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Comparison of postoperative analgesia with two different doses 
of dexmedetomidine as an adjuvant to ropivacaine in adductor 
canal block for unilateral total knee replacement surgery: A 
randomized double‑blinded study
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Introduction

Pain is defined as “an unpleasant  sensory and emotional 
experience associated with actual or potential tissue damage or 
described in terms of such damage.”[1] Total knee replacement 

(TKR) surgery is associated with severe postoperative pain 
which results in immobilization, deep vein thrombosis, cardiac 
ischemia, delayed recovery and rehabilitation, prolonged 
hospital stay, and financial burden to the patient.[2] Hence, 
multimodal analgesia is preferred to effectively treat postoperative 
pain. Peripheral nerve blocks are used recently to minimize 
postoperative pain (POP) and improve the functional status.Address for correspondence: Dr. S. Gokul Das, 
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Background and Aims: Multimodal analgesia is used to treat severe postoperative pain (POP) in total knee replacement 
(TKR) surgery. Adjuvants are used with local anesthetics to improve the quality and duration of pain relief. Studies comparing 
different doses of dexmedetomidine in adductor canal block (ACB) are sparse to date. This study compares postoperative 
analgesia with two different doses of dexmedetomidine as an adjuvant to 0.2% ropivacaine in ACB for unilateral TKR.
Material and Methods: In this prospective, randomized, double‑blinded comparative study, sixty patients were divided into 
two groups: A and B. Postoperatively perineural catheter was inserted and all patients received 0.2% ropivacaine 20 mL bolus 
followed by an infusion of 0.2% ropivacaine with dexmedetomidine (0.5 µg/Kg in Group A and 1 µg/Kg in Group B) at 8 mL/h. 
Postoperative pain, motor blockade, rescue analgesia, hemodynamic parameters, sedation, and adverse effects were recorded. 
Student t, Chi‑square, and Mann–Whitney tests were used.
Results: Most patients were elderly females (M:15, F:45). Postoperatively, from 2nd to 24th hour, pain score was less in Group B 
(P < 0.05). The requirement of rescue analgesic was also less in Group B (A:B 330 µg:60 µg; 23%:6%). Motor blockade assessed 
using modified Bromage scale and sedation using Richmond agitation sedation scale did not show any statistical difference.
Conclusion: Dexmedetomidine infusion at 1 µg/Kg is a better adjuvant to 0.2% ropivacaine than 0.5 µg/Kg in ACB. It provides 
better analgesia without producing sedation, motor blockade, hemodynamic changes, or any adverse effects.
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Femoral nerve block (FNB), commonly performed for pain 
relief in TKR,[3] causes weakness of quadriceps muscles 
limiting early ambulation and increasing the risk of fall.[4,5] 
Adductor canal block (ACB) is a novel regional block for 
TKR having predominantly sensory with minimal motor block.
[6] Adductor canal, also called Hunter’s canal, is a conical 
Musculo‑aponeurotic tunnel situated in the mid thigh extending 
from the apex of femoral triangle to the hiatus magnus.

Adductor canal contains multiple afferent sensory nerves 
(saphenous, medial femoral cutaneous, medial retinacular, 
and the articular branch of obturator nerve) but only a single 
efferent motor nerve (nerve to vastus medialis).[7]

Studies comparing the postoperative analgesia with two 
different doses of dexmedetomidine as an adjuvant to local 
anesthetic agents in ACB are sparse to date. Against this 
background, we compared the efficacy of a higher dose of 
dexmedetomidine (0.5 µg/kg and 1 µg/kg) as an adjuvant 
to 0.2% ropivacaine in ACB for better postoperative pain 
score without causing any sedation, hemodynamic instability, 
or adverse effects.

Ropivacaine is a long‑acting amide local anesthetic agent 
with less cardiotoxic effect compared to bupivacaine.[8] 
Adjuvants are added to local anesthetic agents to improve 
the quality and duration of pain relief. Dexmedetomidine, 
a selective α2‑adrenoceptor agonist, has sedative, analgesic, 
and anesthetic properties and has been used as an adjuvant to 
local anesthetic agents for peripheral nerve blocks.[9] Due to 
its sympatholytic action, it produces dose‑dependent decrease 
in blood pressure, heart rate, and cardiac output.

