
Introduction 

Total knee arthroplasty (TKA) is associated with severe post-operative pain. Early mo-
bilization after TKA leads to better functional results and reduces the related complica-
tions; therefore, pain control with early motor function is the main goal for TKA [1,2].  

The adductor canal block (ACB) is a nerve block of Hunters canal, which includes the 
saphenous and vastus medialis nerves. Additionally, other sensory nerves, such as the 
femoral nerve, medial cutaneous nerve, and both the anterior branch and terminal end of 
the posterior branch of the obturator nerve to some extent as it enters the distal part of 
the canal are blocked by the ACB [3]. The ACB is primarily considered a pure sensory 
nerve block because the only motor nerve it affects is the nerve to the vastus medialis 
muscle. Therefore, ACB provides adequate analgesia during knee surgery without affect-

Intravenous versus perineural 
dexmedetomidine as adjuvant in 
adductor canal block for total knee 
arthroplasty
Maha Ahmed Abo-Zeid Salim, Sherine Bakrey,  
Rania Elmohamady Elbadrawy
Department of Anesthesia and Surgical Intensive Care, Mansoura Faculty of Medicine, Al 
Mansurah, Egypt

Korean J Anesthesiol 2023;76(4):307-316
https://doi.org/10.4097/kja.22579
pISSN 2005–6419 • eISSN 2005–7563

Clinical Research Article

Background: The shivering effect after spinal anesthesia in total knee arthroplasty (TKA) 
is challenging for anesthesiologists. This study aimed to compare two administration 
routes of dexmedetomidine as a post-neuraxial shivering prevention measure and an ad-
junctive analgesic and sedative agent. 
Methods: Fifty-six patients were randomly allocated into two equal groups. The intrave-
nous dexmedetomidine (IV dex) group received an IV infusion of 0.5 µg/kg dexmedeto-
midine diluted in 20 ml saline and an adductor canal block (ACB) consisting of 20 ml of 
0.25% levobupivacaine and 1 ml saline. The adductor canal block dexmedetomidine (ACB 
dex) group received a 20 ml IV infusion of saline and an ACB consisting of 20 ml 0.25% 
levobupivacaine and 1 ml of 0.5 µg/kg dexmedetomidine. 
Results: The incidence of shivering 1 h post spinal anesthesia was equal in both groups 
(50%); however, the shivering grade was significantly lower in the IV dex group 1 h post-
operatively. The onset of sensory block was significantly later in the IV dex group (22.14 ± 
2.52 min) than in the ACB dex group (12 ± 3.31 min). Postoperative analgesic duration (h) 
was significantly longer in the ACB dex group (12.28 ± 4.47) compared to the IV dex 
group (9.28 ± 1.90). The sedation scores were also significantly higher in the IV dex group 
in the preoperative, intraoperative, and immediate postoperative periods. 
Conclusions: While perineural ACB dexmedetomidine had similar intraoperative an-
ti-shivering with less sedative effects as IV dexmedetomidine, it was associated with both 
less shivering control and superior analgesia post-TKA under spinal anesthesia. 
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ing quadriceps strength [4,5]. 
Spinal anesthesia is often associated with an impaired thermo-

regulation system through the constraint of tonic vasoconstriction 
with subsequent temperature regulation. Moreover, spinal anes-
thesia redistributes the core heat from the trunk (below the block 
level) to the periphery. Consequently, patients are predisposed to 
hypothermia and shivering after spinal anesthesia [6]. Shivering 
can induce complications, particularly in patients with low cardi-
ac and pulmonary reserves, through an increase in cardiac and 
systemic energy expenditure (metabolic rate is increased up to 
400%), oxygen consumption, carbon dioxide production, and lac-
tic acidosis [7]. 

Definitive prevention and treatment of shivering are necessary 
to decrease related complications and increase post-anesthesia 
comfort [8]. Dexmedetomidine is a highly selective Alpha-2 ad-
renergic agonist that is effective and safe as an analgesic adjuvant 
via various routes, including the intravenous (IV) [9], neuraxial 
[10], perineural [11], intramuscular, intranasal, and buccal routes 
[12,13]. However, few previous studies have focused on the shiv-
ering prevention effect of dexmedetomidine. Additionally, no 
studies have investigated the best route of dexmedetomidine ad-
ministration to either prevent the occurrence of shivering after 
spinal anesthesia or decrease its severity. 

