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opioid requirement during surgery. They also decrease 
sympathetic tone causing attenuation of neuroendocrine 

INTRODUCTION

The use of α2 adrenoceptor agonists, clonidine and 
dexmedetomidine, as an anesthetic adjuvant is well 
documented.[1‑3] These drugs are known to have amnesic 
and analgesic properties, therefore, reduce anesthetic and 
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ABSTRACT

Context: Alpha‑2 (α2) adrenergic receptor agonists, clonidine and dexmedetomidine, are widely 
used as adjuvants during anesthesia for analgesic, sedative, sympatholytic, and cardiovascular 
stabilizing effects. Aims: We compared effects of clonidine and dexmedetomidine (as propofol 
adjuvants) on intra‑operative hemodynamics, recovery time, and postoperative cognitive function 
impairment. Subjects and Methods: Forty‑five American Society of Anesthesiologists I and II 
patients, scheduled for laparoscopic cholecystectomy were divided into three groups (n = 15). 
Group C patients received bolus of clonidine 3 μg/kg followed by a continuous infusion; 
Group D patients received dexemedetomidine 1 μg/kg and a continuous infusion; and Group P 
patients received a bolus of normal saline followed by an infusion. Intra‑operative mean arterial 
pressure (MAP) and pulse rate (PR) were measured throughout the surgery. Bispectral index 
was maintained at 55 ± 5 by titrating propofol infusion rate. The time between the interruption of 
anesthesia and eye opening (recovery time) was measured. Cognitive function was assessed 
using short mental status questionnaire at 15, 30, 45, and 60 min postoperatively. Results: The 
sympathetic response to laryngoscopy and extubation on MAP and PR were significantly reduced 
with the use of clonidine and dexmedetomidine (P < 0.05). The recovery was delayed (P < 0.05) 
with both the drug combinations and it was more pronounced with dexmedetomidine (P < 0.05). 
Dexmedetomidine group showed cognitive impairment in a postoperative period lasting up to an 
hour. Conclusions: When co‑administered with propofol, both clonidine, and dexmedetomidine 
attenuate sympathetic response to laryngoscopy and extubation but cause delay in the recovery 
from anesthesia. Dexmedetomidine causes impairment of postoperative cognitive functions.
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and hemodynamic responses to anesthesia and surgery, 
providing greater hemodynamic stability intra‑  and 
postoperatively.[1‑3] The α2 adrenoceptors belong to G‑protein 
coupled family of transmembrane receptors and are present 
at both pre‑  and post‑synaptic autonomic ganglia in the 
central and peripheral nervous systems. Binding of agonists, 
endogenous  (norepinephrine) or exogenous  (clonidine 
and dexmedetomidine), results in G‑protein coupling with 
the inhibition of both adenylyl cyclase and phospholipase 
C activity and subsequent effects.[4]

Both, clonidine and dexmedetomidine are imidazoline 
compounds and act by same mechanism, nevertheless 
there is a difference in the α2 selectivity, dexmedetomidine 
being 8  times more α2 selective than clonidine, has an 
elimination half‑life, which is 4 times less and distribution 
half‑life, which is 2  times less than clonidine making 
dexmedetomidine more desirable for continuous infusion.[4] 
Although providing a good hemodynamic control both the 
drugs, however, have been seen to prolong recovery from 
anesthesia when used along with propofol, and, in addition, 
dexmedetomidine has been reported to affect the cognitive 
function after an infusion in healthy volunteers, a property 
which is not observed with the use of clonidine at low‑dose 
infusions.[5‑8] There are no studies comparing this property 
of the two drugs. Therefore, the purpose of this study was 
to compare the effects of clonidine and dexmedetomidine 
on intra‑operative hemodynamics, recovery time, and 
postoperative cognitive function impairment when 
administered as propofol adjuvants.

SUBJECTS AND METHODS

Study design
We designed a randomized, double‑blinded, control study 
to evaluate the effects of clonidine and dexmedetomidine 
(as propofol adjuvants) on intra‑operative hemodynamics, 
recovery time, and postoperative cognitive function 
impairment.

