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Background: In this study, we assessed the effectiveness of ketamine as an alternative to non-steroidal anti-

inflammatory drugs (NSAID), to manage acute postoperative pain after spinal fusion when given intravenously via a 

patient-controlled analgesia (PCA) pump in which the dose was proportional to that of fentanyl.

Methods: Forty patients undergoing 1-2 level spinal fusion were enrolled in this study. Patients were intra-

operatively randomized into two groups to receive intravenous PCA consisting either of fentanyl 0.4 μg/ml/kg (control 

group) or fentanyl 0.4 μg/ml/kg with ketamine 30 μg/ml/kg (ketamine group) after intravenous injection of a loading 

dose. The loading dose in the control group was fentanyl 1 μg/kg with normal saline equal to ketamine volume and 

in the ketamine group it was fentanyl 1 μg/kg with ketamine 0.2 mg/kg. The verbal numerical rating scale (NRS), 

fentanyl and ketamine infusion rate, and side effects were evaluated at 1, 24, and 48 hours after surgery.

Results: There were no significant differences in patient demographics, duration of surgery and anesthesia or 

intra-operative opioids administration. We did not find any significant differences in the mean infusion rate of 

intraoperative remifentanil or postoperative fentanyl or in the side effects between the groups, but we did find a 

significant difference in the NRS between the groups.

Conclusions: Based on our results, we conclude that a small dose of ketamine (0.5-2.5 μg/kg/min) proportional to 

fentanyl is not only safe, but also lowers postoperative pain intensity in patients undergoing spinal fusion, although 

the opioid-sparing effects of ketamine were not demonstrated. (Korean J Anesthesiol 2012; 63: 54-58)
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Introduction

After spinal fusion surgery patients experience considerable 

pain that is typically initially treated with intravenous narcotics 

only, but due to its multiple side effects, ‘balanced analgesia’ is 

more frequently recommended nowadays. Balanced analgesia 

consists of analgesic drugs acting on different systems to 

alleviate postoperative pain. A combination of drugs allows the 

use of a lower dose of each component while achieving a safer 

and more reliable analgesic effect. For the aforementioned 

reasons, opiates, non-steroidal anti-inflammatory drugs 

(NSAIDs), local anesthetics, and α2-adrenoceptor agonists are 

currently most commonly used with postoperative pain manage-

ment [1] .

In certain surgeries such as spinal fusions, the use of NSAIDs 

for the management of acute postoperative pain is not 

recommended by some surgeons because it may have a nega-

tive influence on the surgical outcome [2-4]. That is why we 

considered ketamine as an alternative to NSAIDs as a compo-

nent of balanced analgesia for spinal fusion. Even though the 

role of ketamine in the management of acute postoperative pain 

remains controversial [5,6], recent studies suggest that low dose 

ketamine (defined as a bolus dose of less than 2 mg/kg when 

given intramuscularly or less than 1 mg/kg when administered 

via intravenous or epidural route) as an adjuvant to opioids or 

local anesthetics may have an important role in the treatment of 

acute postoperative pain [7-9] .

We attempted to assess the analgesic effectiveness of low 

dose ketamine as an alternative to NSAIDs for the management 

of acute postoperative pain after spinal fusion when given 

intravenously via a PCA pump (Accufuser PLUS REF
Ⓡ, Woo 

Young Med., Korea), in which the dose was proportional to that 

of fentanyl.

Materials and Methods

Forty patients between the ages of 38-78 years undergoing 

1-2 level posterior lumbar spinal fusion were enrolled 

in this study. All of the patients were American Society of 

Anesthesiologists physical status classification 1, 2, or 3. Patients 

with a body mass indexes (BMI) ≥ 30 were excluded from the 

study.

We received the approval of the Human Subjects’ Ethical 

Committee and all participants of this study provided written 

informed consent. The day before surgery, patients were taught 

how to use the verbal numerical rating scale (NRS) (0 was 

defined as no pain and 10 was defined as the worst pain ever 

experienced by the patient), and the PCA pump. The patients 

were also instructed to self-deliver analgesia by pressing the 

bolus button at any time if they began to feel unendurable 

pain. The PCA pump used in this study was the ambulatory 

elastometric infusion pump (total volume 100 ml, basal flow 

rate; 1.0 ml/h, bolus volume; 1.0 ml/time, lockout time; 15 min).

