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Abstract

Background: The aim of preemptive analgesia is to reduce central sensitization that arises from noxious inputs across the
entire perioperative period. N-methyl d-aspartate receptor antagonists have the potential for attenuating central sensitization
and preventing central neuroplasticity.

Materials and Methods: Patients undergoing laparoscopic cholecystectomy were randomized into four groups of 20 patients
each, who were administered the study drug intravenously 30 min before incision. Groups A, B, and C received ketamine in a
dose of 1.00, 0.75 and 0.50 mg/kg, respectively, whereas group D received isotonic saline. Anesthetic and surgical techniques
were standardized. Postoperatively, the degree of pain at rest, movement, and deep breathing using visual analogue scale, time
of request for first analgesic, total opioid consumption, and postoperative nausea and vomiting were recorded in postanesthesia
care unit for 24 h.

Results: Pain scores were highest in Group D at 0 h. Groups A, B, and C had significantly decreased postoperative pain scores
at0, 0.5, 3,4, 5, 6, and 12 h. Postoperative analgesic consumption was significantly less in groups A, B, and C as compared with
group D. There was no significant difference in the pain scores among groups A, B, and C. Group A had a significantly higher
heart rate and blood pressure than groups B and C at 0 and 0.5 h along with 10% incidence of hallucinations.

Conclusion: Preemptive ketamine has a definitive role in reducing postoperative pain and analgesic requirement in patients
undergoing laparoscopic cholecystectomy. The lower dose of 0.5 mg/kg being devoid of any adverse effects and hemodynamic
changes is an optimal dose for preemptive analgesia in patients undergoing laparoscopic cholecystectomy.
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Introduction disability, nonetheless many patients experience considerable
pain in the postoperative period and improvement in analgesia
Pain control is pertinent for optimal care in surgical patients. 1s desirable. Pain after laparoscopic cholecystectomy involves

Various treatment modalities and their combinations have been ~ several components and may be due to peritoneal stretching

used; however, adequate pain control is still not achieved ina  due to insufflation and diaphragmatic irntation.*?!

majority of patients.['! Preemptive analgesia has been proposed

to result in better pain management, reduced analgesic Preemptive analgesia is defined as an antinociceptive treatment

consumption, and improved patient satisfaction." that prevents the establishment of altered central processing of
afferent input, which amplifies postoperative pain.™ Although

Laparoscopic cholecystectomy is associated with less painand ~ many drugs have demonstrated the evidence of preemptive

analgesic benefit, N-methyl d-aspartate (NMDA) receptor

antagonists have received greatest attention because NMDA
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Access this article online Evidence about the effectiveness of the NMDA antagonist

Quick Response Code: Website: ketamine to reduce postoperative hyperalgesia and acute and

www_joacp.org long-lasting pain is inconclusive.’®”! There is some evidence

that a single dose of perioperatively administered ketamine can

DOI: reduce postoperative analgesic requirement,®'?) whereas other

10.4103/0970-9185.119141 studies have demonstrated no beneficial effect of preemptive

ketamine.* These contradictory results could be because the

478 Journal of Anaesthesiology Clinical Pharmacology | October-December 2013 | Vol 29 | Issue 4



Singh, et al.: Preemptive IV ketamine for laparoscopic cholecystectomy

studies were performed in different types of surgeries, which
can influence the degree of pain perceived and thus the dose
requirement of preemptive analgesic.?!

It is thus plausible that a low dose of preemptive ketamine,
which could be insufficient for a major surgery may be
adequate for minimally invasive surgery such as laparoscopic
cholecystectomy, which causes less tissue trauma.l'!
Conceivably, a smaller dose may have the benefit of minimal
hemodynamic effects without additional psychotomimetic

adverse effects.!'!

With these considerations, the present study was designed
to evaluate preemptive analgesic efficacy of intravenous
ketamine in patients undergoing laparoscopic cholecystectomy
by administering it 30 min before the incision. The research
question also included comparing the preemptive analgesic
efficacy of varying doses of ketamine to derive the optimal dose.

Materials and Methods

After obtaining the approval from the Hospital Ethics Committee
and written informed consent from the patient, the study was
conducted in a randomized double-blinded manner on a total
of 80 adult patients of either gender belonging to ASA grades
[ and II and scheduled for elective laparoscopic cholecystectomy
using a standardized general anesthesia technique.

Patients who were allergic to opioids or ketamine, with a
history of drug abuse, being unable to comprehend visual
analogue scale (VAS), patients with psychiatric illness or
communication difficulties, morbidly obese patients, or ASA
grade IV or V were excluded from the study.

