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ABSTRACT

Objective: To compare effect of intrathecal meperidine, tramadol, 
magnesium sulfate, and dexmedetomidine on the prevention of post-
spinal anesthesia shivering and adverse events in hip fracture repair 
patients.
Methods: In a randomized, double-blind trial, 132 patients 
with American Society of Anesthesiology (ASA) Ⅰ and Ⅱ spinal 
anesthesia who needed hip fracture surgery were enrolled. Patients 
were stratified into 4 intervention groups based on a randomized 
block pattern: meperidine, tramadol, magnesium sulfate, and 
dexmedetomidine. Hemodynamic parameters including blood 
pressure, heart rate, and oxygen saturation, as well as the severity of 
shivering, core body temperature, Ramsay sedation score, adverse 
events, meperidine consumption were recorded and compared.
Results: There was no statistically significant difference in the 
normal hemodynamic parameters, temperature, duration of surgery, 
meperidine consumption, and adverse events such as dizziness, 
hypotension, nausea, and bradycardia among groups (P>0.05). 
Compared to other groups, severity of shivering was the lower in 
the dexmedetomidine group 6 and 8 h after surgery. The Ramsay 
sedation scores were higher in the dexmedetomidine and meperidine 
groups 4 h after surgery (P=0.020). 
Conclusion: Dexmedetomidine acts better than the other three 
adjuvants in reducing complications such as shivering. Overall, these 
four adjuvants are helpful to prevent postoperative shivering and could 
be put forward as promising local anesthetics in spinal anesthesia, 
based on anesthesiologists’ discretion and patients’ general conditions.

Clinical registration: The study was approved by the Research 
and Ethics Committee at the Valiasr Hospital (Arak, Iran) with the 
clinical trial code of IRCT20141209020258N153.
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Significance

Dexmedetomidine is the most effective in reducing shivering with 
fewer complications. Ramsay sedation score was higher in the 
dexmedetomidine and meperidine groups. Overall, all the adjuvants 
may help to prevent postoperative shivering.
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1. Introduction

  Spinal anesthesia was arguably recognized as a successful regional 
analgesic technique[1]. Spinal anesthesia with nerve block in the 
subarachnoid space is reported to have several benefits, such as the 
fast onset of action, comfort, less adjuvant needed, and good sensory 
and motor block[1,2]. Even though spinal anesthesia is widely 
regarded as a reasonable anesthetic option for patients undergoing 
orthopedic lower limb surgery[3], shivering is still a prevalent 
adverse event in patients with spinal anesthesia, with an incidence 
of up to 56.7% during spinal anesthesia[4]. Common physiologic 
mechanisms of shivering include raised oxygen consumption, 
lactic acidosis, carbon dioxide production, and metabolic rate 
by up to 400%, leading to serious complications in patients with 
cardiovascular disease[5]. Post-spinal anesthesia shivering may 
interfere with intraoperative measurement and monitoring of the 
electrocardiogram, blood pressure, and oxygen saturation[5,6]. 
  Thermoregulation can be implemented by triggering the core 
temperature, and then by alternating vascular tone of the autonomic 
nervous system (vasoconstriction and vasodilation); and thusly 
raising the skin surface temperature. This is the fastest way to 
increase the shivering threshold[7]. Because it increases oxygen 
demands, shivering may lead to multiple complications such as 
myocardial ischemia and tremors that increase intraocular and 
intracranial pressure, as well as postoperative problems and higher 
costs[6]. The consequences of postoperative shivering may include an 
increase in oxygen consumption per minute (VO2), carbon dioxide 
production per minute (VCO2), metabolic rate, and sympathetic tone, 
which results in increased cardiac output and minute ventilation. The 
incidence of myocardial ischemia augments myocardial infarction[8].
  Various underlying causes of postoperative shivering have 
been reported, including uninhibited spinal reflexes, decreased 
sympathetic activity, adrenal suppression, respiratory alkalosis, and 
response to hypothermia[9]. Clinical efficacies of some medicines 
have been adequately proven in controlling shivering following 
neuraxial blockade, including intravenous or epidural meperidine 
(25 mg), intravenous clonidine (75 μg), dexmedetomidine, 
magnesium sulfate, and tramadol, among which the first is 
commonly used[10,11]. 
  Dexmedetomidine is an α2-adrenergic agonist and can relieve 
postoperative pain[12]. Numerous studies have supported the 
efficacy of intravenous dexmedetomidine in the treatment and 
prevention of post-spinal anesthesia shivering[12,13]. To date, few 
studies addressed the efficacy of intrathecal dexmedetomidine 
in the prevention of post-spinal anesthesia shivering[14,15]. 
Magnesium is the fourth most important cation in the body and 
magnesium sulfate has analgesic properties[16] primarily by 
regulating intracellular calcium levels. It acts as an antagonist of 
N-methyl-D-aspartate receptors[17]. Varying studies established 
the sedative efficacy of intrathecal magnesium sulfate as a spinal 
adjuvant to bupivacaine[17,18], while Faiz et al. suggested that 

