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INTRODUCTION

Monitored anaesthesia care (MAC)[1] is a specific 
anaesthesia service for optimum care, comfort and 
safety of patients undergoing surgical procedures 
under local anaesthesia. Various drugs have been 
used for sedation and analgesia for such procedures 
viz. opioids, benzodiazepines, propofol,[2,3] etc. Most 
of these drugs have been associated with significant 
respiratory depression or delayed recovery period 
which is very undesirable for the patient as well as 
for the surgeon; in addition it increases in anxiety 
and stress level of the anaesthesiologist to manage 
the patient. The centrally acting alpha2 adrenergic 

agonists are being used now-a-days as an adjuvant to 
local anaesthetic agents during MAC. Clonidine and 
dexmedetomidine are commonly used drugs of this 
class. Dexmedetomidine has advantage of providing 
“conscious sedation” with adequate analgesia and 
no respiratory depression.[4] In addition, it has a 
sympatholytic effect thereby attenuating stress 
response to surgery and better haemodynamic 
stability.[5] All these beneficial effects make it 
most suitable for MAC. Thus, in this randomised, 
double-blind study, we evaluated the safety and 
efficacy of two doses of dexmedetomidine for 
sedation of patients undergoing surgical procedures 
under MAC.
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ABSTRACT

Background and Aims: Monitored anaesthesia care (MAC) is meant for procedures under local 
anaesthesia. Various drugs have been used for this purpose. The recently introduced alpha2 
agonist, dexmedetomidine provides “conscious sedation” with adequate analgesia and minimal 
respiratory depression. Hence, the safety and efficacy of two doses of dexmedetomidine for 
sedation and analgesia were evaluated. Methods: A total of 90 patients were distributed in three 
groups of 30 each: Dexmedetomidine 0.5 µg/kg (DL), dexmedetomidine 1.0 µg/kg (DH) and 
normal saline (C). The initial loading dose was followed by maintenance infusion of 0.2-0.7 µg/kg/h 
of dexmedetomidine or equivalent volume of saline. Study drug was started at least 15 min 
before placement of local anaesthesia. Drugs were titrated to a target level of sedation (=3 on 
Ramsay sedation scale [RSS]). Midazolam 0.02 mg/kg for RSS < 3 and fentanyl 0.5 µg/kg were 
supplemented as required. The statistical analysis was performed using Chi-square test and 
mean and anova analysis. Results: In groups DL and DH fewer patients required supplemental 
midazolam, 56.7% (17/30) and  40% (12/30), compared with control, where 86.7% (26/30)needed 
midazolam supplements. P = 0.000. Both groups DL and DH required significantly less fentanyl (84.8 
and 83.9 µg) versus control (144.2 µg). There was significantly increased ease of achieving and 
maintaining targeted sedation and analgesia in both dexmedetomidine groups when compared 
with placebo (P = 0.001). Adverse events observed with dexmedetomidine were bradycardia and 
hypotension. Conclusions: Dexmedetomidine in the doses studied was considered safe and 
effective sedative and analgesic for patients undergoing procedures under MAC.
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METHODS

This prospective, randomised, double-blind placebo 
controlled study was conducted after obtaining 
approval by the hospital ethical committee. Written 
informed consent was obtained from all the patients 
undergoing the study, scheduled for elective surgeries 
requiring MAC. Surgeries/procedures were expected 
to last at least 30 min and included general, plastic 
and otorhinolaryngological surgeries.

The inclusion criteria were, ASA Grade I/II, weight 
40-80 kg, age 18-60 years and the exclusion criteria were 
patients with cardiac disease, congenital disorders, 
patients on psychotropic drugs; weight >20% of 
ideal body weight, significant systemic disorders, 
and patients with known sensitivity to local 
anaesthetics, opioids orbenzodiazepines, Patients on 
antihypertensives, antianxiety and sedative drugs or 
those who had received alpha 2 agonists or. unwilling 
to the procedure were also excluded from the study.