Patient demographics ‑ inclusion and exclusion 
criteria
After obtaining an Institutional Ethical Committee 
approval and individual written informed consent, 45 
adult, American Society of Anesthesiologists (ASA) grade I 
and II patients, of both genders, undergoing laparoscopic 
cholecystectomy were included in the study. All the patients 
were assessed for eligibility and were explained about the 
study protocol and the questions they were going to be asked 
in the postoperative period. Using sealed opaque envelopes 
patients were randomly divided into three groups (15 subjects 
in each group). Group P ‑ patients received propofol and 

saline infusion; Group  C  ‑  patients received propofol 
and clonidine infusion; and Group D ‑ patients received 
propofol and dexmedetomidine infusion. Both patients and 
anesthesiologists were blinded to the administered drug. 
Patients older than 50 years, on β blockers, taking asthma 
treatment, allergic to any drug, with any degree of heart 
block or with a history of psychiatric illness, pregnant, and 
lactating females were excluded from the study.

Patient drug treatment
Patients received oral lorazepam 2 mg, the night and the 
morning before the surgery along with oral ranitidine 
150  mg. On arrival in the operation theater after the 
establishment of intravenous (IV) and monitoring lines, all 
patients were given IV injection glycopyrrolate 0.2 mg and 
injection ondensetron 4 mg. Group C patients received an 
initial bolus dose of clonidine 3 μg/kg over 15 min followed 
by a continuous infusion of 1.5 μg/kg/h, Group D patients 
received dexemedetomidine 1 μg/kg over 15 min followed 
by a continuous infusion of 0.6 μg/kg/h, and Group  P 
patients received a bolus of normal saline over 15 min at 
the same rate followed by an infusion, by the researcher. 
After the bolus dose patients were induced with IV propofol 
2  mg/kg given by the anesthesiologist in a separate IV 
line, to facilitate intubation IV rocuronium 0.6 mg/kg was 
administered, and for analgesia IV fentanyl 2 μg/kg was 
given. All the patients were given diclofenac suppository 
2 mg/kg per rectally after the induction.

Anesthesia maintenance/management during and 
postsurgery
Maintenance of anesthesia was done with propofol infusion 
along with N2O: O2 (60:40). Propofol was started at 3 mg/kg/h 
and then titrated to maintain bispectral index (BIS) of 
55  ±  5. Intermittent doses of rocuronium were given to 
maintain muscle relaxation after every 20 min or on the 
return of spontaneous respiration, whichever was earlier. 
Electrocardiography, pulse rate  (PR), oxygen saturation, 
end‑tidal CO2 were continuously measured, and mean arterial 
pressure (MAP) was measured every 5 min. A decrease in 
MAP >20% was intervened with injection mephentermine 
3–6 mg and IV fluid boluses, bradycardia (PR <40/min) was 
intervened with injection atropine 0.6 mg.

At the end of surgery, both the infusions and N2O flow were 
stopped. Before stopping the infusion, it was made sure that 
at least 30 min have passed since the last dose of muscle 
relaxant. Patients were called by name and asked to open their 
eyes. Time from stopping of infusion to making an attempt to 
open the eyes was noted. After which neuromuscular block 
was reversed with neostigmine 0.05 mg/kg and glycopyrrolate 
0.02 mg/kg and patient was extubated and shifted to the 
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recovery room. Assessment of cognitive function was done 
using short mental status questionnaire (SMSQ) test,[9] which 
was modified slightly to suit our requirements, at 15, 30, 
45, and 60 min after extubation [Tables 1 and 2]. Propofol 
required to maintain the BIS of 55 ± 5 was noted as mg/kg/h 
at every 15 min, and an average was calculated.

Statistical analysis
Samples were taken on the basis of frequency of patient visit 
in the hospital. A total of 15 patients in each group provided a 
confidence level of 95% with a confidence interval ranging 1–15. 
Paired Student’s t‑test was performed to assess the difference 
between arterial pressure and PR variation during surgery 
within each group, and Unpaired Student’s t‑test was used to 
measure difference of arterial pressure and PR variation, recovery 
time, and propofol requirement between the three groups. 
Significance was established at P < 0.05. The Chi‑square test was 
performed to assess the difference in cognitive function between 
different groups, and P < 0.05 was considered significant.

