Comparison of Dexmedetomidine and Meperidine for the Treatment of Shivering Following Spinal Anesthesia
Abstract
Background: Shivering is a frequent complication following spinal anesthesia, increasing oxygen consumption by up to 400% and posing risks to patients with limited cardiac reserve. Meperidine, a common treatment, is associated with adverse effects, necessitating safer alternatives like the α2-agonist Dexmedetomidine (DEX). This study aimed to compare the efficacy of intravenous DEX versus meperidine for the treatment of established post-spinal shivering, using saline as a placebo. Methods: This prospective, randomized, double-blind trial included 90 ASA I–II patients who developed Grade ≥2 shivering after spinal anesthesia, allocated into three equal groups (n=30 each): DEX, meperidine, and saline. The primary outcome was shivering cessation time, with secondary outcomes including response rate and adverse events. Results: DEX was superior to MEP in controlling shivering (P<0.001 for all efficacy metrics). The response rate was highest for DEX (90%) followed by Meperidine (80%), with no response in saline. Median shivering cessation time was significantly shorter for DEX (7 [6–34] min) than meperidine (8 [6–36] min), and both were shorter than saline (32 [25–36] min). Logistic regression showed DEX (OR = 0.002) and meperidine (OR = 0.006) both significantly reduced the odds of persistent shivering compared to saline (P<0.001). However, DEX caused significantly higher rates of hypotension (56.7%) and bradycardia (46.7%) compared to meperidine and saline (0% for both) (P<0.001). Conclusion: DEX is more effective and faster than meperidine for treating post-spinal shivering, but its superior efficacy is associated with a higher incidence of transient bradycardia and hypotension.
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Introduction:
Shivering is defined as an involuntary, repetitive contraction of skeletal muscles. The primary mechanisms contributing to shivering in surgical patients include intraoperative heat loss, increased sympathetic activity, pain, and the systemic release of pyrogens (1).
Spinal anesthesia significantly disrupts thermoregulation by inhibiting tonic vasoconstriction, a key mechanism for maintaining core temperature. In addition, it promotes redistribution of heat from the central compartments of the trunk (below the block level) to the peripheral tissues. Together, these effects predispose patients to hypothermia and subsequent shivering (2).
The median incidence of shivering associated with regional anesthesia, as reported in a systematic review of 21 studies, is approximately 55%. Shivering increases oxygen consumption, carbon dioxide production, lactic acidosis, and metabolic rate by as much as 400%. These physiological demands may cause significant complications in patients with limited cardiac or pulmonary reserve. Consequently, preventing shivering remains the most effective strategy for avoiding the associated hemodynamic and metabolic stress (3).
Despite the use of nonpharmacological measures, such as warming blankets and heated intravenous fluids, the incidence of postoperative shivering remains high. Several pharmacological agents—including nefopam, tramadol, meperidine, morphine, fentanyl, doxapram, ketamine, and nalbuphine—have been shown to be effective in preventing post-anesthetic shivering (4).
Meperidine, a mixed μ- and κ-opioid receptor agonist, prevents hypothermia through both peripheral vasoconstriction and central vasodilation. Multiple clinical trials have confirmed its efficacy in preventing and treating perioperative shivering. However, meperidine is associated with adverse effects, including nausea, vomiting, and respiratory depression, particularly in patients with prior opioid or anesthetic exposure or a history of hallucinations. These limitations highlight the need for alternative agents with fewer side effects for shivering prevention after spinal anesthesia (2, 4, 5).
