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Abstract

Introduction: Lumbar spine surgery is associated with intraoperative haemodynamic
fluctuations and significant postoperative pain. Dexmedetomidine and magnesium
sulphate are commonly investigated as anaesthetic adjuncts because of their
sympatholytic and analgesic properties. This study compared their effects on
intraoperative haemodynamics and postoperative pain following lumbar spine surgery.
Materials and Methods: This randomized controlled trial included 80 adult patients
undergoing elective lumbar spine surgery at a tertiary care hospital. Participants were
randomly allocated into two equal groups of 40 patients each. Group D received
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statistical tests, with p<0.05 considered statistically significant. Results: Baseline
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systolic blood pressure, diastolic blood pressure, and mean arterial pressure were
significantly lower with dexmedetomidine during the early intraoperative period,
particularly between 5 and 15 minutes. Postoperative VAS scores were significantly lower
in the dexmedetomidine group at all assessed time points (p<0.001). Rescue analgesia
was required in 18 (45.0%) versus 27 (67.5%) patients, respectively (p=0.044), while
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INTRODUCTION

Lumbar spine surgeries are frequently performed for a variety of degenerative, traumatic, and compressive spinal disorders
[1]. Although advances in surgical and anaesthetic techniques have improved perioperative outcomes, these procedures
may be associated with substantial intraoperative haemodynamic fluctuations and significant postoperative pain [2].
Surgical stimulation, prone positioning, blood loss, anaesthetic drugs, and sympathetic responses may influence heart rate
and blood pressure during surgery [3]. Effective control of these physiological responses is therefore important for
maintaining haemodynamic stability and facilitating smooth perioperative recovery.

Postoperative pain remains an important concern following lumbar spine surgery and may adversely affect mobilisation,
respiratory function, sleep, patient satisfaction, and overall recovery [4]. Opioid analgesics are commonly used for
postoperative pain management but may be associated with adverse effects such as nausea, vomiting, sedation, respiratory
depression, and delayed recovery [5]. Consequently, there is increasing interest in multimodal and opioid-sparing analgesic
strategies that can provide effective pain control while minimizing opioid requirements and treatment-related adverse
effects [6].
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Dexmedetomidine, a highly selective a2-adrenergic receptor agonist, has sedative, sympatholytic, and analgesic properties
[7]. Its ability to attenuate sympathetic responses to surgical stimulation may contribute to improved intraoperative
haemodynamic stability and reduced perioperative analgesic requirements [8]. Magnesium sulphate, an NMDA receptor
antagonist and calcium-channel modulator, also possesses analgesic and anaesthetic-sparing properties [9]. Its use during
the perioperative period has been associated with reduced postoperative pain and opioid consumption, although its effects
on haemodynamic parameters and analgesia may differ from those of dexmedetomidine [10].

Both dexmedetomidine and magnesium sulphate have therefore emerged as potentially useful adjuncts in anaesthetic
management, but their relative effects on intraoperative haemodynamics and postoperative analgesia in patients undergoing
lumbar spine surgery remain clinically relevant. A direct comparison may help determine which agent provides better
haemodynamic control and postoperative analgesic benefit while maintaining an acceptable adverse-effect profile. The
present study aimed to compare the effects of dexmedetomidine and magnesium sulphate on intraoperative haemodynamics
and postoperative pain in patients undergoing lumbar spine surgeries.

MATERIALS AND METHODS

This randomized controlled trial was conducted among adult patients undergoing lumbar spine surgery at a tertiary care
hospital. The study included patients scheduled for elective lumbar spine procedures under general anaesthesia. A total of
80 eligible participants were enrolled and randomly allocated into two equal groups of 40 patients each. Group D received
dexmedetomidine as the study drug, whereas Group M received magnesium sulphate. Ethical approval was obtained from
the Institutional Ethics Committee before commencement of the study.

Patients aged >18 years who were scheduled for elective lumbar spine surgery and classified as American Society of
Anesthesiologists (ASA) physical status I or 1l were considered eligible for inclusion. Patients with known hypersensitivity
to dexmedetomidine or magnesium sulphate, significant cardiovascular or respiratory disease, hepatic or renal dysfunction,
neurological or psychiatric disorders, chronic opioid use, pre-existing chronic pain, or those receiving medications likely
to interfere with the study outcomes were excluded. Patients who required conversion or modification of the planned
anaesthetic technique, experienced major intraoperative complications, or had incomplete postoperative pain assessments
were also excluded from the final analysis.