The primary objective of the study was to compare the 
analgesic efficacy of dexmedetomidine 0.5 µg/kg versus 
1 µg/kg as an adjuvant to 0.2% ropivacaine in ACB in 
patients undergoing unilateral TKR surgery. The secondary 
objective was to compare motor blockade, requirement of 
rescue analgesics, hemodynamic variables, sedation, and any 
adverse events during the first 24 hours after surgery.

Material and Methods

The study was conducted at a tertiary care center after obtaining 
approval from the Institutional Ethics Committee (IEC‑AIMS‑
2019‑ANES‑043) and registering at the Clinical Trial Registry 
of India (CTRI/2019/05/019307) during the period from July 
2018 to April 2020. A prospective randomized double‑blinded 
comparative study design was adopted.

Sixty consenting patients in the age group of 18–85 years 
belonging to the ASA PS I, II, and III were included in the 

study. Patients who were ASA PS IV, allergic to the study 
drug, on treatment with beta‑blockers, and who underwent 
robotic or revision TKR were excluded from the study. 
Patients having contraindication to subarachnoid block, 
infection at the site for ACB, and known neuropathies were 
also excluded from the study.

At the end of the surgery, under aseptic precaution and using 
ultrasound guidance, adductor canal block was administered 
with 20 mL of 0.2% ropivacaine. A perineural catheter was 
then inserted and placed anterolateral to the femoral artery at 
the junction between the middle and distal third of thigh and 
fixed by tunneling subcutaneously [Figure 1].

After placement of perineural catheter, patients were shifted to 
intensive care unit (ICU), where they were randomly divided 
into 2 groups by a randomized computer‑generated code. 
The study drug was diluted by an independent anesthetist in 
a 50 mL unlabeled syringe and given to the ICU anesthetist 
for the study. Both the ICU anesthetist and the staff nurse 
were blinded to the study group. Group A patients received an 
infusion of 0.2% ropivacaine + dexmedetomidine 0.5 µg/kg 
at 8 mL/h. Group B patients received an infusion of 0.2% 
ropivacaine + dexmedetomidine 1 µg/kg at 8 mL/h.

After starting infusion of the drug, the staff nurse assigned to 
the patient observed the following parameters. Pain assessment 
was done at rest using the Numerical Rating Scale (NRS 0‑no 
pain; 10‑worst imaginable pain). Postoperatively pain was 
assessed every half hour during the first 2 hours followed by 
every 4 hours for the next 22 hours. During this period if 
the patient complained of pain (NRS ≥ 4), 30 µg fentanyl 
was given as a rescue analgesic. If a patient received rescue 
analgesics more than 3 times during the 24 hours following 
surgery, it was considered as a failed block and excluded 
from the study.

Figure 1: USG guided adductor canal block
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Modified Bromage scale was used to assess the motor blockade 
(Grade 1‑Free movement of legs, Grade 2‑Just able to flex knees 
with free movement of feet, Grade 3‑unable to flex knees but with 
free movement of feet, Grade 4‑Unable to move legs or feet). 
Vital parameters like heart rate (HR), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), and mean artery 
pressure (MAP) were monitored. Richmond agitation‑sedation 
scale (RASS) was used to assess the postoperative sedation 
score (−5: unarousable; −4: deep sedation; −3: moderate 
sedation; −2: light sedation; −1: drowsy; 0: alert and calm; 
1: restless; 2: agitated; 3: very agitated; 4: combative). Any 
adverse events occurring in the 24 hour postoperative period 
like nausea, vomiting, and dry mouth were also recorded.