This study thus aimed to investigate the optimal administration 
route of dexmedetomidine as 1) a preventive agent against 
neuraxial shivering and 2) an adjunctive analgesic and sedative 
agent. The incidence of shivering 1 h post spinal anesthesia was 
the primary outcome. The secondary outcomes included hemo-
dynamics, postoperative pain scores, analgesic duration, total an-
algesic consumption on the first postoperative day, and sedation 
scores. 

Materials and Methods 

This prospective, randomized, comparative, double-blind study 
was conducted after approval from the Mansoura Faculty of Med-
icine Institutional Research Board (code R.18.11.342) and regis-
tration on ClinicalTrials.gov (NCT04266145). Written informed 
consent was received from all 56 adult patients with American 
Society of Anesthesiologists physical status classifications of I and 
II scheduled for unilateral primary TKA under spinal anesthesia. 
All procedures were conducted in accordance with the 2013 Dec-
laration of Helsinki. 

The exclusion criteria were as follows: severe hepatic and neu-
romuscular disease; chronic opioid use; known allergy to the 
study drugs; or any contraindications to regional anesthesia, such 
as patient refusal, coagulopathy, or injection site infections. 

Preoperatively, patients were carefully assessed and instructed 
on the 100 mm visual analog scale (VAS) for pain assessment (0 
mm =  no pain; 100 mm =  worst possible pain). Baseline preop-
erative VAS scores at rest were recorded. Patients fasted for 6 h for 
solids and 2 h for clear fluids. 

Heart rate (HR), non-invasive mean arterial pressure (MAP), 
and peripheral oxygen saturation (SpO2) monitoring were initiat-
ed upon arrival at the pre-anesthetic room. Patients were ran-
domly allocated into two groups (28 patients in each group) ac-
cording to the route of dexmedetomidine administration using 
opaque coded envelopes. In the first group (IV dex), 0.5 µg/kg of 
dexmedetomidine diluted in 20 ml of normal saline was prepared 
for IV administration and the ACB was conducted with 20 ml of 
0.25% levobupivacaine and 1 ml normal saline. In the second 
group (ACB dex), a 20 ml IV infusion of normal saline was ad-
ministered and the ACB was conducted with 20 ml of 0.25% 
levobupivacaine and 1 ml of 0.5 µg/kg of dexmedetomidine. 

Anesthetic drugs for both IV infusion and the ACB were pre-
pared according to the group by an anesthesiologist who was not 
involved in the injection or perioperative assessment. Levobupiv-
acaine hydrochloride 0.5% (Chirocaine; CuuridaAS, Abbvie, Italy) 
and preservative-free dexmedetomidine hydrochloride (Precedex, 
Hospira Inc., Canada) were used. The IV prepared solution was 
administered directly over 30 min, followed by a continuous infu-
sion of warmed Ringer’s acetate at 7 ml/kg/h. 

The ACB was performed immediately after administering the 
IV solution. A high-frequency linear ultrasound transducer was 
used, with the thigh abducted and externally rotated. The trans-
ducer was placed transverse to the longitudinal axis of the thigh, 
approximately halfway between the inguinal crease and superior 
margin of the patella. The deep femoral artery was identified be-
tween the vastus medialis and adductor longus muscles deep in 
the sartorius muscle. The saphenous nerve just lateral to the artery 
was identified if possible. Two milliliters of lidocaine 2% was in-
jected lateral to the transducer, and an 18-gauge Tuohy needle was 
inserted in-plane from the lateral side of the transducer in a later-
al-to-medial orientation through the sartorius muscle. The study 
drug was injected lateral to the artery once the needle tip was vi-
sualized and after careful negative blood aspiration incremental to 
sonography to observe expansion of the adductor canal. 

The sensory block over the anterior part of the thigh was con-
tinuously assessed for 30 min after the ACB using a 3-point scale 
(0 =  loss of sensation to light touch [anesthesia]; 1 =  loss of sen-
sation to pinprick [analgesia]; 2 =  normal sensations) [14]. Addi-
tionally, the onset of sensory block (the time from ACB injection 
until sensory block grade zero) was recorded. The ACB was con-
sidered successful if a complete sensory block (sensory score =  0) 
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was achieved within 30 min of ACB injection. ACB failure was 
defined as no recording of a grade zero sensory block after 30 
min, and these cases were excluded from the study. 

