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ABSTRACT 

Objective: To compare the analgesic efficacy of Dexmedetomidine versus Ketamine when added to intrathecal Bupivacaine in 
patients undergoing unilateral total knee replacement surgery. 
Study Design: Quasi-experimental study. 
Place and Duration of Study: Department of Anesthesia, Combined Military Hospital, Rawalpindi, Pakistan, from May to 
Oct 2022. 
Methodology: Our study enrolled a total of 80 patients, divided into Dexmedetomidine group (n=40) and Ketamine group 
(n=40) group using non-probability consecutive sampling. Patients in both groups received 2.5 ml of 0.5% Bupivacaine with 
Dexmedetomidine group receiving 5 mcg (0.5 ml) of the drug and Ketamine group 0.1 mg/kg of Ketamine in 0.5 ml to a total 
volume of 3 ml. Data analysis was performed using SPSS 26.0, with significance set at p≤0.05. 
Results: Time of onset for sensory block in Dexmedetomidine group was delayed than Ketamine group with mean time of 
onset 4.34±0.14 minutes versus 3.38±0.10 minutes (p<0.0001). The duration of block was more for Ketamine group with mean 
time of 326.20±12.67 minutes versus 243.76±2.54 minutes (p<0.0001). When comparing motor blockade, the time of onset to 
successfully reach Bromage Score 3 was similarly delayed in Dexmedetomidine group with mean time of onset 3.33±0.12 
minutes versus 2.36±0.09 minutes (p<0.0001). A similar trend was seen in duration of block with mean time 203.40±1.46 
minutes versus 263.01±13.44 minutes (p<0.0001) 
Conclusion: Ketamine provided superior analgesia, block onset and duration with less post-operative analgesia requirement. 
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INTRODUCTION 

Total knee replacement is a critical curative 
procedure in orthopedic surgery. With the burden of 
osteoarthritis exceeding 16% in South Asian patients 
above 50 years of age,1,2 the prevalence of total knee 
replacement has also increased from 1.2% in the 2000s 
to 4.2%,3 at present, with this burden expected to 
increase ten-fold in the next 25 years. While total knee 
replacement offers excellent post-operative results, 
with respect to improvement in quality of life and 
patient satisfaction, it is a major surgery resulting in 
considerable patient debility. One of the major hurdles 
in early mobilization and subsequent re-habilitation is 
post- procedure pain,4 as without effective analgesia 
this pain can reach up to a scale of 7-8 on the Visual 
Analog Scale,5 Ketamine, an NMDA receptor 
antagonist,6 is as an intravenous anesthetic agent, 
however, in recent years, it has also been used as an 
intrathecal adjunct, resulting in reduction of block 

onset, prolonging total block time along with 
providing sedation and anxiolysis,7 however, its 
dissociation effects on the nervous system prevent it 
from being universally accepted for administration 
among all patients.8 Dexmedetomidine, a selective α2 
agonist, exerts its effects on the spinal cord by 
stimulation of α2 receptors at the substantia gelatinosa 
of the dorsal horn leading to inhibition of the release 
of substance P.9 Dexmedetomidine is also being used 
as an excellent adjunct, but its adverse effects of 
hypotension and bradycardia cause considerable 
patient discomfort.10 Thus, the aim of this study was to 
compare the superiority and efficacy of both drugs 
with intrathecal Bupivacaine, in patients undergoing 
unilateral total knee replacement while also 
comparing their adverse effect profile. 

METHODOLOGY 

This quasi-experimental study was carried out at 
the Department of Anesthesiology, Combined Military 
Hospital (CMH), Rawalpindi, Pakistan, from May to 
October 2022. Approval from the Ethics Review Board 
was sought and granted vide Letter no. 247, dated 30 
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Apr 2022.  A minimum sample size of 62 patients was 
found after calculating sample size using World 
Health Organization (WHO) calculator, keeping the 
confidence interval at 95%, margin of error at 5% and 
using the population prevalence of unilateral total 
knee replacement at 4.2%, as reported in literature.3 

Inclusion Criteria: All American Society of 
Anesthesiologists (ASA) physical status classification 
Class I, II and III patients, between ages of 50 to 75 
years, presenting for scheduled unilateral total knee 
replacement under spinal anesthesia were included. 

Exclusion Criteria: Patients unwilling for spinal 
anesthesia, with allergy to either Ketamine, 
Dexmedetomidine and Bupivacaine, deranged 
coagulation profile, previous history of major heart or 
respiratory disease or BMI > 45 kg/m2. 