intrathecal magnesium sulfate can help to lessen shivering in women 
undergoing Cesarean section[19]. Tramadol, a low-cost oral atypical 
synthetic analgesic, exerts its analgesic effects centrally and appears 
to be intrathecally effective in reducing postoperative pain and 
shivering (both in incidence and in intensity)[20,21].
  Our study aimed to compare the efficacy of meperidine, tramadol, 
magnesium sulfate, and dexmedetomidine in preventing post-spinal 
anesthesia shivering and adverse events following hip fracture repair.
 

2. Patients and methods

2.1. Study setting

  A total of 132 patients were recruited in this phase Ⅲ double-blind, 
randomized study in Valiasr Hospital, Arak, Iran from April 2021 to 
December 2021.

2.2. Ethical approval
 
  The study was approved by the Research and Ethics Committee at 
the Valiasr Hospital (Arak, Iran) with the ethics code of IR.ARAKMU.
REC.1399.297 and clinical trial code of IRCT20141209020258N153.
The trial registry can be found at: https://en.irct.ir/trial/54731.

2.3. Inclusion criteria

  Inclusion criteria included patients aged 18 to 75; of both genders; 
American Society of Anesthesiologists class Ⅰ and Ⅱ; those scheduled 
for hip fracture repair surgery under spinal anesthesia; no history 
of drug abuse, seasonal allergies, or any of the drugs used in this 
study; absent of neuromuscular diseases, Raynaud’s phenomenon, 
cardiomyopathy, and coagulation disease. In addition, patients were 
excluded from the study if they experienced failure in the anesthesia 
methods used in the study or expressed unwillingness to continue the 
participation.

2.4. Study design

  The study was double-blind. Patients were not aware of the type 
of drug given. Adjuvants were prepared by a nurse anesthetist and 
spinal anesthesia was performed by an anesthesiologist, whereas 
an intern, who was unaware of the patient grouping, recorded 
the patient’s clinical symptoms. Moreover, the gathered data 
were submitted to the statistician, after being coded. The subjects 
were randomly divided into 4 groups using a balanced block 
randomization scheme with a block size of 8, whose order was 
determined individually.
  All our subjects were hospitalized for at least 1 day and had no food 
or drink 8 h before surgery. All subjects were treated with 10 mL/kg 
of crystalloid (Ringer) after being transferred to the operating room. 
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Each participant was administered with the following adjuvants 
along with 12.5 mg of hyperbaric (0.5%) in 2.5 mL of bupivacaine 
(AstraZeneca Pharmaceutical Industry Company, United Kingdom, 
imported by Cobel Darou, Tehran, Iran). Consequently, the 
total intrathecal injection volume was adjusted to 3 mL. The 
dexmedetomidine group received 5 μg of dexmedetomidine (Iran 
Eksir, Tehran, Iran)[16]; the magnesium sulfate group received 25 mg 
of 10% magnesium sulfate (Pasteur Institute of Iran, Tehran, Iran)
[21]; the meperidine group received 0.2 mg/kg of meperidine (Gerot 
Pharmazeutika, Vienna, Austria, ordered by Darupakhsh)[22], and 
the tramadol group received 10 mg of tramadol (Caspian Tamin 
Pharmaceutical Company, Rasht, Iran)[21].

2.5. Measurement
 
  Age, sex, body mass index, and duration of surgery were obtained 
based on patients’ records. Levels of mean arterial blood pressure, 
heart rate, and arterial oxygen saturation were measured every 5 min 
for the first 15 min, then every 15 min until the end of the operation 
and recovery, 1 and 2 h postoperatively. Systolic blood pressure 
below 100 mmHg or a >20% reduction from the baseline was 
corrected by increasing the rate of normal saline infusion and treated 
with 5 to 10 mg of intravenous ephedrine. Furthermore, bradycardia 
was defined as a decrease in heart rate below 45 bpm, and a fall in 
oxygen saturation of arterial blood (SaO2) to below 92%, and, if 
occurred, appropriate treatment was performed and recorded. 
  The severity of shivering was assessed and recorded intraoperatively 
and every 15 min in recovery and 2, 4, 6, 8, and 12 h postoperatively, 
and graded on a 4-point scale (0-3) where 0: no shivering; 1: mild 
fasciculation of the face and neck; 2: visible tremor involving more 
than one muscle group; and 3: gross muscular activity involving the 
entire body[22]. Moreover, the core body temperature measured by a 
digital infrared thermometer (LEYU DT-8806H) was recorded at the 
beginning of the recovery period, every 15 min until the end of the 

recovery, and then at 2, 4, 6, 8, 10, and 12 h postoperatively.
  If the patients experienced shivering of grade 3, 0.5 mg/kg i.v., 
meperidine was administered each time after spinal anesthesia. The 
level of sedation intraoperatively and up to 12 h after the operation 
was monitored using Ramsay sedation score in all groups.
  Other adverse events, like nausea and vomiting, bradycardia, 
hypotension, and dizziness were also recorded. 

