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Abstract

Aim: The aim of this study was to compare the efficacy of preemptive analgesia with 1V
ketamine alone and multimodal preemptive analgesia that combines low-dose IV ketamine
and 1V parecoxib.

Methods: In this prospective study, 60 patients scheduled for elective laparotomy were
randomized to two groups of preemptive analgesia, namely, group K-P, in which
anestheologists administered a combination of 0.3 mg/kg IV ketamine and 40.0 mg IV
parecoxib, or group K, in which ones gave 0.3 mg/kg IV ketamine alone. Patients from both
groups underwent surgery under general anesthesia, and total intraoperative opioid
requirement was recorded. After surgery, morphine administered by automated patient-
controlled analgesia (PCA) infusion device was initiated in all patients. Pain score was
assessed using the visual analogue scale (VAS), and postoperative opioid requirement was
recorded at 1 and 4 hours, and subsequently from 4-hour intervals up to 24 hours after
surgery.

Results: There were no significant differences in demographic characteristics between the
two groups. In terms of pain intensity, compared to group K, patients in group K-P showed
significantly lower VAS values at all time points tested during 24 hours after surgery.
Conclusion: Among laparotomy patients, multimodal preemptive analgesia by the use of a
combination of low-dose IV ketamine and IV parecoxib was more effective than IV ketamine
alone in reducing pain scores and postoperative analgesia requirement.
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Introduction

Pain control is pertinent for optimal care in surgical patients.Various treatment modalities and
their combinations have been used; however, adequate pain control is still not achieved in a
majority of patients. Preemptive analgesia has been proposed to result in better pain
management, reduced analgesic consumption, and improved patient satisfaction.*
Laparoscopic cholecystectomy is associated with less pain and disability, nonetheless many
patients experience considerable pain in the postoperative period and improvement in
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analgesia is desirable. Pain after laparoscopic cholecystectomy involves several components
and may be due to peritoneal stretching due to insufflation and diaphragmatic irritation.?*
Preemptive analgesia is defined as an antinociceptive treatment that prevents the
establishment of altered central processing of afferent input, which amplifies postoperative
pain.* Although many drugs have demonstrated the evidence of preemptive analgesic benefit,
N- methyl d- aspartate (NMDA) receptor antagonists have received greatest attention
because NMDA receptors have a role in central sensitization and neural modulation.®
Ketamine is an N-methyl-D-aspartate receptor antagonist that is commonly used either as an
IV induction agent, sedative agent, or as part of multimodal analgesia, and its use as
preemptive analgesia has been described in a few studies. A meta-analysis based on data
from 5 randomised controlled trials (RCTs) involving the use of ketamine for preemptive
analgesia concluded that ketamine was effective in reducing postoperative morphine
consumption and prolonging time to first analgesia request. Importantly, it was reported to be
as safe as physiological saline with respect to side effects such as nausea and vomiting.
Parecoxib is the only IV cyclooxygenase-2 inhibitor that can be a beneficial analgesic for
moderate- to-severe acute postoperative pain, and its use in preemptive analgesia has been
described in a few studies. A combination of parecoxib and ultrasound- guided paravertebral
block as preemptive analgesia during video-assisted thoracoscopic surgery brings about better
pain relief, lower sufentanil and ketorolac consumption, greater haemodynamic stability, and
lower surgery-related stress response.’

Therefore, the aim of this study was to compare the efficacy of preemptive analgesia with IV
ketamine alone and multimodal preemptive analgesia that combines low-dose IV ketamine
and IV parecoxib.

Methods

The study was double blindedrandomizedcontrol trial. It was started after obtaining ethical
clearance from Ethical Approval board of the institution and consents from the participants.
The written informed consent from patients were obtained and we recruited 60 patients
scheduled for elective laparotomy under general anesthesia who met the inclusion and
exclusion criteria during pre-operative assessment. The inclusion criteria were American
Society of Anesthesiologists classifications 1 and Il, ages 20-60 years, and a plan for
postoperative PCA. The exclusion criteria were a known history of allergy to either ketamine,
parecoxib or morphine for treatment of chronic pain, gastrectomy surgery because of peptic
ulcer disease, liver and renal impairment, pregnancy, or morbid obesity. Patients were
withdrawn from the study if unanticipated adverse events occurred intraoperatively, or if they
were admitted to intensive care unit postoperatively. The sample size was calculated by using
power and sample sizesoftware 3.0.The participants were randomized into two groups of
preemptive analgesia by using the computer-generated randomisation. In group K-P (n = 30)
a combination of IV ketamine 0.3 mg/kg and IV parecoxib 40.0 mg was given, while, in
group K (n = 30), IV ketamine 0.3 mg/kg as placebo was given.

