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Abstract

Background: Dexmedetomidine, a selective alpha-2 agonist, has sedative, analgesic, and anxiolytic effects without
respiratory depression. Dexmedetomidine can cause a biphasic cardiovascular response, and induce transient
hypertension. Hypotension is a common complication of spinal anesthesia. Decreasing anxiety of patients before
procedure is important for high quality of procedure. This study aimed to compare the incidence of hypotension
and patients’ anxiety and comfort levels when dexmedetomidine was intravenously administered before and after
spinal anesthesia.

Methods: Seventy-four patients with American Society of Anesthesiologists physical status classification I or II were
randomly allocated into two groups. Spinal anesthesia was performed using 12 mg of 0.5% heavy bupivacaine. In
Group A, 1 μg/kg of dexmedetomidine was intravenously administered for 10 min, followed by the maintenance
infusion of dexmedetomidine 0.2 μg/kg/hr after 5 min of intrathecal bupivacaine injection. Patients in Group B
received same dose of dexmedetomidine by intravenous administration before 5 min of intrathecal bupivacaine
injection. Perioperative vital signs, anxiety (using the Spielberger’s State-Trait Anxiety Inventory) and comfort
(using the numerical rating scale) were evaluated.

Results: The incidence of hypotension was significantly lower in Group A (16.1%) than in Group B (48.4%) during
infusion of dexmedetomidine (p = 0.01). The need for treatment of hypotension is higher in Group B than Group A
(p = 0.02). The incidence of bradycardia and desaturation did not significantly differ between the two groups. There
were no statistically significant differences regarding the patients’ anxiety and comfort.

Conclusions: Hypotension is more frequently occurred, and the treatment of hypotension is more needed in
Group B. The intravenously administration of dexmedetomidine before spinal anesthesia has no advantages in
hemodynamic status and patients’ comfort compared to that after spinal anesthesia during lower limb surgery.

Trial registration: ClinicalTrials.gov number, NCT02155010. Retrospectively registered on May 22, 2014.
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Background
Spinal anesthesia (SA) is commonly used for lower limb
surgery because it has a high success rate and can
maintain spontaneous ventilation. The hemodynamic in-
stability such as hypotension and bradycardia are the
most common side effects with SA [1, 2]. It may be
increased when sedatives is used with SA for decreasing
patients’ anxiety.
Patients want to be sedated during painful procedures

such as spinal tapping. Pre-sedation of patients can be
an important factor in the quality of SA. Propofol, mid-
azolam, and dexmedetomidine (DEX) have been
commonly used for sedation during SA. Propofol is a
profound respiratory depressant and midazolam has a
slight synergistic ventilatory depressive effect with SA
[3]. DEX, a selective α2-adrenoceptor agonist, causes
minimal or no respiratory depression, unlike other
sedatives [4].
Intravenous DEX as a rapid infusion caused biphasic

changes in heart rate (HR) and mean blood pressure
(MBP) [5]. Dyck et al. [5] found a 22% rise in the MBP
and a 27% decline in the HR within 4-5 min after start-
ing intravenous infusion of DEX. Although they infused
DEX at a high dose (2 μg/kg for 5 min), the administra-
tion of a bolus of 1 μg/kg DEX initially causes an
increase in BP for a brief period [6].
Also, DEX has anxiolytic effects and there is growing

interest in comparing efficacy, time to onset, and outcomes
between DEX and other anxiolytics such as midazolam [7].
DEX was as effective as higher dose (0.06 mg/kg) of mid-
azolam in preoperative sedation [8]. Anxiety-like behavior
is reduced by decreases in the circulating catecholamine
secretion after the administration of DEX [9].
Therefore, we evaluated the hemodynamic effects and

patients’ anxiety and comfort level according to the
timing of administration of DEX with SA.

Methods
Study design and patient population
This randomized, double-blind study enrolled seventy-
four patients from March, 2014 to July, 2015. This pro-
spective study was approved by the Institutional Review
Board of Inje University Haeundae Paik hospital
(129792-2014-003), and written informed consent was
obtained from patients (ClinicalTrials.gov number,
NCT02155010). This study protocol complied with the
1975 Declaration of Helsinki.

