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ABSTRACT

Introduction: Creation of pneumoperitoneum during laparoscopic cholecystectomy produces significant
sympathetic stimulation, leading to increases in heart rate and arterial pressure. Attenuation of this response is
essential to maintain perioperative hemodynamic stability. Dexmedetomidine, a selective a2-adrenergic agonist, has
been shown to provide sympatholysis and stable hemodynamic. The study aimed to evaluate the efficacy of
dexmedetomidine in attenuating the rise in arterial pressure due to pneumoperitoneum and to compare its effects
with normal saline.

Materials and Methods: This prospective, randomized comparative study was conducted in Adichunchanagiri
Institute of Medical Science, Adichunchanagiri University on 100 patients (ASA I-II) undergoing elective
laparoscopic cholecystectomy. Patients were allocated into two groups: Group D (dexmedetomidine, n=50) and
Group NS (normal saline, n=50). Group D received a loading dose of dexmedetomidine 1 pg/kg followed by
infusion of 0.5 pg/kg/hr, while Group NS received equivalent volume of saline. Hemodynamic parameters including
heart rate (HR) and mean arterial pressure (MAP) were recorded at baseline, after induction, after intubation, during
pneumoperitoneum, and after extubation. Adverse effects and requirement of rescue medications were also noted.
Results: Baseline characteristics were comparable between groups. Group D demonstrated significantly lower HR
and MAP at all intraoperative time points compared to Group NS (p < 0.05). The rise in arterial pressure following
pneumoperitoneum was markedly attenuated in the dexmedetomidine group. Incidence of hypertension and
tachycardia was significantly higher in Group NS, whereas bradycardia was more frequent in Group D (p < 0.05).
Requirement of rescue antihypertensive agents was significantly reduced in Group D.

Conclusion: Dexmedetomidine effectively attenuates hemodynamic responses to pneumoperitoneum and provides
superior cardiovascular stability during laparoscopic cholecystectomy, with manageable side effects.
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INTRODUCTION

Laparoscopic cholecystectomy has become the gold
standard for the management of symptomatic gallstone
disease owing to its minimally invasive nature, reduced
postoperative pain, shorter hospital stay, and faster
recovery [1]. However, the creation of

pneumoperitoneum using carbon dioxide, which is
essential for laparoscopic visualization, leads to
significant physiological alterations [2]. These include
increased intra-abdominal pressure, reduced venous
return, and activation of neurohumoral responses,
resulting in elevated systemic vascular resistance and
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arterial pressure [3]. Such hemodynamic changes may be
particularly ~ detrimental in patients with limited
cardiovascular reserve [4].

The hemodynamic response to pneumoperitoneum is
further exacerbated by laryngoscopy and endotracheal
intubation, which stimulate the sympathetic nervous
system, leading to tachycardia and hypertension [5].
Various pharmacological agents, including opioids, beta-
blockers, vasodilators, and alpha-2 adrenergic agonists,
have been used to attenuate these responses with varying
degrees of success [6]. Among these, alpha-2 agonists
have gained attention due to their ability to provide
sedation, analgesia, and sympatholysis without significant
respiratory depression [7].

Dexmedetomidine, a highly selective alpha-2 adrenergic
agonist, has been widely studied for its role in attenuating
perioperative  stress  responses [8]. It reduces
catecholamine release, leading to decreased heart rate and
blood pressure, thereby providing hemodynamic stability
during surgical procedures [9]. Additionally, its
anaesthetic-sparing and analgesic properties make it an
attractive adjunct in general anaesthesia [10]. Despite its
advantages, dexmedetomidine may be associated with
adverse effects such as bradycardia and hypotension,
necessitating careful titration and monitoring [11].

Given these considerations, the present study aimed to
assess its impact on intraoperative hemodynamic
parameters, incidence of adverse effects, and requirement
of rescue medications.

MATERIALS AND METHODS

This prospective, randomized, comparative study was
conducted in the Department of Anaesthesiology at
Adichunchanagiri Institute of Medical Sciences. The
study included 100 adult patients of either sex, aged 18—
60 years, belonging to American Society of
Anesthesiologists (ASA) physical status I and II, who
were scheduled for elective laparoscopic cholecystectomy
under general anaesthesia. Patients were randomly
allocated into two equal groups of 50 each using a
computer-generated randomization method: Group D
(Dexmedetomidine group) and Group NS (Normal Saline
group). Written informed consent was obtained from all
participants, and institutional ethical committee approval
was secured prior to the commencement of the study.

Patients with known cardiovascular disease, uncontrolled
hypertension, arrhythmias, hepatic or renal dysfunction,
those on beta-blockers or other antihypertensive
medications, and patients with known hypersensitivity to
study drugs were excluded. All patients underwent a
thorough pre-anaesthetic evaluation, including clinical
examination and relevant laboratory investigations.

Standard fasting guidelines were followed. On arrival in
the operating room, routine monitoring including
electrocardiography, non-invasive blood pressure, pulse
oximetry, and end-tidal carbon dioxide was established.

