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Effect of intraoperative infusion of low-dose 
ketamine on management of postoperative 
analgesia

Abstract
Background: Use of opioids for perioperative analgesia is associated with sedation, respiratory depression and postoperative 
nausea and vomiting. N-methyl-D-aspartate receptor antagonist such as ketamine has both analgesic and antihyperalgesic 
properties. We studied the effect of intraoperative infusion of low-dose ketamine on postoperative analgesia and its management 
with opioids. Materials and Methods: A total of 80 patients scheduled for open cholecystectomy under general anesthesia were 
randomly allocated into two equal groups in a randomized double-blinded way. The general anesthetic technique was standardized 
in both groups. Group K patients (n = 40) received bolus of ketamine 0.2 mg/kg intravenously followed by an infusion of 0.1 mg/kg/h 
before skin incision, which was continued up to the end of surgery. Similar volume of saline was infused in Group C (n = 40). The 
pain score at different intervals and cumulative morphine consumption over 24 h was observed. Secondary outcomes such as 
hemodynamic parameters, patient satisfaction score and incidences of side effects were also recorded. Results: Intraoperative 
infusion of low-dose ketamine resulted in effective analgesia in first 6 h of the postoperative period, which was evident from reduced 
pain scores and reduced opioid requirements (P = 0.001). The incidence of side effects and patient satisfaction were similar in 
both groups. Conclusion: Intraoperative low-dose ketamine infusion provides good postoperative analgesia while reducing need 
of opioid analgesics, which must be considered for better management of postoperative analgesia.

Key words: Ketamine, morphine, postoperative analgesia

Sarvjeet Kaur,  
Richa Saroa1,  

Shobha Aggarwal

Department of Anaesthesiology, Guru Gobind Singh Medical College and Hospital, Faridkot, Punjab, 
1Depratment of Anaesthesiology, Government Medical College, Chandigarh, India

Address for correspondence: 
Dr. Sarvjeet Kaur, C/o, Dr. S. S. Ratta, Sikhanwala Road, Kotkapura, Faridkot, Punjab, India.  
E-mail: drsarvjeetk@gmail.com

INTRODUCTION

Pain triggers complex biochemical and physiological 
stress response leading to impairment of  pulmonary, 
immunological and metabolic function,[1] hence use of  
analgesics postsurgery is a common practice. Opioids 
are the mainstay of  postoperative pain relief  however 
exposure to large doses of  opioids can result in acute 
tolerance, hyperalgesia and side effects such as sedation, 
respiratory depression, nausea and emesis. Ketamine is 

an N-methyl-D-aspartate (NMDA) receptor antagonist 
that has demonstrated excellent analgesic activity even at 
subanesthetic doses.[2] Recent studies have shown the role 
of  NMDA-receptors in central nervous system facilitation 
of  pain processing.[3] NMDA-receptor antagonist, such as 
ketamine when administered in subanesthetic doses prevents 
the development of  central sensitization, hyperalgesia 
and opioid resistance.[4-6] Hence, we hypothesized that 
intraoperative low-dose ketamine infusion may have opioid 
sparing effect in the postoperative period and studied the 
impact of  intraoperative low-dose ketamine at induction 
followed by infusion on postoperative pain and opioids 
consumption.

MATERIALS AND METHODS

Following approval from the Institutional Ethics 
Committee (Trg-2013/3575 Dated 30/01/14) and written 
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informed consent, 80 patients of  either sex belonging 
to American society of  anesthesiologist physical 
status I and II, age 21-50 years, scheduled to undergo 
elective cholecystectomy under general anesthesia at 
our University Hospital were enrolled in the study. 
The study was designed as a prospective, randomized, 
double-blinded, placebo-controlled study. The exclusion 
criteria for enrolment in the study were patients on 
chronic analgesic medication, ketamine, morphine and 
tramadol or substance abuse, having allergy to drug 
used, with preexisting pulmonary, cardiac, hepatic, 
renal, neurological, endocrinal, psychological disorders, 
myopathy and pregnant women. During the preanesthetic 
assessment, patients were explained about visual analog 
scale (VAS) consisting of  a 100-mm line with 0 equalling 
“no pain” and 100 equalling “worst possible pain.”

The patients were divided randomly into two groups of  
40 patients each. Patients in Group K were administered 
ketamine infusion of  0.1 mg/kg/h following bolus 
0.2 mg/kg of  ketamine and patients in Group C were 
infused with normal saline in similar volume and rate. 
Continuous intravenous (IV) infusion of  ketamine or 
normal saline following bolus dose was started before skin 
incision, intraoperatively and continued until completion of  
skin closure via infusion pump, infuser (Perfusor compact, 
Braun, Germany).

A computer-generated randomization list was created prior 
to commencement of  the study. This list was enclosed in 
serially numbered, sealed envelopes. On the morning of  
surgery, one of  the Anesthesiologists not involved with 
the study opened the sealed envelope and prepared the 
drug solution. The study drug was loaded into a 50 ml 
syringe (ketamine concentration was 2 mg/ml), the placebo 
syringe contained normal saline and was labeled similar to 
the study drug.