All recordings were done at half hour intervals during the 
first 2 hours followed by 4 hour intervals upto 24 hours. 
When there was a fall in MAP >20% from the baseline, 
patient was treated with 250 mL of intravenous (IV) fluids 
and incremental doses of 50 µg of phenylephrine/3 mg 
ephedrine (to a maximum of 250 µg phenylephrine or 15 mg 
of ephedrine). In spite of this, if hypotension persisted, 
noradrenaline infusion was started at 0.02–0.2 µg/kg/min. A 
fall in HR <60/min was treated with 0.6 mg of intravenous 
atropine. As part of multimodal analgesia, all our patients 
received 1 g intravenous paracetamol at 8 hour interval during 
the first 24 hours.

Statistical analysis:
Since there was no similar study in the literature with two 
different doses of dexmedetomidine as an adjuvant to local 
anesthetic agents in ACB, a pilot study was conducted using 
20 patients in each group who underwent unilateral TKR 
surgery. Based on the mean (2.8) and standard deviation 
(0.6325) of pain score during the first 24 hours and with 
90% power and 95% confidence interval, minimal sample 
size was calculated to be 16 per group. We decided to include 
30 patients in each group, totaling 60 patients.

The statistical analysis was done using IBM SPSS version 
20.0 software (IBM SPSS, USA). Data was summarized 
as mean ± SD, number, and percentage as appropriate. To 
test the statistical significance of the difference in the mean 
of continuous variables between two groups, Mann‑Whitney 
U test was applied for skewed data. To test the statistical 
significance of the difference in the proportion of categorical 
variables between groups, chi‑square was used. A P‑value 
<0.05 was considered statistically significant.

Results

The study was conducted on 60 patients who underwent 
unilateral TKR with continuous postoperative adductor canal 

block in a tertiary care center. We compared the postoperative 
analgesia of two different doses of dexmedetomidine as an 
adjuvant to 0.2% ropivacaine in adductor canal block. We 
also compared the motor block, hemodynamic changes, 
sedation score, and adverse reactions between the two 
groups.

There was no statistical difference in demographical parameters 
between the two groups [Tables 1 and 2] though majority of 
the patients were females (F‑45; M‑15) above 60 years of age 
(A:B‑64.50:64.53). Baseline vital parameters (HR, SBP, 
DBP, MAP, and SPO2) were comparable between the two 
groups [Table 3].

The postoperative pain score during the first 2 hours was 
comparable between the two groups [Table 4, Figure 2]. After 
the 2nd hour till 24 hours, pain score showed a statistically 

Table 2: Comparison of physical characteristics between 
the two groups

Variable Category Mean Standard deviation P
Age A 64.5 9.497 0.988

B 64.53 8.076
Height A 158.93 8.379 0.08

B 155.23 7.7
Weight A 71.1 10.223 0.448

B 69.1 10.036
BMI A 28.03667 3.966 0.417

B 28.82667 3.506

Table 1: Comparison of gender distribution between the 
two groups

Group Total P
A B

Sex
Female 24 (53.3%) 21 (46.70%) 45 0.552
Male 6 (40%) 9 (60%) 15

Total 30 (50%) 30 (50%) 60

Table 3: Comparison of baseline vitals between the two 
groups

Baseline 
Variables

Group n Mean Standard 
deviation

P

HR A 30 76.6 10.193 0.19
B 30 73.07 10.305

SBP A 30 139.2 16.986 0.36
B 30 134.9 19.078

DBP A 30 76.6 10.105 0.19
B 30 80.33 11.391

MAP A 30 98.2 13.594 0.74
B 30 97.07 12.343

SpO2 A 30 99.77 0.568 0.22
B 30 99.57 0.679
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significant difference (P < 0.05) between the groups, with a 
lower pain score in group B as compared to Group A. Seven 
patients in group A needed rescue analgesic (4 patients twice and 
3 patients once), whereas only two patients in Group B needed 
the rescue analgesic once (A:B–23%:6%). Total consumption 
of fentanyl was 330 µg in Group A and 60 µg in Group B. 
No patient had to be excluded from the study due to pain. Four 
patients in each group had Bromage scale score of 3 at 30 
min whereas only one patient in group A and two patients 
in Group B had a score of 3 at 60 min [Table 5]. From 2nd 
hour till 24 hours all patients had a Bromage scale score of 
one. All our patients were calm and alert except two who were 
restless. There was no statistically significant difference in 
the vital parameters (HR, SBP, DBP, and MAP) between 
the groups during the postoperative 24 hours [Figures 3‑6]. 
There was no adverse effect like bradycardia, hypotension, 
dry mouth, nausea, or vomiting seen in our patients.