2.6. Primary and secondary outcomes
  
  The primary and secondary outcomes in this study were shivering 
severity and sedation score, respectively.

2.7. Statistical analysis
 
  Sample size was calculated based on the results of our recent 
study[23]. Considering the study power being equal to 80%, as well 
as the confidence interval of 95%, each group requires at least 32 
patients.
  The data were entered into SPSS software release 20. Categorical 
variables were presented as absolute numbers and percentages, while 
continuous variables were presented as mean±SD. Non-normally 
distributed data are expressed as median and first and third quartiles 
(Q1, Q3). ANOVA and chi-square tests were used to analyze. 
Difference was considered significant if P<0.05.

3. Results

 3.1. Demographic characteristics 

  A total of 132 patients were included (Figure 1). The mean age was 
(46.11±8.70) years, ranging from 23 to 62 years. The mean body 
mass index was (24.59±2.55) kg/m and 66 (50.0%) were female. 

Figure 1. The study flowchart.

Assessed for eligibility (n=148)

Excluded (n=16):
   Not meeting inclusion criteria (n=5)
   Refused to participate (n=9)
   Incorrectly filled out forms (n=2)

Included and randomized 
 (n=132)

Dexmedetomidine 
(n=33)

Magnesium sulfate
(n=33)

Meperidine
(n=33)

Tramadol 
(n=33)

▼

▼
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▼
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Variable Dexmedetomidine, n=33 Magnesium sulfate, n=33 Meperidine, n=33 Tramadol, n=33 F/χ2 P
Age, years, mean±SD 46.48±8.86 46.42±8.89 46.42±8.12 45.12±9.21 0.188 0.905
Male, n, % 16 (48.48) 16 (48.48) 17 (51.51) 17 (51.51) 0.121 0.982
Body mass index, kg/m2, mean±SD 24.78±2.61 24.75±2.57 24.84±2.61 24.00±2.44 0.806 0.493
Mean arterial pressure, mmHg, mean±SD 92.66±6.06 92.63±5.52 92.51±4.77 92.57±4.82 0.001 0.998
Heart rate, bpm, mean±SD 90.24±7.77 90.35±7.38 90.28±7.23 90.18±7.35 0.001 0.998
Oxygen saturation, %, mean±SD 98.10±0.61 97.50±0.63 97.56±0.55 97.62±0.89 0.000 0.999
Temperature, 曟, mean±SD 37.10±2.12 37.25±2.35 37.21±2.26 37.02±1.98 0.001 0.999
Duration of surgery, min, mean±SD             102.37±6.02             101.91±5.56      102.25±4.12     101.99±5.19 0.073 0.974
Postoperative adverse events, n, %  2 (6.06) 4 (12.12) 1 (3.03) 4 (12.12) 2.670 0.440

Table 1. Demographic and clinical baseline characteristics.

Table 2. Score of shivering severity (medium, Q1, Q3).
Time Dexmedetomidine, n=33 Magnesium sulfate, n=33 Meperidine, n=33 Tramadol, n=33 U P
During surgery 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 3.100 0.377
Recovery
  0 min 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 6.240 0.101
  15 min 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 3.660 0.301
  30 min 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 4.320 0.229
  45 min 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 3.450 0.290
After surgery
  2 h               0 (0.0, 1.0) 0 (0.0, 0.5) 0 (0.0, 1.0) 0 (0.0, 0.0) 1.790 0.616
  4 h 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0.517 0.915
  6 h 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.5) 0 (0.0, 0.0) 0.106 0.991
  8 h 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.5)   14.200  0.003*

  10 h 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0)   11.700  0.008*

  12 h 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0 (0.0, 0.0) 0.000 1.000

Table 3. Ramsay sedation score (mean±SD).
Time Dexmedetomidine, n=33 Magnesium sulfate, n=33 Meperidine, n=33 Tramadol, n=33 F P
During surgery 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 <0.001 0.999
Recovery 2.00±0.00 1.90±0.29 2.00±0.00 1.90±0.29   2.133 0.099
After surgery
  2 h 2.00±0.00 2.00±0.00 2.00±0.00 1.96±0.17 1.000 0.395
  4 h 2.00±0.00 1.90±0.29 2.00±0.00 1.90±0.29 3.340  0.020*

  6 h 2.00±0.00 1.93±0.24 2.00±0.00 1.90±0.29 1.890 0.134
  8 h 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00   <0.001 0.999
  10 h 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00   <0.001 0.999
  12 h 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00   <0.001 0.999

There were no significant differences in age, sex, or body mass index 
for all participants (Table 1).

