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ABSTRACT

INTRODUCTION:

Various multimodal analgesic approaches have been proposed for spine surgery. This article aims to review
the evidence regarding the effect of perioperative ketamine on postoperative opioid consumption, pain
scores, and side effects.

MATERIALS AND METHODS:

We included clinical trials in the adult population. Our primary outcome was pain management. Randomized
controlled trials published in the English language from January 1995 to September 2025 assessing post-
operative pain after spine surgery were identified from the MEDLINE database.

RESULTS:

A total of 16 clinical trials were selected for inclusion in the Review.

CONCLUSION:

Perioperative low doses of ketamine demonstrated analgesic and opioid-sparing effects with no increased

adverse events after spine surgery. Further studies of qualitative randomized controlled trials are required to
assess the optimal protocol of ketamine administration for postoperative pain relief.
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Introduction

Spine surgeries are among the most commonly performed surgical procedures. (1) Worldwide, there is a sig-
nificant increase in the overall number of spinal decompression and spinal fusion surgical procedures per-
formed for degenerative lumbar spine disease. (2) Many of these patients suffer from chronic postoperative
pain, and nearly 20% of those undergoing spine surgery will require secondary surgery for persistent pain or
surgery-related complications during subsequent years. (2) Severe pain often accompanies major spine sur-
gery. (3) In a study comparing pain scores in 179 surgical procedures, 3 of the 6 surgeries with a median pain
score of 7 on postoperative day 1 (rated on a scale of 0 to 10) were major spinal procedures. (4) Patients un-
dergoing spinal fusion surgery are at high risk for moderate-to-severe postoperative pain and associated
complications. (5) Risk factors for severe postoperative pain include preexisting neuropathic pain, preopera-
tive opioid use, perioperative anxiety/mood disorders, level of invasiveness of the surgery, spine segments
involved, and degree of difficulty in exposing the surgical field. (1,5) Inadequate analgesia results in poor sur-
gical outcomes, delayed mobilization and rehabilitation, higher rates of readmission, and poor patient satis-
faction. (6)

Opioid medications, have historically served as the mainstay for acute postoperative pain management, par-
ticularly in procedures associated with severe pain intensity such as spinal surgery. While opioids are effec-
tive for managing moderate-to-severe pain, their use carries significant risks, including the development of
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tolerance, respiratory depression, physical dependence, pruritus, hallucination, nightmare, sedation, urinary
retention, gastrointestinal dysfunction such as ileus, which can result in prolonged hospital length of stay
and subsequent delayed rehabilitation. (6—8) There is also a clear association between prolonged preopera-
tive opioid use and adverse postoperative outcomes, including delayed wound healing, higher readmission
rates, and increased mortality. (7) Additionally, opioids do not always fully relieve pain, and patients often de-
velop a tolerance. (9) In addition to these acute adverse events, another complication of opioid use is opioid
induced hyperalgesia (OIH), a condition where opioid exposure leads to an increased sensitivity to painful
stimuli, higher postoperative analgesic requirements and an elevated risk of chronic postsurgical pain
(CPSP). (9,10) Although the precise mechanism of OIH is not yet fully understood, proposed mechanisms in-
clude an enhanced nociceptive response from sensitized spinal neurons and decreased reuptake of neuro-
transmitters from primary afferent nociceptive fibers. (9) OIH is believed to be responsible for the decreased
effectiveness of opioid medications in certain patients, particularly those without a known underlying pathol-
ogy or disease progression. (9) Additionally, perioperative opioid use is a significant risk factor for persistent
postoperative opioid use (PPOU), defined as continued opioid consumption beyond 90-365 days after sur-
gery. (10)