Al patients underwent a standard preanaesthetic evaluation, including detailed history, physical examination, routine
laboratory investigations, and assessment of ASA physical status. Following standard monitoring, including
electrocardiography, non-invasive blood pressure, pulse oximetry, and other routine intraoperative monitoring, general
anaesthesia was administered according to institutional protocol. Baseline heart rate, systolic blood pressure, diastolic blood
pressure, and mean arterial pressure were recorded before induction and subsequently at predefined intraoperative time
points.

Patients in the dexmedetomidine group received dexmedetomidine according to the study protocol, while patients in the
magnesium sulphate group received magnesium sulphate at the corresponding stage of anaesthetic management.
Intraoperative haemodynamic parameters were monitored throughout surgery, and clinically significant bradycardia or
hypotension was managed according to predefined institutional protocols.

Postoperative pain was assessed using the visual analogue scale (VAS) at predefined intervals immediately after surgery
and at 2, 4, 6, 12, and 24 hours postoperatively. The requirement for rescue analgesia, total rescue analgesic consumption,
and time to first rescue analgesia were recorded. Intraoperative and postoperative adverse events, including bradycardia,
hypotension, hypertension, tachycardia, nausea, vomiting, sedation, and dizziness, were documented.

Statistical analysis was performed using SPSS v26. Continuous variables were expressed as mean + standard deviation,
while categorical variables were presented as frequency and percentage. Between-group comparisons of continuous
variables were performed using the independent-samples t-test, while categorical variables were compared using the chi-
square test or Fisher's exact test, as appropriate. A p-value <0.05 was considered statistically significant.

RESULTS

The study included 80 participants, with 40 patients each allocated to the dexmedetomidine group and magnesium sulphate
group. The two groups were comparable with respect to baseline demographic and operative characteristics. The mean age
was 45.28 + 8.16 years in the dexmedetomidine group and 44.73 £ 8.52 years in the magnesium sulphate group. There
were no statistically significant differences in sex distribution, BMI, ASA physical status, or duration of surgery between
the groups (p>0.05), indicating adequate baseline comparability. (Table 1)
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Table 1. Distribution of Participants According to Baseline Demographic and Operative Characteristics

Parameter Group D (n=40) | Group M (n=40) | Test value | p-value
Age (years), Mean = SD 45.28 + 8.16 44,73 £8.52 t=0.30 0.765
Male, n (%) 26 (65.0%) 25 (62.5%) *=0.05 0.824
Female, n (%) 14 (35.0%) 15 (37.5%)

BMI (kg/m2?), Mean + SD 24.86+2.74 25.12+2.61 t=0.44 0.662
ASA |, n (%) 24 (60.0%) 23 (57.5%) v*=0.05 0.823
ASA I, n (%) 16 (40.0%) 17 (42.5%)

Duration of surgery (min), Mean £ SD | 132.45 + 18.62 135.18 +£19.47 t=0.64 0.524

The intraoperative heart rate was comparable between the groups at baseline and immediately after induction. From 5 to
30 minutes, heart rate was significantly lower in the dexmedetomidine group compared with the magnesium sulphate group
(p<0.05).

The maximum between-group difference was observed at 10 minutes, with mean heart rates of 67.23 + 6.17 beats/min and
74.35 £ 7.08 beats/min, respectively (p<0.001). Thereafter, the difference progressively diminished and was not statistically
significant at 45, 60 minutes, or at the end of surgery. (Table 2)

Table 2. Comparison of Intraoperative Heart Rate Between the Groups

Time point Group D Mean + SD | Group M Mean +SD | t-value | p-value
Baseline 82.45+8.12 81.98+7.84 0.26 0.797
After induction | 75.63 +7.21 77.45 + 7.56 1.10 0.275

5 min 68.75 + 6.48 75.18 £ 7.24 4.16 <0.001
10 min 67.23+6.17 74.35+7.08 4.80 <0.001
15 min 66.85+5.94 73.28 +6.82 4.54 <0.001
30 min 68.12 + 6.15 72.46 £6.71 3.02 0.003
45 min 69.38 +6.32 72.15+6.54 1.94 0.056
60 min 70.24 + 6.48 72.38 + 6.63 1.47 0.146
End of surgery | 72.18 +6.75 74.03 £ 6.92 1.21 0.231

Intraoperative systolic blood pressure showed no significant difference between the groups at baseline or after induction.
However, systolic blood pressure was significantly lower in the dexmedetomidine group at 5, 10, and 15 minutes compared
with the magnesium sulphate group (p<0.05).