Patients were divided into four groups of 20 patients each.
Group A patients received ketamine in dose of 1.00 mg/kg,
Group B patients were given ketamine 0.75 mg/kg, Group C
was given 0.50 mg/kg ketamine, whereas Group D received
isotonic saline [Figure 1].

The study drug was drawn and diluted to a fixed volume of
10 mL by an anesthesiologist who was not involved in the
administration of anesthesia and monitoring of the patient.

A thorough preanesthetic check-up, including detailed history,
general and systemic examination, and review of routine
investigations, was conducted a day before surgery. All
the patients were shown the VAS scale preoperatively and
instructed of its use as a tool for measuring postoperative pain.
After ensuring nil per oral status of at least 6 h preoperatively,
all patients were premedicated with Tab diazepam 10 mg and
Tab ranitidine 150 mg the night before surgery.

After shifting the patients to operation theater, preinduction
vital parameters, such as heart rate (HR), blood pressure,
respiratory rate, temperature, and SpO,, were recorded.
An intravenous access was achieved and all patients
received Inj midazolam 1 mg and Inj glycopyrolate
0.2 mg intravenously (i.v.). Patients were then randomly
allocated using computer-generated random numbers and
concealed opaque envelopes to one of the four groups. After
preoxygenation with 100% O, for 3 min, anesthesia was
induced with thiopentone sodium (2.5%) 4-6 mg/kg i.v. till
the abolition of eyelash reflex. Endotracheal intubation with
an adequate-sized, cuffed endotracheal tube was facilitated
by neuromuscular blocker suxamethonium 1.5 mg/kg i.v.
The study drug diluted to a volume of 10 mL with a coded
label was administered 1.v. by an anesthesiologist who was
blinded to the nature of the study and nature of the drug
being administered.

Anesthesia was maintained with oxygen and nitrous in a
ratio of 1:2 along with isoflurane (0.8-2%) on controlled
mechanical ventilation. Injection fentanyl citrate 1.5 ug/kg
1.v. was given immediately after induction for intraoperative
analgesia in all patients. Vital parameters, including HR,
blood pressure, electrocardiogram, temperature, end-tidal
CO2 and O2 saturation, were monitored throughout the
procedure. Neuromuscular blockade was achieved with
atracurium besylate. Intraoperatively injection ondansetron
0.1 mg/kg i.v. was given to all patients about 20 min before
closure.

At the completion of the surgery, the neuromuscular blockade
was reversed with inj. neostigmine 0.04 mg/kg i.v. plus
glycopyrrolate 0.0 1 mg/kg i.v. Trachea was extubated once the
patient was awake after establishment of adequate spontaneous
respiration. Patients were then shifted to recovery room where
the continuing observations were made and recorded by an
anesthesiologist who was unaware of the group to which the
patient belonged.

All enrolled patients were observed for pain intensity and
relief in postoperative recovery room using visual analogue

scale (VAS) and verbal rating scale (VRS) every half-hour
for first 2 h, every 1 h for the next 4 h, and then at 12 hand
24 h postoperatively. The time 0 h was taken as the time of
shifting the patient to postoperative recovery room. Each time
the pain was evaluated at rest, at slight movement, and at deep
breathing. Patients were informed before surgery that they can
request an analgesic if they feel pain, which was administered
using 1.v. fentanyl 1 ug/kg. The first dose was given when
the VAS at rest was =5 or VRS =2.1"%! Furthermore,
supplemental analgesia was administered using i.v. boluses
of fentanyl 1 wg/kg as and when the patient requested.
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Analgesics other than 1.v. fentanyl were not permitted during
the first 24 h to allow comparisons of opioid consumption
between groups. After 24 h, analgesics at the discretion of
anesthesiologist/surgeon were allowed.

Total number of patients requiring supplemental analgesia,
time of first request of supplemental analgesia, and the total
opioid dose required in the first 24 h in postoperative period
was recorded. Baseline HR, systolic blood pressure (SBP),
diastolic blood pressure (DBP) respiratory rate (RR), and
saturation (SpO2) were recorded before shifting patient
to operating table. Postoperative recording of these vital
parameters was performed every half-hour for the first 2 h,
every | h for the next 4 h and then at 12 h and 24 h in the
postanesthesia care unit. Adverse effects associated with
ketamine, such as nausea, vomiting, and hallucinations were
also recorded. Hallucination was defined as a false sensory
experience in which the patients reported they saw, heard,
smelled, tasted, or felt something that was non-existent.