The sedation score was assessed 30 min after the IV study drug 
was administered using a modified Ramsay sedation scale (RSS; 1 
=  awake and alert, with minimal or no cognitive impairment; 2 
=  awake but tranquil, with purposeful responses to verbal com-
mands at a conversational level; 3 =  appears to be asleep, with 
purposeful response to verbal commands at a conversational level; 
4 =  appears to be asleep, with purposeful responses requiring 
louder than conversational level commands, a light glabellar tap, 
or both; 5 =  asleep, sluggish with purposeful responses requiring 
loud verbal commands, a strong glabellar tap, or both; 6 =  asleep, 
with sluggish purposeful responses only to painful stimuli; 7 =  
asleep, with reflex withdrawal to painful stimuli only; and 8 =  
unresponsive to external stimuli, including pain) [15]. 

Spinal anesthesia was administered under sterile conditions 
with the patient in a sitting position. Intrathecal administration of 
12.5 or 15 mg of 0.5% hyperbaric bupivacaine was injected ac-
cording to the patient’s height (height <  165 cm, 12.5 mg; height 
≥  165 cm, 15 mg) at the L3–4 interspace (or one space above or 
below) with a 22-gauge needle after local skin infiltration with 1% 
lidocaine. Immediately after spinal anesthesia, the patient was 
turned to the supine position, and once the spinal sensory level 
reached T10 (evaluated by a sharp needle), the patient was placed 
in a slight semi-sitting position and remained in that position 
throughout the operation. The patient was kept warm using 
forced-air warming blankets. Surgery was initiated following 
tourniquet inflation. 

Intraoperatively, the HR and MBP were recorded every 15 min 
for the first 2 h and every 30 min thereafter. In the event of brady-
cardia (HR <  50 beats/min), IV atropine (0.5 mg) was adminis-
tered. Hypotension (decrease in MAP >  20% from baseline) was 
treated with increments of 5 mg IV ephedrine. 

Both the sedation score and shivering grade were assessed 1 h 
after spinal anesthesia. Shivering was assessed using a 5-point 
scale (0 =  no shivering, 1 =  piloerection or peripheral vasocon-
striction but no visible shivering, 2 =  muscular activity in only 
one muscle group, 3 =  muscular activity in more than one muscle 
group but not generalized, and 4 =  shivering involving the whole 
body) [16]. A shivering grade ≥  3 was treated with 0.2 mg/kg IV 
ketamine. 

All patients received 75 mg intramuscular diclofenac sodium 
after surgery and every 12 h thereafter. Patients were transferred 
to the recovery room for postoperative monitoring after the surgi-
cal duration was recorded. The sedation score was assessed im-
mediately postoperatively, whereas both the sedation and shiver-

ing scores were evaluated 1 h after surgery. Postoperative pain (at 
rest) was evaluated at 2, 4, 8, 12, and 24 h postoperatively, while 
pain during movement (45-degree active knee flexion) was as-
sessed 24 h postoperatively. All patients with a VAS score ≥  40 re-
ceived IV meperidine (0.3 mg/kg) as a rescue analgesic. The anal-
gesic duration (the time from the ACB injection until the first 
postoperative rescue analgesic), frequency of rescue analgesia, and 
total cumulative doses of meperidine and ketamine in the first 24 
h were recorded. 

Statistical analysis 

Data entry and analyses were performed using the Statistical 
Package for the Social Sciences version 21 (SPSS, Inc., USA). Data 
were assessed for normal distribution using the Shapiro-Wilk test. 
Continuous parametric data are presented as the mean ±  stan-
dard deviation (SD), whereas non-parametric data are presented 
as the median (interquartile range) or median (minimum – maxi-
mum). The Student’s t-test was used to compare the two groups, 
and the paired t-test was used to compare two measurements 
within a single group. The chi-squared test was used to analyze 
categorical data. Statistical significance was set at P <  0.05. 

Sample size 

In a previous study conducted by Crowley and Buggy, the inci-
dence of post-spinal shivering was 55%, and a 25% decrease in the 
incidence of post-spinal shivering (13.75%) was considered clini-
cally significant for detecting clinical effects [17]. An α error of 
0.05, β error of 0.2, and study power of 80% revealed a total sam-
ple size of 51 patients. Allowing for a 10% dropout, a total of 56 
patients (28 in each group) was calculated. 