RESULTS

All three groups were comparable regarding patients’ age, 
weight, sex ratio, ratio of ASA grade I and II, and duration 
of surgery [Table 3].

Effect of clonidine and dexmedetomidine on 
intra‑operative hemodynamics
When preoperative arterial pressure and PRs were compared 
with arterial pressure and PR during laryngoscopy, 
pneumoperitoneum  (PP 10  min), and extubation; a 
statistically significant increase in the MAP was observed for 
Group P, whereas, the increase was not significant for Group C 
and D [Table 4 and Figure 1a]. There was a significant increase 
in the PR in Group P during laryngoscopy, (PP 10 min) and 
extubation where as a decrease was found in Group C and 
Group D [Table 4 and Figure 1b].

When preoperative arterial pressure and PRs were compared 
between Group P, Group C, and Group D, no significant 
difference was observed for both parameters. However, when 

Table 1: Short mental status questionnaire[9]

Question number Question
1 What is your full name?
2 What is your full address?
3 What year is this?
4 What month is this?
5 What day of the week is this?
6 How old are you and date of birth?
7 What is the name of the PM of India?
8 When is our Independence day?
9 Remember these three items (e.g., almirah, 

bed, table, and asked to repeat after some time
10 Count backward from 20-1
11 Repeat the items told

Table 2: Short mental status questionnaire 
(interpretation)[8]

Number of errors Cognitive function
0-2 errors Normal mental functioning
3-4 errors Mild cognitive impairment
5-7 errors Moderate cognitive impairment
>7 errors Severe cognitive impairment

Table 3: Demographics of the patients recruited for the 
study
Parameters Group P Group C Group D
n 15 15 15
Age (years) 36±8 38±7 35±9
Weight (kg) 58±10 63±8 59±9
Sex (male/female) 4/11 6/9 5/10
ASA I/II 11/4 12/3 10/5
Duration of surgery (min) 90±25 95±20 90±30
Data presented either as mean±SD or numbers. SD: Standard deviation, 
ASA: American Society of Anesthesiologists

Table 4: Comparison of MAP and PR variation during surgery within each group
MAP

Group Preoperative Laryngoscopy P CI Pneumoperitoneum P CI Extubation P CI
Group P 92.9±4.9 114.53±0.78 <0.000* −16.1- −6.8 104±6.9 <0.000* −23.4 - −14.6 118.73±7.6 <0.000* −28.2 - −19.3
Group C 94.93±8.1 98.73±6.7 >0.05 −7.6-2.4 85±5.4 >0.05 −7.8-8.3 98.50±7.01 >0.05 −6.9-1.9
Group D 95.46±3.33 98.66±6.14 >0.05 −9.8-1.4 85±1.9 >0.05 −13.4-9.5 98.73±6.22 >0.05 −4.5-2.4

PR
Group P 80.13±7.49 108.4±3.22 <0.000* −26.5 - −16.7 100±5.3 <0.000* −26.9 - −12.4 113.93±13.12 <0.000* −29.2 - −22.4
Group C 87.86±11.5 77.0±13.13 <0.05* −7.5 - −0.01 79±3.6 >0.05 −11.6-9.7 75.4±7.88 <0.001* −13.7 - −4.2
Group D 85.2±9.54 74.13±13.55 <0.001* −12.8 - −4.8 70±7.8 >0.05 −14.8-9.5 74.8±13.4 <0.05* −10.9 - −6.45
Data presented as mean±SD. MAP: Mean arterial pressure, PR: Pulse rate, CI: Confidence interval, SD: Standard deviation

arterial pressure and PR variation were compared during 
laryngoscopy, (PP 10 min) and extubation between three 
groups a statistically significant difference was observed, 
when Group P was compared to Group C, as well as when 
Group P was compared with Group D [Table 5]. In both drug 
combinations, arterial pressure and PR were significantly 
lower as compared to propofol alone. Although when both 
these parameters were compared between Group  C and 
Group D there was no significant difference [Table 5].
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Effect of clonidine and dexmedetomidine on 
anesthetic requirement and recovery time
Propofol requirement was reduced by 45% and 40% 
with simultaneous administration of clonidine and 
dexmedetomidine, respectively, which was statistically 
significant compared to propofol [Table 6 and Figure 2a]. 
The recovery time  (time required to respond to verbal 
commands) in propofol group was 556 ± 117.5 s, which 
was significantly shorter than the other two groups. In 
Group C, the recovery time was 662 ± 236.72 s, which 
was significantly shorter than Group  D group where 
the recovery was most prolonged with 1288 ± 276.46 s 
[Table 6 and Figure 2b].

