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E X E C U T I V E  S U M M A R Y  

Background 

Persistent non-cancer pain can lead to loss of function and poor quality of life if not well-managed. 
In many cases, patients respond poorly to first-line analgesics; and increasing doses of opioids may 
result in problematic use. Ketamine, which is a non-opioid agent, can provide rapid relief from pain 
at sub-anaesthetic doses; and has demonstrated an opioid-sparing effect post-surgery. WorkSafe 
Victoria (WSV) requested the Institute for Safety, Compensation and Recovery Research (ISCRR) to 
examine the evidence related to the use of ketamine for the treatment of persistent non-cancer 
pain. 

Research questions 

1. What is the evidence of effectiveness of using ketamine for persistent pain? 

2. What is the evidence of ketamine’s opioid-sparing effects? 

3. What adverse effects are associated with using ketamine for managing persistent pain? 

Methods 

An Evidence Review was undertaken (April – July 2021) involving a systematic search of academic 
databases and grey literature to identify studies that assessed the safety and effectiveness of 
ketamine for treating persistent non-cancer pain. The reference lists of relevant articles were 
scanned for additional studies not identified in initial searches and supplementary searches were 
conducted in recent issues of relevant pain journals. Included studies were critically appraised using 
relevant quality assessment checklists. 

Following discussions with WSV, additional searches were undertaken to identify articles that 
reported on potential opioid-sparing effects of ketamine infusions for patients with chronic pain.  

Findings 

Based on evidence from nine systematic reviews and meta-analyses, one overview of systematic 
reviews and nine primary studies, the key finding was that single-treatment and multi-day ketamine 
infusions were better than placebo for achieving pain relief in the short term. Single-treatment 
short-term infusions provided pain relief for the first 24-48 hour period, whereas multi-day infusions 
(4-10 days) provided pain relief for up to two weeks in patients with chronic pain; and up to three 
months in patients with complex regional pain syndrome (CRPS).  

There was limited evidence of effectiveness for other routes of administration, such as oral or 
topical ketamine. Sublingual ketamine lozenges may be promising for prolonging pain relief in 
patients who responded well to an initial ketamine infusion.  

Overall, these findings are based on weak-to-moderate evidence, primarily due to small size clinical 
trials. Direct comparison between studies was made difficult due to the wide heterogeneity in 
dosing regimens, routes of administration and type of pain treated. Long-term analgesic effects of a 
single or repeated infusions were also unclear from these studies. 

Perioperative infusions of ketamine consistently demonstrated opioid-sparing effects by reducing 
the use of opioids after surgical procedures. However, for patients with chronic pain and taking high 
doses of opioids, only weak evidence showed opioid-sparing effects of ketamine in a small 
proportion of patients. The opioid-sparing benefits decayed over time and it is not known whether 
repeated infusions would prevent relapse.  
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Approximately 40 per cent of patients reported at least one adverse effect associated with 
ketamine. The most common adverse effects, which were usually mild and transient, included: 
psychotomimetic effects (e.g. visual and auditory hallucinations) and gastrointestinal effects (nausea 
and vomiting). More serious adverse effects, such as severe agitation or cardiovascular events were 
very rare. 

Summary and conclusions 

Overall, there is insufficient evidence of benefit for ketamine as a routine treatment for chronic non-
cancer pain. As with many other types of pharmacological pain relief, ketamine provides a short-
term amelioration of symptoms; whether its effects are superior to existing pain medications has not 
been determined. Therefore, it is generally agreed that ketamine should not be considered as a first-
line treatment for persistent pain. However, there are some circumstances where it may be 
considered, including: 1) where patients have failed to respond to first-line treatments; 2) to reduce 
opioid use in patients with limited options for managing chronic pain; or 3) to reduce the dose of 
opioids needed following a surgical procedure. In these cases, a tailored and closely monitored 
dosing regimen of ketamine infusions may provide safe and effective pain relief in the short term. 
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I N T R O D U C T I O N  

Ketamine has been used as an anaesthetic since the 1960s, particularly for surgical procedures as it 
does not cause respiratory depression, which is a common effect of anaesthesia.1, 2 Its use has 
expanded beyond the surgical setting, as a third-line adjuvant drug for opioid-resistant pain in 
palliative care and for persistent non-cancer pain, mainly due to its purported opioid-sparing 
effects.2 Other uses are for seizure control, depression and post-traumatic stress disorder; and to 
reduce or reverse opioid tolerance, and manage opioid withdrawal.  

Due to an increase in requests for ketamine for persistent non-cancer pain in injured workers 
receiving workers’ compensation, WorkSafe Victoria (WSV) requested the Institute for Safety, 
Compensation and Recovery Research (ISCRR) to examine the evidence related to the use and safety 
of ketamine for the treatment of persistent pain.  

B A C K G R O U N D  

Persistent non-cancer pain is a disabling condition that can lead to loss of function and poor quality 
of life if not well-managed. Pain management goals include reduction in the severity and frequency 
of pain, improvement in function and reduction in long-term use of medication. In many cases, 
patients respond poorly to first-line analgesics, including opioids and increasing doses may result in 
problematic opioid use leading to dependence or addiction, overdose and high treatment costs.  

Types of persistent pain 

Chronic pain may differ from acute pain due to a process of sensitisation in the central nervous 
system, whereby a patient’s response to nociceptive stimuli (e.g. light touch) can elicit a sensation of 
pain (allodynia); or they experience an exaggerated response to a painful stimulus (hyperalgesia).1, 3 

Persistent pain may be due to one, or a combination, of different types of pain, including: 

• Neuropathic pain: injury or disease of the central or peripheral nervous system is 
characterised by increasing sensitivity to pain (hyperalgesia). Neuropathic pain can be 
difficult to treat due to the diffuse nature of pain pathways after nerve damage.  