In the OT, an 18 G or 20 G 1V cannula was inserted at the hand and non-invasive monitoring
devices, such as electrocardiogram, pulse oximetry (SpO2), capnography, and non-invasive
blood pressure, were put in place. During pre-oxygenation and within 10minutes before the
induction of anesthesia, patientsin group K-P received preemptive analgesia of I\Vketamine
0.3 mg/kg and IV parecoxib 40.0 mg in 2mL of normal saline, while those in group K
received IV ketamine 0.3 mg/kg and 2 mL of IV normal saline as placebo. Anesthesia was
induced with IV fentanyl 2.0 pg/kg and IV propofol 2.0 mg/kg in all patients, and after
successful induction, IV rocuronium 0.6 mg/kg was given as muscle relaxant for endotracheal
intubation.
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After successful intubation, anesthesia was maintained by using sevoflurane, oxygen, and air.
All patients were mechanically ventilated to maintain normocapnia with an end-tidal carbon
dioxide of 35—-40 mmHg.

Postoperative analgesia was initiated at the recovery bay for all patients identically. The first
rescue analgesia with IV fentanyl 0.5 pg/kg bolus was considered at the recovery bay if
patients experienced severe pain. An automated PCA infusion device that delivered a 1.0 mg
bolus of morphine for every demand with a lock-up time of 5 minutes without background
infusion was also initiated in the recovery bay for postoperative analgesia within the next 24
hours. Pain severity was assessed postoperatively by using the VAS at 1 hour, and
subsequently at 4, 8, 12, 16, 20, and 24 hours. Time-to-first morphine request recorded by
PCA device and total morphine requirement delivered by PCA device over 24 hours were
documented.

Data were analyzed by using the Statistical Package for the Social Sciences (SPSS) software,
ver. 24.0 (IBM SPSS Inc., Armonk, NY, USA). Categorical data were analyzed by using the
chi-square test, while numerical data were analyzed by the independent t-test. P-value < 0.05
was considered statistically significant.

Results
Table 1: Demographic Data
Parameter Group K-P (n=30) | Group K (n=30) | P value
Age 36.4+11.8 404 £125 0.880
Gender 0.500
Male 5 2
Female 25 28
Height 152.0 £ 10.0 152.5 +10.0 0.850
Weight 58.4 + 8.6 58.3+12.0 0.876
BMI 25.3+3.0 25.5+4.8 0.650
ASA 0.545
I 24 25
1 6 5
Duration of surgery 2.6+0.9 2.8+0.8 0.450
Table 2: The Trend of Pain Intensity Based on VAS
VAS
Time interval | Group K-P (n=30) | Group K (n=30) | P value
1 hour 3.0+£15 3.6+£06 0.002
4 hours 3.2+0.8 40+05 0.005
8 hours 3.3+10 40+0.6 0.002
12 hours 2.8+0.7 3.4+0.6 0.001
16 hours 2.6+0.7 3.2+0.7 0.002
20 hours 24+1.0 3.2+0.7 0.004
24 hours 1.6+0.9 25+0.7 0.003

There were no significant differences in demographic characteristics between the two groups
(Tablel). In terms of pain intensity, compared to group K, patients in group K-P showed
significantly lower VAS values at all time points tested during 24 hours after surgery (Table
2).
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Discussion

Intraoperative and postoperative noxious inputs cause prolonged firing of C- fiber
nociceptors resulting in the release of glutamate. Glutamate is a major excitatory transmitter
in the central nervous system, which activates postsynaptic NMDA receptors. NMDA
receptor activation contributes to pain processing and pain phenomena such as wind up,
spinal neural plasticity. NMDA receptor activation plays a role in inflammatory and
neuropathic pain states and results in the activation and exacerbation of secondary
hyperalgesia. This also initiates translational changes of the second- order neurones, which
might be a crucial link in the pathogenesis of chronic pain.®Analgesic intervention before
thenoxious stimulus, that is, preemptive analgesia may attenuate or block sensitization and
hence reduce acute pain.®

Although many drugs have demonstrated the evidence of preemptive analgesic benefit,°
treatments that are likely to prevent the development of central excitability may have the
greatest benefit. Ketamine, an NMDA receptor antagonist, is an interesting option for this
purpose.

Our study demonstrated that low- dose i.v. ketamine administered before surgical incision
has preemptive effect on postoperative pain and reduced analgesic requirements during the
first 24 h after laparoscopic surgery. We assessed VAS at rest, on slight movement, and on
deep breathing as the VAS assessment at slight movement and at deep breathing is more
reprgducible than the VAS at rest. The VAS scale was used as it is easier for the patient to
use.

The role of preemptive analgesia with ketamine has been previously reported in laparoscopic
gynecological surgery.**Preemptive ketamine also had an opioid sparing effect inopioid
abusers undergoing lithotripsy.*?