Statistical analysis

Sample size was determined taking into consideration
that a sample size of 20 patients per group would give a
power of 80% at an o-level of 0.05 (two tailed). Data
were analyzed with the SPSS statistical program (SPSS
Inc, Chicago, IL, USA) using Student’s t-test, and
analysis of variance (ANOVA) test. Data of the different
groups were compared by Student’s t test for unpaired
comparisons for normally distributed data, Kruskal-Wallis
test for nonnormally distributed data or Chi-square test
for qualitative data. Differences among group means were

compared using ANOVA. Incidence of side effects and

number of patients receiving rescue analgesia were analyzed

using Fisher’s exact test. Significance levels throughout this
study were considered at P < 0.05.

Results

The demographic profile was found to be comparable with
no statistically significant difference between the groups.

The mean VAS score at rest was significantly higher in Group
D at 0 and 0.5 h postoperatively with maximum value of

4.75 = 1.41 cmand 4.25 =+ 1.77 cm, respectively [Figure 2].

The VAS score in groups A, B, and C at 0, 0.5, 1, 1.5, and
2 h was comparable with no significant intergroup variation
in between them.

At 1, 1.5, and 2 h the mean VAS score at rest was
comparable in all the groups with no significant intergroup
variation.

Mean VAS scores at 3, 4, 5, 6, and 12 h were significantly
higher in Group D when compared with mean VAS scores
in groups A, B, and C. At 24 h the mean VAS score at rest
was comparable in all the groups with no significant intergroup
variation [Figure 2].

VAS scores on deep breathing were higher than VAS scores
at rest and on slight movement. The highest VAS scores on
deep breathing were observed in Group D at 0 h with a mean

of 7.40 = 0.99 followed by VAS score of 6.40 = 1.43 at
30 min again in Group D [Figure 3].

VAS and VRS were significantly more in Group D as

Assessed for eligibility (n=92)

Refused to participate (n=12)

Randomized (n=80)

GROUP A (n=20)
Ketamine=1
mg/kg

GROUP B (n=20)
Ketamine=0.75
mg/kg

GROUP C (n=20)
Ketamine=0.5
mg/kg

GROUP D
(n=20)
Control group

Figure 1: Study flow diagram
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compared with groups A, B, and C at most of the time
intervals [Figures 4 and 5].

Total opioid consumption was significantly more in Group D
as compared with groups A, B, and C [Figure 6].

The mean time to receive rescue analgesic was significantly
more in the groups A, B, and C as compared with Group
D [Figure 7]. As the patients in Group D received the
rescue analgesic earlier than the other three groups, the pain
scores were statistically similar in all the groups at most times

between 1 and 2 h.

The mean time to request of rescue analgesia and the mean
number of doses of opioid required were similar in groups A,
B, and C with no statistically significant intergroup difference.

The HR, SBPE, DBP and RR were significantly more in
Group D than groups B and C at most times in first 1.5 h.

HR was significantly greater in Group A than groups B and
C at 0 h [Figure 8]. SBP was significantly greater at 0 and
0.5 h in Group A as compared with groups B and C.

The incidence of nausea and vomiting was comparable in all
the groups.

Group A had an incidence of hallucinations in 10% of its
subjects, whereas none of the patients in any other group
reported hallucinations [Table 1].

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. Enhanced
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Figure 2: Trends in VAS at rest in different groups. VAS, visual analog scale
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Figure 3: Trends in VAS at deep breathing in different groups. VAS, visual analog scale
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Figure 4: Trends in VRS at rest in different groups at various time intervals. VRS, verbal rating scale
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Figure 5: Trends in VRS at deep breathing in different groups at various time intervals. VRS, verbal rating scale
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Figure 6: Mean number of analgesic doses given to subjects in different groups.

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 the
noxious stimulus, that is, preemptive analgesia may attenuate or
block sensitization and hence reduce acute pain.!"”

482

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 1.v. ketamine administered
before surgical incision has preemptive effect on postoperative
pain and reduced analgesic requirements during the first 24
h after laparoscopic cholecystectomy. We assessed VAS and
VRS at rest, on slight movement, and on deep breathing as

the VAS assessment at slight movement and at deep breathing

1s more reproducible than the VAS at rest.”) The VRS scale
(5]

was used as it is easier for the patient to use.
VAS and VRS at rest, on deep breathing and on slight
movement were higher in saline group at most time intervals
except at 1.5, 2, and 2.5 h. This implies that groups
that received ketamine had significantly less pain than the
group that received saline. Interestingly, VAS and VRS
in the three groups receiving different doses of ketamine
were similar, implying that a lower dose of 0.5 mg/kg
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was equi-efficacious to a higher dose of 1.00 mg/kg for
preemptive analgesia. The reason for similar VAS and
VRS at 1.5, 2, and 2.5 h is that the control group received
rescue analgesia earlier than the ketamine groups so that at
the time intervals mentioned, the control group had already
received rescue analgesics accounting for the statistically

similar VAS and VRS.