Enrolled patients were not premedicated and each of them 

received general balanced anesthesia with sevoflurane-N2O-

oxygen and continuous infusion of remifentanil. Tracheal 

intubation was performed under thiopental sodium 4-5 mg/

kg, rocuronium 0.6-0.7 mg/kg and sevoflurane inhalation.

The patients were randomly allocated into two groups in a 

double-blind manner. To provide patients with a continuous 

fentanyl dose in the range of 0.4-2.0 μg/kg/h and a ketamine 

dose in the range of 0.5-2.5 μg/kg/min, the PCA pump was used 

to intravenously infuse fentanyl at a dose of 0.4 μg/kg/ml for the 

control group, and fentanyl and ketamine at a dose of 0.4 μg/kg/

ml and 30 μg/kg/ml, respectively, for the ketamine group after 

an intravenous injection of a loading dose. The loading dose 

in the control group was fentanyl 1 μg/kg with normal saline 

(total volume same as ketamine group) and in the ketamine 

group it was fentanyl 1 μg/kg with ketamine 0.2 mg/kg. In our 

study the loading dose was intra-operatively administered 

within 1 hour after the incision to avoid strong postoperative 

residual effect of opioids. Ramosetron was administered to all 

patients before wound closure to prevent postoperative nausea 

and vomiting (PONV). After surgery, patients were observed 

at the post anesthesia care unit (PACU) for at least 60 minutes. 

After the patients regained adequate cognitive function, they 

were returned to the general ward with the PCA pumps fully 

operational. No supplemental analgesia or sedation was 

administered for the 48 hours immediately after surgery. 

Ondansetron 0.1 mg/kg was given intravenously for nausea 

or vomiting as required. The infused volume through the PCA 

pump during the first 1 hour was estimated by summing the 

amount of basal flow rate (1.0 ml/h) plus the total amount of 

infused bolus volume (1.0 ml for each time the bolus button 

was pressed), and the remaining amount indicated in the scale 

attached to the PCA pump 1 hour after the surgery was checked. 

The total amount infused at 24 hours after surgery (remaining 

PCA volume at 1 hour after surgery minus remaining PCA 

volume at 24 hours after surgery) and 48 hours after surgery 

(remaining PCA volume at 24 hours after surgery minus 

remaining PCA volume at 48 hours after surgery) was checked, 

and all other data including NRS were collected at the same 

time. Remifentanil requirements were computed by dividing 

the total dose administered by the duration of anesthesia (h) 

and body weight (kg). Ketamine requirements were computed 

by dividing the total dose administered by duration (min) and 

body weight (kg). Also, fentanyl requirements were computed 

by dividing the total dose administered by duration (h) and 

body weight (kg). Side effects such as nausea/vomiting and 

pruritis occurred during each postoperative period were 
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collected at 1, 24, and 48 hours after surgery.

To eliminate possible bias, all the PCA related drugs (basal 

and loading dose for the control and ketamine group) were 

prepared by blinded anesthesiologists who were not involved 

in this study. Also, all members involved in this study (enrolled 

patients, anesthesiologist who delivered the PCA and evaluated 

analgesic effect) were blinded to the solutions they used or 

evaluated. Thus, the study was performed in a double blinded 

manner.

Based on a pilot study we estimated the sample size to detect 

a difference of 2 in NRS pain score with mean (± SD) difference 

between the groups, with a power of 80%, α = 0.05, and drop 

rate = 0.1. The estimated sample size by power analysis was 15 

patients per group. Statistical analyses of data were performed 

using GraphPad Prism (Version 3.02, USA). Analysis of sex, 

side effects and physical status were conducted using the 

Fisher’s exact test. Analysis of NRS was conducted using the 

Mann-Whitney test, and other factors of patients’ parametric 

data (age, weight, height, BMI, and duration of surgery and 

anesthesia) and infusion rates were compared using an 

unpaired t-test. Results are expressed as the mean ± SD unless 

otherwise specified. A probability (P) value of less than 0.05 was 

considered to be statistically significant.