Effect of clonidine and dexmedetomidine on 
postoperative cognitive function impairment
On assessing the cognitive functions, it was observed that 
73% patients in Group P and 66% patients in Group C had 
normal cognitive functions at 15 min while at 30 min 100% 
of the patients in both the groups had regained normal 
cognition [Figure 3]. Whereas, in Group D 100% patients till 
30 min had a moderate degree of cognition impairment and 
in around 50% of the patients it persisted for up to 45 min. 
However, at 60 min almost all the patients in all the three 
groups had regained normal cognition including 100% in 
Group P and Group C and 66% in Group D [Figure 3]. There 
is no statistically significance difference between Group P 
and Group  C at any time point. However, a comparison 
between either Group P or Group C with Group D revealed 
a statistically significant difference in normal cognition 
at each time point till 45 min. However, no statistical test 
could be applied at 60 min time point as by this time most 
of the patients in all the three groups have regained normal 
cognitive functions [Table 7 and Figure 3].

DISCUSSION

Dexmedetomidine has been used extensively intravenously 
with the recommended bolus dose of 1 μg/kg followed by 
an infusion ranging from 0.2 to 0.7 μg/kg/h.[10,11] There 
is a paucity of studies, which have compared the dose 
equivalence of clonidine and dexmedetomidine. Hence, 
the dose of clonidine was selected on the basis of previous 
studies, which have sorted out the its most effective dose 
of for intra‑operative use.[12‑14] The dose of clonidine was 
considered equipotent to that of dexmedetomidine. Rapid 
administration of both clonidine and dexmedetomidine 
can lead to bradycardia and hypotension, so the bolus dose 
was administered over a period of 15 min followed by the 
infusion.[10,13]

Both clonidine and dexmedetomidine give intra‑operative 
hemodynamic stability, which has been investigated in 

Table 5: Comparison of MAP and PR between the three groups at various time points
MAP

Group Preoperative CI Laryngoscopy CI Pneumoperitoneum CI Extubation CI
Group P with Group C P>0.05 7.0-3.0 P<0.05* 10.4-21.2 P<0.05* 8.8-22.5 P<0.05* 9.4-20.3
Group P with Group D P>0.05 −5.6-0.60 P<0.05* 8.3-19.5 P<0.05* 9.3-19.7 P<0.05* 10.3-19.9
Group C with Group D P>0.05 −5.2-4.1 P>0.05 −7.0-3.3 P>0.05 −7.2-4.5 P>0.05 −4.2-4.8

PR
Group P with Group C P>0.05 −5.6-1.2 P<0.05* 24.2-38.5 P<0.05* 19.2-27.8 P<0.05* 30.4-46.6
Group P with Group D P>0.05 −4.7-0.12 P<0.05* 26.9-41.6 P<0.05* 21.8-51.7 P<0.05* 29.1-49.0
Group C with Group D P>0.05 −1.2-5.1 P>0.05 −7.1 - −12.8 P>0.05 −6.9-13.8 P>0.05 −7.6 - −8.8
MAP: Mean arterial pressure, PR: Pulse rate, CI: Confidence interval