Dexmedetomidine (DEX), a highly selective α₂-adrenoceptor agonist with an eightfold higher affinity for the receptor than clonidine, provides sedation, analgesia, anxiolysis, and attenuation of neuroendocrine and hemodynamic responses to anesthesia and surgery (6). In addition, DEX may produce deeper sedation, reduce the incidence of postoperative nausea and vomiting (PONV), and enhance hemodynamic stability during acute stress. Its role in significantly reducing the incidence of shivering after both spinal and general anesthesia has also been well established (7).
The purpose of this study was to compare the efficacy of DEX and meperidine on the treatment of shivering in patients following spinal anesthesia.
Patients and methods:
Patients:
This was a prospective randomized controlled double-blinded trial which was carried out on 90 patients with shivering following spinal anesthesia admitted to University Hospitals over a period of 12 months.
An informed written consent was obtained from the patients. Every patient received an explanation of the purpose of the study and had a secret code number. The study was done after being approved by the Research Ethics Committee, Faculty of Medicine, Benha University (Approval code: ).
Eligibility criteria
Inclusion criteria were adults older than 18 years of age of both sexes, belonging to the American Society of Anesthesiologists (ASA) physical status I or II, and who experienced shivering during the intraoperative or postoperative period following spinal anesthesia. Patients were excluded if they had a known hypersensitivity to DEX or meperidine, a history of substance abuse (including benzodiazepines) or chronic opioid use, uncontrolled hypertension (systolic ≥140 mmHg or diastolic ≥90 mmHg), heart block, or uncontrolled diabetes mellitus (HbA1c ≥8.5%). Additional exclusion criteria were the presence of neurological or psychiatric disorders, hepatic or renal dysfunction, severe hyperthyroidism or hypothyroidism, baseline body temperature above 38°C or below 36°C, and refusal to participate in the study.
Sample size calculation
Sample size was calculated using G*power software version 3.1.9.7 based on a previous study by Abdel-Ghaffar et al. (8), which reported a large effect size of shivering cessation time between meperidine and DEX. The total sample size needed to detect a large effect size (d = 0.8) between the two drugs will be 60 patients (30 patients per group). A control group of the same size (n = 30) receiving saline will be added to analysis, yielding a total of 90 patients. Alpha and power were adjusted at 0.05 and 0.8, respectively.
Randomization and blinding:
Eligible patients were randomly allocated into three equal groups (n = 30 each) using computer-generated random numbers placed in sealed opaque envelopes. The envelopes were opened by a nurse not involved in patient care, intervention, or data collection on the day of surgery to ensure allocation concealment. Both patients and investigators assessing outcomes were blinded to group assignment. DEX group (n = 30): Patients received intravenous DEX (0.3 µg/kg) for the treatment of shivering following spinal anesthesia. Meperidine group (n = 30): Patients received intravenous meperidine (0.25 mg/kg) for the treatment of shivering following spinal anesthesia. Saline group (n = 30): Patients received 2 mL of intravenous normal saline as placebo treatment for shivering following spinal anesthesia.
Methods:
Anesthetic Technique
1. Preoperative Management
Before surgery, all patients underwent detailed medical and surgical history taking and thorough clinical examination. Routine preoperative investigations were performed, including complete blood count, coagulation profile, renal function, and liver function tests.
2. Intraoperative Management
Anesthetic management was standardized for all participants and conducted without premedication. The operating room temperature was maintained between 23°C and 24°C using a wall-mounted thermometer. All intravenous and irrigation fluids were prewarmed using in-line fluid warmers. During surgery, patients were covered with a single layer of surgical drapes over the chest, thighs, and calves, and a cotton blanket was applied postoperatively. No active warming devices were used. Supplemental oxygen was administered via a face mask at a rate of 3 L/min.
