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Abstract 
Background: Sympathetic responses to laryngoscopy and pneumoperitoneum during laparoscopic 
cholecystectomy causes tachycardia, hypertension and higher requirement for analgesics. 
Aim: The aim was to compare the impact of low dose IV dexmedetomidine on the intraoperative hemodynamic 
stability, recovery profile, and postoperative analgesia. 
Methods: 80 ASA I-II adults were randomized to dexmedetomidine 0.5 microgram/kg loading dose and then 
infusing it at 0.4 microgram/kg/hr (n = 40) or normal saline placebo (n = 40). Heart rate, mean arterial pressure, 
recovery variables, pain score, requirement for tramadol and occurrence of adverse events were obtained. 
Results: Dexmedetomidine reduced mean intraoperative heart rate (72.8 +/- 7.9 versus 86.5 +/- 10.4 beats/min, 
p<0.001) and peak mean arterial pressure after pneumoperitoneum (91.4 +/- 8.6 versus 105.7 +/- 10.9 mmHg, 
p<0.001). It was modestly longer to extubate (8.1 +/- 2.4 vs. 6.7 +/- 2.1 min, P=0.007) and Aldrete score at 30 
min was similar. VAS at 2 hours and 24-hour tramadol consumption were significantly lower (78.5 +/- 32.4 
versus 146.0 +/- 48.8 mg, p<0.001). 
Conclusion: Low dose dexmedetomidine led to greater hemodynamic stability, better postoperative analgesia, 
and no clinically significant delay in early recovery. 
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Introduction 

The use of CO₂ pneumoperitoneum during 
laparoscopy causes sympathetic stimulation and 
hemodynamic changes, which is the reason 
laparoscopic cholecystectomy is widely performed, 
while this minimizes the size of the incision, 
hospital stay and postoperative morbidity. 
Manipulation of the larynx, intubation, and 
insertion of trocars and insufflation of the 
peritoneum can lead to tachycardia and 
hypertension and thus raise myocardial oxygen 
demand [2]. These can be clinically significant in 
seemingly healthy patients when sudden changes 
necessitate rescue drugs or further anesthesia. 

Dexmedetomidine is a specific alpha-2 adrenergic 
agonist that has sedative, sympatholytic and opioid-
sparing properties [3]. This reduces the central 
sympathetic outflow, lowers catecholamine release 
and offers an analgesic sparing effect, with little 

direct action on respiration [4]. Due to these 
features it is considered to be a valuable addition 
during laparoscopy surgery where stable 
hemodynamics and fast recovery are desired [5]. 
There are some randomized studies that have tested 
dexmedetomidine in the setting of laparoscopic 
cholecystectomy, although doses differ 
significantly [6,7]. Very low doses may not be 
effective at inhibiting the stress response, while 
higher doses could lead to greater sedation and 
bradycardia. Thus, the need for a clinically 
relevant, practical low dose regimen is still 
relevant. 

Laparoscopy induced hemodynamic responses are 
multi-factorial. The effects of carbon dioxide 
insufflation are: intra-abdominal pressure, venous 
return, neuroendocrine stress pathways, and 
increasing circulating catecholamines. These 
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changes can be acceptable in healthy adults but not 
in those with hypertension or poor cardiac reserve 
[8]. Dexmedetomidine is anxiolytic, analgesic 
sparing and sympatholytic in one. It does not 
typically result in dose-dependent respiratory 
depression, as opposed to large boluses of opioids, 
and it can provide a hemo-stable patient without 
producing a significant delay of orientation when 
compared to deep inhalational anesthesia. 
However, overdose can result in bradycardia, 
hypotension and extended sedations [9]. 

This study assessed the effect of low dose of IV 
dexmedetomidine on the hemodynamic stability 
and recovery profile in adult patients undergoing 
elective laparoscopic cholecystectomy. 
Hemodynamic stability was the primary objective 
whilst extubation time, Aldrete score, pain and 
rescue analgesia and adverse events were 
secondary objectives. 

Materials and Methods 

The study was a prospective, randomized 
controlled trial. Patients (aged 18-60 years) with 
American Society of Anesthesiologists (ASA) 
physical status I-II, undergoing elective 
laparoscopic cholecystectomy under general 
anesthesia, were included. Conduction abnormality, 
baseline heart rate < 55 beats per minute, 
uncontrolled hypertension, ischemic heart disease, 
hepatic or renal dysfunction, pregnancy and 
chronic opioid therapy were all considered 
exclusion criteria. 

Patients were randomly allocated by computer 
generated allocation to Group D, who received the 
drug dexmedetomidine (0.5 micrograms/kg in a 10-
minute infusion just prior to induction) followed by 
0.4 micrograms/kg/hour until skin closure. Normal 
saline, matched for volume, was given to group C. 
Patients and the evaluators of the outcome were 
blinded and the syringes were alike. 