We used 1.v. fentanyl for rescue analgesia as it is a highly potent
and short-acting drug thereby allowing us to make repeated
unbiased assessments of the efficacy of study drug.

Table 1: Distribution of subjects according to side effects
in different groups

Side effects GroupA GroupB GroupC GroupD
No. % No. % No. % No. %
N 3 15.00 1 5.00 0 0.00 3  15.00
\Y 0 0.00 0 0.00 0 0.00 0 0.00
Nand V 3 1500 4 20.00 4 20.00 3 15.00
H 2 10.00 O 0.00 0 0.00 0 0.00
N=Nausea, V=Vomiting, N and V both nausea and vomiting,
H=Hallucinations
254
2.1 1.98
21 1.85 ;
£ 15
£
£
=R
0.5 0.375
0 T T T ._V
Group-A Group-B Group-C Group-D

Figure 7: Mean time to the requirement of the rescue analgesic

The hemodynamic parameters were studied as an indirect
reflection of the pain control in the various groups. Patients
in Group D had higher VAS and VRS scores and early
requirement of rescue analgesics. This implies that patients
in Group D had more pain earlier and could account for the
higher HR and blood pressure in this group. Ketamine is
known to cause tachycardia and increased blood pressure.?!

This could explain the significantly higher HR in Group A.
The low mean HR in the groups B and C at 0, 0.5, 2, 3,
and 4 h correspond well with the preemptive analgesic effects
of ketamine as compared with the control.

The role of preemptive analgesia with ketamine has been
previously reported in laparoscopic gynecological surgery.!'!!
Preemptive ketamine also had an opioid sparing effect in

opioid abusers undergoing lithotripsy.!'®!

Our results, however, are at a variance with the results of
Darabi et al. who could not demonstrate any reduction in
analgesic consumption in the groups receiving ketamine.!'”
This could be ascribed to both a smaller dose of ketamine
used in their study along with simultaneous use of rectal
diclofenac and i.v. paracetamol. Inguinal herniorraphy being
a less painful procedure, these analgesics may be sufficient
to take care of postoperative pain masking any preemptive
analgesic effects of ketamine.

Similarly, Dullenkopf et al. did not find any preemptive
analgesic effects of ketamine. However, they had a
heterogenous population of general surgical and orthopedic
patients, and dose of ketamine used in the study may
have been inadequate for the painful surgical procedures
performed.?! It is proposed that adequate sensory blockade
is necessary for preemptive effect of ketamine to be
exhibited. In a study on patients undergoing gastrectomy,

100 ﬂ 1 1
Zz : 85— 79. = 88024?5 H Group-A
8 : - 8.
o | 762 78NS 1S BTS Gogs [BE5L 755 7% 7 mGroups
60 ﬂ M Group-C
50 M Group-D
40 B Group-A
30 145 169 M Group-B
20 155 15:5 133 16 4 13'.9 13:2 lgg 165 135 ]gg Group-C
10 © 148 126 7 11 131 44 BT 5 122 wGrouwD
0
Oh 05h 1h 1.5h 2h 3h 4h 5h 6h 12h 24h

Figure 8: Comparison of respiratory and heart rate between different groups at different time intervals postoperatively
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ketamine alone was ineffective for preemptive analgesia
and preemptive effect was only demonstrated once epidural
morphine was also added.!"® The authors explained that
small dose administered was ineffective to block sensory
outputs, which occurred once epidural morphine was also

added.

In our study, two patients (10%) experienced hallucinations
in Group A. This corresponds to the incidence reported
in the literature with similar preemptive doses.['”! Patients
receiving smaller doses of ketamine did not experience any
hallucinations.

The incidence of nausea and vomiting was similar in all the
groups. Recently a small dose of ketamine has been shown
to decrease postoperative nausea and vomiting, but a similar
decrease was not seen in our study, as the laparoscopic nature
of surgery might have masked the antiemetic property at small

doses.?"

One limitation of our study is that we did not follow up the
patients to evaluate whether chronic pain was reduced with the
small doses of ketamine used in the study. Ketamine is known
to alter the neuroplasticity and reduce the development of
chronic pain syndromes.!"*! Future research should also focus
on the long-term effects of ketamine in reducing the incidence
of chronic pain syndromes.

We conclude that preemptive ketamine has a definitive role
in reducing postoperative pain and analgesic requirement in
patients undergoing laparoscopic cholecystectomy. A low dose
of 0.5 mg/kg was devoid of any adverse effects and hemodynamic
changes. Hence, it is an optimal dose for preemptive analgesia
in patients undergoing laparoscopic cholecystectomy.
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