The patients were kept nil by mouth for at least 6 h 
prior to surgery and were monitored continuously by 
electrocardiogram, noninvasive blood pressure, and 
peripheral oxygen saturation and end tidal carbon di 
oxide using multipara monitor (Nihon kohden, Japan) 
throughout the surgical procedure. The IV access 
was secured with 18 G cannula on the dorsum of  the 
hand for IV fluid management. All the patients were 
premedicated with glycopyrolate 0.2 mg IV. Induction 
was achieved using IV propofol (2 mg/kg) and tramadol 
(2 mg/kg). Atracurium besylate (0.5 mg/kg) was used to 
facilitate insertion of  appropriate size of  the endotracheal 
tube. Anesthesia was maintained with isoflurane and 
nitrous oxide in oxygen (FiO2 = 0.4). All patients 
received fluid in the form of  Ringer lactate IV as per 
standardized calculation. The residual neuromuscular 

blockade was reversed using neostigmine (0.05 mg/kg) 
and glycopyrrolate (0.02 mg/kg), and intubation was 
removed upon complete recovery of  the reflexes. All 
the investigators involved in patient management and 
data collection were unaware of  the group to which the 
patient was assigned.

The patients were transferred to the postanesthesia unit 
and pain scores at rest were noted immediately on arrival 
and 2, 4, 6, 12 and 24 h postsurgery using VAS. The 
patients were observed in the postoperative care unit for 
4 h, and rescue analgesia was provided in the form of  IV 
morphine 0.05 mg/kg boluses if  the pain score was >30. 
The total number of  patients requiring morphine and 
the total amount of  morphine given in 24 h were noted 
in both the groups. Thereafter, the patients were shifted 
to ward and were given acetaminophen 1 g IV t.i.d. Side 
effects such as nausea, vomiting, sedation, hallucination, 
respiratory depression (respiratory rate <10/min.) and 
emergence reaction were recorded. Nausea and vomiting 
were evaluated using categorical score (0 = none, 1 = slight, 
2 = moderate, 3 = severe/request treatment) When 
moderate or severe nausea or vomiting was present, we 
administered 0.1 mg/kg of  IV ondansetron. Patients were 
also asked to rate their overall satisfaction on a five-point 
scale (very satisfied, satisfied, neutral, dissatisfied, very 
dissatisfied) at 24 h postoperation. The coding was opened 
after completion of  the study to compile results.

Statistical analysis
The results were analyzed using SPSS 11.5 software (IBM 
Corporation). During the planning stage of  the study, the 
sample size was calculated with the help of  power analysis. 
A sample size of  30 patients per group was estimated to 
demonstrate the significant difference of  35% in morphine 
consumption among the groups, at α = 0.05 with a power 
(1-β) of  80%. The inclusion of  40 patients in each group 
was done for better validation of  results. All the data 
are represented as mean ± standard deviation or as the 
number of  patients (%). Statistical significance was tested 
with the use of  Student’s t-test. P < 0.05 was considered 
as statistically significant.

RESULTS

In the present study, a total of  80 patients out of  88 
consecutive patients met the inclusion criteria and 
consented for the study. These 80 patients were randomized 
into two groups of  40 each [Figure 1]. There were no 
dropouts or loss to follow-up. The demographics and 
duration of  surgery were comparable between the two 
groups [Table 1]. Comparison of  hemodynamic parameters 
during the period of  study drug infusion and intra-operative 
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period between group K and group C at different time 
interval was statistically insignificant. At different time 
intervals patients in group K had less pain than group C 
when compared on VAS (P < 0.05), during the first 6 h 
after surgery. At the 12 h and 24 h, there was no significant 
difference between the two groups [Table 2]. In group K, 
only 5 patients (12.5%) required rescue analgesic (IV 
morphine) while in group C, 40 patients (100%) required 
additional dose of  rescue analgesic (P = 0.001) [Table 3]. 
There was a statistically significant reduced consumption 
of  morphine 4.6 ± 1.48 mg in group K compared with the 
Group C in which it was 17 ± 1.7 mg (P = 0.001) [Table 3].

None of  the patients experienced hallucination, sedation, 
headache, dizziness, respiratory depression and/or 
emergent reaction [Table 4]. Incidence of  nausea, vomiting 
and patients satisfaction rate were similar in both groups 
[Tables 4 and 5].

DISCUSSION

Ketamine administered IV, is reported to produce analgesic 
effects by its action as a noncompetitive NMDA-receptor 
antagonist. However, it remains a controversial drug 
due to undesirable and unwanted adverse effects. It is 
mandatory to make a distinction between the high-dose 
ketamine as an anesthetic agent and low-dose ketamine as 
an antihyperalgesic agent. Low-dose ketamine is defined 
as a bolus dose of  <2 mg/kg, when given intramuscularly 
or <1 mg/kg, when administered via the IV or epidural 
route. In continuous IV administration, low-dose ketamine 
is defined as a rate of  ≤20 µg/kg/min.[7] Ketamine infusion 
used as a loading dose followed by an infusion rate of  
1-6 µg/kg/min, was reported to provide antihyperalgesic, 
analgesic and opioid sparing effects.[8,9]