Axillary body temperature was monitored using a calibrated digital thermometer at baseline, intraoperatively, and postoperatively. Prior to spinal anesthesia, each patient received 10 mL/kg of lactated Ringer’s solution, and the infusion rate was subsequently reduced to 6 mL/kg/h. Subarachnoid block was performed at either the L3–L4 or L4–L5 interspaces using a midline approach. A volume of 1.5–2.5 mL of hyperbaric bupivacaine (Marcaine®, Spinal Heavy 0.5%, AstraZeneca) was injected through a 25-gauge Quincke spinal needle to achieve the desired level of anesthesia appropriate for the surgical procedure.
The presence and severity of shivering were assessed by a blinded observer after completion of the intrathecal injection. The incidence and severity of shivering were recorded at 10-minute intervals during the intraoperative period and in the recovery room. Only patients who developed shivering of grade 2, 3, or 4 were included in the treatment protocol according to their randomized group assignment.
Outcome Measures
The primary outcome was the shivering intensity, assessed using a five-point shivering scale as follows; 0 = no shivering; 1 = piloerection or peripheral vasoconstriction without visible shivering; 2 = visible muscular activity in one muscle group only; 3 = muscular activity in more than one muscle group but not generalized; and 4 = generalized shivering involving the whole body.
Secondary outcomes included changes in hemodynamic parameters such as heart rate (HR) and mean arterial pressure (MAP), level of patient satisfaction, and incidence of adverse effects such as nausea and vomiting.
Measurements and Data Collection
All data were collected by two blinded observers—one intraoperative anesthesiologist and one postoperative assessor. The recorded parameters included demographic data (age, weight, body mass index [BMI], ASA physical status, and duration of surgery), shivering scale scores, hemodynamic parameters (MAP and HR) measured at baseline, 5, 10, 15, 30, and 45 minutes, and at 1 and 3 hours post-intervention. Peripheral oxygen saturation (SpO₂) was recorded at the same time intervals.
Response to treatment was defined as complete cessation of shivering (Grade 0). The shivering cessation time (in minutes) was measured from drug administration until cessation. Adverse events—including hypotension, bradycardia, PONV, and other possible complications such as headache, allergic reactions, back pain, or difficulty in micturition—were documented. Patient satisfaction was assessed using a four-point ordinal scale: 1 = excellent, 2 = good, 3 = fair, and 4 = poor.
Statistical analysis
Data were analyzed using SPSS version 27 (IBM, Armonk, NY, USA). Quantitative data were tested for normality with the Shapiro–Wilk test and summarized as mean ± standard deviation or median (range), while categorical data were presented as numbers and percentages. Group comparisons were performed using one-way ANOVA for parametric and Kruskal–Wallis tests for non-parametric data, with Bonferroni-adjusted post-hoc analyses when applicable. Chi-square or Fisher’s exact tests were used for categorical variables. Multivariate linear regression was applied to identify predictors of shivering cessation time, and multivariate logistic regression was used to determine predictors of persistent shivering, with results expressed as coefficients or odds ratios and 95% confidence intervals. All statistical tests were two-tailed, and p < 0.05 was considered statistically significant.
Results:
[bookmark: _Ref132084226][bookmark: _Ref132086909]Regarding general characteristics, age (P = 0.121), sex (P = 0.73), BMI (P = 0.975), and ASA physical status (n = 942) were comparable among the studied groups. Also, there were no statistically significant differences among the studied groups regarding the type of neuraxial block (P = 0.363) or the type of surgery (P = 0.98). Table 1
Heart rate significantly differed between the studied groups at 5, 10, and 15 minutes after intervention (P < 0.001, P < 0.001, and P = 0.004, respectively). Post hoc analysis revealed that at 5 and 10 minutes, the DEX group (69 ±17 bpm and 70 ±17 bpm, respectively) had significantly lower heart rates than both the meperidine group (84 ±6 bpm and 84 ±4 bpm, respectively) and the saline group (83 ±5 bpm and 85 ±5 bpm, respectively). At 15 minutes, the DEX group (76 ±6 bpm) had significantly lower heart rate than the saline group (81 ±5 bpm), while the meperidine group (79 ±6 bpm) also had significantly lower heart rate than the saline group. No statistically significant differences were observed at baseline (P = 0.056), 30 minutes (P = 0.443), 45 minutes (P = 0.375), 1 hour (P = 0.949), and 3 hours (P = 0.959). Figure 1A