In recent years, clinicians have employed multimodal analgesic regimens which employ agents with varying
mechanisms of action to reduce reliance on opioids and their adverse effects. (5-7) Agents that are antago-
nists of the NMDA receptor may provide particular analgesic benefit in this patient population via an inhibi-
tion of sensitization of nociceptive pathways, prevention of opioid-related activation of pro-nociceptive sys-
tems, and attenuation of opioid tolerance and hyperalgesia. (6) NMDA antagonists can provide specific treat-
ment of central hypersensitivity, given the involvement of the NMDA receptor in the generation of neuronal
hyperexcitability (11). One such non-opioid agent is ketamine, which has been noted to prevent opioid-in-
duced hyperalgesia. (12,13)

Ketamine is a non-competitive, NMDA receptor antagonist that prevents the induction of synaptic potentia-
tion. (11) While all of the exact mechanisms have not been entirely agreed upon, the primary effect of the
drug is related to its NMDA receptor antagonism. (14) This interaction decreases the activation of NMDA re-
ceptors, leading to a reduction in neuronal excitability, which plays a crucial role in its ability to alleviate pain.
(15) The analgesic effects of ketamine do not end with NMDA receptors. Ketamine enhances opioid-induced
analgesia through its binding to spinal p receptors, which increases the effectiveness of opioid signaling and
supports an opioid-sparing effect. (15) At high ketamine concentrations, sigma opioid receptors and mus-
carinic receptors are also affected. (16)

While it was initially developed as a unique anesthetic drug in the 1950s, clinicians later realized its potential
for treating various forms of pain with sub-anesthetic doses, including post-operative pain, chronic pain,
complex regional pain syndrome, phantom limb pain, and other analgesia-requiring neuropathic conditions.
(4) Ketamine may be administered as a single-dose, continuous intravenous (IV) infusion, IV patient-con-
trolled analgesia (IV-PCA), or epidural infusion. (13) It may be administered preoperatively, intraoperatively,
and/or postoperatively. (13) Esketamine is a dextrose isolated from ketamine, with a greater potency and
stronger analgesic effect, about twice as much as conventional ketamine. (17) Esketamine mildly depresses
respiration and has mild excitatory effects on the circulatory system, mildly increasing blood pressure and
heart rate. (17)

Although supplemental ketamine has been studied broadly in a variety of procedures and operations, there is
no consensus regarding the effectiveness of adjunctive ketamine analgesic use specifically in spine surgery.
(13) This review has been designed to present evidence from clinical trials about the efficacy and safety of
the application of perioperative ketamine for the prevention and management of pain after spine procedures.
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Materials and Methods

Search strategy: This review was performed in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement recommendations. Publications listed in PUBMED were
considered to identify clinical trials suitable for inclusion in this systematic review. The following keywords
were used: spine surgery AND ketamine AND adults.

Study selection and inclusion criteria: Inclusion criteria were: clinical trials in adult population (older than 18
years old); about analgesia in spine procedures (i.e. including studies regardless of the anatomical sites and
number of levels of the spine, accomplished after both open and percutaneous procedures, microdiscec-
tomy, spine fusion and laminectomy); ketamine was administered; the article described a clinical trial; post-
operative analgesia and pain scores were reported; general anesthesia was administered. (1,13,18) Only full
papers in the English language that included human data were considered for eligibility. Articles that met any
of the following exclusion criteria were excluded from the analysis: the article described a non-human study;
non-spine surgery was conducted; the article did not describe a clinical trial; postoperative analgesia and
pain scores were not reported; general anesthesia was not administered; abstracts and meeting/symposium
proceedings. (1,13,18)

Results

A total of 58 full-text articles were assessed. Eventually, a total of 16 studies were eligible for inclusion in the
review. Specific totals from database, and reasons for exclusion, can be found in the diagram (Figure 1).

