ORIGINAL ARTICLE

Effect of epidural ketamine on pain after total knee
arthroplasty: a randomized double-blind placebo controlled
clinical trial
Litha Mary Mathewa, Leejia Mathew b, Verghese Cherianc, Alice Davidd
MBBS, DA, DNB, Consultant, Anesthesia Department, Believers Church Medical College, Kerala, India
MBBS, MD, Dip Pal Med, Consultant, Anesthesia Department, Believers Church Medical College, Kerala, India
c
MBBS, MD, FFARCSI, Professor of Anesthesiology, Penn State Health College of Medicine, USA
d
MSc., PhD, Head of Medical Research, Epidemiology & Biostatistics, Believers Church Medical College, Kerala,
India
a

b

Abstract
Background and Aims: Managing the pain after a Total Knee Arthroplasty (TKA) is
essential for early mobilization and rehabilitation, which plays a crucial role for better
clinical outcomes. Epidural infusion of local anesthetic and opioids provides good pain
relief but can lead to side effects such as hypotension, motor weakness and respiratory
depression. The objective of this study was to evaluate if epidurally administered
ketamine could provide postoperative analgesia, thereby, reducing the dose of epidural
infusion and the need for rescue analgesia.
Methods: Thirty patients undergoing TKA under epidural anesthesia were randomized
to receive 0.5% bupivacaine (Group I) or 0.5% bupivacaine + ketamine (0.5mg/kg)
(Group II) as their primary anesthetic. At the end of the surgery, an infusion of 0.1%
bupivacaine + fentanyl (1μg/ml) was started through the epidural catheter at 5ml/h.
The rate was adjusted every 2 hours, depending on the pain experienced by the patient.
If, despite rate adjustment, the patient graded the pain as 5 or more, morphine 5mg
intramuscularly could be administered as the rescue analgesic.
Results: The dose of epidural infusion in the postoperative period between the 2 groups
was comparable. Rescue analgesia was needed in 5 (35%) Group I and 8 (53%) Group II
patients. An analysis of the subset of patients using the Kaplan-Meier curves, showed
that most of the patients from Group I needed the rescue dose at the sixth hour. Few
of the Group II patients also needed rescue analgesia at the sixth hour but their rate of
needing rescue analgesic was gradual, lasting up to 18 hours.
Conclusion: This study showed that the addition of a single dose of ketamine (0.5mg/kg)
did not improve postoperative analgesia after TKA. However, it may have some benefit
in a select subset of patients.
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Introduction
Total Knee Arthroplasty (TKA) is often
followed by pain, requiring analgesics in the postoperative period to facilitate early mobilization and
rehabilitation.1 One of the techniques of providing
post-operative analgesia in these patients is the
administration of a local anesthetic through an
indwelling epidural catheter. However, this
technique could be associated with hypotension,
blockade of motor function, and tachyphylaxis.2
Various additives such as opioids, alpha 2 agonists,3
midazolam,4 and ketamine5 have been shown to
reduce the dose of bupivacaine thereby retaining
effective analgesia with reduced dose-related side
effects.6
Identification of opiate receptors in the spinal
cord has led to widespread use of intra spinal opioids
for postoperative pain management;7 however, this
is associated with side effects such as nausea,
vomiting, pruritus, urinary retention, and delayed
respiratory depression.8
The understanding of the role of N-Methyl-DAspartate (NMDA) receptors in pain modulation has
prompted the use of NMDA receptor antagonists
such as magnesium and ketamine to control
postoperative pain.9 Ketamine, administered
intrathecally or epidurally, targets the NMDA
receptors located within the dorsal horn10 and has
been found to be effective in controlling
postoperative pain.11 This study was undertaken to
assess if addition of ketamine to epidurally
administered bupivacaine, improves postoperative
analgesia after TKA surgery.