The sample size for this study was calculated based on 
power of 90% with a two sided error of 5% based on a 
difference of two in patient’s satisfaction and sedation 
scores between groups. The number of patients 
required in each group to demonstrate this difference 
between groups was 30. A total of 90 patients were 
randomly divided in three groups of 30 each to: Group 
DL 0.5µg/kg – low dose dexmedetomidine group, 
group DH 1 µg/kg – high dose dexmedetomidine group, 
group C saline-control group. Allocation of the group 
to the patients was randomised, based on chit method. 
Baseline heart rate, blood pressure, respiratory rate, 
oxygen saturation were recorded and these parameters 
were continuously monitored throughout the study 
period. An 18 gauge intra venous cannula was placed 
on the dorsum of either hand. Patients were preloaded 
with 500 ml 0.5% dextrose in normal saline. Initial 
loading dose was followed by a maintenance infusion 
of 0.2-0.7 µg/kg/h of dexmedetomidine. 15 min before 
giving local anaesthetic injection, the respective initial 
loading doses of 0.5 or 1.0 µg/kg of dexmedetomidine 
or placebo diluted in 50cc normal saline were 
administered over 10 min. Both the person noting 
observations and one administering the drug were 
blinded to these groups. The initial loading dose was 
followed by a maintenance infusion beginning at a 
rate of 0.6 µg/kg/h and titrated to 0.2-1 µg/kg/h so as 
to maintain Ramsay sedation scale (RSS) score[6] to 3. 
15 min after starting study drug, patients were assessed 
for level of sedation using the RSS (scores = 3) and any 

patient having a score <3 received intravenous (IV) 
midazolam in 0.02 mg/kg doses, repeated until RSS 
score was = 3. Total dose of rescue midazolam and 
number of patients requiring it were also noted in 
each group. Pain was assessed on visual analogue 
scale (VAS) of 0-10 from no pain to worst pain.[6] 
Target was to achieve score of 3 or less. IV fentanyl 
0.5 µg/kg boluses and repeated as necessary, could be 
given if a patient expressed a pain score of >3 during 
study drug infusion and >4 in the post anaesthesia 
care unit (PACU). Total dose of rescue fentanyl 
and number of patients requiring it in each group 
were also noted. At any time, if clinically indicated, 
the patient could be converted to an alternative 
sedative or anaesthetic techniqueand the study drug 
discontinued. RSS scores and all standard vital signs 
were recorded every 5 min throughout the study drug 
infusion, before the administration of any rescue 
midazolam or fentanyl and every 15 min throughout 
the procedure. Study drug was discontinued when the 
patient left the operating room. Subjects remained in 
the PACU for a minimum of 1 h after discontinuation 
of study drug. Vital signs were recorded every 5 min 
for the first 15 min, then every 15 min for the next 
45 min. The sedation and pain scores were assessed 
every 15 min while the patient was in the PACU. After 
transfer to the PACU, the patient’s level of anxiety was 
assessed using the anxiety assessment scores range 
from 0 (no anxiety) to 10 (extreme anxiety).[6] Patients 
were discharged when the modified Aldrette score[6] 
was >9. Patients satisfaction and surgeon’s satisfaction 
was assessed on a seven point Likert scale.[6] The 
primary criteria of efficacy was the percentage of 
patients not requiring midazolam for rescue sedation 
based on achieving and/or maintaining RSS score 3. 
Other criteria included the total amount of rescue 
midazolam, total amount of fentanyl required for 
pain control and incidence of post-operative nausea 
and vomiting in the PACU. Safety was evaluated by 
monitoring adverse events and cardiac haemodynamic 
variables. Protocol-defined relative changes in 
arterial blood pressure (30% or more change from 
the baseline, which was determined as the average 
of three measurements 3 min apart). Bradycardia was 
defined as heart rate <60/min.[7] Absolute respiratory 
depression (defined as respiratory rate of <8 or oxygen 
saturation of <90%) were also assessed.

