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Abstract 

Background: Intrathecal dexmedetomidine has been used in different doses as an adjuvant with local anesthetics to provide 

prolonged postoperative analgesia. This prospective randomized dose response study was conducted to find out the safe and 

effective dose of intrathecal dexmedetomidine to provide good quality of perioperative analgesia.  

Methods: Eighty adult patients of lower limb trauma undergoing orthopedic surgery were randomly allocated into four groups. 

Group B received 0.5% hyperbaric bupivacaine 15 mg with 0.5 ml normal saline while group D3, D5 and D7 received 

dexmedetomidine 3 µg, 5 µg and 7 µg respectively added to 15 mg 0.5% hyperbaric bupivacaine (total volume 3.5 ml in each 

group) intrathecally during subarachnoid block. The patients were monitored for onset and duration of block, the time to first 

rescue analgesia, postoperative pain scores, 24-hour analgesic consumption, hemodynamic parameters, sedation level, and 

adverse effects.  

Results: Intrathecal dexmedetomidine significantly reduced the requirement of postoperative analgesia and prolonged the 

analgesic duration in all three doses (p<0.0001). The duration of postoperative analgesia was significantly longer in D7 group 

as compared to D3 and D5 groups (p<0.0001). Postoperative pain scores were less in patients receiving dexmedetomidine 5 

µg and 7 µg as compared to the control group (p<0.0001). Intrathecal dexmedetomidine significantly shorten the onset times 

and increased regression times of the sensory and motor blockade in dose dependent manner. The incidence of hypotension 

was comparable among groups. Dexmedetomidine produced arousable sedation during perioperative period in all 3 doses. No 

significant adverse effects were reported in any group of patients.  

Conclusion: Dexmedetomidine produced dose dependent prolongation of spinal blockade and postoperative analgesia in 3, 5 

and 7 µg doses as an adjuvant with intrathecal bupivacaine. Intrathecal dexmedetomidine 7 µg can be used safely to provide 

prolonged postoperative analgesia for lower limb orthopedic procedures in healthy adult patients.  
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Introduction 

Perioperative pain management is a major challenge for anesthesiologists to 

improve functional recovery after orthopedic surgeries. There has been a 

constant struggle to bring out the best possible analgesic technique with least 

side effects. The subarachnoid block is commonly used for lower limb 

procedures because of its rapid onset of action and cost-effectiveness. 

Various adjuvants like opioids, midazolam, ketamine and neostigmine have 

been added to intrathecal local anesthetics for increasing the duration of post-

operative analgesia [1]. However, there use is limited by various adverse 
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effects including pruritus, respiratory depression, urinary retention, post-

operative nausea and vomiting.  

Dexmedetomidine, a highly selective α2-adrenergic agonist, is rapidly 

emerging as the choice of additive to spinal anaesthesia in view of its 

property to provide analgesia without respiratory depression and other opioid 

related adverse effects [2,3]. In various studies, dexmedetomidine has been 

found to be more efficacious than fentanyl, morphine and clonidine when 

used intrathecally with local anesthetics [4-7]. Intrathecal dexmedetomidine 

has been used in 3, 5, 10 and 15 µg doses in different studies to enhance 

postoperative analgesia [8-10]. Though increasing the dose of intrathecal 

dexmedetomidine from 3 to 15 μg prolonged the duration of postoperative 

analgesia, the risk of adverse effects has also been increased at the same time 

[11-13]. Hence, there is no clear consensus on the dose of dexmedetomidine 

to be used with local anesthetics in neuraxial blockade to avoid side effects 

while ensuring pain free perioperative period. Therefore, this prospective 

randomized double-blind study was conducted to determine the best 

effective dose of dexmedetomidine as an adjuvant to intrathecal bupivacaine 

for providing prolonged and safe postoperative analgesia in patients 

undergoing lower limb orthopedic surgery.  

Materials and Methods 

This prospective randomized double-blinded study was conducted after 

approved from “Institutional Ethical Committee” and written informed 

consent from all the participants. We enrolled 80 adult trauma patients, aged 

18-65 years, of American Society of Anesthesiologists physical Status I and 

II undergoing below hip lower limb orthopedic procedures under spinal 

anesthesia. Patients with history of spine surgery or infection at the site of 

lumbar puncture, having neurological and psychiatric disturbances, 

coagulation disorders and those on beta blockers, calcium channel blockers 

or α2-agonists were excluded. Patients taking opioids or on long term 

analgesics were also excluded.  