In a clinical trial, a combination of ketamine and methadone led to reduced use of hydromorphone during the
first 24 postoperative hours, and the time until first hydromorphone rescue in the PACU was longer in the
methadone/ketamine group compared to the methadone group. (5) Pain scores at rest, with coughing, and
with movement were lower in the methadone/ketamine group. Patient-reported satisfaction scores were
high in both study groups. (5) After induction of the anesthesia, in methadone group patients were appli-
cated 0.2 mg/kg methadone or 0.2 mg/kg methadone intraoperatively and a ketamine infusion (0.3 mg/kg/h
infusion, without bolus, intraoperatively and then 0.1 mg/kg/h for next 48 h (both medications dosed at ideal
body weight) in the methadone/ketamine group. (5)

In another study, perioperative ketamine—methadone combination significantly decreased opioid consump-
tion by PCA (the patients who received combined methadone and ketamine (MK) required around 70% less
opioid and had similar analgesia degree as the patients treated with methadone alone (M)). (19) Differences
in side effects between the study groups were not found. However, the intraoperative administration of ke-
tamine did not improve immediate post-operative analgesia. In the MK group, a ketamine bolus (0.5 mg/kg)
was given after tracheal intubation, followed by an infusion of 0.15 mg/kg/h, or a saline bolus plus infusion
in the M group. Postoperative analgesia — during 48 h — was provided by patient-controlled analgesia (PCA),
delivering a bolus containing the following: ME 0.25 mg plus ketamine 0.5 mg in the MK group or ME 0.5 mg
in the M group. (19)

In one investigation, ketamine improved postoperative pain, reduced side effects, and fentanyl use after cer-
vical spine surgery, but could not do so after lumbar surgery. (20) The patients were divided into three
groups: the ket-1 group (bolus ketamine 1 mg/kg before incision followed by continuous ketamine 0.042
mg/kg/h for 24 h), the ket-2 group (bolus ketamine 1 mg/kg followed by continuous ketamine 0.083 mg/kg/h
for 24 h), control group (isotonic saline was administered). The PCA was programmed to deliver 0.5 pg/kg/h
of fentanyl on basal infusion and 0.5 pg/kg on demand with 6 minute lockout for 48 h. Ketamine 2 protocol
enhanced the analgesic effects of PCA fentanyl, reduced side effects, and increased patient satisfaction in
cervical spine surgery. (20)
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Zhang et al published the trial in which they investigated the combination of esketamine—dexmedetomidine
combination to supplement analgesia for patients after scoliosis correction surgery. (21) The incidence of
moderate-to-severe pain during the first 72 h was significantly lower in the supplement group than the con-
trol group (65.7% vs. 86.0%). Subjects who received the supplement experienced less pain at some time
points and improved sleep quality without increasing adverse events, including sedation and psychiatric
symptoms. (21) In this randomised controlled trial, patients were randomised to patient-controlled sufentanil
analgesia (4 pg/kg in normal saline) with either a combined supplement (esketamine 0.25 mg/ml and
dexmedetomidine 1 pg/ml) or placebo. (21)

Similar results were provided by Garg et al in who studied ketamine and dexmedetomidine infusion for post-
operative analgesia in spine surgery. (22) Both ketamine (ketamine bolus 0.25 mg/kg followed by infusion of
0.25 mg/kg/h with midazolam bolus 10 pg/kg and infusion of 10 pg/kg/h mixed in the same infusion pump)
and dexmedetomidine (dexmedetomidine bolus 0.5 pg/kg followed by 0.3 pg/kg/h infusion) in small infu-
sions, provide good and safe analgesia, decreasing morphine requirement and increasing the pain-free pe-
riod during the postoperative period. (22)

In one clinical trial, they investigated different dosages of esketamine and its effect on pain management.
(17) Low-dose esketamine relieves patients' early postoperative pain, reduces the perioperative dose of
sufentanil, improves intraoperative circulatory stability of elderly patients, reduces the risk of postoperative
respiratory depression, without increasing the risk of adverse events, such as psychiatric symptoms, in the
first 5 days after surgery. (17) The doses of 0.2 mg/kg at induction and 0.25 mg/kg/h infusion maintenance
during operation were more effective. (17)