Results 

A total of 70 patients were assessed for eligibility, 14 of which 
were excluded (6 patients for refusal, 4 for not meeting the inclu-
sion criteria, and 4 for failed ACB). A total of 56 patients (28 pa-
tients in each group) were thus randomized and underwent uni-
lateral TKA under spinal anesthesia. The patients either received 
IV dexmedetomidine followed by an ACB with levobupivacaine 
and saline (IV dex group) or IV saline followed by an ACB with 
levobupivacaine and dexmedetomidine (ACB dex group) (Fig. 1). 

The demographic and surgical characteristics of the patients 
did not differ significantly between the two groups (Table 1). The 
onset of complete sensory block after the ACB was significantly 
later in the IV dex group (22.14 ±  2.52 min) than in the ACB dex 
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Fig. 1. CONSORT flow diagram of participant selection. IV dex: intravenous dexmedetomidine, ACB dex: adductor canal blockade 
dexmedetomidine.

group (12 ±  3.31 min) (P <  0.001) (Table 2). 
The incidence of shivering 1 h after spinal anesthesia (primary 

outcome) was equal in both groups (50%), and neither group re-
quired intraoperative ketamine. The shivering incidence and 
scores were significantly lower in the IV dex group, with no sig-
nificant change in the number of patients who needed ketamine 
treatment 1 h postoperatively (Table 3). 

Both groups showed a significant decrease in HR values intra-
operatively compared to preoperative baseline values at 15, 30, 45, 
60, 75, 90, and 105 min (P <  0.001 in both groups) and at 120 
min (ACB dex group, P <  0.001; IV dex group, P =  0.012) (Fig. 
2A). None of the patients developed intraoperative bradycardia, 
and no significant differences in HR values were found between 
the two groups. However, a significant decrease in intraoperative 
MAP values compared to baseline was observed in both groups at 
15, 30, 45, 60, 75, 90, and 105 min and within the IV dex group at 
120 and 150 min (Fig. 2B). However, no significant difference in 
the MAP scores between the two groups was found. Four patients 
developed hypotension (two in each group). 

Compared to the ACB dex group, a significantly greater in-
crease in the sedation score values was seen in the IV dex group 
preoperatively (0.5 h after administration of the IV study drug), 
intraoperatively (1 h after spinal anesthesia), and immediately 
postoperatively (Table 2). 

Regarding pain scores (Fig. 3), a statistically significant increase 
in the VAS scores at rest was found in the IV dex group at 8, 12, 
and 24 h compared to the ACB dex group (P =  0.030, P =  0.002, 
and P <  0.001, respectively). Additionally, a significantly higher 
pain score was detected in the IV dex group during movement 24 
h postoperatively than in the ACB dex group (P <  0.001). 

The duration of postoperative analgesia (h) was significantly 
greater in the ACB dex group (12.28 ±  4.47) than in the IV dex 
group (9.28 ±  1.90) (P =  0.002). Both the frequency of analgesic 
requirement and the mean meperidine consumption were sig-
nificantly lower in the ACB dex group (2.14 ±  0.59 and 53.70 ±  
14.38 mg, respectively) than in the IV dex group (2.67 ±  0.47 
and 67.09 ±  13.96 mg, respectively) during the first postopera-
tive day (Table 2). 

Discussion 

The present study demonstrated that the incidence of intraop-
erative shivering was equal in the IV dex and ABC dex groups; 
however, the IV dex group had significantly lower postoperative 
shivering scores. 

A previous study conducted by Usta et al. [6] evaluated the ef-
fect that IV loading and maintenance of dexmedetomidine infu-
sion had on the prevention of shivering after spinal anesthesia. 

Assessed for eligibility 
(n = 70)

IV Dex group (n = 28)

Lost to follow-up (n = 0)

Analyzed (n = 28)

ACB Dex group (n = 28)

Lost to follow-up (n = 0)

Excluded (n = 14)
• Refusal to participate (n = 6)
• Not meeting inclusion criteria (n = 4)
• Failure of ACB (n = 4) 

Analyzed (n = 28)

Enrollment

Follow-up

Analysis

Allocation

Randomized
(n = 56)
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Table 3. Shivering Profile and Ketamine Dosage according to Study Group

Time Variable IV dex group (n =  28) ACB dex group (n =  28) P value
1 h intraoperative Shivering score 0.5 (0, 1) 0.5 (0, 1) 0.614