Low-dose ketamine infusion (0.1 mg/kg/h) following 
a loading dose of  0.2 mg/kg was previously tested 
perioperatively in spinal fusion surgery together with 
perioperative infusion of  fentanyl.[10] In the present 
study, we tested similar dose of  ketamine infusion 

intraoperatively in during abdominal surgery without 
intraoperative opioid infusion to avoid the masking 
of  analgesic efficacy of  ketamine. This significantly 
reduced postoperative pain scores and total morphine 
consumption, which is concurrent to previous 
reports.[6,11] Similar results are also reported with 
perioperative ketamine infusion after major abdominal 

Figure 1: Patient flow (according the consort chart)

Table 1: Demography
Demographics Group C (n = 40) Group K (n = 40)

Sex (male/female) 18/22 15/25
Age (year) 34±11 36±14
Weight (kg) 60±9 64±11
Duration of surgery (min) 76±26.9 70±20.2

Data are presented as mean ± SD or number of patients. n: Number of patients, 
SD: Standard deviation, Group C: Control group, Group K: Ketamine group

Table 2: Assessment of pain in the postoperative 
period (VAS)
Time in hours Group C (n = 40) Group K (n = 40) P

0 4.8±2.96 2.44±3.09 0.001
2 h 3.65±2.69 1.8±2.4 0.001
4 h 4.85±3.24 2.02±2.43 0.001
6 h 6.21±3.42 3.17±3.06 0.01
12 h 6.05±3.47 3.76±3.53 0.500
24 h 6.83±3.22 6.37±4.29 0.153

Data are presented as mean ± SD. Statistically significant at P < 0.05. 
Group C: Control group, Group K: Ketamine group, n: Number of patients, 
SD: Standard deviation, VAS: Visual analog scale

Table 3: Postoperative analgesic requirements
Variables Group C 

(n = 40)
Group K 
(n = 40)

P

Total morphine consumption 
in 24 h (mean±SD) in mg

17.0±1.7 4.6±1.48 0.001

Number of patients required 
additional doses of morphine

40 5 0.001

Data are presented as mean ± SD or number of patients. Statistically significant at 
P < 0.05. n: Number of patients, SD: Standard deviation, Group C: Control group, 
Group K: Ketamine group

Table 4: Postoperative side effects
Side effects Group C (n = 40) Group K (n = 40)

Nausea/vomiting 4 4
Hallucination 0 0
Respiratory depression 0 0
Dizziness 0 0
Sedation 0 0
Emergent reaction 0 0

Data expressed as the number of patients. Group C: Control group, 
Group K: Ketamine group

Table 5: Patient satisfaction
Satisfaction scale Group C (n = 40) Group K (n = 40)

Very satisfied 1 2
Satisfied 35 33
Neutral 4 5
Dissatisfied 0 0
Very dissatisfied 0 0

Data expressed as the number of patients. Group C: Control group, 
Group K: Ketamine group
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and microdiscectomy surgery.[12,13] Interestingly effective 
postoperative analgesia was achieved with a combination 
of  the intraoperative ketamine bolus of  0.5 mg/kg 
followed by 0.5 mg/kg/h and patient control epidural 
analgesia with morphine and bupivacaine. This also 
resulted in reduced analgesic consumption.[14]

In our study, the total quantity of  morphine used within 
24 h postsurgery was significantly lower in the group who 
received ketamine that is consistent with other reports.[15-22] 
However, a bolus of  1.5 mg ketamine plus 1.5 mg morphine 
in IV-patient-controlled analgesia failed to demonstrate the 
beneficial effect in morphine consumption and pain control 
after major orthopedic surgery.[23] Such lack of  synergistic 
effects of  ketamine and morphine in postoperative pain 
management is reported in several other studies, which 
warrants further analysis to address this discrepancy.[10,24,25] 
Nevertheless, low-dose ketamine is reported to be useful 
in the management of  postsurgical acute pain.[21,26,27] 
Moreover, the opioid-sparing effect of  ketamine in the 
clinical setting may still be useful for opioid intolerant 
patients, cancer patients or narcotic-tolerant patients who 
need a high-dose of  opioids.[15]

Ketamine-related adverse effects are rare when the surgery 
is performed under general anesthesia.[28] In our study, all 
the surgeries were performed under general anesthesia and 
hence none of  the patient complained of  hallucination 
or nightmares. Large doses (>2 mg/kg, IV) and rapid 
administration of  ketamine (>40 mg/min) predispose 
to this side effect whereas they are minimal at infusion 
rate of  <2.5 mg/kg/min.[29] Some studies suggest that 
ketamine doesn’t have any effect on reducing the incidence 
of  PONV;[11] however, this is contradicted.[17]

The limitation of  our study is that we could not use higher 
doses of  ketamine due to potential psychomimetic effects. 
However, further studies are needed to asses a clinically 
effective dose of  ketamine. We conclude that IV infusion 
of  low-dose ketamine in the intra-operative period has 
significant impact on reducing postoperative pain and 
cumulative analgesic consumption in patients undergoing 
cholecystectomy without any evidence of  increased side 
effects pertaining to the drug.
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