Statistical analysis of quantitative data comparing 
each group of dexmedetomidine versus control 
for the total amount of required rescue doses of 
midazolam and fentanyl were performed separately 
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using mean and ANOVA test. The qualitative study 
scales RSS for sedation, VAS for pain and number of 
patients requiring rescue doses were analysed using 
Chi-square test. The demographic data was analysed 
by the standard deviation. P < 0.05 were considered 
to be statistically significant.

RESULTS

The study groups were comparable in patient 
characteristics, type of surgical procedure and duration 
of surgery [Table 1].

Significantly more patients required rescue doses 
of midazolam in the group C (26/30) as compared to 
dexmedetomidine groups DL (17/30) and DH (12/30) 
respectively [Figure 1a]. Furthermore, the total rescue 
dose of midazolam was significantly higher in the 
control group when compared to groups DL and DH 
(P = 0.00) [Table 2]. There were however no significant 
differences in number of patients requiring midazolam 
and total dose of midazolam between groups DL and 
DH (P = 0.382).

The number of patients requiring rescue doses of 
fentanyl [Figure 1b] was higher in group C (25/30) as 
compared to the groups DL (18/30) and DH (11/30), 
so also the total dose of fentanyl was higher in 
group C (P = 0.011). There were no significant 
differences in group DL and DH (P = 0.914) [Table 2].

Desired RSS was achieved in more number of patients in 
groups DL and DH as compared to group C (P = 0.001) 
however there was no significant difference between 
both groups DL and DH (P = 0.63) [Figure 2a].

Similarly, desired VAS score was achieved in more 
number of patients in groups DL and DH as compared 
to group C (P = 0.0001) which was highly significant, 
but there was no difference among groups DL and DH 
(P = 0.99) [Figure 2b].

Bradycardia was observed in 3 (10%) patients in DH 
group 2 (6.7%) patients each in DL and control group. 
However, atropine was not required in any patient. 
Respiratory depression was seen in 2 (6.7%) patients in 
group C and none in groups DL and DH. Total 4 (13.4%) 
patients in DH group had hypotension whereas 2 (6.7%) 
each in DL and control group [Table 3].

In PACU, the sedation scores were higher in more 
number of patients in group C as compared to 
groups DL and DH (P = 0.006) which was statistically 

significant. However, there were less significant 
difference in groups DL and DH (P = 0.04) [Figure 3a].

In PACU, VAS score <3 was achieved in more number of 
patients in group C than groups DL and DH (P = 0.0001). 
This was statistically highly significant. Similarly, more 
number of patients in groups DL achieved VAS score 
<3 as compared to group DH (P = 0.003). This was 
statistically significant [Figure 3b].

Patient satisfaction on seven point Likert scale 
was better in groups DL and DH as compared to 
group C (P = 0.03). No significant difference was seen 
betweenth groups DL and DH (P = 0.94).

So also the surgeon satisfaction in terms of patient 
cooperation and better operative field on seven point 
Likert scale was better in groups DL and DH as compared 
to group C (P = 0.06). However, there was no significant 
difference between groups DL and DH (P = 0.667).

Modified Aldrette score of 9 or more was achieved 
in more number of patients in groups DL and DH 
as compared to group C (P = 0.0001) however no 

Table 3: Intra operative adverse events
Adverse events DL (%) DH (%) C (%)
Hypertension 1 (3.3) 0 1 (3.3)
Hypotension 2 (6.6) 4 (13.3) 2 (6.6)
Tachycardia 0 0 3 (10)
Bradycardia 2 (6.6) 3 (10) 2 (6.6)
Respiratory depression 0 0 2 (6.6)