Criteria for inclusion and exclusion
Patients who were classified as American Society of
Anesthesiologists physical status I or II, aged 20-60
years, and scheduled to undergo lower limb surgery with
SA (expected surgical time <90 min) were included.
Patients with hypertension, diabetes mellitus (DM), or

heart disease (bradycardia or atrioventricular block) were
excluded.

Preoperative preparations and anesthesia protocol
No premedication was administered to the patients. While
in the operating room, all patients were monitored by
electrocardiography (ECG), pulse oximetry, non-invasive
blood pressure (NIBP), and bispectral index (BIS) values.
Before SA, crystalloid 6 mL/kg was intravenously injected
to the patients for hydration. A nurse who did not partici-
pate in this study prepared a 50 mL mixture of normal
saline 48 mL and DEX (Precedex®, Hospira Inc., Rocky
Mount, NC, USA) 200 μg. An anesthesiologist who did
not participate in this study performed SA. Patients were
randomly assigned to Group A and B (n = 37, each group)
(www.random.org). Patients were intravenously adminis-
tered 1 μg/kg of DEX for 10 min, followed by the
maintenance infusion of DEX 0.2 μg/kg/hr. Group A and
B were administered DEX after and before 5 min of spinal
anesthesia. Patients were placed in the lateral decubitus
position and a spinal tap in the L3/4 or L4/5 intervertebral
space was performed using the midline approach. After
confirming the free flow of the cerebrospinal fluid, 0.5%
heavy bupivacaine (Marcaine®, AstraZeneca AB,
Södertälje, Sweden) 12 mg was injected intrathecally. We
evaluated the disappearance of pinprick sensation by using
a needle in the mid-clavicular line. In addition, we
confirmed the extent of motor blockade by using the
modified Bromage scale [10]. The administration of DEX
was discontinued when the surgeon began to suture.
Following arrival in the PACU, patients stayed for one
hour. The patients were discharged from the PACU when
the modified Aldrete score was ≥ 9.

Measurements
MBP, HR, BIS values, and oxygen saturation were
recorded at baseline and at 5 min intervals during DEX
infusion and in the post-anesthetic care unit (PACU). The
primary outcome was comparison of the incidence of
hypotension between the two groups. Hypotension
(defined by a decrease in MBP below 20% of baseline),
bradycardia (HR < 50 beats per min [bpm]), and oxygen
desaturation (SpO2 < 95%) were recorded. Ephedrine
5 mg or atropine 0.5 mg was administered intravenously
when hypotension or bradycardia occurred. O2 3 L was
applied via nasal cannula when oxygen desaturation
occurred. The secondary outcome was comparison of
patients’ anxiety and comfort. The patients’ levels of anx-
iety experienced before (preoperative) and after (discharge
from PACU and postoperative 1st day) the study was
assessed using the Spielberger’s State-Trait Anxiety
Inventory (STAI) [11]. Patients’ comfort during (10 minutes
after SA) and after (discharge from PACU) this study was
assessed using the numerical rating scale (NRS, 0 = not as
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comfortable as imaginable, 10 = very comfortable). All data
were recorded by another anesthesiologist who did not
know when DEX was injected intravenously.

Statistical analysis
A sample size calculation was based on a pilot study
performed with 6 cases in each group. In the pilot study,
incidence of hypotension in Group A was 33% less than
in Group B. The requires number of patients for each
group was thirty-three (α =0.05, β =0.8). Assuming a
drop-out rate of 10%, the final sample size was set at
thirty-seven patients per group. The data are expressed
as mean ± standard deviation (SD), median (interquartile
range, IQR) or numbers of patients. Statistical analyses
were performed using repeated-measured analysis of
variance, the chi-squared test, the independent t test,
and the Mann-Whitney test. All statistical analyses were
performed using SPSS version 21.0 (SPSS Inc., Chicago,
IL, USA) and Medcalc 14.12.0 (MedCalc Software bvba,

Ostend, Belgium). A p-value < 0.05 was considered to
indicate statistical significance.