Shivering incidence 14 (50) 14 (50) 1
Incidence of ketamine use (shivering grade ≥  3) 0 (0) 0 (0) 1

1 h postoperative Shivering score 0 (1.75)* 1.5 (2.75) 0.027
Shivering incidence 9 (32.1)* 19 (67.9) 0.008
Incidence of ketamine use (shivering grade ≥  3) 5 (17.9) 7 (25) 0.515
Total ketamine consumption (mg) 0 (0, 0) 0 (0, 11.1) 0.545

Values are presented as median (Q1, Q3) or as number (%). IV dex: intravenous dexmedetomidine, ACB dex: adductor canal blockade dexmedetomidine. 
*Significant difference (P < 0.05) between the two groups.

Table 1. Demographic and Surgical Data according to Study Group

Variable IV dex group (n =  28) ACB dex group (n =  28) P value
Age (yr) 64.64 ±  4.49 66.36 ±  3.66 0.123
Gender 0.567
  Male 8 (28.6) 10 (35.7)
  Female 20 (71.4) 18 (64.3)
ASA-PS 0.589
  I 13 (46.4) 11 (39.3)
  II 15 (53.6) 17 (60.7)
Body mass index (kg/m2) 30.72 ±  2.85 31.05 ±  2.78 0.665
Surgical duration (min) 118.39 ±  19.72 116.78 ±  17.96 0.751
Values are presented as mean ± SD or as number (%). IV dex: intravenous dexmedetomidine, ACB dex: adductor canal blockade 
dexmedetomidine, ASA-PS: American Society of Anesthesiologists physical status.

Table 2. Sensory Block, Sedation Score, and Analgesic Profile according to Study Group

Variable IV dex group (n =  28) ACB dex group (n =  28) P value
Onset of sensory block (min) 22.14 ±  2.52* 12 ±  3.31 <  0.001
Sedation score 0.5 h after IV study drug 4 (3, 5)* 1.5 (1, 2) <  0.001
Sedation score 1 h intraoperatively 3 (3, 4)* 2 (1, 2) <  0.001
Sedation score 0 h postoperatively 2 (1, 2)* 1 (1, 1) <  0.001
Sedation score 1 h postoperatively 1 (1, 1) 1 (1, 1) 1
Postoperative analgesic duration (h) 9.28 ±  1.9* 12.28 ±  4.47 0.002
Frequency of postoperative analgesic requirement 2.67 ±  0.47* 2.14 ±  0.59 <  0.001
Total postoperative mepridine consumption (mg) 67.09 ±  13.96* 53.70 ±  14.38 0.001
Values are presented as mean ± SD or median (Q1, Q3). IV dex: intravenous dexmedetomidine, ACB dex: adductor canal blockade dexmedetomidine. 
*Significant difference (P < 0.05) between the two groups.

The incidence of shivering decreased from 56.7% (placebo group) 
to 10% (P =  0.001). Additionally, Elvan et al. [18] revealed that 
the incidence of post-anesthesia shivering following 1 µg/kg dex-
medetomidine administered over 10 min followed by a continu-
ous infusion at 0.4 µg/kg/h was 17.5%. The lower shivering inci-
dence in these two studies compared to the IV dex group in the 
current study could be explained by the additional administration 
of maintenance dexmedetomidine throughout the intraoperative 

period. 
Abdel-Ghaffar et al. [19] revealed that post-spinal shivering is 

treated effectively in 90% of patients who receive 0.5 µg/kg of IV 
dexmedetomidine. Likewise, the addition of dexmedetomidine as 
an adjuvant to the local anesthetic perineurally reduces the inci-
dence of shivering [20]. Hanoura et al. [21] also revealed that the 
addition of 1 µg/kg dexmedetomidine to an epidural injection in 
combined spinal-epidural anesthesia in females undergoing elec-
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Fig. 2. (A) Heart rate (beats/min) of the study groups. (B) Mean arterial pressure (mmHg) of the study groups. Values are presented as mean ± SD. 
IV dex: intravenous dexmedetomidine, ACB dex: adductor canal blockade dexmedetomidine. *Statistically significant difference (P < 0.05) with 
baseline values within the IV dex group. †Statistically significant difference (P < 0.05) with baseline values within the ACB dex group.