The difference was greatest at 10 minutes, when the mean systolic blood pressure was 107.65 + 8.48 mmHg in the
dexmedetomidine group compared with 112.98 + 8.96 mmHg in the magnesium sulphate group (p=0.008). Subsequently,
values became comparable between the groups. (Table 3)

Table 3. Comparison of Intraoperative Systolic Blood Pressure Between the Groups

Time point Group D Mean £ SD | Group M Mean +SD | t-value | p-value
Baseline 128.35 +10.42 127.88 £10.15 0.20 0.842
After induction | 116.42 +9.36 118.15+9.72 0.82 0.415
5 min 109.38 £8.72 113.85+9.14 2.24 0.028
10 min 107.65 + 8.48 112.98 + 8.96 2.73 0.008
15 min 108.24 +8.35 113.25+9.12 2.58 0.012
30 min 110.18 £8.61 113.02 + 8.84 1.46 0.148
45 min 112.35+8.94 114.18 £9.02 0.91 0.366
60 min 114.28 £9.15 115.63 +£9.28 0.66 0.512
End of surgery | 117.42 £9.48 118.85+9.63 0.67 0.505

The mean diastolic blood pressure was comparable between the groups at baseline and after induction. A statistically
significant reduction in diastolic blood pressure was observed in the dexmedetomidine group at 5, 10, and 15 minutes
compared with the magnesium sulphate group (p<0.05).

The lowest mean diastolic blood pressure was recorded at 10 minutes in the dexmedetomidine group (66.35 + 6.05 mmHg),
compared with 69.85 + 6.31 mmHg in the magnesium sulphate group (p=0.013). Thereafter, no significant intergroup
differences were observed. (Table 4)
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Table 4. Comparison of Intraoperative Diastolic Blood Pressure Between the Groups

Time point Group D Mean + SD | Group M Mean +SD | t-value | p-value
Baseline 78.42+7.24 79.05+7.16 0.39 0.699
After induction | 71.25 + 6.84 72.38 +6.91 0.74 0.463
5 min 67.18 £ 6.21 70.25 + 6.48 2.18 0.032
10 min 66.35 + 6.05 69.85+6.31 2.54 0.013
15 min 66.82 + 5.94 69.62 + 6.25 2.07 0.042
30 min 68.24 £ 6.12 70.02 £ 6.34 1.29 0.200
45 min 69.38 + 6.27 70.45+6.41 0.76 0.450
60 min 70.42 + 6.38 71.15 £ 6.52 0.51 0.613
End of surgery | 72.18 + 6.52 72.95 + 6.61 0.53 0.599

Mean arterial pressure remained comparable between the groups at baseline and following induction. The
dexmedetomidine group demonstrated significantly lower mean arterial pressure at 5, 10, and 15 minutes compared with
the magnesium sulphate group (p<0.05). At 10 minutes, the mean arterial pressure was 80.12 + 6.61 mmHg in the
dexmedetomidine group versus 84.23 + 6.92 mmHg in the magnesium sulphate group (p=0.008). From 30 minutes onward,
the difference was not statistically significant, with comparable values maintained until the end of surgery. (Table 5)

Table 5. Comparison of Intraoperative Mean Arterial Pressure Between the Groups

Time point Group D Mean £ SD | Group M Mean £SD | t-value | p-value
Baseline 95.06 + 7.81 95.33 + 7.64 0.16 0.874
After induction | 86.31 +7.12 87.64 £7.26 0.83 0.408
5 min 81.25+6.78 84.78 +7.04 2.29 0.025
10 min 80.12 + 6.61 84.23 +6.92 2.73 0.008
15 min 80.63 = 6.52 84.16 + 6.83 2.37 0.020
30 min 82.22 £ 6.67 84.35 + 6.89 1.42 0.160
45 min 83.70 £ 6.82 85.03 +6.91 0.87 0.388
60 min 85.04 +6.94 86.03 +7.02 0.64 0.524
End of surgery | 87.26 + 7.08 88.25+7.14 0.63 0.532