Methods
This randomized, double-blind, placebocontrolled study was approved by the Institutional
Research and Ethics Committee (IRB Min No.
5491). All ASA (American Society of
Anesthesiologists) physical status 1 or 2 patients
scheduled for elective TKA were eligible to be
enrolled in this study. Patients with spinal

abnormalities, pre-existing neuropsychiatric illness,
chronic pain syndromes, or those with any
contraindication to epidural anesthesia or use of
ketamine were excluded from participation. The
study was explained to all eligible subjects and a
written consent was obtained from all those who
volunteered.
In the operating room, after establishing
standard monitors and administering intravenous
fluids, an epidural catheter was placed by the
anesthesiologist on record, who was blinded to the
randomization. The participants were randomized to
one of two groups. Group I received 10ml of 0.5%
bupivacaine and Group II received 10ml of 0.5%
bupivacaine + ketamine (0.5 mg/kg body weight).
The anesthesiologist was permitted to administer
aliquots of 0.5% bupivacaine to achieve sensory
block for surgical anesthesia. The patient’s vital
parameters were monitored every 5 min for the
duration of the surgery. At the end of the surgery, an
infusion of 0.1% bupivacaine + fentanyl (1μg/ml)
was started through the epidural catheter at 5ml/h.
The rate was adjusted every 2 hours, depending on
the pain experienced by the patient as assessed by a
11-point Numerical Rating Scale (0–10). If despite
rate adjustment, the patient graded the pain as 5 or
more, morphine 5 mg, intramuscularly, was
administered as the rescue analgesic. All patients
were monitored for 48 hours after surgery for pain
relief, sedation, incidence of vivid dreams or
hallucinations, and sleep disturbances. Sedation
level was measured as 0 – awake, 1 – responds to
verbal call, 2 – responds to tactile stimulus, 3 –
unresponsive. Patient satisfaction was also measured
using a 6-point NRS (0–5) at 48 hours. The epidural
administration of bupivacaine and fentanyl was
continued for 48 hours.

Randomization and Statistical analysis

Prior to the start of the study, a computergenerated random list, in blocks of 10, was generated
and serially numbered sealed envelopes containing
the group number were created. The envelope was
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opened after the epidural was sited and an
anesthesiologist, not involved in the study, was
asked to load the study drug and hand it over to the
anesthesiologist who sited the epidural.
The means of each group were compared using
Student’s t-test. The proportions were compared
using Chi square test and the Fisher’s exact test was
used whenever the expected cell values were less
than five. A p-value less than 0.05 was considered to
be statistically significant in all the above tests. Time
to the first rescue analgesia was compared using the
Log rank test and graphically represented using
Kaplan Meier Curves.

Results
Thirty patients scheduled for TKA were
randomized to either Group I (bupivacaine) or Group
II (ketamine + bupivacaine). One patient in Group I
had to be withdrawn because of failure to achieve
adequate surgical anesthesia with epidural and had to
be administered general anesthesia. The flow chart
according to the Consort guidelines for RCT is given
in Figure 1. The baseline characteristics of patients
in the two groups were comparable. See Table 1.
Postoperative pain was well controlled in all the
study patients. The dose of bupivacaine and fentanyl
administered epidurally was comparable between
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the two groups. See Table 2. Despite adjusting the
infusion rate of the epidural solution, eight subjects
in the ketamine group and five in the control group
needed additional analgesic in the form of morphine
(5mg) intramuscularly, but this was not statistically
significant. Among those who needed it, the average
time to rescue analgesia was on an average 3h later
in the ketamine group. See Table 3. A further
analysis of the subset of patients who needed rescue
analgesia was done using the Kaplan-Meier curves.
Most of these patients from Group I needed the
rescue dose at the sixth hour. Although few of the
Group II patients also needed rescue analgesia at the
sixth hour, their rate of needing rescue analgesic was
gradual, lasting up to 18 hours. See Figure 2. This
difference was not statistically significant as
measured by the Log-rank test (p=0.1564).
The blood pressure, the heart rate and the
oxygen saturation were stable and comparable
between the two groups. During the postoperative
period the incidence of complications such as nausea
and vomiting, urinary retention and paresthesia was
comparable between the two groups as was the level
of sedation (p >0.05). None of the patients
complained of hallucinations or vivid dreams.
Patient satisfaction at 48 hours was not statistically
different. See Table 4.
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Figure 1. Flow Chart of Recruitment

Enrollment
Assessed for eligibility (n=36)

Excluded (n= 6)
 Not meeting inclusion criteria (n=
6)
 Declined to participate (n= 0)
 Other reasons (n= 0)

Randomized (n= 30)

Allocation
Allocated to Standard Care (Group I) (n=15)
 Received Standard Care (n= 14)
 Did not receive Standard Care (reason:
Failure to achieve adequate surgical
anesthesia) (n=1)

Allocated to Intervention (Group II) (n= 15)
 Received allocated Intervention (n= 15)
 Did not receive allocated intervention (n= 0)