We encountered inadvertent disconnection of the peri‑neural 
catheter from the adapter in 15 patients either while providing 
care or during mobilization. These 15 patients were excluded 
from the study. This resulted in recruiting 75 cases instead of 
the planned 60 cases.

Discussion

TKR is associated with severe postoperative pain which 
restricts mobilization and increases morbidity. Various methods 
are employed to reduce postoperative pain. ACB provides 
efficient analgesia without significantly affecting the motor 
power. Ropivacaine produces less muscle weakness compared 
to bupivacaine.[10] Dexmedetomidine, a selective α2 agonist, 
has been used as an adjuvant of local anesthetics in peripheral 
nerve blocks.[9,11] We did not find any statistically significant 
difference between the groups with respect to age and sex. 
Most of our patients were above the age of 60 years and 

were females. This may be due to the higher incidence of 
osteoarthritis in the elderly female population.[12] There was 
no difference in pain score between the groups during the 
first 2 hours. This may be either because of the residual effect 
of spinal anesthesia or due to the effect of the bolus dose of 
ropivacaine. After the 2nd hour till the 24th hour, Group B 
patients had lower pain score compared to Group A [Figure 
3]. The percentage of patients who required rescue analgesic 
(A:B–23%: 6%) and the total consumption of fentanyl 
(A:B–330 µg:60 µg) was less in Group B. This shows that 
a higher concentration of dexmedetomidine (1 µg/kg) is a 

Figure 2: Comparison of pain score between the two groups

Table 5: Comparison of motor blockade between the two 
groups

Time Bromage Score Group A Group B
30 min III 4 4

II 15 13
I 13 13

60 min III 1 2
II 16 15
I 13 13

90 min III 0 1
II 11 8
I 19 21

120 min III 0 0
II 0 1
I 30 29

Rest of Time 
period

III 0 0
II 0 0
I 30 30

Table 4: Comparison of pain score between the two groups

Variable Group Mean Std. 
deviation

Median 
(IQR)

P

P30 A 1.07 0.868 1 (2) 0.431
B 0.87 1.074 1 (1)

P60 A 1.33 1.093 1 (1) 0.174
B 0.97 0.964 1 (1)

P90 A 1.33 1.028 1 (2) 0.341
B 1.1 0.845 1 (1)

P120 A 1.43 0.971 2 (1) 0.354
B 1.2 0.961 1 (1)

P4TH A 1.93 0.868 2 (2) 0.02
B 1.47 0.629 1 (1)

P8TH A 2.23 0.898 2 (1) 0.012
B 1.67 0.802 1.5 (1)

P12TH A 2.57 0.679 3 (1) 0.002
B 2 0.643 2 (0)

P16TH A 2.63 0.809 2.5 (1) <0.001
B 1.8 0.761 2 (1)

P20TH A 2.37 0.615 2 (1) 0.015
B 1.97 0.615 2 (0)

P24TH A 2.47 0.629 2 (1) 0.019
B 2.1 0.548 2 (0)
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better adjuvant than a lower concentration (0.5 µg/kg) for 
postoperative pain relief. Lund et al.[7] Demonstrated that 
continuous adductor canal blockade after TKR resulted in 
low mean pain scores at rest and low mean requirement for 
supplemental morphine. Packiasabapathy et al.[13] found 
a higher dose of dexmedetomidine at 2 µg/kg was a better 
adjuvant to bupivacaine than 1 µg/kg in femoral nerve block 
for perioperative analgesia in patients undergoing TKR.