Table 1: Demographic data and nature of surgeries
Group DL DH C
Mean age±SD (years) 33.13±9.04 33.26±8.65 33.96±8.94
Mean weight±SD (kg) 54.30±10.87 52.24±11.45 52.52±8.60
Sex incidence (male/female) 18/12 21/9 16/14
Nature of surgeries

General surgery 12 14 12
ENT 10 12 11
Plastic surgery 8 4 7
Duration of surgeries 
(mean±SD) min

63.16±22.34 68±24.79 65.67±25.55

SD – Standard deviation, ENT – Ear nose throat surgery

Table 2: Mean total doses of rescue midazolam and fentanyl
Group Mean total dose of 

midazolam (mean±SD) mg
Mean total dose of 

fentanyl (mean±SD) ug
DL 1.28±2.3 84.8±30.15
DH 0.87±1.1 83.9±33.8
C 3.88±2.15 144.2±41.56

P=0.000 P=0.011
P=0.382 (P=0.914)

The P value written in brackets denotes the comparison between both 
dexmedetomidine groups. SD – Standard deviation
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significant difference was noted in groups DL and 
DH (P = 0.99). None of the patients had nausea or 
vomiting.

DISCUSSION

MAC is emerging as a special modality by virtue of 
which, procedures that required patients to stay 
overnight in a hospital are now performed safely in 
outpatient suites.[1] It combines IV sedation, anxiolysis 
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Figure 1a: Number of patients requiring midazolam

0

5

10

15

20

25

DL DH C

N
um

be
r o

f P
at

ie
nt

s

Groups

3

2

1

Figure 2a: Ramsay sedation scores in three groups
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Figure 3a: RSS In PACU in three groups
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Figure 1b: Number of patients requiring fentanyl
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Figure 2b: VAS for Pain in three groups
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Figure 3b: VAS In PACU in three groups

and analgesia with local anaesthetic infiltration or nerve 
blocks. Ideally, there should be minimal physiological 
disturbances and recovery should be rapid. American 
Society of Anaesthesiologists recommends continuous 
monitoring of vital signs viz. heart rate, blood pressure 
arterial oxygen saturation, capnography etc.[8] Since, 
there is lack of airway control, proper selection of drugs 
and titration of doses is essential so as to minimize 
respiratory depression.
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Various agents have been used to provide sedation 
during MAC viz. propofol, benzodiazepines and 
opioids.[2,3] Use of propofol was associated with over 
sedation and disorientation, benzodiazepines with 
confusion, opioids with respiratory depression and 
desaturation. Thus, there has been continuous search 
of a safer alternative and alpha2 adrenergic agonist 
clonidine was tried. A newer drug of this class, 
dexmedetomidine provides sedation and analgesia 
without respiratory depression. It has a novel property 
of providing “conscious sedation’’,[4] i.e. patient can be 
aroused any time during the procedure only to go to 
sleep again. The sleep produced by dexmedetomidine 
mimics natural sleep.[9] Moreover, it has an impressive 
pharmacological profile with a shorter half-life (2 h) as 
compared to midazolam (3-4 h) and a wider margin of 
safety.[10] Besides sedation, it also produces analgesia 
via acting on substantia nigra and locus coeruleus.[11] 
All these characteristics make dexmedetomidine an 
ideal agent during MAC.

In this study, dexmedetomidine in two different 
loading doses, was found to be safe and effective for 
sedation and analgesia in patients undergoing surgical 
procedures under MAC. Significantly fewer patients 
in both the groups DL and DH required supplemental 
midazolam or fentanyl for sedation and analgesia 
respectively, the mean total dose of rescue midazolam 
used to achieve or maintain the targeted sedation 
level was significantly lower in both the groups DL 
and DH as compared to group C.[12] Similarly, the 
total rescue dose of fentanyl required in groups DL 
and DH was less than in group C. This may be 
because dexmedetomidine acts at the spinal cord and 
locus coeruleus to produce analgesia and sedation 
thereby reducing the requirement of opioids and 
benzodiazepines respectively. However, no significant 
differences were observed in groups DL and DH. Our 
observations are similar to Candiotti et al.[13]