3.2. Clinical baseline characteristics

  The study analysis revealed no statistically significant difference 
in oxygen saturation, mean blood pressure, heart rate, temperature, 
duration of surgery, meperidine consumption, and postoperative 
adverse events including dizziness, hypotension, nausea, and 
bradycardia (P>0.05).

3.3. Severity of shivering

  There was statistically significant difference in severity of shivering 
among 4 groups at 8 and 10 postoperatively (P<0.05), and it was lower 
in the dexmedetomidine group (Table 2). 

3.4. Ramsay sedation score
 
  There was statistically significant difference in Ramsay sedation 
score (Table 3) at 4 h postoperatively (P=0.020). The score was 
higher in the dexmedetomidine and meperidine groups. 

Meperidine consumption Dexmedetomidine, n=33 Magnesium sulfate, n=33 Meperidine, n=33 Tramadol, n=33 χ2 P
Not consumed 32 (96.96) 29 (87.87) 32 (96.96) 30 (90.90) 12.300 0.359
Consumed  1 (3.03)  4 (12.12)   1 (3.03)  3 (9.09)

Table 4. Meperidine consumption for patients experienced shivering of grade 3 (n, %).

*Significant at α=0.05. 

*Significant at α=0.05. 
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3.5. Meperidine consumption for patients experienced 
shivering of grade 3

  No statistically significant difference (Table 4) was observed in 
meperidine consumption for patients experienced shivering of grade 
3 (P=0.359).

4. Discussion

  A total of 132 patients who were candidates for hip fracture 
surgery were included in the study and randomly allocated into 4 
interventional groups. Our results showed no statistically significant 
differences in oxygen saturation, mean blood pressure, heart rate, 
temperature, duration of surgery, meperidine consumption, and 
adverse events like dizziness, hypotension, nausea, and bradycardia.
  Severity of shivering was lower in the dexmedetomidine group at 8 
and 10 h postoperatively. Significant differences in Ramsay sedation 
score were found at 4 h postoperatively and Ramsay sedation score 
was higher in the dexmedetomidine and meperidine groups. Overall, 
all the adjuvants may help to prevent postoperative shivering.
  A study by Omar et al. compared intrathecal dexmedetomidine and 
intrathecal magnesium sulfate in preventing post-spinal anesthesia 
shivering and magnesium sulfate is recommended owing to more 
availability and cheaper price[16]. Gupta et al. explored the effect 
of intrathecal 10 and 20 mg of tramadol on post-spinal anesthesia 
shivering and found that tramadol reduces the incidence of shivering, 
while 20 mg of tramadol prolongs the duration of postoperative 
analgesia compared to 10 mg of tramadol, but both are not different 
in terms of postoperative shivering[21], whose results for tramadol 
were consistent with our study.
  Consistent with our results for meperidine, another study showed 
that adding 20 μg of fentanyl or 0.2 mg/kg of meperidine to 0.5% 
bupivacaine intrathecal significantly decreased the incidence of 
shivering in lower limb orthopedic surgeries. They concluded that 
the adjuvants could reduce the severity of shivering and the overall 
need for intravenous meperidine to control intraoperative shivering 
compared to the control group, while no significant difference was 
found in hemodynamic parameters[23]. Other findings similar to 
ours on the efficacy of intrathecal dexmedetomidine confirmed that 
dexmedetomidine reduced the incidence of shivering following 
prostatectomy[24].
  Ellakany et al. studied the efficacy of intrathecal dexmedetomidine 
and meperidine on post-spinal anesthesia shivering and reported 
that dexmedetomidine lessens shivering while reducing nausea, 
vomiting, and pruritus[25]. The results were consistent with our study. 
Furthermore, Faiz et al. suggested that intrathecal magnesium sulfate 
can prevent post-spinal anesthesia shivering following Cesarean 
delivery[19]. 
  Our study demonstrates that dexmedetomidine acts better than the 

other three adjuvants in reducing complications such as shivering. 
But overall, all the adjuvants can prevent postoperative shivering 
without complications. Based upon the anesthesiologists’ discretion 
and the patient’s medical conditions, these adjuvants could be 
used as an anesthetic in spinal anesthesia to prevent postoperative 
shivering.
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