Results

There were no statistical differences in patient demographics, 

the duration of surgery and anesthesia or intra-operative remi-

fentanil administration (Table 1). We did not find any significant 

difference in postoperative PCA fentanyl require ments (Table 2) 

Table 1. Patient Demographics Data in this Study

  Control
   (n = 20)

 Ketamine
   (n = 20)

Sex (M/F)
Age (yr)
Weight (kg)
Height (cm)
ASA status (1 : 2 : 3)
Body mass index
Duration of surgery (h)
Duration of anesthesia (h)
Infusion rate of remifentanil (μg/kg/h)

   7/13
 64.5 ± 11.5
 64.8 ± 10.6

158.5 ± 8.9
6/13/1

25.7 ± 3.4
3.0 ± 0.7
3.7 ± 0.7
2.3 ± 1.5

   5/15
  61.0 ± 10.0
  59.1 ± 13.5
155.6 ± 9.5

  3/17/0
 24.2 ± 3.8
  2.8 ± 0.5
  3.6 ± 0.5
  1.7 ± 1.1

Values are mean ± SD or absolute number. No statistically significant 
differences were noted between the groups. 

Table 2. Mean Infusion Rate of Fentanyl 

Control
(n = 20)

Ketamine
(n = 20)

1 h after surgery
1 h till 24 h after surgery
24 h till 48 h after surgery

1.4 ± 0.6
0.6 ± 0.5
0.6 ± 0.2

1.5 ± 0.5
0.6 ± 0.2
0.5 ± 0.1

Values are mean ± SD. Units of infusion rate: μg/kg/hr. No statisti-
cally significant differences were noted between the groups. 

Table 3. Incidence of Side Effects Observed in this Study

Control (n = 20) Ketamine (n = 20)

N/V Confusion Hallucination N/V Confusion Hallucination

1 h in PACU
POD 1
POD 2

2
3
4

0
0
0

0
0
0

1
3
1

0
0
0

0
0
0

No statistically significant differences were noted between the groups. N/V: nausea/vomiting, PACU: post-anesthesia care unit, POD: 
postoperative day.

Table 4. Numerical Rating Scale (NRS) at Rest

Control
(n = 20)

Ketamine
(n = 20)

1 h in PACU
POD 1
POD 2

8.2 ± 1.5
5.1 ± 2.1
4.2 ± 2.1

5.1 ± 2.0*
3.6 ± 2.0*
2.4 ± 1.4*

Values are mean ± SD. A NRS of 0 was defined as no pain and 10 was 
defined as the worst pain ever experienced. PACU: post-anesthesia 
care unit, POD: postoperative day. *P < 0.05 versus the control group. 

Fig. 1. Numerical Rating Scale (NRS) at Rest. Box and whisker plot 
show the numeric rating scale (NRS) pain scores at rest. POD: 
postoperative day. *P < 0.05 versus the control group. 
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or side effects (Table 3) between the groups. However, we found 

a significant difference in NRS between the two groups (Table 4 

and Fig. 1).

Discussion

Opioids are traditionally used as part of general anesthesia 

and postoperatively for acute pain control. The administration 

of large doses of narcotics in the perioperative period can have 

multiple side effects including respiration depression, sedation, 

nausea and vomiting, pruritus, urinary retention, ileus, and 

delayed hospital discharge [10] . It is for these reasons as well 

as the modulation of pain perception as a complex process 

involving multiple neural pathways, that many clinicians 

now advocate a multimodal therapeutic approach (balanced 

analgesia) for the management of pain [1] .

Balanced analgesia consists of the administration of several 

analgesic drugs that act on different systems to alleviate 

postoperative pain. A combination of drugs allows adequate 

analgesia with a low dose of each component and decreases 

the incidence of side effects. Opiates, NSAIDs, and ketamine 

are currently used for balanced analgesia although the role of 

ketamine remains controversial [5-9] .

As a component of balanced analgesia, NSAIDs can reduce 

the incidence of side effects and postoperative opioid require-

ment [2,11,12]. However, because NSAIDs may have a negative 

influence on the success of spinal fusions, some surgeons do 

not recommend the use of NSAIDs for acute postoperative pain 

control [2-4] .