Fig. 3. Pain scores of the study groups. Values are presented as mean ± SD. IV dex: intravenous dexmedetomidine, ACB dex: adductor canal 
blockade dexmedetomidine, *Significant difference (P < 0.05) between the two groups.
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tive cesarean section resulted in a significantly decreased inci-
dence of shivering (P =  0.03). 

Dexmedetomidine has been documented to reduce shivering 
by decreasing the thresholds for shivering and vasoconstriction 
[22]. When dexmedetomidine is administered perineurally, it is 
absorbed and systemically redistributed, thereby exerting system-
ically mediated effects [23]. In 2014, Fritsch et al. [24] measured 
the plasma levels of dexmedetomidine after perineural adminis-
tration of 150 µg dexmedetomidine in an interscalene nerve block 
and found that levels peaked 30  min after administration and re-
duced to very low levels 3 h later. Based on the findings of Fritsch 
et al., the low incidence of shivering in the ACB dex group 1 h af-
ter spinal anesthesia (equivalent to 90 min after perineural ad-
ministration of dexmedetomidine) can be explained by the fact 
that it was near the time of peaked plasma levels of systemically 
absorbed dexmedetomidine from the ACB. In contrast, the higher 
incidence of shivering at 1 h postoperatively (nearly 205 min [3.4 
h] after perineural administration of dexmedetomidine) can be 
explained by the very low plasma levels of systemically absorbed 
dexmedetomidine from the ACB. Therefore, the superior control 
of shivering found in the IV dex group could be explained by the 
longer mean terminal half-life of IV dexmedetomidine, which 
was found to be 385 ±  144 min (almost 6.4 ±  2.4 h) after admin-
istration of 2 µg/kg IV dexmedetomidine [25].  

For this study, ketamine was used to treat shivering based on a 
study conducted by Shakya et al. [26], which compared the effec-
tiveness of low-dose ketamine (0.25 mg/kg) and ondansetron (4 
mg) on shivering prevention during spinal anesthesia and re-
vealed that the shivering rate was 4.33 times lower in the ketamine 
group. Additionally, a small dose of ketamine was used to avoid 
undesirable side effects such as excessive sedation, hallucinations, 
nausea, and vomiting. Ketamine is an N-methyl-D-aspartate re-
ceptor antagonist that likely controls shivering through non-shiv-
ering thermogenesis, influencing either the hypothalamus or the 
beta-adrenergic effect of norepinephrine [27].  

IV dexmedetomidine has been used extensively for anxiolysis 
and sedation (even as the sole sedative agent); however, preopera-
tive IV dexmedetomidine has been documented to attenuate the 
stress response associated with anesthesia and surgery and de-
crease postoperative pain and opioid requirement by up to 90% 
[28]. In the study conducted by Parikh et al. [29], the dexmedeto-
midine dose was almost double that used in the IV dex group in 
the current study (1 µg/kg over 10 min followed by a continuous 
infusion at 0.2 µg/kg/h) in 45 patients who underwent tympano-
plasty under local anesthesia. The authors reported a significant 
intraoperative reduction in HR (15%–20%) 2 min after the dex-
medetomidine bolus had finished (maximum decrease after 10 

min) that remained until the end of the surgery. This finding is 
similar to the significant reduction in HR, mostly over the intra-
operative duration, seen in the IV dex group in the current study. 
Similarly, Parikh et al. [29] reported a significant intraoperative 
decrease in the MAP (10%–15%) for >  60 min. However, only 
one patient developed hypotension and bradycardia after receiv-
ing the loading infusion, which is consistent with the results of the 
current study. 

Another study revealed that IV dexmedetomidine (1 µg/kg) ad-
ministered 10 min before tourniquet inflation during a regional 
blockade decreased the associated HR and MAP from 16% to 20% 
[30]. This reduction in the HR and MAP after IV dexmedetomi-
dine administration has also been reported in other previous stud-
ies [31,32]. This attenuation of hemodynamics following IV dex-
medetomidine administration can be explained by the prominent 
reduction in sympathetic activity [33]. 

A previous meta-analysis evaluating the effect of perineural 
dexmedetomidine as an adjuvant to local anesthetics for brachial 
plexus blockades found a significant incidence of intraoperative 
bradycardia in some studies; however, the bradycardia was tran-
sient and reversible with the administration of IV atropine [34]. 
Koraki et al. [35] administered 100 µg of dexmedetomidine as an 
adjuvant to an axillary plexus block that was associated with tran-
sient bradycardia; however, hypotension occurred in only three 
patients. This is consistent with the findings in the ACB dex group 
in the current study. However, due to the sympatholytic effect fol-
lowing spinal anesthesia in both groups in this study, other associ-
ated causes of the reduction in HR and MAP cannot be ruled out 
[36]. 