MAP significantly differed between the studied groups at 10, 15, and 30 minutes after intervention (P < 0.001, P = 0.002, and P = 0.001, respectively). Post hoc analysis revealed that at all three time points, the DEX group (67 ±6 mmHg, 69 ±5 mmHg, and 70 ±3 mmHg, respectively) had significantly lower MAP than both the meperidine group (72 ±3 mmHg, 73 ±3 mmHg, and 73 ±3 mmHg, respectively) and the saline group (72 ±2 mmHg, 73 ±2 mmHg, and 73 ±3 mmHg, respectively). No statistically significant differences were observed at baseline (P = 0.098), 5 minutes (P = 0.124), 45 minutes (P = 0.321), 1 hour (P = 0.101), and 3 hours (P = 0.151). Figure 1B
There was a significant difference in shivering grade among the study groups (P < 0.001). Grade 0 (no shivering) was achieved in 90% of the DEX group and 80% of the meperidine group, whereas none of the saline group reached this grade. Severe shivering (Grade IV) occurred in 6.7% of patients in both the DEX and meperidine groups, compared to 50% in the saline group. Both the response to treatment and shivering cessation time also showed significant differences between groups (P < 0.001 for both). The response rate was highest with DEX (90%), followed by meperidine (80%), while the saline group showed no response. The median shivering cessation time was 7 (6–34) minutes for DEX, 8 (6–36) minutes for meperidine, and 32 (25–36) minutes for saline. Post-hoc analysis confirmed that cessation time was significantly shorter in both active treatment groups compared to saline, and shorter in the DEX group than in the meperidine group. All other variables analyzed showed no statistically significant differences among the study groups. Table 2, Figure 2
Hypotension and bradycardia significantly differed between the studied groups (P < 0.001 for both). Hypotension occurred in 56.7% of patients in the DEX group, while it was absent in both the meperidine and saline groups. Bradycardia was recorded in 46.7% of the DEX group, with no cases reported in the other two groups. PONV did not significantly differ between groups (P = 0.057). Figure 3
A multivariate logistic regression analysis was conducted to identify independent predictors of persistent shivering. The model was adjusted for age, sex, BMI, and ASA physical status, with the normal saline group used as the reference category. The analysis showed that meperidine administration was associated with a 99.4% reduction in the odds of persistent shivering (Odds Ratio [OR] = 0.006, 95% Confidence Interval [CI] = 0.001–0.067, P < 0.001), while DEX administration was associated with a 99.8% reduction (OR = 0.002, 95% CI = 0–0.029, P < 0.001), compared to saline. Table 3
A multivariate linear regression analysis was conducted to identify independent predictors of time to cessation of shivering. The model was adjusted for age, sex, BMI, and ASA physical status, with the normal saline group used as the reference group. The analysis showed that DEX administration was significantly associated with a 22.92-minute reduction in shivering cessation time (B = –22.923, 95% CI = –27.006 to –18.84, P < 0.001), while meperidine administration was associated with a 19.52-minute reduction (B = –19.516, 95% CI = –23.626 to –15.406, P < 0.001), compared to the saline group. Table 4
Discussion:
Shivering is a common and critical complication of spinal anesthesia (median incidence ≈55%), increasing metabolic demand by up to 400% (3). The purpose of this double-blind, randomized trial was to compare the efficacy of DEX and meperidine for treating established shivering in 90 ASA I–II patients.