Results
A total of seventy-four patients were enrolled in this
study, but six patients per group were excluded from
data analysis. The final analyses included thirty-one
patients per group (Fig. 1).
Patients’ baseline characteristics were not different

between the two groups (Table 1).
The incidence of hypotension was significantly lower in

Group A (16.1%) than in Group B (48.4%) during infusion
of dexmedetomidine. The incidence of bradycardia and
desaturation did not significantly differ between the two
groups (Table 2). Also, the BIS values were not significantly
different between two groups during infusion of DEX
(Group A vs. Group B, 72.39 ± 8.96 vs. 71.16 ± 10.46).
The MBP and HR in the PACU were did not statistically

differ between the two groups. The mean HR (Group A

Fig 1 CONSORT flow diagram
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vs. Group B, 57.88 ± 6.16 vs. 59.49 ± 8.13, p = 0.133) and
MBP (Group A vs. Group B, 80.07 ± 12.48 vs. 77.49 ± 9.36,
p = 0.121) were not significantly different. Desaturation
did not occurred in the PACU in either group. The BIS
values of Group A and B were 88.94 ± 5.19 and 88.09 ± 5.96
in the PACU, respectively (p = 0.54).
The preoperative State Anxiety Inventory scale and

Trait Anxeity Inventory scale showed significant correl-
ation (r = 0.59, p < 0.0001). The State Anxiety Inventory
scale was decreased during the 3 assessment time
periods (p = 0.000), but this change was not significantly
different between the two groups (p = 0.66) (Table 3).
The median (IQR) comfort scores (NRS) of Group A

and B during infusion of DEX were 7 (5-9) and 8 (5-9),
respectively (p = 0.35). Also, the median (IQR) comfort
scores upon discharge from the PACU of Group A and
B were 7 (5-8.75) and 7 (5-8.75), respectively (p = 0.62).
There were no neurologic complications such as

paralysis or paresthesia.

Discussion
Infusion of DEX before SA can increase the incidence
rate of hypotension. Although perioperative anxiety was
decreased over time, there was no significant difference
in patients’ anxiety and comfort level according to the
timing of administration of DEX.

DEX has both analgesic and sedative properties that
may prolong the duration of SA [12, 13]. The intraven-
ous administration of DEX as premedication with SA
can be used widely without serious complications. Lee
et al. [14] and Park et al. [15] demonstrated that 0.5 or
1.0 μg/kg of DEX administered as an isolated bolus in
the absence of maintenance infusions prolonged the
duration of SA, and the incidence of hypotension was
found to be 15% and 0%, respectively. We injected an
intrathecal dose of 12 mg of heavy bupivacaine to the
patients. Although heavy bupivacaine 15 mg was intra-
thecally injected in another study [16], the incidence of
hypotension (0%-16%) was lower than that observed in
our study (16.1% and 48.4%). This might be attributed to
the single bolus administration of a low dose of DEX
(0.5 μg/kg).
A loading dose (1 μg/kg/10 min) of DEX was sufficient

for surgery of less than 60 min, and DEX infusion
followed by a maintenance dose (0.2 μg/kg/hr) was
sufficient for surgery within 90 min without delayed
recovery [17]. Thus, we used 1 μg/kg for 10 min for the
loading dose of DEX, followed by 0.2 μg/kg/hr for the
maintenance dose.
Early vasoconstrictive effects of DEX can induce

hypertension, but it could not offset the hypotensive ef-
fect of SA. Vasoconstrictive effects seem to be a transi-
ent phenomenon and cannot offset the vasodilation due
to SA. Rather, it seems that the hypotensive effect was
amplified by the SA and DEX in Group B. Also, stimula-
tion of the presynaptic α2-adrenoceptor by DEX causes a
dose-dependent decrease in the concentration of
norepinephrine in plasma and can reduce norepineph-
rine release by up to 92% in young healthy volunteers
[18]. So, we thought that hypotension was more
frequently occurred in Group B.
DEX premedication reduced the sympathoadrenal

response, analgesic requirements, and anxiety in intra-
venous regional anesthesia [19]. In addition, DEX may
have preventive effects against anxiety-like behaviors
and cognitive dysfunctions in rats with post-traumatic
stress disorder (PTSD) after repeated administration [9].
Hyperactivity of the noradrenergic systems is thought to
be a feature of PTSD and the attenuation of