One previous study that compared preemptive IV ketamine 0.5 mg/kg, 1V parecoxib 40 mg,
and placebo in 81 patients undergoing laparoscopic uterine surgery who also received
postoperative sufentanil-based PCA showed that a single injection of short-acting ketamine
before surgery had the same efficacy as long-acting parecoxib with respect to an opioid-
sparing effect in the first 24hours after surgery. However, it is known that parecoxib has
better analgesic effect in the early postoperative period,™ and based on this fact, we show that
a combination of IV ketamine and IV parecoxib led to better postoperative analgesia
compared to single therapy. Importantly, we used a lower dose of IV ketamine at 0.3 mg/kg
while the study on uterine surgery used 0.5 mg/kg.

Another study compared the effectiveness of a combination of 1V ketamine 0.15 mg/kg and
the non-steroidal anti-inflammatory drug diclofenac at 1.00 mg/kg with that of placebo,
ketamine, or diclofenac alone in 80 consecutive patients undergoing laparoscopic
cholecystectomy and reported that, at one hour after surgery, patients who received the
combination had significantly lower pain scores compared with those receiving placebo or
ketamine alone. Further, even though patients from all the four groups required postoperative
analgesia, the time-to diclofenac sodium request was significantly longer in patients given the
combination compared to those given placebo, ketamine, or diclofenac alone. This study also
stated that ketamine at a dose of 0.15 mg/kg did not elicit a preemptive analgesic effect™® but
supported the concept of multimodal preemptive analgesia. It is possible that the lower dose
of IV ketamine (0.15 mg/kg) used in that study did not yield any significant effect.

Singh et al.,*® in their study on multiple dosing of 1V ketamine, at 1.00, 0.75 and 0.50 mg/kg
for laparoscopic cholecystectomy, found that preemptive ketamine had a definitive role in
reducing postoperative pain and analgesia requirement. Further, among the three tested doses,
0.5 mg/ kg led to no adverse effects or haemodynamic changes while the dose of 1.00 mg/kg
resulted in significantly higher heart rate and blood pressure, compared with other groups, at
0.0 and 0.5 hours, apart from a 10%incidence of hallucinations.
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The study conducted by Nistal-Nufio et al.'® used 0.5 mg/kglV ketamine before surgical

incision and did not report a preemptive analgesic effect or a reduction in postoperative
opioid requirement for pain in patients given IV morphine after colon surgery. Similarly, two
other studies that used low-dose IV ketamine 0.5 mg/kg as preemptive analgesia during
elective caesarean sections performed under either spinal anesthesia or general anesthesia
showed that low-dose ketamine did not have a preemptive analgesic effect and that it was not
effective in reducing postoperative pain scores or opioid requirements.*’*?

One study by Heydari et al.'® compared the effectiveness of three preemptive analgesic
agents, namely, 1V ketamine 0.25 mg/kg, IV paracetamol 15 mg/kg, IV magnesium sulphate
7.5 mg/kg, and placebo. The drugs were administered immediately after the induction of
anesthesia in patients scheduled for elective lower extremity orthopaedic surgery under
general anesthesia and the results showed that mean postoperative pain score during 24 hours
after surgery and mean additive analgesic use during 12 hours after surgery were significantly
lower in the ketamine group compared to others.

The use of parecoxib as preemptive analgesia has been previously studied in a few types of
surgery. Xiao et al.? studied the effect of preemptive IV parecoxib, 40 mg, given 30 minutes
before the first incision for total hip arthroplasty, by comparing it with a placebo. Another
study by Bian et al.* on preemptive IV parecoxib for total knee arthroplasty showed that it
significantly decreased VAS values in the short term, relieved pain shortly after surgery, and
did not increase the incidence of complications.

Conclusion

Multimodal preemptive analgesia using a combination of low-dose 1V ketamine 0.3 mg/kg
and IV parecoxib 40 mg was more effective than IV ketamine 0.3 mg/kg alone in post-
laparotomy patients.

References

1. Hariharan S, Moseley H, Kumar A, Raju S. The effect of preemptive analgesia in
postoperative pain relief—a prospective double-blind randomized study. Pain medicine.
2009 Jan 1;10(1):49-53.

2. Ingelmo PM, Bucciero M, Somaini M, Sahillioglu E, Garbagnati A, Charton A, Rossini
V, Sacchi V, Scardilli M, Lometti A, Joshi GP. Intraperitoneal nebulization of
ropivacaine for pain control after laparoscopic cholecystectomy: a double-blind,
randomized, placebo-controlled trial. British journal of anaesthesia. 2013 May
1;110(5):800-6.

3. Mouton WG, Bessel JR. OttenKT et al. Pain after laparoscopy. Surg Endosc.
1999;13:445-8.

4. Ong CK, Lirk P, Seymour RA, Jenkins BJ. The efficacy of preemptive analgesia for acute
postoperative pain management: a meta-analysis. Anesthesia & Analgesia. 2005 Mar
1;100(3):757-73.