Desired RSS was achieved in more number of patients in 
groups DL and DH as compared to group C (P = 0.001) 
however, there was no significant difference between 
both the groups DL and DH (P = 0.63) [Figure 2a]. 
Similarly, desired VAS score was achieved in more 
number of patients in groups DL and DH as compared 
to group C (P = 0.0001) which was highly significant 
but there was no difference among groups DL and 
DH (P = 0.99) [Figure 2b]. This finding confirms that 
dexmedetomidine is an effective analgesic which is in 
accordance with studies by Ebert et al. and Dere et al. 
Its analgesic action is probably due to its action at the 

spinal cord and locus coeruleus. Respiratory depression 
was observed in a larger number of patients in group C 
than in groups DL and DH. Bradycardia and hypotension 
were seen in more patients in group DL/DH than group C. 
This was supposed to be due to sympatholytic effects of 
dexmedetomidine. Similar observations were done in a 
study by Anand et al.[14]

In this study, we observed that dexmedetomidine does 
not cause respiratory depression in the recommended 
doses. Similar results were obtained in other studies.[15,16]

Recovery conditions were better in groups DL and 
DH than group C. This may be because lower doses of 
midazolam were required in groups DL/DH. There was 
better patient and surgeon satisfaction in groups DL 
and DH as compared to group C. Similar findings were 
observed by Kumari et al. while comparing midazolam 
and clonidine.[6]

In PACU, greater VAS scores could be achieved in the 
control group than dexmedetomidine groups which 
is contrary to findings by Candiotti et al. This may 
be due to larger doses of fentanyl required for rescue 
analgesia in group C.

Limitations of our study were that a wide variety 
of surgical procedures were included in the study 
and capnography was not used. Moreover, pain is 
a subjective sensation and there can be individual 
variations in terms of pain threshold.

There is a scope for conducting the study with the 
use of Bispectral index monitor and patient controlled 
analgesia.

CONCLUSION

Dexmedetomidine in the doses studied was cfound 
to be a safe and effective sedative and analgesic for 
patients undergoing procedures under MAC, and the 
requirement of fentanyl and midazolam were reduced. 
It does not cause respiratory depression, nausea 
and vomiting in the doses used and provides better 
recovery conditions and better patient and surgeon 
satisfaction. It ameliorates MAC and there are less 
chances of bradycardia and hypotension at 0.5 µg/kg 
dose as compared to a higher loading dose.

REFERENCES

1. Rego M, White PF. Monitored anesthesia care. In: Miller RD, 
editor. Textbook of Ansthesiology. 4th ed. Philadelphia: 



Gupta, et al.: Dexmedetomidine in MAC

159Indian Journal of Anaesthesia | Vol. 58 | Issue 2 | Mar-Apr 2014

Source of Support: Nil, Conflict of Interest: None declared

Churchill Livingstone; 2000. p. 1452-67.
2. Janzen PR, Christys A, Vucevic M. Patient-controlled sedation 

using propofol in elderly patients in day-case cataract surgery. 
Br J Anaesth 1999;82:635-6.

3. Alhashemi JA. Dexmedetomidine vs midazolam for monitored 
anaesthesia care during cataract surgery. Br J Anaesth 
2006;96:722-6.

4. Scholz J, Tonner PH. Alpha2-adrenoceptor agonists in 
anaesthesia: A new paradigm. Curr Opin Anaesthesiol 
2000;13:437-42.

5. Kamibayashi T, Maze M. Clinical uses of alpha2-adrenergic 
agonists. Anesthesiology 2000;93:1345-9.

6. Kumari I, Nathani U, Bedi V, Gupta S, Rajesh G. Comparison 
of clonidine versus midazolam in monitored anesthesia care 
during ENT surgery-A prospective, double blind, randomized 
clinical study. Int J Anesthesiol Pain Manage Intensive Care 
Resusc 2012 206:690-9.