Table 1 Patients’ baseline characteristics

Group A
(n = 31)

Group B
(n = 31)

P value

Sex (male/female) 22/9 15/16 0.12

Age 35.87 ± 11.22 38.74 ± 12.27 0.34

ASA (1/2) 26/5 26/5 0.70

Height 170.25 ± 6.14 167.22 ± 9.34 0.14

Weight 71.22 ± 10.02 67.62 ± 12.10 0.21

Infusion time of DEX (min) 86.93 ± 17.78 86.61 ± 12.99 0.94

Injection site (L3-4/L4-5) 13/18 15/16 0.80

Maximum sensory block level T10 (8-10) T10 (8.5-10) 0.16

Values are expressed as number of patients, mean ± SD, and median (IQR). ASA
American society of anesthesiologists classification, DEX dexmedetomidine,
L lumbar, T thoracic dermatome, SD standard deviation, Injection site,
intrathecal heavy bupivacaine injection site, IQR interquartile range

Table 2 Hemodynamic variables during infusion of
dexmedetomidine

Group A
(n = 31)

Group B
(n = 31)

P value

Desaturation (Yes/No) 9/22 6/25 0.55

Bradycardia (Yes/No) 11/20 9/22 0.79

Hypotension (Yes/No) 5/26 15/16 0.01*

Frequency of injection of ephedrine
(0/1/2/3/4)

29/1/1/0/0 17/9/2/2/1 0.02*

Values are expressed as number of patients

Table 3 The Spielberger’s State Anxiety Inventory scale before
and after surgery

SAI
(preoperative)

SAI
(discharge
from PACU)

SAI
(postoperative
first day)

P value

Group A 45.52 ± 12.01 38.55 ± 8.04 34.55 ± 8.64 <0.001

Group B 43.65 ± 14.24 37.03 ± 10.51 34.90 ± 9.03 <0.001

Values are expressed as mean ± SD. SAI Spielberger’s State Anxiety Inventory
scale, PACU post-anesthetic care unit, SD standard deviation. The SAI was
decreased over time (p = 0.000), but this change was not significantly different
between the two groups (p = 0.66)
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noradrenergic activation by clonidine has been found to
ameliorate symptoms of PTSD [20]. Patients’ mean
anxiety scores (using the Anxiety Assessment Scale)
were significantly lower in the DEX group than in the
placebo group after MAC (monitored anesthesia care)
[21]. Therefore, we assumed that the decreasing of anx-
iety after surgery may be ascribed to the injection of
DEX in this study. We will need to evaluate State-Trait
Anxiety Inventory scale in a placebo group in further
studies. But, patients’ anxiety and comfort level was not
different regardless of the timing of sedation in our
study. It might be single shot spinal anesthesia is a
relatively easy and comfortable technique than epidural
anesthesia or peripheral nerve block to perform.
The routine administration of DEX is limited because

of the hypotension and bradycardia that may occur in
the postoperative period [6, 22]. The time for recovery
and discharge from the PACU was found to be longer
with DEX than in the placebo group [21]. We also
observed hypotension and bradycardia in the PACU.
These side effects were reversible with the administra-
tion of fluid therapy or drugs, but anesthetists should
beware of DEX infusion during the recovery time. The
benefit of DEX as sedative is that it can cause minimal
respiratory depression. However, we reported a relatively
high incidence rate (30%) of desaturation during infusion
of DEX. This may be because the definition of oxygen
desaturation (SpO2 < 95%) in our study was more
restricted than the definition applied in other studies
(SpO2 < 90%) [14, 15].
There are some limitations to this study. First, we did

not assess the differences regarding the duration of
sensory or motor blockade produced by SA with DEX
infusion. However, intravenous administration of DEX
before or after SA has been found to prolong the
duration of sensory and motor block in previous studies
[12, 16, 23, 24]. Second, we excluded geriatric patients
(>60 years) and those with hypertension and DM. There-
fore, further studies are needed to investigate the efficacy
of DEX in these patients.