In our study, DEX demonstrated the most effective control of shivering, followed by meperidine, while placebo treatment showed no clinical benefit. Patients who received DEX experienced faster relief of shivering compared to those treated with meperidine or saline. Both active agents significantly reduced the severity of shivering, with the majority of patients in the intervention groups achieving complete resolution, whereas untreated patients continued to exhibit higher shivering grades. This superior efficacy is attributed to DEX's action as a selective α2-adrenergic agonist, which centrally modulates thermoregulation and suppresses the shivering reflex (9). Meperidine, in contrast, acts via κ-opioid receptor agonism, a mechanism considered less potent (10). Supporting these findings, Rezaei et al. (11) found a significantly higher treatment response rate with DEX (1 μg/kg) versus meperidine (0.4 mg/kg) for postoperative shivering (p=0.04), though no significant difference was noted in the time to shivering cessation (3.7±2.4 vs. 4.1±2.7 minutes, p=0.45). Similarly, prophylactic trials confirmed the drug's effectiveness: Nasseri et al. (12) reported a significantly reduced shivering incidence (24%) with intrathecal DEX (5 μg) compared to control (52%, P=0.04), and Usta et al. (13) observed a significantly lower incidence (10%) in the DEX group (1 μg/kg bolus) versus control (56.7%, P=0.001). Omar et al. (14) also noted potent prophylactic effects with intrathecal DEX (5 μg), with only 5 patients experiencing shivering compared to 21 in the control group. These consistent outcomes reinforce DEX’s robust antishivering potency across both intravenous therapeutic and intrathecal prophylactic settings.
Interestingly, Alvarez Corredor (15) studied 160 ASA I–II patients undergoing surgeries under general anesthesia and found the highest shivering incidence in the placebo group (47%), while meperidine (0.4 mg/kg) provided complete protection with no grade 3–4 shivering; DEX (1 µg/kg) and ketamine (0.5 mg/kg) significantly reduced but did not eliminate shivering. Similarly, Bajwa et al. (16) reported a significantly lower incidence of postoperative shivering with DEX (5%) versus saline (42.5%, P = 0.002) in 80 laparoscopic surgery patients, although 45% experienced sedation scores ≥2. Botros et al. (17) also found DEX (1 µg/kg) significantly reduced shivering (27.5%) compared to placebo (57.5%, P = 0.012) in 120 spinal anesthesia patients, but with higher sedation (P < 0.001). In a therapeutic study, Abdel-Ghaffar et al. (8) showed DEX at 0.3 and 0.5 µg/kg achieved faster shivering cessation and higher response rates than both 0.2 µg/kg and meperidine (P < 0.001 and P < 0.01, respectively), with 30% of patients exhibiting sedation scores of 3–5. Additionally, Solhpour et al. (18) demonstrated that meperidine 0.4 mg/kg alone resulted in a 20% shivering incidence, whereas the combination of meperidine 0.2 mg/kg plus dexamethasone 0.1 mg/kg reduced it to 4%, highlighting enhanced efficacy with combination therapy. Likewise, Bicer et al. (19) observed that in 120 patients, shivering occurred in 22 placebo, 4 meperidine, and 6 DEX cases, confirming both drugs were significantly more effective than placebo, though DEX caused greater sedation and delayed recovery. Collectively, these studies corroborate DEX’s robust and reproducible antishivering efficacy across various surgical settings, often matching or surpassing meperidine’s effect.
Hemodynamic assessment in the current work showed that DEX led to a notable reduction in both heart rate and mean arterial pressure during the early post-intervention period, in contrast to the stable profiles seen with meperidine and saline. This effect was associated with a higher incidence of bradycardia and hypotension among patients receiving DEX, reflecting its potent sympatholytic action through central α₂-adrenergic receptor activation, which reduces norepinephrine release and attenuates sympathetic tone. By comparison, meperidine lacks significant cardiovascular depressant properties, explaining the absence of hemodynamic instability in that group. Despite these changes, oxygen saturation remained well maintained in all groups, indicating that the cardiovascular effects of DEX did not compromise respiratory function. Rezaei et al. (11) reported a significant heart rate reduction in the DEX group during recovery (88 ± 12 on arrival vs. 72 ± 10 at 30 min, P = 0.021), while the