Figure 1: Variation of mean arterial pressure (MAP) and pulse rate (PR) during 
surgery. (a) Variation of MAP during surgery, hypertensive response during 
laryngoscopy, and extubation in Group P was significantly higher when compared 
to preoperative values (b) variation of PR during surgery, PR during laryngoscopy, 
and extubation was significantly higher in Group P; and significantly lower in 
Group C and D when compared to preoperative values

b

a
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many studies before.[10,11,15] They act presynaptically to 
attenuate norepinephrine release and postsynaptically 
to inhibit sympathetic activity causing a decrease in PR 
and blood pressure.[11] This property of clonidine and 
dexmedetomidine has been evaluated in many studies 
previously all showing similar and replicable results.[10,15] 
In the present study, we observed that both the drugs 
cause a decrease of MAP and PR, which is favorable during 
laparoscopic cholecystectomy. The decrease in MAP and 
PR after both the drugs were administered of similar 
magnitude with no added advantage of more selective 
agonist dexmedetomidine over clonidine. Our results are 
in concert with the results of Taittonen et al.,[15] where it is 
reported that both clonidine and dexmedetomidine provide 
similar metabolic and hemodynamic effects.

Hypotension and bradycardia are the major side effects 
of α2 agonists.[16,17] In the present study, one patient in 
Group  C and 2  patients in Group  D experienced brief 
periods of bradycardia during insufflation, which responded 
promptly to atropine without any need for interruption 
of either clonidine or dexmedetomidine infusion. The 
requirement of propofol to maintain the similar level of BIS 
score was reduced significantly with clonidine (45%) and 

dexmedetomidine (40%) compared to the control group. 
The results are consistent with previous studies showing 
a reduction in the requirement of maintenance dose of 
propofol with concomitant use of clonidine (20–40%) and 
dexmedetomidine  (30–50%).[3,6,18‑20] The sedative effect 
of α2 agonists is mediated through the locus ceruleus 
in the brain stem, where they decrease sympathetic 
outflow and increases parasympathetic outflow.[4] As the 
mechanism for producing the sedative effect is different 
from propofol, there is a possible synergism upon combined 
administration of α2 agonists and propofol with respect to 
their sedative effects. The propofol sparing effect of clonidine 
and dexmedetomidine may be beneficial for reducing the 

Table 6: Average propofol requirement during surgery in 
each group and recovery time (time from the stoppage 
of drug to making an attempt to eye opening)

Propofol infusion 
rate (mg/kg/h)

Time of eye 
opening (s)

Group P 3.50±0.5 556±117.5
Group C 1.94±0.44 662±236.72
Group D 2.1±0.42 1288±276.46
Data presented as mean±SD. SD: Standard deviation

Table 7: Comparison of number of patients regained 
normal cognition between the three groups at different 
time points
Time Groups P
15 min Group P with Group C 0.909

Group P with Group D 0.0001*
Group C with Group D 0.0001*

30 min Group P with Group C -
Group P with Group D 0.0001*
Group C with Group D 0.0001*

45 min Group P with Group C -
Group P with Group D 0.0001*
Group C with Group D 0.0001*

60 min Group P with Group C -
Group P with Group D -
Group C with Group D -

Figure 2: Comparison of anesthetic infusion rate and recovery time between 
Group P, C, and D. (a) Propofol infusion rate was highest in Group P and it 
significantly lower in Group C and D compared to group P (b) patients in group 
D took the longest time to regain normal cognition, which was significantly higher 
than Group P and C. Recovery time in Group C was also significantly higher 
when compared to Group P

b

a
Figure 3: Number of patients with normal cognitive functions in Group P, C, 
and D at different time points. At 30 min, all the patients in Group P and C had 
regained normal cognition, and none in Group D were showing normal cognitive 
functions. Till 60 min, only 10 patients were showing normal cognitive function 
in Group D, and 5 were still displaying improper cognition
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propofol dosage and hence avoiding adverse effects mainly 
including myocardial depression, metabolic acidosis, and 
impaired platelet aggregation.[21]

The time of eye opening (recovery time) was significantly 
prolonged in patients receiving clonidine compared 
to propofol alone. The delayed recovery was further 
significantly higher in patients receiving dexmedetomidine 
compared to those receiving propofol with clonidine, 
as well as those receiving propofol alone. The delayed 
recovery with dexmedetomidine as propofol adjuvant is 
consistent with previous reports.[5] With clonidine however 
contrasting results have been documented. Goyagi et al.[6] 
and Higuchi et al.[19] have reported a delayed emergence, 
which is supportive of the findings observed in the present 
study on the other hand Bellaïche et  al.[22] have found 
no delay with the use of clonidine in the propofol based 
anesthesia. Such discrepancy in results among studies 
might arise due to different clonidine doses administered 
and the presence or absence of premedication in the control 
patients. However, in the previous studies, clonidine was 
used as premedication oral or IV before induction and not 
as an infusion during the surgery. A striking finding of the 
present study, is that, the delay in recovery is much more 
evident with dexmedetomidine compared to clonidine 
suggesting an explanation involving α2 receptor selectivity 
and pharmacodynamics of the drug.

