 (13.6) 0 0.23

Baseline MAP (mmHg) 92.20 (11.19) 91.52 (15.86) 0.87

Baseline HR (bpm) 78.14 (12.29) 73.48 (6.16) 0.12

Event of hypotension 1 (4.5) 2 (9.5) 0.52

Event of bradycardia 7 (31.8) 1 (4.8) 0.046

Event of respiratory depression 0 0 >0.99

Fluid infusion (mL) 475.0 (162.39) 452.38 (162.39) 0.65

In PACU

OAA/S score 4.73 (0.41) 4.85 (0.26) 0.27

PONV 1 (4.5) 0 >0.99

Pruritus 2 (9.1) 2 (9.5) >0.99

Duration of PACU stay (min) 46.86 (12.83) 50.71 (24.77) 0.53

In ward

PONV 13 (59.2) 7 (33.3) 0.09

Urinary retention 10 (45.5) 10 (47.6) 0.89

Pruritus 8 (36.4) 4 (19) 0.21

Dizziness 5 (31.8) 4 (19.0) 0.49

Patient satisfaction at 24 h (Likert scale)† 3.73 (0.99) 3.38 (1.02) 0.65

Notes: Values are expressed as mean (SD) or number (%). †, Likert scale, 1–5, 1= strongly dissatisfied, 2= dissatisfied, 3= neither satisfied nor dissatisfied, 4= satisfied, and

5= strongly satisfied.

Abbreviations: MAP, mean arterial blood pressure; HR, heart rate; bpm, beats per minute; PONV, postoperative nausea and vomiting; PACU, post anesthesia care unit;

OAA/S, observer’s assessment of alertness/sedation.
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and can easily be treated with anticholinergics, patients on

medications that can cause hemodynamic instability should be

carefully reviewed prior to dexmedetomidine administration.

Study limitations
Our study had several limitations. First, postoperative

analgesic effects vary by the intraoperative dexmedeto-

midine dose in patients who receive peripheral nerve

blocks such as interscalene brachial plexus blocks;21

we did not evaluate the postoperative analgesic effects

of dexmedetomidine. The effects of different dexmede-

tomidine doses on postoperative pain intensity require

further study. Second, as morphine sulfate (200 μg) was
injected together with LAs to afford additional analgesic

effects (as dictated by our institutional, multimodal

analgesic protocol),32 the true effects of IV dexmedeto-

midine on LA-only spinal anesthesia could not be

assessed. Thus, our results should be interpreted with

caution. Lastly, the cost increase due to the use of

dexmedetomidine could become an issue. However,

intraoperative dexmedetomidine may reduce the total

amount of analgesics used for postoperative pain con-

trol. Thus, the amount of medical cost might not be

expected to increase significantly.

Conclusion
In conclusion, we found that IV dexmedetomidine sig-

nificantly reduced postoperative opioid use over the first

24 h after operation and increased the duration of post-

operative analgesia after spinal anesthesia in patients

undergoing ankle surgery. Dexmedetomidine not only

maintains stable sedation during surgery but also effec-

tively controls postoperative pain.
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