Conclusions
The intravenous administration of DEX before SA was in-
duced more hypotension than the administration of DEX
after SA. The level of anxiety and comfort of the patients
was not different according to the timing of administra-
tion of DEX. The timing of infusion of DEX as sedative
with SA is more preferable after performing of SA.

Abbreviations
ASA: American society of anesthesiologists classification; BIS: Bispectral index;
DEX: Dexmedetomidine; DM: Diabetes mellitus; ECG: Electrocardiography;
HR: Heart rate; IQR: interquartile range; MAC: monitored anesthesia care;
MBP: mean blood pressure; NIBP: non-invasive blood pressure;
NRS: numerical rating scale; PACU: post-anesthetic care unit; PTSD:

post-traumatic stress disorder; SA: spinal anesthesia; SD: standard deviation;
STAI: Spielberger’s state-trait anxiety inventory

Acknowledgments
The authors would like to thank nurses of recovery room, Haeundae Paik
Hospital, Busan, Republic of Korea, for their involvement and support.

Funding
There was no financial support.

Availability of data and materials
The authors do not wish to share our data, because the patients’ who
participated this study did not agree share their individual data.

Authors’ contributions
EK manuscript preparation and data acquisition. KHL data analysis,
manuscript writing and edition. SYJ design and concepts. KYL data
acquisition and clinical studies. MJK literature search and clinical studies. HK
literature search and data analysis. YHK idea conception, JJ data analysis. All
authors read and approved the final version of the manuscript.

Competing interests
The authors declare that they have no competing interest.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of Inje University
Haeundae Paik hospital (129792-2014-003), and written informed consent
was obtained from patients.

Author details
1Department of Anesthesiology and Pain Medicine, Haeundae Paik Hospital,
Inje University 1435, Jwa-dong, Haeundae-gu, Busan 612-862, Korea.
2Department of Anesthesiology and Pain Medicine, Cheju Halla General
Hospital, 65, Doryeong-ro, Jeju-si, Jeju-do 63127, Korea.

Received: 29 June 2016 Accepted: 13 November 2016

References
1. Liu SS, McDonald SB. Current issues in spinal anesthesia. Anesthesiology.

2001;94(5):888–906.
2. Carpenter RL, Caplan RA, Brown DL, Stephenson C, Wu R. Incidence and risk

factors for side effects of spinal anesthesia. Anesthesiology.
1992;76(6):906–16.

3. Reves JG, Peter G, David AL, Matthew DM, Ricardo M-R. 26. Intravenous
anesthetics. In: Miller RD, editor. Miller’s anesthesia. 7 thth ed. USA:
Elsevier; 2009. p. 720–57.

4. Hall JE, Uhrich TD, Barney JA, Arain SR, Ebert TJ. Sedative, amnestic, and
analgesic properties of small-dose dexmedetomidine infusions. Anesth
Analg. 2000;90(3):699–705.

5. Dyck JB, Maze M, Haack C, Vuorilehto L, Shafer SL. The pharmacokinetics
and hemodynamic effects of intravenous and intramuscular
dexmedetomidine hydrochloride in adult human volunteers.
Anesthesiology. 1993;78(5):813–20.

6. Bloor BC, Ward DS, Belleville JP, Maze M. Effects of intravenous
dexmedetomidine in humans. II Hemodynamic changes. Anesthesiology.
1992;77(6):1134–42.

7. Mahmoud M, Mason KP. Dexmedetomidine: review, update, and future
considerations of paediatric perioperative and periprocedural applications
and limitations. Br J Anaesth. 2015;115(2):171–82.

8. Eren G, Cukurova Z, Demir G, Hergunsel O, Kozanhan B, Emir NS.
Comparison of dexmedetomidine and three different doses of midazolam
in preoperative sedation. J Anaesthesiol Clin Pharmacol. 2011;27(3):367–72.