The patients were randomly allocated into four groups using computer 

generated randomization sequence. Group B patients received 0.5% 

hyperbaric bupivacaine 15 mg with 0.5 ml normal saline while group D3, D5 

and D7 patients received dexmedetomidine 3 µg, 5 µg and 7 µg respectively 

(Dexmedetomidine injection 100 µg/ml) added to 15 mg 0.5% hyperbaric 

bupivacaine (total volume 3.5 ml in each group) intrathecally during 

subarachnoid block. The desired dose of dexmedetomidine was drawn up 

using 1 ml Tuberculin syringe, graduated, 0.01 ml and then diluted with 

normal saline to 0.5 ml. 

Patients were kept fasting for 8 h before procedure and received alprazolam 

0.25 mg the night before surgery. The subarachnoid block was performed 

under all aseptic precautions, in the sitting position at L3-4 or L4-5 interspace 

using 26-gauge Quincke needle and 3.5 ml drug was administered after 

aspiration according to the group allocation. The drug solutions were 

prepared under sterile precautions by an anesthesiologist not involved in 

further management of the patient. The anesthesiologist who performed the 

subarachnoid block and monitored the patients during intraoperative and 

postoperative period was blinded to the group allocation. 

All patients received 500 ml normal saline before administration of block 

followed by 6 ml/kg/hr infusion. A standardized monitoring of ECG, blood 

pressure (every 5 min), respiration and oxygen saturation was performed. 

The patients were placed in supine position after block and oxygen was 

supplemented with face mask. 

The level of sensory block was assessed with cold swab every 2 min after 

intrathecal injection till T10 dermatomal level and every 5 min thereafter 

until maximum level of sensory block level stabilized. The motor block was 

assessed using modified Bromage scale (0-3, 0=no motor weakness, 

1=inability to raise extended leg, 2=inability to flex knee, 3=inability to flex 

ankle) at the same time intervals. The time to block T10 sensory level and 

Bromage scale 3 was recorded (onset times). The duration of surgery, 

intraoperative blood loss, total requirement of IV fluid and blood transfusion 

was noted. The regression of sensory and motor block was assessed at every 

30 min interval. Intraoperative hypotension, bradycardia or any other 

complications were recorded and managed accordingly. The hypotension is 

defined as a mean arterial pressure <60 mmHg or >25% decrease from 

baseline value, and treated with boluses of 3-6 mg ephedrine. Bradycardia is 

defined as pulse rate of <40 beats/min and treated with bolus of 0.6 mg 

atropine.  

Postoperatively, the patients were monitored in post anesthesia care unit by 

an observer blinded to the group assignment. The patients were observed for 

heart rate, blood pressure, oxygen saturation and any adverse effects for 24 

hours postoperatively. The intensity of postoperative pain was assessed using 

visual analogue scale (VAS, 0-10, 0=no pain and, 10=worst imaginable pain) 

at 0, 2, 4, 6, 12 and 24 h postoperatively. Diclofenac 1.5 mg/kg 

intramuscularly was given as rescue analgesic if VAS was greater than 3, if 

not relieved within 30 min, injection tramadol 50 mg was supplemented 

intravenously. The time from subarachnoid block to the first demand for 

rescue analgesic (primary outcome) and total analgesic demand in 24 hours 

was recorded. The regression times of block to S1 sensory level and Bromage 

0 motor scale were recorded (secondary outcome). Incidence of side effects 

like sedation, nausea, vomiting, hypotension, bradycardia, pruritus, 

shivering and urinary retention were noted. Sedation was monitored using 

Ramsay sedation scale. Patient were contacted telephonically after 2 weeks 

to find out any neurological deficit. 

Statistical analysis 

Statistical analyses were performed using IBM SPSS software version 22. 

Continuous variables were tested for normal distribution by Kolmogorov-

Smirnov test. Normally distributed data was expressed as mean and standard 

deviation, and compared using one-way analysis of variance (ANOVA) 

followed by independent sample t-test for intergroup comparisons. Chi-

square test and Mann–Whitney U-test were applied if variables were not 

uniformly distributed. Turkey’s test was used for post hoc analysis during 

multiple comparisons. Level of statistical significance was fixed at P < 0.05. 

Sample size calculation assuming 30% difference in duration of 

postoperative analgesia between groups with power of 80% at the confidence 

level of 95% revealed that minimum 18 patients were required in each group. 

Therefore, total 80 patients were recruited to minimize the effect of data loss. 