Follow-Up
Lost to follow-up (n=0)
Discontinued intervention (n= 0)

Lost to follow-up (n= 0)
Discontinued intervention (n=0)

Analysis
Analyzed (n= 15)
 Excluded from analysis (n=0)

Analyzed (n= 14)
 Excluded from analysis (n=0)
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Table 1. Baseline Characteristics of Group I (bupivacaine) Compared to Group II (bupivacaine plus ketamine)
Group I (n=14)

Group II (n=15)

p Value

Male

n (%)

3 (21.4%)

7 (46.7%)

0.2

Age (years)

(Mean + SD)

58.4 ± 9.0

60.0 ± 7.8

0.6

Weight (kg)

(Mean + SD)

59.0 ± 9.0

61.9 ±9.0

0.4

Height (cm)

(Mean + SD)

153.9 ± 6.2

155.9 ± 6.2

0.4

19.6 ± 5.9

20.9 ± 2.8

0.5

8.2 + 1.4

7.3 + 1.8

0.1

150. 7 ± 54.4

137.7 ± 44.2

0.5

Volume of 0.5% bupivacaine administered to achieve surgical
analgesia (ml)
(Mean + SD)
Onset of Anesthesia in Minutes
(Mean + SD)
Duration of Surgery in Minutes

(Mean + SD)

Table 2. Post-Operative Requirement of Bupivacaine and Fentanyl Infusion Dose (ml)
Time Since Surgery

Group (n = 14)

Group II (n = 15)

p Value

6 hours

29.1 + 6.1

30.5 +2.5

0.4

12 hours

62.4 + 12.4

64.9 + 8.8

0.5

24 hours

134.1 + 28.2

138.1 + 18.1

0.7

48 hours

261.3 + 36.1

271.4 + 35.7

0.5

Table 3. Post-Operative Requirement of Rescue Analgesics (ml)
Group I (n=14)
Number of patients Requiring Rescue Analgesia
Time to First Dose Among those who received Rescue Analgesia
- Mean + SD
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p Value

5 (35.7%)

Group II
(n=15)
8 (53.3%)

7.4 + 2.6 (n-5)

10.4 + 4.4 (n-8)

0.2

0.3
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Table 4: Post- Operative Subjective Assessment
Group I
(n = 14)

Group II
(n = 15)

p value

Nausea/vomiting

1 (7.1%)

4 (26.7%)

0.16

Urinary retention

2 (14.3%)

0 (0.0%)

0.13

Paresthesia

0 (0.0%)

1 (6.7%)

0.32

Catheter displacement

1 (7.1%)

1 (6.7%)

0.97

Sedated at 6 hours (>1)