We enrolled 80 patients, using non-probability 
consecutive sampling via lottery method, who were 
then divided into the Dexmedetomidine group (n=40) 
and the Ketamine group (n=40). As this was a double-
blind study, the anesthetist on duty in the operating 
room was unaware of the study protocol and received 
sealed envelopes with the two adjuvant vials labelled 
1 and 2. Patients in both groups received 2.5 ml                       
of 0.5% of hyperbaric Bupivacaine with the 
Dexmedetomidine group receiving 5 mcg (0.5 ml) of 
the drug and the Ketamine group receiving 0.1 mg/kg 
in 0.5 ml to a total volume of 3 ml. The study solutions 
were given in both groups in the L2-L3 or L3-L4 space.  
Bradycardia was defined as a heart rate of <60 beats 
per minute,11 and hypotension as Mean Arterial 
Pressure (MAP) <50 mm Hg12 and was treated with 5 
mg Ephedrine and 600 mcg of Glycopyrrolate where 
needed. Post-operation, first rescue analgesia for pain 
through an epidural top-up of 5 ml 0.25% Bupivacaine 
was given once the pain on VAS reached.5 Sensory 
blockade till the T12 dermatome level was confirmed 
by loss of sensation to cold ethyl chloride spray in the 
mid-line bilaterally below umbilicus while motor 
blockade with Bromage score of 313 was considered 
successful. Total duration of block was calculated 
when sensory level was at S1 dermatome and 
Bromage score was 0. Primary variables measured 
were time to complete sensory and motor block, total 
duration of the block, time to first rescue analgesia 
after block regression and 24- hour total dose of 
epidural analgesia needed while secondary variables 
observed were hypotension, nausea, vomiting, 
dissociation, shivering and respiratory depression. 
Demographic data were statistically described in 

terms of Mean±SD, frequencies, and percentages and a 
p-value of ≤0.05 was considered statistically 
significant. All data was analysed using Statistical 
Package for the Social Sciences (SPSS) ver 26.0. 
 

 
Figure: Patient Flow Diagram (n= 80) 
 

RESULTS 

A total of 80 patients were divided into the 
Dexmedetomidine group (n=40) and Ketamine group 
(n=40) with mean age of patients in the 
Dexmedetomidine group being 66.45±4.19 years 
versus 66.50±4.01 years in the Ketamine group while 
mean weight of patients was 73.80±4.91 kg for 
Dexmedetomidine group and 74.92±5.21 kg for the 
Ketamine group. These findings are listed in Table-I. 
 

Table-I: Age and Weight Characteristics of Participants 
(n=80) 

Variable 
Dexmedetomidine 

Group (n=40) 
Ketamine 

Group (n=40) 

Mean Age (years) 66.45±4.19 66.50±4.01 

Mean Weight (kg) 73.80±4.91 74.92±5.21 
 

Time of onset for sensory block in the 
Dexmedetomidine group was more delayed than the 
Ketamine group with mean time of onset being 
4.34±0.14 minutes versus 3.38±0.10 minutes (p<0.0001) 
and duration of block was found to be more for the 
Ketamine group, with mean time of 326.20±12.67 
minutes versus 243.76±2.54 minutes (p<0.0001) in the 
comparison group. For motor blockade, the time of 
onset to reach Bromage Score 3 was similarly delayed 
in the Dexmedetomidine group, with mean time of 
onset being 3.33±0.12 minutes versus 2.36±0.09 
minutes (p<0.0001) in the Ketamine group. A similar 
trend was seen in duration of block between both 
drugs with mean time 203.40±1.46 minutes versus 
263.01±13.44 minutes (p<0.0001). These findings are 
listed in Table-II. 
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Table-II: Comparison of Block Onset, Block Regression and 
Rescue Analgesia (n=80) 

Variable 
Dexmedetomi

dine Group 
(n=40) 

Ketamine 
Group 
(n=40) 

p-value 
(≤0.05) 

Sensory Block 

Mean Time for Onset 
of Block (T12) (min) 

4.34±0.14 3.38±0.10 <0.001 

Mean Time for Block 
Regression (S1) (min) 

243.76±2.54 326.20±12.67 <0.001 

Motor block 

Mean Time for Onset 
of Block (Bromage 
Score= 3) (min) 

3.33±0.12 2.36±0.09 <0.001 

Mean Time for Block 
Regression (Bromage 
Score = 0) (min) 