Postoperative impairment of cognition, as judged by SMSQ, 
was impaired to a moderate degree in the dexmedetomidine 
group. In clonidine group, only 40% patients had mild 
impairment of cognition at 15 min and all the patients had 
normal cognition at 30 min. On the other hand, not only the 
dexmedetomidine group had a moderate degree of impaired 
cognition, it took almost an hour for the full recovery of 
cognition. Hall et al.[7,8] have evaluated the effect of clonidine 
and dexmedetomidine on cognitive function on healthy 
subjects in two different studies. In one study, it was reported 
that clonidine infusion up to 2 μg/kg/h for 60 min did not 
cause an impairment of cognitive functions in healthy 
subjects, a significant impairment was observed at 4 μg/kg/h 
infusion (plasma concentration above 1.5 ng/ml).[8] Small 
dose dexmedetomidine infusion, on the other hand, caused 
an impaired performance on cognition testing, which lasted 
for at least 1 h after termination of infusion.[7]

A similar finding has been reported by Bustillo et al.,[23] where 
dexmedetomidine infusion was used for sedation during 
embolization of cerebral arteriovenous malformations and 
found that although patients were awake and following simple 
commands 10 min after the discontinuation of the infusion 

of dexmedetomidine, they were unable to undergo cognitive 
testing even after 45 min of discontinuation. Although it 
has been reported that dexmedetomdine affects complex 
cortical processing, the cause of cognitive impairment is 
unknown. One possibility suggested by Bustillo et  al.[23] 
is that dexmedetomidine enters cerebrospinal fluid (CSF) 
reaching 4% ± 1% of the plasma concentration peaked 
in CSF 2–10 min after the end of infusion and remained 
elevated up to 45 min. In the present study, therefore, very 
well demonstrates the difference in the effect of clonidine 
and dexmedetomidine as propofol adjuvants on the cognitive 
functions, thereby, providing valuable information regarding 
their use as anesthetic adjuvants especially in elderly patients 
where postoperative cognitive dysfunction is very common, 
and in situations where there is a need to perform cognitive 
functions intra‑operatively such as during certain types 
of neurosurgical  (awake craniotomy) and interventional 
neuroradiologic procedures.

Although, the present study was very convincingly compares 
the various effects of using clonidine and dexmedetomidine as 
propofol adjuvant, however, there are certain limitations. First, 
owing to its long elimination half‑life clonidine is not being 
used for continuous sedation, and although it has been used as 
a continuous infusion in different studies, there is no consensus 
on applied dose regimen for infusion. Second, the plasma 
concentrations of the drugs were not measured therefore, 
no comments on the pharmacokinetic interactions could be 
made. Third, propofol was administered using a manually 
controlled infusion rather than the recommended target 
controlled infusion. Furthermore, the recovery assessment was 
done only by a verbal stimulus, which was not standardized, 
and the cognitive function assessment test scale that was used 
was very simple which did not provide a numerical value.

CONCLUSION

Our study, thus, demonstrates that the use of α2 agonists 
provide hemodynamic stability by reducing the sympathetic 
response to laryngoscopy and extubation, and have 
a propofol‑sparing effect, however, both drugs delay 
emergence from propofol based anesthesia suggesting that 
propofol sparing effect is not associated with faster recovery. 
Cognitive impairment was also observed, when both drugs 
were used as adjuvants. Dexmedetomidine infusion at the 
recommended dose impairs cognitive functions, which do 
not improve even after 45 min of discontinuation. Clonidine 
at the dose of 3 mcg/kg bolus followed by an infusion of 
1.5  mcg/kg/h provides good intra‑operative conditions, 
without much affecting the cognitive functions, needs 
further evaluation.
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