3 (21.4%)
2.9 + 1.3

5 (33.3%)
3.3 + 1.5

0.47

8.2 + 1.1

8.1 + 1.0

0.71

Complications

Pain at 6 Hours
Patient Satisfaction

0.72

Figure 2. Kaplan Meier Curve Comparing Those who Received Rescue Analgesia in Group I (bupivacaine) and Group II
(bupivacaine + ketamine)
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Discussion
The surgical technique and the postoperative
management of TKA have evolved since its
inception over 50 years ago. Epidural infusion of
local anesthetic with adjuvant analgesic medication
used to be an accepted mode of analgesia for this
procedure. Due to the associated motor weakness,
attempts were made to reduce the concentration of
the local anesthetic, while changing the adjuvants to
minimize side effects. In developed countries, pain
management strategy has moved from epidural
infusion of local anesthetic to continuous selective
nerve block with or without infiltration of the local
tissue with a solution containing a mixture of
ropivacaine, epinephrine, ketorolac, and saline
which is infiltrated around the knee joint by the
surgeon after skin closure. Transition to minimally
invasive surgical technique which causes limited
tissue injury and associated pain may have
contributed to this change in pain management.
Moreover, the offer of a “bundle package” by the
insurance companies incentivized reducing the
hospital stay. With improved home nursing care, it
was cheaper for the insurance company to manage
pain at home using infusion pumps to deliver local
anesthetics into catheters placed in proximity to
peripheral nerves.
However, in developing countries, where
community-based healthcare facility is nascent, and
poor hygiene and low socio-economic conditions
preclude the use of sophisticated infusion pumps in
a home setting, techniques such as epidural analgesia
and care in a hospital ward for a couple of days are
still very common, practical, and affordable.
A continuous infusion of local anesthetic
through an epidural catheter is a well-established
technique of providing postoperative analgesia.
However, to reduce the motor blockade, the
concentration of local anesthetic is kept low and
opioids are added to complement the analgesic
action. The addition of opioids can cause side effects
such as pruritus, sedation and respiratory
depression.8 In many developing countries, the
limited availability of opioid medications, the
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paucity of monitoring devices and inadequate
staffing have prompted efforts to reduce the dose of
opioids in the postoperative period and add a nonopioid based regimen for postoperative analgesia.12
Ketamine, readily available even in smaller towns, in
low doses has been shown to be an effective
analgesic with negligible hallucinogenic or
respiratory depression effects.9
This study was an attempt to see if addition of
a low dose of ketamine given epidurally, along with
the initial dose of local anesthetic as part of the
anesthetic for TKA, would reduce the dose of
epidural infusion over 48 hours needed to control
pain after the surgery. As explained above, a 48-hour
infusion is still in practice in resource poor settings.
The study showed that addition of ketamine
(0.5mg/kg) to bupivacaine given epidurally, did not
reduce the requirement of the infusion of 0.1%
bupivacaine + fentanyl (1μg/ml), administered
epidurally, for postoperative analgesia. This is
consistent with the findings of the study done by
Weir et al.13 They added 3 different doses of
ketamine (0.3 mg/kg, 0.5 mg/kg & 0.67 mg/kg) to
0.5% bupivacaine for epidural anesthesia in patients
undergoing TKA and concluded that a single bolus
injection of ketamine had no effect on the quality or
duration of epidural analgesia. They concluded that
since drug binding to the NMDA receptor occurs
slowly, a bolus dose of ketamine may not provide
adequate exposure of the drug to the receptor for
maximal effect and speculated that a continuous
infusion may prove more effective. Similarly, Yanli
et al., in a placebo-controlled clinical trial added 25
mg ketamine to 20 ml of 0.5% bupivacaine
administered epidurally to patients undergoing lower
abdominal or orthopedic surgery. There was a small
but significant decrease in onset time to anesthesia
and a slightly higher segmental blockade in the
ketamine group, but there was no difference
regarding postoperative analgesic requirements.14 In
contrast to the above studies, Himmelseher et al.
used a mixture of S(+) ketamine and ropivacaine in
a patient-controlled epidural analgesia (PCEA)
system and showed better control of postoperative
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pain.5 S(+) ketamine has a four times higher affinity
for NMDA receptors and twice the analgesic potency
compared to racemic ketamine. In our study, due to
the non-availability of S (+) ketamine, racemic
ketamine was used. The PCEA system was not used
either.
Rescue morphine was given intramuscularly
since it was considered to be safer than intravenous
in a ward with minimal nursing personnel and
monitoring facilities. The analysis of those patients
who needed rescue analgesia suggests a slight
prolongation in analgesia among those who received
ketamine (Figure 2). Therefore, a larger initial dose
or an infusion of ketamine in the postoperative
period may benefit even this subset. However, this
study was not powered enough to delineate the
characteristics of such patients.
NMDA receptors maintain neuroplasticity and
hyperalgesia after a painful stimulus, as shown by
both electrophysiological and behavioral studies
carried out in animals.13-15 Hence, blockade of
NMDA receptors preemptively might inhibit central
sensitization to pain induced by tissue trauma and
inflammation. Ketamine, an NMDA receptor
blocker, has been shown to be effective in opioid
dependent patients as well as those with chronic
pain.9
The concept of preemptive analgesia suggests
that the administration of an analgesic or local
anesthetics before incision, might reduce the barrage
of nociceptive stimulus induced by surgical trauma
and, thus, the intensity of postoperative pain.16, 17
Ketamine has been shown to provide better
postoperative
analgesia
after
laparoscopic
hysterectomy when administered before the surgical
incision.18, 19 Ozyalcin et al., in a randomized, double
blinded and placebo-controlled study, demonstrated
that ketamine given epidurally compared to
intramuscular was more effective in reducing
perioperative analgesic requirements, hyperalgesia
and touch allodynia after thoracotomy.20 Ketamine
has been shown to improve postoperative analgesia
in patients undergoing spine surgery and who have
chronic pain and are opioid tolerant.21, 22