Standard monitoring, glycopyrrolate, ondansetron 
and fentanyl were given to all patients. Propofol 
and vecuronium were used for induction and 
oxygen-air-sevoflurane were used for maintenance. 
The pressure of pneumoperitoneum was kept at 12-
14 mmHg. Baseline, post-study infusion, post 
intubation, post pneumo and at 15-minute intervals 
throughout the operation, and post extubation and 
post anesthesia care unit. 

The depth of anesthesia was adjusted using clinical 
signs, hemodynamic response and end-tidal 
sevoflurane concentration. If there was any 
increase in heart rate or mean arterial pressure 
greater than 20% above baseline after removing 
light anesthesia or hypercarbia, additional fentanyl 
0.5 microgram/kg was permitted. Bradycardia and 
hypotension were treated based on pre-established 
guidelines. Post-op pain was measured at 0, 1, 2, 6, 

12 and 24 hours by a 10cm VAS. VAS was 4 or 
more at which point rescue tramadol was given. 
The sedation level was measured with a four-point 
scale and the readiness to be discharged from the 
recovery room was measured with the modified 
Aldrete score. Patient identification was kept 
confidential by assigning coded study numbers and 
the data base analyzed did not contain any patient 
identifiers. The protocol used was consistent with 
the standard of perioperative monitoring and was 
not withheld any treatment deemed necessary for 
patient safety. 

The sample size was determined to achieve 
sufficient power for the primary outcome measure 
and feasibility in a single center prospective study. 
Distribution of the continuous variables were 
evaluated prior to comparison. Normally 
distributed data were presented as mean ± standard 
deviation, medians with interquartile ranges as 
appropriate and numbers and percentages for 
categorical data. 

All adverse events were pre-defined to ensure 
consistency in their capture. Rescue treatment was 
administered as per institutional procedures and not 
to the investigators' choosing. A p value of < 0.05 
was regarded as statistically significant and all 
analyses were carried out in a two-sided fashion. 

The study infusion began prior to induction in order 
to ensure that the loading dose had been completed 
prior to laryngoscopy. This time point was chosen 
to examine the response to pneumoperitoneum and 
the intubation response. Maintenance infusion was 
discontinued at skin closure to allow for the 
maintenance of the intraoperative effect without 
any unnecessary postoperative sedation. End-tidal 
carbon dioxide was maintained within a target 
range by adjusting minute ventilation. This was 
important as hypercarbia was a separate factor 
capable of elevating sympathetic tone and masking 
the hemodynamic response to pneumoperitoneum. 
Intra-abdominal pressure was also standardized as 
much as possible and any increase over the planned 
range was recorded. 

The time based and score based endpoints were 
used as recovery endpoints. Emergence speed by 
the time to eye opening and extubation were used 
to measure time to eye opening and extubation, and 
functional readiness in the recovery area was 
evaluated using the modified Aldrete score. This 
was significant since a longer extubation time may 
not be clinically indicative of delayed recovery and 
vice versa. 

Results 

All 80 randomized patients completed the study. 
Demographic variables, ASA status, duration of 
surgery and duration of pneumoperitoneum were 
comparable between groups. Baseline heart rate 
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and mean arterial pressure were similar, indicating 
balanced randomization. The dexmedetomidine 
group showed significantly lower heart rate and 
mean arterial pressure after intubation, after 
pneumoperitoneum and during maintenance. Mean 
intraoperative heart rate was 72.8 +/- 7.9 beats/min 
in Group D and 86.5 +/- 10.4 beats/min in Group 
C. Peak mean arterial pressure after 
pneumoperitoneum was significantly lower in 
Group D. The hemodynamic attenuation was 
apparent from the post-intubation period and 
persisted during pneumoperitoneum. The control 
group showed a sharper rise in heart rate and 
pressure after intubation, whereas Group D 
maintained values closer to baseline. Rescue 
antihypertensive therapy was required in 11 control 
patients compared with only 2 dexmedetomidine 
patients. 