Results  

Total 80 patients (20 patient in each group) were recruited during 18 months 

period; all received intervention and completed the follow up. Demographic 

characteristics such as age, weight, height, gender, ASA physical status of 

the patients and the duration of surgery were comparable among groups 

(table 1).  
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Table 1: Demographic Data 

Data presented as mean ± SD or numbers of patient The surgical procedures 

included in the study were mainly below hip lower limb surgeries, like 

fixation of fracture femur, tibia or both leg bones, and comparable in all the 

groups. The onset times of sensory and motor blockade were significantly 

shorter in group D3, D5 and D7 as compared to group B. The difference was 

also significant between group D3 and D7 (p,0.001). The duration of sensory 

and motor block was significantly longer in all 3 dexmedetomidine groups 

as compared to the control group. The difference was also significant 

between group D3 and D5, and D5 and D7 for sensory block. However, there 

was no significant difference between group D5 and D7 for duration of motor 

block (table 2).   

 

 

Data presented as mean ± SD or IQR, *p<0.01 as compared to group D3, #p<0.01 as compared to group D5 

Table 2: Block characteristics and postoperative analgesia 

Intrathecal dexmedetomidine significantly prolonged the time to first rescue 

analgesia in dose dependent manner with maximum increase was observed 

in group D7 (table 2).  The duration of postoperative analgesia was about 18 

hours in this group, and 30% patients did not require any rescue analgesia 

during 24 postoperative hours. The requirement of rescue analgesia was 

significantly higher in group B patients (P<0.001) as compared to all other 

groups. All the patients in this group required 2-3 boluses of diclofenac and 

25% patients required tramadol. The postoperative pain scores were 

significantly lower in patients receiving 5 µg and 7 µg dexmedetomidine as 

compared to control group (table 3).  

 

 

Table 3: Postoperative pain scores 
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Data presented as median (IQR), *p<0.01 as compared to group D3, #p<0.01 as acompared to group D5 The perioperative mean arterial pressure was 

comparable among groups (figure 1).  

 

 
         

*p<0.01 compared to group B and D3 

Figure 1: Intraoperative heart rate changes among groups 

The heart rate was lower in group D5 and D7 as compared to group B and D3, 30 min after spinal anesthesia (figure 2). 

 

 

Figure 2: Intraoperative blood pressure (MAP) changes among groups 

However, none of the patients had bradycardia (HR<40/min). The incidence 

of hypotension was comparable among groups; 2, 1, 2 and 2 patients in group 

B, D3, D5 and D7 respectively had hypotension. There was no statistical 

difference in administration of ephedrine, blood and intravenous fluid. 

The patients receiving dexmedetomidine had mild sedation during 

intraoperative period and immediate postoperative period. The average post-

operative sedation scores were 1-2 in most of the patients and none of the 

patients had sedation scores >3 in either group at any point of time (table 4).

  

 

Table 4: Postoperative sedation level 
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Data presented as median (IQR) Six patients in group B and 2 patients in 

group D3 had shivering. Three patients in control group and one patient in 

D3 and D5 group complained of postoperative nausea and vomiting. No 

neurological adverse effects were observed in any group of patients. 

Discussion 

Dexmedetomidine is under evaluation as a neuraxial adjuvant due to its 

various beneficial effects with lesser side effects. Intrathecal 

dexmedetomidine produces synergistic effect with local anesthetics and 

prolongs analgesia by binding and depressing the release of presynaptic C-

fiber neurotransmitters and also by hyperpolarization of post-synaptic dorsal 

horn neurons (14). This anti-nociceptive effect may explain the prolongation 

of the sensory block while prolongation of motor block may be due to the 

binding of the drug to motor neurons in the dorsal horn.  

In the present study, intrathecal dexmedetomidine significantly prolonged 

analgesic duration and decreased postoperative pain intensity in all three 

doses.  The effect appears to be dose dependent and more pronounced with 

the dose of 7 µg. Additionally, neuraxial dexmedetomidine was associated 

with beneficial alterations in the sensory and motor block characteristics as 

well as postoperative sedation scores. The incidence of hypotension and 

bradycardia was not significant with dexmedetomidine being used up to 7 μg 

doses intrathecally. 