Patients in Group D received dexmedetomidine at a
loading dose of 1 pg/kg diluted in 100 mL normal saline
administered over 10 minutes prior to induction, followed
by an infusion of 0.5 pg/kg/hr until the end of
pneumoperitoneum. Group NS received an equivalent
volume of normal saline as placebo. All patients were
premedicated ~ with intravenous glycopyrrolate,
ondansetron, and fentanyl. Anaesthesia was induced with
propofol (2 mg/kg) and muscle relaxation was achieved
using vecuronium (0.1 mg/kg) to facilitate endotracheal
intubation. Anaesthesia was maintained with oxygen,
nitrous oxide, and isoflurane, with intermittent doses of
vecuronium for muscle relaxation.

Hemodynamic parameters including heart rate (HR) and
mean arterial pressure (MAP) were recorded at baseline,
after induction, after intubation, and at 10, 20, and 30
minutes following pneumoperitoneum, as well as after
extubation. Pneumoperitoneum was created using carbon
dioxide, maintaining intra-abdominal pressure between
12-14 mmHg. Any episode of bradycardia (HR < 50
bpm) was treated with atropine, while hypotension (MAP
decrease >20% from baseline) was managed with
intravenous fluids and vasopressors as required.
Hypertension and tachycardia were managed with
appropriate rescue medications. The primary outcome
was attenuation of rise in mean arterial pressure due to
pneumoperitoneum, while secondary outcomes included
heart rate changes, incidence of adverse events, and
requirement of rescue medications.

Data were entered into Microsoft excel and analysed
using SPSS v 26. Categorical variables were expressed as
frequency and percentage. Continuous variables were
expressed as mean and SD. A p < 0.05 considered
statistically significant.

RESULTS

Baseline demographic and clinical characteristics were
comparable between the two groups. The mean age was
42.6 = 10.8 years in Group D and 43.9 £ 11.2 years in
Group NS (p = 0.58). Gender distribution was similar,
with males constituting 18 (36%) in Group D and 20
(40%) in Group NS (p = 0.67). The mean body weight did
not differ significantly between the groups (64.8 £ 8.5 kg
vs 66.1 £ 9.2 kg; p = 0.44). Likewise, ASA physical status
distribution was comparable, with ASA 1 patients
accounting for 28 (56%) in Group D and 30 (60%) in
Group NS (p = 0.68), indicating homogeneity of study
populations (Table 1).
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Table 1. Baseline Demographic and Clinical Characteristics

Variable Category Group D (Dexmedetomidine) Group NS (Normal p-value
(n=50) Saline) (n=50)
Age (years) Mean + SD 42.6+£10.8 439+11.2 0.58
Gender Male 18 (36%) 20 (40%) 0.67
Female 32 (64%) 30 (60%)
Weight (kg) Mean + SD 64.8 £8.5 66.1£9.2 0.44
ASA Physical ASA1 28 (56%) 30 (60%) 0.68
Status
ASAII 22 (44%) 20 (40%)

Heart rate trends demonstrated a significant attenuation in
Group D compared to Group NS following induction,
intubation, and throughout pneumoperitoneum. While
baseline heart rates were comparable (p = 0.66), Group
NS exhibited a marked increase after intubation and
during pneumoperitoneum, peaking at 92.3 &+ 10.1 bpm at

10 minutes, whereas Group D maintained relatively stable
values (p < 0.001). The difference remained statistically
significant at all intraoperative time points, including
post-extubation, indicating effective blunting of
sympathetic response with dexmedetomidine (Table 2).

Table 2: Heart Rate

Time Point Group D (Mean + SD) Group NS (Mean + SD) p-value
Baseline 78.4+8.2 79.1£7.9 0.66
After induction 723 +£7.5 76.8 £8.1 0.01
After intubation 76.5+8.0 88.9+94 <0.001
10 min after pneumoperitoneum 742+7.2 92.3+10.1 <0.001
20 min after pneumoperitoneum 73.6+£6.9 90.5+9.8 <0.001
30 min after pneumoperitoneum 72.8+6.5 88.7+9.2 <0.001
After extubation 80.1+7.8 95.6+10.4 <0.001

Mean arterial pressure (MAP) followed a similar pattern,
with no significant baseline difference between groups (p
= 0.68). However, Group NS showed a pronounced rise in
MAP following intubation and during
pneumoperitoneum, reaching 108.9 = 10.5 mmHg at 10

minutes, whereas Group D maintained significantly lower
MAP values throughout (p < 0.001). Dexmedetomidine
effectively attenuated the pressor response associated
with pneumoperitoneum and airway manipulation (Table
3).