Time to extubation and eye opening were modestly 
longer in the dexmedetomidine group, but modified 
Aldrete score at 30 minutes was similar. No patient 
had respiratory depression or required 
postoperative ventilatory support. Recovery room 
discharge readiness was therefore not clinically 
delayed. Postoperative analgesic benefit was 
evident during early recovery. At 2 hours, mean 
VAS was 3.1 +/- 1.0 in Group D and 5.0 +/- 1.2 in 
Group C. Time to first rescue analgesia was 

prolonged, and 24-hour tramadol consumption was 
significantly reduced in the dexmedetomidine 
group. Bradycardia occurred in three patients in 
Group D and one patient in Group C; all episodes 
were manageable. The requirement for additional 
fentanyl was lower in the dexmedetomidine group, 
although fentanyl supplementation was allowed by 
protocol in both groups. This supported the 
analgesic-sparing effect of the infusion during 
surgical stimulation. Sevoflurane concentration 
requirements were also numerically lower in the 
dexmedetomidine group during 
pneumoperitoneum, but this was not treated as a 
formal endpoint. Post-extubation hemodynamics 
were smoother in the dexmedetomidine group. 
Fewer patients had coughing with a hypertensive 
response at emergence. The difference was 
clinically noticeable but was not included in the 
predefined primary endpoint; therefore, it was 
interpreted descriptively. 

Sedation scores were slightly higher in the 
dexmedetomidine group during the first 15 minutes 
after arrival in the recovery area. By 30 minutes, 
most patients were awake, cooperative and able to 
maintain oxygen saturation without airway 
assistance. No patient required reversal beyond 
routine neuromuscular blockade reversal. 

 
Table 1: Baseline and operative characteristics 

Variable Dexmedetomidine (n=40) Control (n=40) p-value 
Age (years) 39.6 +/- 10.5 41.1 +/- 9.8 0.51 
Male/Female 16/24 18/22 0.65 
BMI (kg/m2) 25.8 +/- 3.2 26.1 +/- 3.5 0.69 
ASA I/II 22/18 20/20 0.65 
Duration of surgery (min) 61.5 +/- 14.8 63.2 +/- 15.1 0.61 
 

Table 2: Hemodynamic variables 
Variable Dexmedetomidine Control p-value 
Baseline HR (beats/min) 82.4 +/- 9.6 83.1 +/- 10.2 0.75 
Mean intraoperative HR 72.8 +/- 7.9 86.5 +/- 10.4 <0.001 
Peak MAP after intubation (mmHg) 94.2 +/- 9.1 109.8 +/- 11.6 <0.001 
Peak MAP after pneumoperitoneum 91.4 +/- 8.6 105.7 +/- 10.9 <0.001 
Need for rescue antihypertensive 2 (5.0%) 11 (27.5%) 0.006 
 

Table 3: Recovery and postoperative outcomes 
Outcome Dexmedetomidine Control p-value 
Extubation time (min) 8.1 +/- 2.4 6.7 +/- 2.1 0.007 
Aldrete score at 30 min 9.3 +/- 0.6 9.2 +/- 0.7 0.49 
VAS at 2 h 3.1 +/- 1.0 5.0 +/- 1.2 <0.001 
Time to first analgesia (h) 6.4 +/- 2.1 3.2 +/- 1.5 <0.001 
Tramadol in 24 h (mg) 78.5 +/- 32.4 146.0 +/- 48.8 <0.001 
PONV within 24 h 4 (10.0%) 10 (25.0%) 0.08 
 

Discussion 

In this randomized study, the authors found that the 
use of dexmedetomidine via the IV route was 
helpful in significantly reducing the hemodynamic 

responses to intubation and pneumoperitoneum 
during elective laparoscopic cholecystectomy. The 
sympatholytic effect was observed as a decrease in 
the heart rate during the operation and a decrease in 
the peak mean arterial pressure that is consistent 
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with the action of alpha-2 adrenergic pharmacology 
[10]. The results are consistent with other studies 
reporting that dexmedetomidine has effects which 
decrease pressor responses to pneumoperitoneum 
and offer smoother conditions during the surgical 
procedure [11]. Advantage: If onset of arrhythmia 
and/or hypertension is sudden, the myocardial 
oxygen demand can increase, which may make 
anesthetic management more difficult. 

Dexmedetomidine also provided better 
postoperative analgesia. Patients taking the drug 
scored lower on pain levels, delayed first rescue 
dosage of analgesic and consumed less tramadol 
during the 24-hour period. The same opioid-sparing 
properties have been reported for infusion of 
dexmedetomidine during laparoscopy [12]. This 
effect may be partly attributed to lower exposures 
to opioids in the dexmedetomidine group, which 
led to lower rates of PONV. 

An important finding was that there was no 
clinically important delay in recovery from 
improved hemodynamic control. Extubation time 
was slightly longer but not significantly longer. The 
functional recovery score at 30 minutes was similar 
and none of the patients had respiratory depression 
or excessive sedation [13]. 

Finding the proper dose is a key part of safe use. 
Increased loading doses may result in a more 
profound sedation and bradycardia. The lower 
loading dose chosen here was done to minimize 
any adverse effects and maintain sympatholysis. 
Based on these findings, it was concluded that low 
dose infusion can be used in balanced anesthesia 
provided that the patient is screened for conduction 
abnormalities and severe bradycardia [14]. 