In contrast to previous studies, Brinck et al. showed that neither a 0.12 nor a 0.6 mg/kg/h infusion of intraop-
erative IV S-ketamine was superior to the placebo in reducing oxycodone consumption at 48 hours after lum-
bar fusion surgery in an opioid-naive adult study population. (3) Differences in the occurrence of adverse
events between study groups were nonsignificant. (3)

In one randomized, double-blind, placebo-controlled study, they evaluated the effect of adding incremental
doses of S-ketamine to oxycodone PCA in patients who underwent major lumbar spinal fusion surgery. (23)
Patients who received oxycodone: S-ketamine ratio 1:0.75 (a bolus containing oxycodone 1 mg + S-ketamine
0.75 mg per ml) for postoperative analgesia consumed significantly less oxycodone postoperatively com-
pared with participants who received lower S-ketamine doses or oxycodone alone. (23) There was a signifi-
cant opioid sparing effect long after the S-ketamine was removed from PCA at 24 h postoperatively among
patients who received an oxycodone: S-ketamine ratio of 1:0.75 compared with participants in other groups.
(23) The occurrence of adverse events was similar among the groups. (23)

One study examined the role of oral ketamine in improving recovery after major spine surgery. (4) Ketamine
was given orally ketamine (30 mg) or a matching placebo for three days (nine doses total) or until hospital
discharge. (4) Patients in the ketamine group spent significantly fewer days on oral opioids and tended to be
discharged from the hospital earlier. (4) The incidence of psychotomimetic side effects in the ketamine
group was not significantly different compared to the control group. (4)

Czarnetzki and coauthors investigated ketamine in patients with neuropathic lower back pain. (2) In this pa-
tient population undergoing major lower back surgery, a perioperative intravenous low-dose ketamine infu-
sion did not affect the prevalence and intensity of neuropathic lower back pain at 6 or 12 months postopera-
tively. (2) They used intravenous ketamine 0.25 mg/kg after induction, followed by 0.25 mg/kg/hr intraopera-
tively, and 0.1 mg/kg/hr from 1 hr before the end of surgery until the end of recovery room stay. (2)

In one trial, Nielsen et al. found that opioid-dependent patients who received esketamine during spine sur-
gery reported reduced opioid consumption, pain, and improved labour market attachment one year after

CJAIM 2026;2(1) - CC BY 4.0 17



CJAIM - Vol 2 - No 12026 Review Articles

ery as compared to patients who received a placebo. (24) The protocol for esketamine was a perioperative
esketamine bolus of 0.5 mg/kg followed by esketamine 0.25 mg/kg/h infusion. (24)

Nitta and associates investigated the combination of intravenous ketamine and oral clonidine. Although ei-
ther ketamine (bolus of ketamine (10 mg) during the induction of anesthesia and 2 mg/kg/hour thereafter
during the operation) or clonidine (preoperative 4 ug/kg orally) alone had not reduced the postoperative PCA
morphine in patients undergoing spine surgery, the combination of oral clonidine premedication and intra-
and postoperative subanesthetic ketamine administration reduced the IV-PCA morphine requirements. (25)
In the postoperative period, patients were arranged to use IV-PCA mode for administration of drugs, which
was programmed to deliver a bolus dose of 2 mg morphine (control and clonidine group), or boluses of 2 mg
morphine and 2 mg ketamine (groups ketamine and ketamine/clonidine). (25)

In a prospective, double-blind, randomized controlled study, a subanaesthetic dose of ketamine mixed with
fentanyl-based IV-PCA (patients received either ketamine 0.3 mg/kg i.v. or normal saline after anaesthetic in-
duction with fentanyl-based IV-PCA either with or without a ketamine mixture (3 mg/kg in 180 ml) reduced
the postoperative 48 h cumulative fentanyl consumption in high-risk patients for PONV undergoing lumbar
spinal surgery on PONV but did not reduce the incidence of PONV. (26) Moreover, ketamine administration
was associated with an increase in the severity of nausea, incidence of dizziness, and the occurrence of psy-
chomimetic side-effects. (26)