The analgesic properties of IV dexmedetomidine and its opi-
ate-sparing effects have been confirmed under general anesthesia 
[37]. Parikh et al. [29] revealed that 11.1% of patients required 
post-tympanoplasty rescue analgesia following 1 µg/kg of IV dex-
medetomidine, with low frequency (four patients required one 
dose and one patient required three doses of fentanyl). This is rel-
atively analogous to the frequency of analgesic requirement in the 
IV dex group in the current study (2.14 ±  0.59 times), consider-
ing the greater invasiveness of TKA surgery. Similarly, Jaakola [30] 
and Karaaslan et al. [32] have reported significantly lower rescue 
opioid requirements after 1 µg/kg of IV dexmedetomidine (fol-
lowed by a continuous infusion at 0.5 µg/kg/h) during nasal sep-
toplasty and hand surgery. Two previous studies used the same 
volume of levobupivacaine in their ACB groups as that in the 
ACB dex group in the current study to determine the analgesic ef-
fect. One study conducted by Kampitak et al. [38] used 0.5% 
levobupivacaine alone, while the study by AbdelRady et al. [39] 
used 0.25% levobupivacaine and 0.5 µg/kg dexmedetomidine. 
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Kampitak et al. administered postoperative ACBs with double the 
levobupivacaine concentration (20 ml of 0.5% levobupivacaine) 
but revealed an analgesic duration of almost 2.3 h, which was 
much shorter than that in the present study. This could be ex-
plained by the absence of dexmedetomidine or other adjuvants.  

AbdelRady et al. [39], who used the same concentration of 
levobupivacaine and dexmedetomidine for the ACB, reported a 
slightly closer analgesic duration (8.5 ±  0.46 h) during the first 
postoperative 24 h. Additionally, their recorded VAS scores were 
highest at 6, 8, and 12 h, which is consistent with the findings of 
the current study, where VAS was highest at 12 and 24 h postop-
eratively in the ACB dex group. The relatively higher analgesic 
duration in our study may be related to our confirmation of a suc-
cessful ACB before spinal anesthesia. The perineural analgesic ef-
fect of dexmedetomidine results from the suppression of C-fiber 
discharge and reduction in inflammatory mediator release [40]. 
Additionally, dexmedetomidine inhibits the release of substance P 
from the dorsal horn of the spinal cord, leading to primary anal-
gesic effects [41]. 

The present study revealed that both groups showed a decrease 
in the RSS score over time postoperatively. This is consistent with 
the studies conducted by AbdelRady et al. [39] on ACB dexmede-
tomidine and Parikh et al. [29] on IV dexmedetomidine, in which 
no patient had an RSS score >  3. Moreover, Basar et al. [42] 
demonstrated that the administration of 0.5 µg/kg dexmedetomi-
dine preoperatively resulted in significant sedation with no change 
in the time of awakening, according to Aldrete’s recovery score. 
The sedative properties of dexmedetomidine are well-document-
ed and are thought to be primarily mediated by postsynaptic Al-
pha-2 adrenergic receptors, which differ depending on the recep-
tor [37]. In the current study, assessing the sedative effect in a 
range from full consciousness to calmness is preferable because 
patients undergoing TKA are mostly elderly and only 0.5 µg/kg 
dexmedetomidine was administered to allow for early ambulation 
and discharge. Additionally, the ACB was performed preoperative-
ly so the patients could benefit from the shivering prevention effect 
of dexmedetomidine and to allow for the success of the block to be 
assessed without the masking effect of spinal anesthesia. 

One limitation of this study is the absence data on the core tem-
perature, spinal sensory block duration, and respiratory rate. 

In conclusion, perineural ACB dexmedetomidine had similar 
sedative and intraoperative anti-shivering effects as IV dexmede-
tomidine in patients undergoing TKA under spinal anesthesia. 
However, postoperatively, ACB dexmedetomidine was associated 
with lower shivering control but superior analgesia. Further stud-
ies on the effect of neuraxial dexmedetomidine on shivering are 
needed to clarify these findings. 
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