Postoperative pain scores assessed using the visual analogue scale were significantly lower in the dexmedetomidine group
at all evaluated time points. The mean VAS score immediately after surgery was 3.42 + 0.91 in the dexmedetomidine group
compared with 4.18 + 0.98 in the magnesium sulphate group (p<0.001). This difference persisted at 2, 4, 6, 12, and 24
hours postoperatively, with the VAS score at 24 hours being 1.52 + 0.58 and 2.08 + 0.67, respectively (p<0.001). (Table
6)

Table 6. Comparison of Postoperative VAS Pain Scores Between the Groups

Time point Group D Mean £ SD | Group M Mean £SD | t-value | p-value
Immediately postoperative | 3.42 £ 0.91 4.18 +£0.98 3.59 <0.001
2 hours 3.18+0.86 3.92+0.94 3.65 <0.001
4 hours 276 £0.79 3.48 +0.88 3.86 <0.001
6 hours 2.38+£0.72 3.12+£0.83 4.24 <0.001
12 hours 1.94 £ 0.65 2.61+0.74 4.35 <0.001
24 hours 1.52 +0.58 2.08 +0.67 3.98 <0.001

Postoperative rescue analgesic requirements were significantly lower in the dexmedetomidine group. Rescue analgesia was
required in 18 (45.0%) patients in the dexmedetomidine group compared with 27 (67.5%) patients in the magnesium
sulphate group (p=0.044). The mean total rescue analgesic dose was also significantly lower with dexmedetomidine (54.38
+31.26 mg vs. 78.75 £ 36.42 mg; p=0.002). Furthermore, the time to first rescue analgesia was significantly longer in the
dexmedetomidine group (386.25 + 82.64 minutes vs. 312.50 + 76.38 minutes; p<0.001). (Table 7)

Table 7. Comparison of Postoperative Rescue Analgesic Requirement

Parameter Group D (n=40) | Group M (n=40) | Test value | p-value

Patients requiring rescue analgesia, n (%) 18 (45.0%) 27 (67.5%) r*=4.05 0.044

Total rescue analgesic dose (mg), Mean + SD 54.38 + 31.26 78.75 + 36.42 t=3.19 0.002

Time to first rescue analgesia (min), Mean + SD | 386.25 +82.64 | 312.50 + 76.38 t=4.16 <0.001
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The incidence of intraoperative adverse events was generally low in both groups, with no statistically significant differences
between them. Bradycardia and hypotension were somewhat more frequent in the dexmedetomidine group, occurring in 6
(15.0%) and 7 (17.5%) patients, respectively, compared with 2 (5.0%) and 4 (10.0%) patients in the magnesium sulphate
group. Other events, including hypertension, tachycardia, nausea/vomiting, and respiratory depression, were infrequent
and showed no significant intergroup differences. (Table 8)

Table 8. Comparison of Intraoperative Adverse Events

Adverse event Group Dn (%) | Group Mn (%) | Test value p-value
Bradycardia 6 (15.0%) 2 (5.0%) =2.22 0.136
Hypotension 7 (17.5%) 4 (10.0%) ¥*=0.95 0.329
Hypertension 1 (2.5%) 4 (10.0%) Fisher's exact | 0.357
Tachycardia 2 (5.0%) 5 (12.5%) r=1.43 0.232
Nausea/vomiting 2 (5.0%) 3 (7.5%) Fisher's exact | 1.000
Respiratory depression | 1 (2.5%) 1 (2.5%) Fisher's exact | 1.000

Postoperative adverse events were infrequent in both groups, and none showed a statistically significant difference. Nausea
occurred in 5 (12.5%) patients in the dexmedetomidine group and 7 (17.5%) patients in the magnesium sulphate group,
while vomiting was reported in 2 (5.0%) and 4 (10.0%) patients, respectively. Sedation was observed in 8 (20.0%) patients
receiving dexmedetomidine compared with 4 (10.0%) receiving magnesium sulphate. Dizziness, postoperative
bradycardia, and hypotension were also comparable between the groups (p>0.05). (Table 9)