Loftus et al had demonstrated that intraoperative ketamine reduces opioid consumption in the acute postop-
erative period by 37% in opioid-dependent patients with chronic pain who are undergoing back surgery. (27)
Ketamine also reduced pain intensity postoperatively in the PACU and at 6 weeks and reduced consumption
of morphine at the first postoperative visit. (27) This benefit is without an increase in side effects. Ketamine
was administered 0.5 mg/kg intravenously on induction of anesthesia, and a continuous infusion at 0.6
mg/kg/h was begun on induction and terminated at wound closure. (27)

In the study by Aveline et al, the study documented that, in lumbar disk surgery, a combined bolus of mor-
phine (0.1 mg/kg) and ketamine (0.15 mg/kg) after anaesthetic induction improved postoperative analgesia,
and resulted in a significant reduction in titrated morphine dose in the PACU, and in the PCA morphine 24 h
consumption compared to a bolus of each single agent. (28) The incidence of postoperative nausea and
vomiting was decreased in the combined treatment group compared to the morphine group. (28)

Subramanian reported that the addition of continuous very low-dose ketamine IV infusion (patients in the
treatment group received IV bolus ketamine 0.15 mg/kg at induction and continued on 0.12 mg/kg/h IV ke-
tamine infusion intraoperatively and postoperatively for 24 hours) did not improve postoperative analgesia in
patients taking opioids preoperatively. Side effects were not increased with low-dose ketamine. (12)

Various multimodal analgesic approaches have been proposed for spine surgery. One of them was a combi-
nation of single preoperative oral doses of acetaminophen 1,000 mg and gabapentin 600 mg, an infusion of
ketamine 0.3 mg/kg/h throughout surgery, and an infusion of lidocaine 1.5 mg/kg/h intraoperatively and dur-
ing the initial hour of recovery. The multimodal analgesic pathway did not improve day 3 Quality of Recovery
or reduce pain scores or 48-h opioid consumption in patients who had multilevel spine surgery. (29)
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Figure 1. Flowchart depicting the literature review, search strategy, and selection process.

Discussion

Spinal procedures constitute perhaps some of the most painful surgical interventions, as they often encom-
pass extensive muscle dissection, tissue retraction, and surgical implants, as well as prolonged operative du-
ration. (11) Postoperative analgesic management remains a major challenge in spine fusion surgery, given
the severity of associated pain. (4) Pain management in this population is further complicated by the number
of patients with chronic pain, as well as the paucity of patients who have never received treatment with an
opioid. (11) Inadequate postoperative analgesia or excessive pharmacotherapy may lead to diminished func-
tional capacity and prolonged hospitalization. (11)

In this study, we investigated perioperative use of ketamine for pain management in spine surgery. Ketamine
was historically used primarily as an anesthetic agent during surgery and is now used for analgesia in the
postoperative period in intensive care, postoperative care units, and emergency departments. (15) The evi-
dence supports the beneficial influence of ketamine in controlling postoperative pain, increasing time to first
analgesic request, and decreasing overall opioids consumption. Applied as an intravenous continuous infu-
sion during surgery and resumption during postoperative period (as continuous infusion or in combination
with opioids in the PCA pump) for the first 48-72 postoperative hours, ketamine appears to be the most ef-
fective modality for postoperative pain control. Our finding was consistent with the results of a previous
meta-analysis who reported that to obtain the analgesic effect and morphine-sparing effect, only ketamine
administrated in postoperative period or through the perioperative period could prolong the analgesic time
up to 48 h postoperatively. (15) In contrast to other hypnotics, such as propofol, ketamine has strong anal-
gesic and sedative effects, but absence of significant cardiovascular and respiratory depression effects. It
can be used for analgesia and sedation, alone or in combinations with other hypnotic, not only in the operat-
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ion room but also in the intensive care and postoperative care units, in the emergency department, in the am-
bulance during transportation, and even in battlefields. (15)