Ketamine, a noncompetitive N-methyl D-aspartate (NMDA) 

receptor blocker [13], is a potent analgesic and can be used at 

a low dose as a sole or adjuvant agent for postoperative pain 

control. The blocking effect of ketamine in the processing 

of nociceptive inputs has led to its use in the treatment of 

chronic pain syndromes [14] and neuropathic pain [15]. Also, 

perioperative ketamine may be useful for patients who require 

larger doses of opioids, such as cancer patients or narcotic-

tolerant patients [10], patients who are especially sensitive to 

the adverse effects of opioids such as the elderly, and patients 

who should avoid the use of NSAIDs due to a prior history of 

gastrointestinal bleeding or reflux, coagulopathy, allergy to 

NSAIDs and concurrent steroid use.

Acute opioid tolerance may be associated with opioids 

used during surgery. Studies suggest that high but not low 

intraoperative opioid dose is associated with increased pain 

and/or opioid requirement after surgery [16-18] . In our study 

we were not able to verify if low dose ketamine could prevent 

the development of acute opioid tolerance, because the dose of 

remifentanil we used intraoperatively (2.3 ± 1.5 μg/kg/hr in the 

control group and 1.7 ± 1.1 μg/kg/hr in ketamine group) was 

low, which is not supposed to produce acute tolerance based 

on previous studies [19-21]. Therefore, it is unlikely that acute 

tolerance developed and the low dose ketamine we used had a 

preventative effect.

At low, sub-dissociative doses, ketamine has been found to 

be useful in the management of acute pain in some studies [9,22], 

but not in others [23]. A dose of 2.0 μg/kg/h of ketamine reduced 

postoperative pain in narcotic-tolerant patients undergoing 

posterior spine fusion during the first postoperative hour in the 

PACU and the first postoperative day at rest [10]. The Cochrane 

review of ketamine (different practice regarding dose, route and 

time of administration) for postoperative pain, reported that 

in 27 of 37 reviewed trials, ketamine reduced opioid analgesic 

requirements, or pain intensity, or both [24]. Four of these trials 

included fixed continuous infusion rates of ketamine (1.0-

2.5 μg/kg/min) intraoperatively and postoperatively, with and 

without an intravenous bolus of ketamine [25-28]. In these 

trials the ketamine group was compared to intravenous PCA 

morphine alone for pain scores and cumulative morphine 

administration. Three trials demonstrated that ketamine 

was morphine sparing [25-27]. Among the three trials, two 

demonstrated that the VAS pain scores were reduced only in 

the first 1 hour after surgery [25,26] and the other trial showed 

that pain was not reduced at all [27]. It is not possible to 

compare the results of our study with previous ones because 

the methodologies are different. Previous studies have fixed 

the continuous infusion rate of ketamine regardless of patients’ 

opioid requirement, however, in our study the dose of ketamine 

(0.5-2.5 μg/kg/min) was proportional to that of fentanyl based 

on the patient’s opioid requirement. Ketamine in our study did 

not have a fentanyl-sparing effect, but induced the reduction 

in NRS. Verifying the fentanyl-sparing effects of ketamine was 

difficult because the degree of pain sensed by the patients was 

moderate and PCA bolus and basal volume was equal. 

Among the ketamine related adverse effects, the risk for 

hallucination is high in awake or sedated patients receiving 

ketamine without benzodiazepine, but low in patients 

undergoing general anesthesia and independent of benzodia-

zepine premedication [29]. Ketamine-related adverse effects 

are known to be mild or absent when the surgery is performed 

under general anesthesia [24]. In our study, all patients were 

under general anesthesia and none of them complained of 

hallucination or nightmares. We did not find any difference 

between the two groups.

The effects of ketamine on PONV are controversial. There 

are some studies suggesting that ketamine has no effect in 

decreasing the incidence of PONV [29]. On the other hand, 

there are some studies showing that ketamine has significantly 

reduced nausea and vomiting [8]. In our study, ramosetron was 

administered to all patients before wound closure, so there was 
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no significant difference in PONV between the groups.

We conclude that the infusion of ketamine (0.5-2.5 μg/kg/

min) proportional to fentanyl dose is not only safe, but also 

reduces postoperative pain intensity in patients undergoing 

spinal fusion surgery although the fentanyl-sparing effects of 

ketamine were not demonstrated in this study. Therefore, the 

post operative infusion of ketamine proportional to fentanyl dose 

may be a useful adjuvant to postoperative balanced analgesic 

management as an alternative substitute of NSAIDs to manage 

acute postoperative pain after spinal fusion.
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