Other modalities of pain control after TKA
include administering local anesthetic through a
peripheral nerve catheter placed in the adductor
canal or infiltrating it into the periarticular tissue. A
systematic review and meta-analysis of randomized
controlled trials to evaluate the efficacy and safety of
local infiltration anesthesia versus epidural analgesia
for postoperative pain control in TKA23, has
demonstrated that local anesthesia provides an
equivalent efficacy in pain control with an increase
in the range of motion and a reduction of the
occurrence of nausea and length of hospital stay.
However, the advantage of epidural is that it can be
used as the primary anesthetic as well.
This study did not show any increase in the
incidence of any side effects attributed to ketamine,
such as increased sedation, hallucinations or vivid
dreams. Nor was there any increase in complications
such as nausea, vomiting, urinary retention, or
paresthesia. Similarly, there was no difference in the
level of satisfaction with the perioperative care
between the two groups.

Conclusion
Although this study failed to show that the
addition of a single dose of ketamine (0.5mg/kg)
improved postoperative analgesia after TKA, it may
have some benefit in a select subset of patients. A
larger sample size would be needed to identify those
patients. Perhaps the use of S-ketamine or addition
of ketamine in the epidural infusion solution during
the postoperative period may improve postoperative
analgesia after TKA.

References
1. Capdevila X, Barthelet Y, Biboulet P, Ryckwaert Y,
Rubenovitch J, d'Athis F. Effects of perioperative
analgesic technique on the surgical outcome and
duration of rehabilitation after major knee surgery.
Anesthesiology. 1999;91(1):8-15.
http://doi.org/10.1097/00000542-199907000-00006
2. Wang C, Sholas MG, Berde CB, DiCanzio J,
Zurakowski D, Wilder RT. Evidence that spinal
segmental nitric oxide mediates tachyphylaxis to

85
peripheral local anesthetic nerve block. Acta
Anaesthesiol Scand. 2001;45(8):945-53.
http://doi.org/10.1034/j.1399-6576.2001.450805.x
3. Curatolo M, Schnider TW, Petersen-Felix S, Weiss
S, Signer C, Scaramozzino P, et al. A direct search
procedure to optimize combinations of epidural
bupivacaine, fentanyl, and clonidine for
postoperative analgesia. Anesthesiology.
2000;92(2):325-37.
http://doi.org/10.1097/00000542-200002000-00012
4. Nishiyama T, Yokoyama T, Hanaoka K. Midazolam
improves postoperative epidural analgesia with
continuous infusion of local anaesthetics. Can J
Anaesth. 1998;45(6):551-5.
http://doi.org/10.1007/BF03012706
5. Himmelseher S, Ziegler-Pithamitsis D, Argiriadou
H, Martin J, Jelen-Esselborn S, Kochs E. Small-dose
S(+)-ketamine reduces postoperative pain when
applied with ropivacaine in epidural anesthesia for
total knee arthroplasty. Anesth Analg.
2001;92(5):1290-5.
http://doi.org/10.1097/00000539-200105000-00040
6. Bailey PL, Rhondeau S, Schafer PG, Lu JK,
Timmins BS, Foster W, et al. Dose-response
pharmacology of intrathecal morphine in human
volunteers. Anesthesiology. 1993;79(1):49-59;
discussion 25A. http://doi.org/10.1097/00000542199307000-00010
7. Cousins MJ, Mather LE. Intrathecal and epidural
administration of opioids. Anesthesiology.
1984;61(3):276-310.
8. Gustafsson LL, Schildt B, Jacobsen K. Adverse
effects of extradural and intrathecal opiates: report of
a nationwide survey in Sweden. Br J Anaesth.
1982;54(5):479-86.
http://doi.org/10.1093/bja/54.5.479
9. McCartney CJ, Sinha A, Katz J. A qualitative
systematic review of the role of N-methyl-Daspartate receptor antagonists in preventive
analgesia. Anesth Analg. 2004;98(5):1385-400, table
of contents.
http://doi.org/10.1213/01.ane.0000108501.57073.38
10. Kitahata LM, Taub A, Kosada Y. Lamina-specific
suppression of dorsal-horn unit activity by detamine
hydrochloride. Anesthesiology. 1973;38(1):4-11.
http://doi.org/10.1097/00000542-197301000-00003
11. Xie H, Wang X, Liu G, Wang G. Analgesic effects
and pharmacokinetics of a low dose of ketamine
preoperatively administered epidurally or