The available literature in our research does not provide enough evidence to determine the most effective
dose of ketamine due to the broad variation in dosing, differences in timing, or mode of ketamine application
among trials and inconsistent efficacy outcomes. In several studies ketamine dosage was reduced in the
postoperative period compared with the intraoperative dose, or the ketamine infusion was canceled.
Furthermore, in several trials, continuous IV infusions during the intraoperative period were replaced by IV-
PCA postoperatively, introducing variables such as patient decision-making and differences in lockout inter-
vals. (13)

The other conclusion that can be drawn from the aforementioned studies is that although ketamine was ef-
fective in many of the trials, other trials showed that it provided no benefit when compared to a placebo.
While ketamine holds a place in the prevention and treatment of postoperative pain, more large, high-quality
controlled studies are necessary in order to determine which procedures it is best suited for and at what
dosages and frequencies it should be administered. Future research could focus on determining the optimal
ketamine dose and treatment duration, as well as its long-term effects, to improve perioperative outcomes
and pain management efficiency. (15) More research needs to be performed to look at what doses, amounts
(single bolus vs. multiple boluses), and what diferences exist between different patient populations (opioid
naive vs. opioid dependent and patients with chronic pain). (9)

The lack of consistent findings concerning efficacy of the ketamine potentially resulting from the different
types of surgical procedures. The types of spine surgery varied (lumbar or cervical) as well as the magnitude
of incision (large or small), which were likely to affect the postoperative pain. (25) The more complex and
painful spine procedures were the ones most likely to be associated with ketamine administration as a con-
tinuous infusion. (30)

The side effects most commonly associated with higher doses of ketamine, including vomiting, nausea, hal-
lucinations, vivid dreams, and dissociation, are a significant concern and often limit its use. In contrast, when
low doses of ketamine are used for the treatment of acute pain, studies show that there is no significant dif-
ference in the incidence of side effects compared with morphine, suggesting that lower doses may offer an
effective alternative with a similar safety profile. (15)

Postoperative pain management in opioid users remains challenging. In this study, opioid-naive patients
were largely enrolled, who consumed small amounts of opioid medications and were reasonably comfort-
able in the postoperative period, making it difficult to assess the impact on the reduction in analgesic con-
sumption and on the opioid-related side effects, (27) what would it mean that ketamine may be most effica-
cious in patients who consume higher amounts of preoperative opioid medications. (27) It is well known,
that preoperative opioid use is an important risk factor for severe acute postoperative pain and the develop-
ment of chronic postsurgical pain. (31) Underlying mechanisms for increased pain and opioid consumption
include those related to opioid-related tolerance and hyperalgesia. Hyperalgesia is associated with an up-reg-
ulation of NMDA receptors induced by activation of opioid receptors. Due to NMDA receptor involvement in
opioid-related modulation responsible for hyperalgesia, ketamine as NMDA receptor blocker is suggested to
be a reasonable adjuvant in the multimodal analgesia regime, especially for long term opioid tolerant pa-
tients. (31) The systematic review showed that in patients with preoperative opioid intake perioperative ke-
tamine has no or only slight effects on pain intensity during movement or at rest 24 h after surgery. (31)
However, perioperative ketamine reduced cumulative mean opioid consumption associated with a reduced
risk for postoperative sedation and without increased harm. (31) In literature we can see that perioperative
there are different dosage of opioid analgetic with emphasis that this often includes diverse opioids (fen-
tanyl, remifentanil, morphine, hydromorphone, methadone). (5) Quantification of opioid requirements would
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have been simplified if a single opioid had been given. Furthermore, intraoperative dosing of opioids is at the
discretion of the anesthesia care provider. (5)

In conclusion, this review presents that intraoperative and postoperative administration of low doses of ke-
tamine reduces opioid consumption during the perioperative time in patients who have undergone spine sur-
gery. There are no differences regarding the assessed side effects. Furthermore, there was significant het-
erogeneity associated with the trials that were included in this study. The optimal ketamine administration
regimen remains to be determined, as well as patient population characteristics that will benefit the most
from perioperative ketamine.
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