meperidine group showed stable rates (92 ± 13 at 30 min). Similarly, mean arterial pressure (MAP) declined significantly with DEX (from 100 ± 11 to 82.3 ± 10, P = 0.021), but remained stable with meperidine (100 ± 10 at 30 min). Consistently, Usta et al. (13) observed reductions in heart rate and MAP among DEX recipients compared with controls; however, the incidence of hypotension (one case) and bradycardia (three cases) was lower than in our study, where these occurred in 56.7% and 46.7% of patients, respectively. The disparity may relate to their higher but titrated dosing protocol (1 µg/kg bolus + infusion) versus our single bolus of 0.3 µg/kg, as well as differences in surgical and intraoperative factors. Similarly, Bajwa et al. (16) documented significantly lower postoperative heart rate and MAP in the DEX group (P = 0.008 and P = 0.012, respectively).
In our analysis of adverse events, the incidence of PONV was comparable across all groups, suggesting that neither DEX nor meperidine conferred a significant advantage in this respect. However, cardiovascular side effects were observed exclusively with DEX, where hypotension and bradycardia were notably more frequent. These findings are consistent with the pharmacodynamic profile of DEX, as its potent central sympatholytic effect reduces heart rate and vascular tone through α₂-adrenergic agonism. Meperidine, in contrast, exerts its primary effects through opioid receptor pathways and does not typically produce such hemodynamic suppression, explaining the absence of these complications in that group. Comparably, Abdel-Ghaffar et al. (8) reported that DEX at 0.5 µg/kg was associated with a higher incidence of bradycardia and hypotension in patients undergoing spinal anesthesia for minor lower abdominal surgery. In contrast to our findings, Botros et al. (17) reported no significant difference in the incidence of bradycardia (22.5%) or hypotension (37.5%) among the DEX e, ondansetron, and placebo groups (P = 0.97), whereas in our study, both bradycardia (46.7%) and hypotension (56.7%) occurred exclusively in the DEX group (P < 0.001). This discrepancy may be attributed to differences in administration timing (prophylactic vs. therapeutic use), baseline patient characteristics, or the surgical context, as our population involved older patients undergoing longer procedures under spinal anesthesia. Regarding PONV, their results showed a trend toward reduced incidence with DEX (17.5%) compared to placebo (25%), aligning with our observation of no significant difference across groups (P = 0.057). Additionally, Omar et al. (14) reported that intrathecal DEX was not associated with a significantly higher incidence of bradycardia or hypotension compared to control or magnesium sulfate groups. In their study, only 3 patients (8.6%) in the DEX group developed bradycardia and 7 (20%) experienced hypotension, both rates comparable to the control group (bradycardia 11.4%, hypotension 20%) with no statistically significant differences. Additionally, no patient experienced vomiting, and nausea was limited to only 2 cases (5.7%). These discrepancies may be explained by differences in the route (intrathecal vs. intravenous), dose, and timing of administration—where systemic exposure to DEX was likely greater in our intravenous protocol, leading to more pronounced sympatholytic effects.
This study was limited by its single-center design and relatively small sample size, which may restrict generalizability. Although double-blinded for investigators, variations in perceived sedation—especially with dexmedetomidine—could have introduced subjective bias. The short follow-up period of only 3 hours prevented evaluation of delayed adverse effects or shivering recurrence. Moreover, the use of fixed, non-titrated dosing may not reflect individualized clinical practice and could have influenced outcomes.
Conclusion:
DEX showed greater efficacy than meperidine in controlling shivering following spinal anesthesia; however, its use was associated with a higher incidence of bradycardia.
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Table 1: General characteristics, distribution of neuraxial block type, and surgical procedure of the studied groups.
	