In the first two hours, a few patients had a modified Bromage 
scale score (BSS) of 3. This may also be because of the 
residual effect of spinal anesthesia or due to the bolus dose 
of ropivacaine. After 2 hours, the BSS was one in both the 
groups. This is because increasing the dose of dexmedetomidine 
in ACB has no effect on muscle power. Abdallah et al.[6] 
found that quadriceps strength was superior with ACB 
than FNB in patients undergoing anterior cruciate ligament 
reconstruction. Jaeger et al.[4] compared quadriceps strength 
with placebo, FNB, and ACB in healthy volunteers and 
concluded that compared with placebo, ACB significantly 
reduced quadriceps strength, but the reduction was only 8% 
from baseline. ACB preserved quadriceps strength and the 
ability to ambulate better than FNB did.

The hemodynamic changes of dexmedetomidine are due to 
the systemic absorption of the drug leading to stimulation of α2 
inhibitory neurons in the medullary vasomotor center resulting 

in hypotension and bradycardia.[11] In our study, there was no 
significant hemodynamic variations between the two groups 
during the monitored 24 hours.

The study by Chandhini S et al.[14]  compared the addition 
of 1 µg/kg and 2 µg/kg of dexmedetomidine to 20 mL 
of 0.25% levobupivacaine in supraclavicular brachial 
plexus block (SBPB). They found 1 µg/kg provided a 
good balance between stable hemodynamics and satisfactory 
analgesia. Nallam et al.[15] compared two different doses of 
dexmedetomidine (1 µg/kg vs 2 µg/kg) as an adjuvant to 
0.5% levobupivacaine in peripheral nerve stimulator‑guided 
SBPB. Their study showed that increasing the dose of 
dexmedetomidine prolonged the analgesic duration and also 
increased the incidence of adverse effects like bradycardia 
and hypotension. Esmaoglu et al.[16] found that both HR and 
MAP decreased over time when dexmedetomidine is added 
to 0.5% levobupivacaine in axillary block.

Drugs with α2 agonist action produce sedation centrally 
by activating α2‑adrenoceptor in locus coeruleus and by 
inhibiting substance P release in the nociceptive pathway 
at the level of the dorsal root neurons. All our patients 
except two were calm and alert. Keplinger et al.[17] studied 
the pharmacodynamics of dexmedetomidine as an adjuvant 

Figure 5: Comparison of diastolic blood pressure between the two groups

Figure 6: Comparison of mean arterial pressure between the two groups

Figure 4: Comparison of systolic blood pressure between the two groups

Figure 3: Comparison of heart rate between the two groups
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to ropivacaine in peripheral nerve blockade. They found 
that dexmedetomidine causes clinically relevant dose‑
dependent sedation, whereas in our study except two all 
other patients were calm and alert. Abdulatif M et al.[18] 
compared the effects of different doses of dexmedetomidine 
(25 µg, 50 µg, and 75 µg) in FNB and found patients in 
all the three groups were calm and alert.

Limitations of the study
We assessed pain score using NRS which is a subjective 
assessment and may vary from patient to patient depending 
on the pain tolerance. The surgeons removed the perineural 
catheter 24 hours after surgery if the patients had no pain and 
were comfortable with physiotherapy. Further assessment of pain 
scores and incidence of breakthrough pain after catheter removal 
could have shed light on the need for further prolongation of 
block duration by the adjuvant. We did not assess motor block 
and pain during movement. Though we had problems with 
faulty perineural catheters which was communicated to the 
dealer of the catheter, we were not provided with a rectified one.

There is scope for another study with higher concentrations of 
dexmedetomidine as an adjuvant to 0.2% ropivacaine in ACB. 
The question of whether the addition of dexmedetomidine to 
ropivacaine for a single shot ACB can prolong the duration 
of analgesia to make it comparable to a 24 hour infusion of 
local anesthetic is also worth studying.

Conclusion

Dexmedetomidine at a dose of 1 µg/kg is a better adjuvant to 
0.2% ropivacaine than 0.5 µg/kg for providing postoperative 
analgesia in ACB for unilateral TKR surgery. It provides 
better pain relief without producing excessive sedation, motor 
blockade, hemodynamic changes, or any adverse effects.
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