Table 3: Mean Arterial Pressure (MAP, mmHg)

Time Point Group D (Mean + SD) Group NS (Mean + SD) p-value
Baseline 935+7.6 942 +8.1 0.68
After induction 852+69 90.8+7.5 0.002
After intubation 90.1+72 105.6+9.3 <0.001
10 min after pneumoperitoneum 88.3+6.8 108.9+10.5 <0.001
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20 min after pneumoperitoneum 87.6+6.5 107.2+9.8 <0.001
30 min after pneumoperitoneum 86.9+6.3 105.8+9.2 <0.001
After extubation 92.7+7.1 110.4 +£10.8 <0.001

The incidence of adverse events varied between the
groups. Bradycardia was significantly higher in Group D
[8 (16%)] compared to Group NS [1 (2%)] (p = 0.03),

compared to Group D (p = 0.001 and p < 0.001,
respectively). The incidence of hypotension and
postoperative nausea and vomiting was comparable

whereas hypertension [14 (28%)] and tachycardia [18 between groups, with no statistically significant
(36%)] were significantly more frequent in Group NS difference (Table 4).
Table 4: Incidence of Adverse Effects

Adverse Event Group D (n=50) Group NS (n=50) p-value

Bradycardia 8 (16%) 1 (2%) 0.03

Hypotension 6 (12%) 2 (4%) 0.14

Hypertension 2 (4%) 14 (28%) 0.001

Tachycardia 3 (6%) 18 (36%) <0.001

Nausea/Vomiting 5 (10%) 7 (14%) 0.53
The requirement for rescue medications differed Conversely, the need for atropine was greater in Group D

significantly between groups. A higher proportion of
patients in Group NS required antihypertensive agents [20
(40%)] compared to Group D [3 (6%)] (p < 0.001).

[7 (14%)] than in Group NS [1 (2%)] (p = 0.03),
reflecting the higher incidence of bradycardia associated
with dexmedetomidine use (Table 5).

Table 5: Requirement of Rescue Medications

Parameter Group D (n=50) Group NS (n=50) p-value
Need for antihypertensives 3 (6%) 20 (40%) <0.001
Need for atropine 7 (14%) 1 (2%) 0.03

DISCUSSION

The present study demonstrates that dexmedetomidine
significantly attenuates the hemodynamic response to
pneumoperitoneum, as evidenced by lower heart rate and
mean arterial pressure compared to the control group.
These findings are consistent with several previous
studies that have highlighted the sympatholytic properties
of dexmedetomidine. A randomized study by Bhutia et al.
reported that dexmedetomidine infusion provided stable
intraoperative hemodynamic without major adverse
effects during laparoscopic cholecystectomy [12].
Similarly, Bielka et al. observed improved modulation of
hemodynamic responses to intubation and
pneumoperitoneum with dexmedetomidine infusion,
reinforcing its role as an effective anaesthetic adjunct
[13]. The findings of the present study, therefore, align
well with existing literature supporting
dexmedetomidine’s efficacy in maintaining
cardiovascular stability.

In the current study, the attenuation of heart rate and
mean arterial pressure was particularly evident following

intubation and during pneumoperitoneum. This is in
agreement with studies comparing dexmedetomidine with
other agents such as fentanyl and esmolol. Kataria et al.
demonstrated superior hemodynamic stability with
dexmedetomidine compared to fentanyl during
laparoscopic cholecystectomy [14], while Bhattacharjee
et al. reported that dexmedetomidine effectively reduces
both heart rate and arterial pressure during
pneumoperitoneum when compared with saline [15].
Furthermore, recent studies have confirmed that
dexmedetomidine reduces perioperative sympathetic
responses and decreases the requirement for additional
anaesthetic agents [16]. These observations are
comparable to the present study, where the control group
showed significantly higher hemodynamic fluctuations
and greater need for rescue antihypertensives.

The incidence of adverse effects observed in this study
also corresponds with previously published data. A higher
incidence of bradycardia in the dexmedetomidine group
has been consistently reported in literature and is
attributable to its central sympatholytic action. Zheng et
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al. reported an increased incidence of bradycardia with
dexmedetomidine premedication, particularly at higher
doses [17]. Conversely, the control group in the present
study exhibited a higher incidence of hypertension and
tachycardia, which reflects inadequate attenuation of the
stress response. Similar trends have been reported in
earlier trials, where dexmedetomidine reduced stress-
induced tachycardia and hypertension but was associated
with manageable bradycardia [16].

However, some studies have reported contrasting findings
depending on the dose and mode of administration of
dexmedetomidine. Shakya et al. noted that a single low
dose of dexmedetomidine may not be sufficient to blunt
the hemodynamic response to pneumoperitoneum [18],
while other studies have suggested that continuous
infusion provides more consistent hemodynamic control
[19]. These differences highlight the importance of
optimal dosing strategies. In the present study, the use of
a loading dose followed by continuous infusion likely
contributed to the effective attenuation of hemodynamic
responses observed. Overall, the findings are in
concordance with the majority of literature supporting
dexmedetomidine as an effective agent for controlling
perioperative hemodynamic stress responses during
laparoscopic surgery.

CONCLUSION

Dexmedetomidine effectively attenuates the rise in
arterial pressure and heart rate associated with
pneumoperitoneum and endotracheal intubation during
elective laparoscopic cholecystectomy, providing superior
intraoperative hemodynamic stability compared to normal
saline. It significantly reduces the incidence of
hypertension and tachycardia as well as the need for
rescue antihypertensive medications. Although associated
with a higher incidence of bradycardia, these events are
clinically manageable with appropriate monitoring and
intervention. Overall, dexmedetomidine serves as a
valuable  anaesthetic = adjunct for  maintaining
cardiovascular stability during laparoscopic procedures.
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