	
	Dex
(n = 30)
	Meperidine
(n = 30)
	Saline
(n = 30)
	P-value

	Age (years)
	Mean ±SD
	45 ±5
	46 ±5
	43 ±5
	0.122

	Sex
	
	
	
	
	

	Males
	n (%)
	15 (50)
	17 (56.7)
	18 (60)
	0.73

	Females
	n (%)
	15 (50)
	13 (43.3)
	12 (40)
	

	BMI (kg/m²)
	Mean ±SD
	26.8 ±2.62
	26.66 ±2.89
	26.8 ±2.82
	0.975

	ASA physical status
	
	
	
	

	I
	n (%)
	23 (76.7)
	22 (73.3)
	23 (76.7)
	0.942

	II
	n (%)
	7 (23.3)
	8 (26.7)
	7 (23.3)
	

	Neuraxial block
	
	
	
	
	

	Spinal
	n (%)
	27 (90)
	28 (93.3)
	30 (100)
	0.363

	Combined Spinal–Epidural
	n (%)
	3 (10)
	2 (6.7)
	0 (0)
	

	Type of surgery
	
	
	
	
	

	Orthopedic
	n (%)
	13 (43.3)
	15 (50)
	14 (46.7)
	0.98

	Urological
	n (%)
	8 (26.7)
	6 (20)
	7 (23.3)
	

	General
	n (%)
	9 (30)
	9 (30)
	9 (30)
	


n: number, SD: standard deviation, BMI: body mass index, ASA: American Society of Anesthesiologists, *: Significant p-value.


[bookmark: _Toc209680016]Table 2: Outcomes among the studied groups.
	Shivering grades
	
	Dex
(n = 30)
	Meperidine
(n = 30)
	Saline
(n = 30)
	P-value

	Grade 0
	n (%)
	27 (90)
	24 (80)
	0 (0)
	<0.001*

	Grade III
	n (%)
	1 (3.3)
	4 (13.3)
	15 (50)
	

	Grade IV
	n (%)
	2 (6.7)
	2 (6.7)
	15 (50)
	

	Response to treatment
	n (%)
	27 (90)
	24 (80)
	0 (0)
	<0.001*

	Shivering cessation time (min)
	Median (range)
	7 (6 - 34) 2,3
	8 (6 - 36) 1,3
	32 (25 - 36) 1,2
	<0.001*


n: number, min: minute, *: Significant p-value, 1: Significantly different from Dex group, 2: Significantly different from Meperidine group, 3: Significantly different from saline group.


[bookmark: _Toc209680019]Table 3: Multivariate logistic regression analysis to predict persistent shivering.
	
	OR (95% CI)
	P-value

	Age (years)
	1.142 (0.948 - 1.376)
	0.163

	Sex
	0.881 (0.229 - 3.384)
	0.853

	BMI (kg/m²)
	0.931 (0.729 - 1.191)
	0.571

	ASA physical status
	0.617 (0.094 - 4.041)
	0.614

	Group
	
	

	Saline
	R
	R

	Meperidine
	0.006 (0.001 - 0.067)
	<0.001*

	Dexmedetomidine
	0.002 (0 - 0.029)
	<0.001*


OR: odds ratio, CI: confidence interval, BMI: body mass index, ASA: American Society of Anesthesiologists, R: reference category, *: Significant p-value.
[bookmark: _Toc209680020]

Table 4: Multivariate linear regression analysis to predict time to cessation of shivering.
	
	Time to cessation of shivering (minutes)

	
	B (95% CI)
	P-value

	Age (years)
	0.066 (-0.38 - 0.513)
	0.768

	Sex
	0.239 (-3.045 - 3.524)
	0.885

	BMI (kg/m²)
	-0.123 (-0.719 - 0.472)
	0.681

	ASA physical status
	0.544 (-4.653 - 5.74)
	0.836

	Group
	
	

	Saline
	R
	R

	Dexmedetomidine
	-22.923 (-27.006 - -18.84)
	<0.001*

	Meperidine
	-19.516 (-23.626 - -15.406)
	<0.001*


B: unstandardized beta coefficient, CI: confidence interval, BMI: body mass index, ASA: American Society of Anesthesiologists, R: reference category, *: Significant p-value.
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[bookmark: _Toc209680076]Figure 1: (A) Heart rate (HR) and (B) mean arterial pressure (MAP) changes over time among the studied groups.





[bookmark: _Toc209680078]Figure 2: Shivering grade among the studied groups.




[bookmark: _Toc209680081]Figure 3: Adverse events among the studied groups.
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