5. Dullenkopf A, Miller R, Dillmann F, Wiedemeier P, Hegi TR, Gautschi S. An
intraoperative pre-incision single dose of intravenous ketamine does not have an effect on
postoperative analgesic requirements under clinical conditions. Anaesthesia and intensive
care. 2009 Sep;37(5):753-7.

6. Yang L, Zhang J, Zhang Z, Zhang C, Zhao D, Li J. Preemptive analgesia effects of
ketamine in patients undergoing surgery. A meta-analysis. Acta Cirurgica Brasileira.
2014;29:819-25.

7. Yang J, Hao Z, Li W, Duan C, Fan X, Xin J, Ren C. The efficacy and safety of
paravertebral block combined with parecoxib during video-assisted thoracic surgery: a
randomized controlled trial. Journal of Pain Research. 2020;13:355.

614



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL13, ISSUE 02, 2022

Voscopoulos C, Lema M. When does acute pain become chronic?. British journal of
anaesthesia. 2010 Dec 1;105(suppl_1):i69-85.

Warncke T, Stubhaug A, Jerum E. Ketamine, an NMDA receptor antagonist, suppresses
spatial and temporal properties of burn-induced secondary hyperalgesia in man: a double-
blind, cross-over comparison with morphine and placebo. Pain. 1997 Aug 1;72(1-2):99-
106.

Ong CK, Lirk P, Seymour RA, Jenkins BJ. The efficacy of preemptive analgesia for acute
postoperative pain management: a meta-analysis. Anesthesia & Analgesia. 2005 Mar
1;100(3):757-73.

Kwok RF, Lim J, Chan MT, Gin T, Chiu WK. Preoperative ketamine improves
postoperative analgesia after gynecologic laparoscopic surgery. Anesthesia & Analgesia.
2004 Apr 1;98(4):1044-9.

Gharaei B, Jafari A, Aghamohammadi H, Kamranmanesh M, Poorzamani M, Elyassi H,
Rostamian B, Salimi A. Opioid-sparing effect of preemptive bolus low-dose ketamine for
moderate sedation in opioid abusers undergoing extracorporeal shock wave lithotripsy: a
randomized clinical trial. Anesthesia & Analgesia. 2013 Jan 1;116(1):75-80.

Liu SM, Yue Y. The comparison of preemptive analgesic efficacy between short-acting
ketamine and long-acting parecoxib. Zhonghua yi xue za zhi. 2018 Dec 1;98(48):3930-5.
Nesek-Adam V, Grizelj-Stojcic E, Mrsic V, Rasic Z, Schwarz D. Preemptive use of
diclofenac in combination with ketamine in patients undergoing laparoscopic
cholecystectomy: a randomized, double-blind, placebo-controlled study. Surgical
Laparoscopy Endoscopy & Percutaneous Techniques. 2012 Jun 1;22(3):232-8.

Singh H, Kundra S, Singh RM, Grewal A, Kaul TK, Sood D. Preemptive analgesia with
ketamine for laparoscopic cholecystectomy. Journal of anaesthesiology, clinical
pharmacology. 2013 Oct;29(4):478.

Nistal-Nufio B, Freire-Vila E, Castro-Seoane F, Camba-Rodriguez M. Preoperative low-
dose ketamine has no preemptive analgesic effect in opioid-naive patients undergoing
colon surgery when nitrous oxide is used-a randomized study. F1000Research. 2014;3.
Han SY, Jin HC, Yang WD, Lee JH, Cho SH, Chae WS, Lee JS, Kim YI. The effect of
low-dose ketamine on post-caesarean delivery analgesia after spinal anesthesia. The
Korean journal of pain. 2013 Jul;26(3):270.

Reza FM, Zahra F, Esmaeel F, Hossein A. Preemptiveanalgesic effect of ketamine in
patients undergoing electivecesarean section. Clin J Pain. 2010;26(3):223-226.

Heydari SM, Hashemi SJ, Pourali S. The comparison of preventive analgesic effects of
ketamine, paracetamol and magnesium sulfate on postoperative pain control in patients
undergoing lower limb surgery: a randomized clinical trial. Advanced biomedical
research. 2017;6.

Weng X, contributed equally This LY. Pain management using perioperative
administration of parecoxib for total hip arthroplasty: a randomized, double-blind,
placebo-controlled trial. Pain physician. 2019 Nov;22:575-82.

Bian YY, Wang LC, Qian WW, et al. Role of parecoxibsodium in the multimodal
analgesia after total knee arthroplasty:a randomized double-blinded controlled
trial.Orthop Surg. 2018;10(4):321-327.

615