7. http://www.heart.org/HEARTORG/Conditions/Arrhythmia/
Abou tAr r hy t hmia / B r adyca r d i a - S low- He a r t -Ra t e _
UCM_302016_Article.jsp. [Last accessed on 2004 Apr 4].

8. Kaygusuz K, Gokce G, Gursoy S, Ayan S, Mimaroglu C, 
Gultekin Y. A comparison of sedation with dexmedetomidine 
or propofol during shockwave lithotripsy: A randomized 
controlled trial. Anesth Analg 2008;106:114-9.

9. Nelson LE, Lu J, Guo T, Saper CB, Franks NP, Maze M. The 
alpha2-adrenoceptor agonist dexmedetomidine converges on 
an endogenous sleep-promoting pathway to exert its sedative 

effects. Anesthesiology 2003;98:428-36.
10. Ramsay MA, Luterman DL. Dexmedetomidine as a total 

intravenous anesthetic agent. Anesthesiology 2004;101:787-90.
11. Guo TZ, Jiang JY, Buttermann AE, Maze M. Dexmedetomidine 

injection into the locus ceruleus produces antinociception. 
Anesthesiology 1996;84:873-81.

12. Dere K, Sucullu I, Budak ET, Yeyen S, Filiz AI, Ozkan S, et al. 
A comparison of dexmedetomidine versus midazolam for 
sedation, pain and hemodynamic control, during colonoscopy 
under conscious sedation. Eur J Anaesthesiol 2010;27:648-52.

13. Candiotti KA, Bergese SD, Bokesch PM, Feldman MA, 
Wisemandle W, Bekker AY, et al. Monitored anesthesia 
care with dexmedetomidine: A prospective, randomized, 
double-blind, multicenter trial. Anesth Analg 2010;110:47-56.

14. Anand S, Bhatia A, Rajkumar, Sapra H, Gupta V, Mehta Y. 
Dexmedetomidine for monitored anesthesia care in patients 
undergoing liberation procedure for multiple sclerosis: An 
observational study. Saudi J Anaesth 2012;6:358-62.

15. Venn RM, Hell J, Grounds RM. Respiratory effects of 
dexmedetomidine in the surgical patient requiring intensive 
care. Crit Care 2000;4:302-8.

16. Ebert TJ, Hall JE, Barney JA, Uhrich TD, Colinco MD. The effects 
of increasing plasma concentrations of dexmedetomidine in 
humans. Anesthesiology 2000;93:382-94.

Author Help: Online submission of the manuscripts

Articles can be submitted online from http://www.journalonweb.com. For online submission, the articles should be prepared in two files (first 
page file and article file). Images should be submitted separately.

1)  First Page File: 
 Prepare the title page, covering letter, acknowledgement etc. using a word processor program. All information related to your identity should 

be included here. Use text/rtf/doc/pdf files. Do not zip the files.
2) Article File: 
 The main text of the article, beginning with the Abstract to References (including tables) should be in this file. Do not include any informa-

tion (such as acknowledgement, your names in page headers etc.) in this file. Use text/rtf/doc/pdf files. Do not zip the files. Limit the file 
size to 1 MB. Do not incorporate images in the file. If file size is large, graphs can be submitted separately as images, without their being 
incorporated in the article file. This will reduce the size of the file.

3) Images: 
 Submit good quality color images. Each image should be less than 4096 kb (4 MB) in size. The size of the image can be reduced by decreas-

ing the actual height and width of the images (keep up to about 6 inches and up to about 1800 x 1200 pixels). JPEG is the most suitable 
file format. The image quality should be good enough to judge the scientific value of the image. For the purpose of printing, always retain a 
good quality, high resolution image. This high resolution image should be sent to the editorial office at the time of sending a revised article.

4) Legends: 
 Legends for the figures/images should be included at the end of the article file.