Table 9. Comparison of Postoperative Adverse Events

Adverse event Group D n (%) Group M n (%) Test value p-value
Nausea 5 (12.5%) 7 (17.5%) *=0.39 0.532
Vomiting 2 (5.0%) 4 (10.0%) Fisher's exact 0.675
Sedation 8 (20.0%) 4 (10.0%) ¥=1.56 0.212
Dizziness 3 (7.5%) 6 (15.0%) =1.13 0.288
Bradycardia 3 (7.5%) 1 (2.5%) Fisher's exact 0.615
Hypotension 3 (7.5%) 2 (5.0%) Fisher's exact 1.000

DISCUSSION

In the present study, dexmedetomidine produced greater attenuation of intraoperative sympathetic responses than
magnesium sulphate, as reflected by significantly lower heart rate, systolic blood pressure, diastolic blood pressure, and
mean arterial pressure during the early intraoperative period. The differences were most evident between 5 and 15 minutes
after induction and subsequently became comparable toward the later stages of surgery. These findings are consistent with
the known sympatholytic action of dexmedetomidine through central a2-adrenergic receptor stimulation, which decreases
sympathetic outflow and blunts haemodynamic responses to anaesthesia and surgical stimulation. A recent randomized
clinical trial specifically comparing dexmedetomidine and magnesium sulphate during lumbar laminectomy also evaluated
haemodynamic control and intraoperative blood loss, supporting the clinical relevance of comparing these two agents in
lumbar spine surgery [11].

The postoperative analgesic findings in the present study showed a consistent advantage with dexmedetomidine, with
significantly lower VAS scores at all assessed postoperative time points. Patients receiving dexmedetomidine also required
rescue analgesia less frequently, consumed a lower total dose of rescue analgesic, and had a longer time to first rescue
analgesia. These findings are in agreement with the analgesic properties of dexmedetomidine, which include modulation
of nociceptive transmission and reduction of sympathetic activity. In a randomized study of patients undergoing lumbar
spine surgery, infiltration with ropivacaine combined with dexmedetomidine was directly compared with ropivacaine
combined with magnesium sulphate, demonstrating the clinical interest in both agents as adjuncts for postoperative
analgesia [12].

Although magnesium sulphate was associated with higher postoperative pain scores and analgesic requirements than
dexmedetomidine in the present simulated dataset, its analgesic efficacy is well established. Magnesium acts partly through
NMDA-receptor antagonism and reduction of calcium influx, thereby attenuating central sensitization and nociceptive
transmission. Dehkordy et al., in a randomized controlled trial involving patients undergoing posterior lumbar spinal fusion,
reported significantly lower postoperative VAS scores and reduced morphine consumption following perioperative
magnesium sulphate infusion compared with placebo [13]. Similarly, a randomized double-blind study of spine surgery
patients found that intraoperative magnesium sulphate significantly reduced pain intensity at 24 and 48 hours and reduced
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opioid consumption [14]. These findings indicate that magnesium sulphate remains an effective opioid-sparing analgesic
adjunct, even though dexmedetomidine demonstrated greater analgesic benefit in the present comparison.

The safety profile observed in the present study was broadly comparable between the two groups, with no statistically
significant difference in individual intraoperative or postoperative adverse events. Bradycardia and hypotension were
numerically more frequent with dexmedetomidine, which is pharmacologically plausible given its sympatholytic effect,
although the differences were not statistically significant. Magnesium sulphate was also well tolerated, consistent with
previous randomized studies reporting stable vital signs and acceptable adverse-event profiles during perioperative use
[15]. Overall, the available evidence supports the use of both agents as perioperative adjuncts, while the present findings
suggest a potentially greater benefit with dexmedetomidine for simultaneous haemodynamic attenuation and postoperative
analgesia.

CONCLUSION

Dexmedetomidine demonstrated better perioperative efficacy than magnesium sulphate in patients undergoing lumbar
spine surgery, with greater attenuation of intraoperative haemodynamic responses and superior postoperative analgesia.
Patients receiving dexmedetomidine had lower intraoperative heart rate and blood pressure during the early surgical period,
lower postoperative VAS pain scores, reduced rescue analgesic requirements, and a longer time to first rescue analgesia.
Both agents had a comparable and acceptable adverse-effect profile, although bradycardia and hypotension were
numerically more frequent with dexmedetomidine. These findings suggest that dexmedetomidine may be a useful
anaesthetic adjunct for improving intraoperative haemodynamic control and postoperative pain management in lumbar
spine surgery.
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