There are limitations to the trial. It involved ASA I-
II patients undergoing elective procedures and 
should not be directly applied to elderly, frail or 
high-risk cardiac patients. Plasma catecholamines, 
inflammatory markers and objective nociception 
indices were not measured. The study also had no 
comparisons with esmolol, magnesium sulfate or 
remifentanil. Individual dose, quality of recovery 
scores, discharge time, cost analysis, satisfaction 
should be studied in the future. To establish the 
hemodynamic and analgesic effects seen here to be 
associated with better enhanced recovery, 
multicenter trials would be useful. 

The study shows that appropriate selection of a 
dosage that allows for sympatholysis without 
excessive prolonged sedation is important. Higher 
doses of dexmedetomidine have a biphasic 
hemodynamic effect and rapid loading may lead to 
hypertension followed by bradycardia. These 
undesirable responses may be minimized by slow 
administration and moderate doses. The findings 
also validate the idea of opioid-sparing balanced 

anesthesia. Commonly associated with shoulder-tip 
discomfort, visceral pain and port-site pain are 
common symptoms of laparoscopic 
cholecystectomy. Dexmedetomidine is not an 
alternative to every analgesic but can help to 
decrease the amount of opioids needed 
intraoperatively and in the early postoperative 
period when used in combination with paracetamol 
and local medication. 

A short delay in extubation in recovery should be 
weighed against the advantages of those 
hemodynamic and analgesic benefits. Any 
difference of around 1 to 2 minutes would not 
matter if the airway reflexes and oxygenation and 
recovery scores are maintained. When assessing 
endpoints of recovery, it is important to 
differentiate statistical significance from clinical 
significance. The adverse event profile was 
satisfactory. Bradycardia occurred more often with 
dexmedetomidine, but was rare and easily treated. 
The drug should be used with caution in patients 
with conduction disease, untreated hypovolemia, 
severe ventricular dysfunction and untreated 
baseline bradycardia. 

Another practical thought is when to administer 
rescue medication. In controls, rescue analgesics 
were frequently needed shortly after transfer to 
recovery when nausea and sedation may present a 
challenge for assessment. By contrast, the 
dexmedetomidine group had fewer early nursing 
interventions due to delayed requirements for 
analgesia. The trial also indicates that use of 
dexmedetomidine may enhance emergence quality. 
The patient requiring urgent treatment for 
hypertension or tachycardia at extubation is less 
likely to have smoother hemodynamics during 
extubation. This is helpful once laparoscopy has 
been performed, as coughing and straining can 
make the wound uncomfortable and raise the blood 
pressure. 

The study did not assess inflammatory markers but 
a decrease in sympathetic response could have 
broader implications. Surgical stress response is 
related to hyperglycemia, release of 
Catecholamines and increase in demand for 
oxygen. Biochemical markers might be measured 
in future trials to assess whether hemodynamic 
stability is linked to other reductions in stress. 
Patients with high cardiovascular risk were not 
included in this protocol. This enhanced safety and 
reduced external validity. The patients who might 
benefit most from stable hemodynamics also may 
be the patients most vulnerable to bradycardia or 
hypotension in clinical practice. Thus, careful 
titration and monitoring is necessary. These results 
can be used for multimodal anesthesia, not as a 
single drug approach. Dexmedetomidine should be 
used with the appropriate depth of anesthesia, 
proper ventilation, local infiltration as required, 
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non-opioid analgesics and routine antiemetic 
prophylaxis to ensure a balanced recovery. 

If it is to be used clinically, it should be 
incorporated into a protocol including the loading 
dose, maintenance dose, bradycardia and 
hypotension treatment thresholds and stopping 
time. These protocols minimize fluctuations and 
provide recovery service personnel with an idea of 
the anticipated sedative effects. It is not an 
alternative to the proper level of anesthesia or pain 
management planning, but is used in conjunction 
with these.  

For centers that employ enhanced recovery 
pathways, the most pertinent outcomes might be 
opioid reduction, a smooth emergence, reduction in 
rescue drug usage and the preservation of the 
recovery score rather than extubation time. The 
present findings do, therefore, warrant cautious 
application in certain patients and a greater study in 
more risky groups of patients. 

Conclusion 

Low-dose infusion of intravenous 
dexmedetomidine has been shown to achieve better 
intraoperative hemodynamic stability and less 
postoperative pain and opioid use in patients who 
underwent laparoscopic cholecystectomy. Early 
recovery scores were similar, and although the 
extubation was slightly delayed, dexmedetomidine 
proved to be a beneficial perioperative adjunct in 
certain patients. 
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