9. Ji MH, Jia M, Zhang MQ, Liu WX, Xie ZC, Wang ZY, et al. Dexmedetomidine
alleviates anxiety-like behaviors and cognitive impairments in a rat model of
post-traumatic stress disorder. Prog Neuropsychopharmacol Biol Psychiatry.
2014;54:284–8.

Kang et al. BMC Anesthesiology  (2016) 16:116 Page 5 of 6



10. Bromage PR, Burfoot MF, Cromwell DE, Pettigrew RT. Quality of epidural
blockade. I. Influence of physical factors. Br J Anaesth. 1964;36:342–52.

11. Spielberger CD, O’Neil Jr HF, Hansen DN. Anxiety, drive theory, and
computer-assisted learning. Prog Exp Pers Res. 1972;6:109–48.

12. Abdallah FW, Abrishami A, Brull R. The facilitatory effects of intravenous
dexmedetomidine on the duration of spinal anesthesia: a systematic review
and meta-analysis. Anesth Analg. 2013;117(1):271–8.

13. Niu XY, Ding XB, Guo T, Chen MH, Fu SK, Li Q. Effects of intravenous and
intrathecal dexmedetomidine in spinal anesthesia: a meta-analysis. CNS
Neurosci Ther. 2013;19(11):897–904.

14. Lee MH, Ko JH, Kim EM, Cheung MH, Choi YR, Choi EM. The effects of
intravenous dexmedetomidine on spinal anesthesia: comparision of
different dose of dexmedetomidine. Korean J Anesthesiol. 2014;67(4):252–7.

15. Park SH, Shin YD, Yu HJ, Bae JH, Yim KH. Comparison of two dosing
schedules of intravenous dexmedetomidine in elderly patients during spinal
anesthesia. Korean J Anesthesiol. 2014;66(5):371–6.

16. Kaya FN, Yavascaoglu B, Turker G, Yildirim A, Gurbet A, Mogol EB, et al.
Intravenous dexmedetomidine, but not midazolam, prolongs bupivacaine
spinal anesthesia. Can J Anaesth. 2010;57(1):39–45.

17. Ok HG, Baek SH, Baik SW, Kim HK, Shin SW, Kim KH. Optimal dose of
dexmedetomidine for sedation during spinal anesthesia. Korean J
Anesthesiol. 2013;64(5):426–31.

18. Bharati S, Pal A, Biswas C, Biswas R. Incidence of cardiac arrest increases
with the indiscriminate use of dexmedetomidine: a case series and review
of published case reports. Acta Anaesthesiol Taiwan. 2011;49(4):165–7.

19. Jaakola ML. Dexmedetomidine premedication before intravenous regional
anesthesia in minor outpatient hand surgery. J Clin Anesth. 1994;6(3):204–11.

20. Boehnlein JK, Kinzie JD. Pharmacologic reduction of CNS noradrenergic
activity in PTSD: the case for clonidine and prazosin. J Psychiatr Pract.
2007;13(2):72–8.

21. Candiotti KA, Bergese SD, Bokesch PM, Feldman MA, Wisemandle W, Bekker
AY, MAC Study Group. Monitored anesthesia care with dexmedetomidine: a
prospective, randomized, double-blind, multicenter trial. Anesth Analg.
2010;110(1):47–56.

22. Mantz J. Dexmedetomidine. Drugs Today (Barc). 1999;35(3):151–7.
23. Elcicek K, Tekin M, Kati I. The effects of intravenous dexmedetomidine on

spinal hyperbaric ropivacaine anesthesia. J Anesth. 2010;24(4):544–8.
24. Jung SH, Lee SK, Lim KJ, Park EY, Kang MH, Lee JM, et al. The effects of

single-dose intravenous dexmedetomidine on hyperbaric bupivacaine
spinal anesthesia. J Anesth. 2013;27(3):380–4.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Kang et al. BMC Anesthesiology  (2016) 16:116 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design and patient population
	Criteria for inclusion and exclusion
	Preoperative preparations and anesthesia protocol
	Measurements
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