In previous studies intrathecal dexmedetomidine has been used in variable 

doses ranging from 1.5 to 20 μg. Elhamid and Ali [10] compared 1.5 μg with 

3 μg and 5 μg doses of dexmedetomidine and find out that 3 μg is the least 

effective dose to be used in spinal anesthesia. In a study comparing the 

analgesic efficacy of 3 and 5 μg intrathecal dexmedetomidine in orthopedic 

patients undergoing lower limb surgeries, the duration of postoperative 

analgesia was significantly (p,0.001) prolonged in 5 μg dexmedetomidine 

group as compared to 3 μg group without any increase in adverse effects 

[15]. In another study, intrathecal dexmedetomidine 5 μg potentiated 

hyperbaric bupivacaine antinociception by 31% in spinal anaesthesia for 

patients undergoing cesarean section without significant untoward effects 

[3]. In a comparative study, 5 μg intrathecal dexmedetomidine as an adjunct 

to 0.5% bupivacaine produced longer duration of postoperative analgesia 

than 25 μg fentanyl for lower limb surgical procedures [4]. However, in all 

these studies, the maximum duration of postoperative analgesia in 

dexmedetomidine group was around 5-6 hr. Naithani et al [16] reported that 

5 μg intrathecal dexmedetomidine did not show much promise in reduction 

of required analgesic supplementation after surgery. 

Intrathecal dexmedetomidine has also been tried in higher doses (up to 15-

20 μg) with the main goal of enhancing postoperative analgesia. Though, 

dose dependent increase in analgesic duration was observed, the incidence 

of hypotension and bradycardia was also increased [11,12]. Bhure et al [13] 

compared the effect of 10 and 15 μg intrathecal dexmedetomidine in patients 

undergoing abdominal hysterectomy under spinal anesthesia and reported 

dose related increase in hypotension and bradycardia. Elhadary et al [17] also 

reported high incidence of hypotension in patients receiving 10 μg 

dexmedetomidine with 0.5% intrathecal bupivacaine for lumber spine 

surgery. A meta-analysis [12] involving 16 RCTs and 1092 participants 

reported significantly decreased postoperative pain intensity (P,0.00001) and 

prolonged analgesic duration (WMD, 6.93 hours; 95% CI, 5.23 to 8.62; 

P,0.00001) in patients receiving intrathecal dexmedetomidine with increased 

the risk of bradycardia (OR, 2.68; 95% CI, 1.18 to 6.10; P = 0.02) when used 

in higher doses (≥10 µg). In the present study administration of intrathecal 

dexmedetomidine in doses of 7 µg provided around 18 hours of 

postoperative analgesia without compromising hemodynamic parameters. 

The longer duration of sensory and motor blockade resulted in better 

anesthesia and analgesia during intraoperative period. The maximum 

duration of motor blockade was around 4 hours since administration of the 

drug which did not influence recovery and rehabilitation protocol. 

Intrathecal dexmedetomidine reduces perioperative shivering after neuraxial 

blockade by regulating the shivering threshold and reducing the contraction 

of vessels [18]. It suppresses the neuronal conductance, thus decreasing the 

central thermosensitivity. In a recent meta-analysis, Wang et al [19] 

demonstrated that intrathecal dexmedetomidine significantly reduces the 

incidence of intraoperative shivering under spinal anesthesia. We also found 

significantly reduced incidence of shivering in all dexmedetomidine groups.   

Dexmedetomidine usually produces ‘arousable sedation’ without any 

respiratory depression which may be beneficial for the patient to alleviate 

anxiety during perioperative period. None of our patient had deep sedation, 

hypoxia or respiratory depression. Intrathecal dexmedetomidine has been 

found to be safe when used with local anesthetics in doses of up to 0.2–1 

μg/kg [20]. We did not find any neurological adverse effect in any group of 

patients. The main limitation of this study was that we enrolled healthy adult 

patients, therefore our results cannot be generalized for elderly patients with 

cardiovascular morbidities. 

In conclusion, addition of dexmedetomidine to intrathecal hyperbaric 

bupivacaine enhances the quality and onset of subarachnoid block and 

increases postoperative analgesia in dose dependent manner. Intrathecal 

dexmedetomidine in doses of 7 μg provided prolonged postoperative 

analgesia with beneficial alterations in the sensory and motor block 

characteristics. The incidence of hypotension was not significant. The 

patients’ had only mild sedation during immediate postoperative period, 

which did not affect our accelerated rehabilitation protocol, even the patients 

were more comfortable during physiotherapy due to good pain relief. 

Therefore, dexmedetomidine can be safely used in 7 μg doses as an adjunct 

to intrathecal bupivacaine for getting prolonged postoperative analgesia. 

However, it should be used cautiously in patients with cardiac problems like 

conduction defects or bradyarrhythmia. Also care should be taken while 

using this drug dose in high risk and elderly group of patients. 
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