203.40±1.46 263.01±13.44 <0.001 

Mean Time to First 
Dose Rescue 
Analgesia (hrs) 

3.45±0.27 5.2±0.24 <0.001 

Mean Vol of 
Analgesia Given in 
ICU (mg/24 hr) 

54.30±4.28 41.85±5.17 <0.001 

Mean ICU Stay (days) 2.21±0.16 1.39±0.12 <0.001 
 

We found that time to first rescue analgesia after 
cessation of sensory block in both groups showed that 
mean time for patient requiring epidural analgesia, 
once reaching VAS score of 5, was 3.45±0.27 hours in 
the Dexmedetomidine group versus 5.2±0.24 hours in 
the Ketamine group (p<0.0001). Mean length of ICU 
stay was 2.21±0.16 days versus 1.39±0.12 days 
(p<0.0001). The frequency of hypotension was 7(17.5%) 
patients in the Dexmedetomidine group with no 
patients experiencing hypotension in the Ketamine 
group and 4(10%) patients had nausea and vomiting 
in the Dexmedetomidine group similar to 4(10%) in 
the Ketamine group while shivering was seen in 
5(12.5%) patients versus 2(5%) patients between both 
groups. Notably, dissociation post-surgery was seen in 
5(12.5%) patients in only the Ketamine group. These 
findings have been tabulated in Table-III. 
 

Table-III: Frequency of Side Effects (n=80) 

Variable 
Dexmedetomidine 

Group n(%) 
Ketamine 

Group n (%) 

Hypotension 7(17.5%) 0(0%) 

Nausea/vomiting 4(10%) 4(10%) 

Dissociation 0(0%) 5(12.5%) 

Shivering 5(12.5%) 2(5%) 

Respiratory Depression 2(5%) 0(0%) 
 

DISCUSSSION 

The aim of this study was to assess the 
effectiveness of the sensory and motor block of both 
drugs as well as their role in reducing the overall 
analgesia required 24 hours post-operatively. One 

study demonstrated that Ketamine proved to be an 
excellent adjunct even when used with regional blocks 
to increase the sensory block duration.14 When 
compared with opioids, including nalbuphine given 
intrathecally, it was effective in increasing the block 
duration with early onset.15 This was consistent with 
our findings even though the block onset and total 
duration also increased with Dexmedetomidine, 
Ketamine remained the superior choice as 
demonstrated by another study.16 It was reported by 
an author17 that the total dose, as well as the frequency 
of rescue analgesia, both by IV and epidural route, 
decreased considerably when Ketamine was used as a 
spinal adjunct, however, the IV route was associated 
with considerable dissociation in patients and could 
not be recommended in geriatric patients with acute 
pain.18 Local studies on the subject have also revealed 
similar results, with the adjuvant groups offering 
better analgesia1, superior patient satisfaction and less 
hospital stay2 especially for mean ICU stay, where 
Ketamine provided better per-operative analgesia 
with increased duration, resulting in considerably less 
analgesia top-up by the epidural route, resulting in 
early mobilization and patient being shifted to the 
ward or HDU, which is beneficial in our local 
hospitals due to heavy patient load and limited ICU 
bed availability. The adverse effect profile showed a 
higher frequency of dissociation; however, it was 
considerably less when compared to IV route 
administration, therefore, this route can prove 
beneficial in decreasing the adverse effects,19 especially 
when compared with Dexmedetomidine, the 
occurrence of hypotension and respiratory depression, 
makes Ketamine a comparatively better choice. 

LIMITATIONS OF STUDY 

Several important limitations of this study warrant 
consideration. Primarily, this investigation was conducted at 
a single center, which inherently constrains the 
generalizability of our findings. A multi-center approach 
would have provided access to a more diverse patient 
population across different geographic and demographic 
contexts, potentially yielding more robust and generalizable 
results. The single-center design may have introduced 
selection bias due to the specific patient demographics, local 
clinical practices, and institutional protocols unique to our 
facility. Additionally, regional variations in disease 
presentation, treatment approaches, and healthcare delivery 
systems were not captured in our analysis. 

CONCLUSION 

Ketamine demonstrates superior analgesic efficacy, 
characterized by faster block onset, prolonged block 
duration, and a reduced need for post-operative analgesia 
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compared to alternative agents. These findings suggest that 
Ketamine could be a valuable component of multimodal 
analgesia strategies, offering enhanced pain control and 
potentially improving patient satisfaction and recovery 
outcomes.  
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