Mathew, Mathew, Cherian & David
intravenously. Clin J Pain. 2003;19(5):317-22.
http://doi.org/10.1097/00002508-200309000-00006
12. Cooper TE, Fisher E, Gray AL, Krane E, Sethna N,
van Tilburg MA, et al. Opioids for chronic noncancer pain in children and adolescents. Cochrane
Database Syst Rev. 2017;7:CD012538.
http://doi.org/10.1002/14651858.CD012538.pub2
13. Weir PS, Fee JP. Double-blind comparison of
extradural block with three bupivacaine-ketamine
mixtures in knee arthroplasty. Br J Anaesth.
1998;80(3):299-301.
http://doi.org/10.1093/bja/80.3.299
14. Yanli Y, Eren A. The effect of extradural ketamine
on onset time and sensory block in extradural
anaesthesia with bupivacaine. Anaesthesia.
1996;51(1):84-6. http://doi.org/10.1111/j.13652044.1996.tb07662.x
15. Vatine JJ, Argov R, Seltzer Z. Brief electrical
stimulation of c-fibers in rats produces thermal
hyperalgesia lasting weeks. Neurosci Lett.
1998;246(3):125-8. http://doi.org/10.1016/s03043940(98)00217-1
16. Katz J. George Washington Crile, anoci-association,
and pre-emptive analgesia. Pain. 1993;53(3):243-5.
http://doi.org/10.1016/0304-3959(93)90219-F
17. Wall PD. The prevention of postoperative pain. Pain.
1988;33(3):289-90. http://doi.org/10.1016/03043959(88)90286-2
18. Kwok RFK, Lim J, Chan MTV, Gin T, Chiu WKY.
Preoperative ketamine improves postoperative
analgesia after gynecologic laparoscopic surgery.
Anesth Analg. 2004;98(4):1044-9.
http://doi.org/10.1213/01.ANE.0000105911.66089.5
19. Abdel-Ghaffar ME, Abdulatif MA, al-Ghamdi A,
Mowafi H, Anwar A. Epidural ketamine reduces
post-operative epidural PCA consumption of
fentanyl/bupivacaine. Can J Anaesth.
1998;45(2):103-9.
http://doi.org/10.1007/BF03013246
20. Ozyalcin NS, Yucel A, Camlica H, Dereli N,
Andersen OK, Arendt-Nielsen L. Effect of preemptive ketamine on sensory changes and
postoperative pain after thoracotomy: comparison of
epidural and intramuscular routes. Br J Anaesth.
2004;93(3):356-61.
http://doi.org/10.1093/bja/aeh220
21. Park PJ, Makhni MC, Cerpa M, Lehman RA, Lenke
LG. The role of perioperative ketamine in
postoperative pain control following spinal surgery. J

June 2022. Christian Journal for Global Health 9(1)

86

Mathew, Mathew, Cherian & David
Spine Surg. 2020;6(3):591-7.
http://doi.org/10.21037/jss-19-306
22. Loftus RW, Yeager MP, Clark JA, Brown JR, Abdu
WA, Sengupta DK, et al. Intraoperative ketamine
reduces perioperative opiate consumption in opiatedependent patients with chronic back pain
undergoing back surgery. The Journal of the

American Society Of Anesthesiologists.
2010;113(3):639-46.
23. Li C, Qu J, Pan S, Qu Y. Local infiltration anesthesia
versus epidural analgesia for postoperative pain
control in total knee arthroplasty: a systematic
review and meta-analysis. J Orthop Surg Res.
2018;13(1):112. http://doi.org/10.1186/s13018-0180770-9

Peer Reviewed: Submitted 18 Mar 2022, accepted 31 May 2022, published 20 June 2022
Competing Interests: None declared.
Correspondence: Leejia Mathew, Believers Church Medical College Hospital, Kerala, India.
leejia.philip@gmail.com
Cite this article as: Mathew LM, Mathew L, Cherian V, David A. Effect of epidural ketamine on
pain after total knee arthroplasty: A randomized double-blind placebo controlled clinical trial.
Christ J Global Health. June 2022; 9(1):77-86. https://doi.org/10.15566/cjgh.v9i1.641
© Authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are properly cited. To view a copy of the
license, visit http://creativecommons.org/licenses/by/4.0/

www.cjgh.org