• Nociceptive pain: usually associated with tissue injury due to sprains, fractures, burns, 
bruises; or a sensation of pain (allodynia) from non-painful stimuli.4  

• Complex regional pain syndrome: CRPS is a broad term used to describe prolonged pain and 
inflammation following an injury. It can be acute or chronic (lasting more than 6 months), 
with changing levels of pain. In most cases, the pain spontaneously disappears.5 

Chronic pain is often associated with secondary psychological injury, such as anxiety and depression, 
which can make treatment and management difficult.6  
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Pharmacological treatments for managing chronic pain 

Pharmacological interventions for chronic pain include:  

• Non-opioid analgesics (e.g. nonsteroidal anti-inflammatory drugs, acetaminophen 
(paracetamol)) 

• Antidepressants 

• Antiepileptic drugs 

• Adjuvant medications (e.g. topical agents, medicinal cannabis) 

• Opioids 

• Infusion therapies (e.g. ketamine, lidocaine). 

Uses of ketamine 

Ketamine has been used in a wide variety of clinical areas. Table 1 provides a list of clinical uses of 
ketamine and the associated doses. There was no consensus on the appropriate sub-anaesthetic 
dosing regimen for chronic pain, despite increasing use for this purpose.7 

Ketamine is a non-opioid agent that also has the ability to provide rapid relief from depressive 
symptoms at sub-anaesthetic doses. This occurs within hours of use, rather than weeks required to 
achieve benefit from typical anti-depressant medications.8 

Table 1. Clinical uses of ketamine and examples of doses  

Clinical uses of ketamine Dose examples 

Anaesthesia 

• Induction 

• Maintenance 

• Perioperative 

• Paediatric anaesthesia 

Intravenous bolus 

• 1-4.5mg/kg over 60 seconds 

• 0.1-0.5mg/minute 

• 0.14-3.9mg/kg/hour 

• S-ketamine: 0.2-1mg/kg 

Pain management 

• Acute analgesia 

• Chronic pain syndromes 

Intravenous bolus 

• Ketamine: 0.25-0.5mg/kg 

• S-ketamine: 0.125-0.25mg/kg 

Oral dose 

• 0.5mg/kg 3-4x per day 

Psychiatric use 

• Major depressive disorder 

• Suicidal ideation 

• Drug addiction 

• Post-traumatic stress disorder 

Intravenous infusion for 40 minutes 

• Ketamine: 0.5mg/kg 

• S-ketamine: 0.25mg/kg 

Source: 8, 9 
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Ketamine routes of administration 

Ketamine is available in different forms: 

• Racemic mixture 

• R(-) enantiomer 

• S(+) enantiomer, which is two times more potent than racemic and four times more potent 
then R(-) enantiomer.10 

Different routes of administration exhibit differential bioavailability, which indicates the proportion 
of the drug that is in circulation and able to have an effect. For ketamine, this varies from less than 
two per cent in topical creams to over 90 per cent in intramuscular or subcutaneous routes (Table 
2).11 The most common route is intravenous (or intramuscular if IV administration is difficult). 
Although oral bioavailability is typically low (15-20%), evidence showed higher bioavailability with 
sublingual formulations.4  

Table 2. Overview of dosing, indications and bioavailability of different routes of administration  

Route of 

administration 

Typical dosing Indications Bioavailability Duration of effect 

Intravenous (IV) 0.4-2mg/kg/h for 

1 day 

Chronic, refractory pain N/A 1-12 weeks 

Intramuscular 

(IM) 

2-4 times IV 

dosing 

Acute pain conditions 

(e.g. migraine) 

75-95% <72 hours for 

single dose bolus 

Intranasal 0.2-1mg/kg Acute pain flare-ups 25-50% Typically up to 3 

hours; but up to 2 

weeks in patients 

with mood 

disorders 

Subcutaneous 0.1-1.2mg/kg/h Chronic, refractory pain 75-95% 1-12 weeks 

Sublingual 0.25-1.5mg/kg Breakthrough pain, 

follow-up treatment for 

those who respond to IV 

treatment 

24-35% Typically up to 3 

hours; but up to 2 

weeks in patients 

with mood 

disorders 

Oral 0.3-1.25mg/kg Breakthrough pain, 

follow-up treatment for 

those who respond to IV 

treatment 

15-20% Typically up to 3 

hours; but up to 2 

weeks in patients 

with mood 

disorders 

Rectal 0.25-1.5mg/kg Breakthrough pain for 

those who are fasting 

before surgery 

25-30% Up to 3 hours 

Topical 1-10% cream Chronic, refractory pain <2% N/A 

Source: Yang et al.;11 N/A=not available 
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Mechanisms of ketamine for pain relief 

For pain management, ketamine acts as an analgesic at many sites, both centrally and peripherally. 
A key aspect of chronic pain is central sensitisation via the N-methyl-D-aspartate (NMDA) receptor, 
which can be reversed with NMDA receptor antagonists.4, 12 

Inhibition of the N-methyl-D-aspartate (NMDA) receptor 

Ketamine acts primarily as a non-competitive NMDA receptor antagonist to reduce activity of the 
excitatory amino acid neurotransmitter, glutamate.13 The NMDA receptor plays a fundamental role 
in brain function, including transmitting sensory information, learning and memory; and is 
implicated in several neurological and psychiatric illnesses.13 Abnormal glutamate signalling in the 
brain contributes to pain, depression and substance use, which frequently co-occur. Ketamine acts 
on the NMDA receptors in the same areas of the brain responsible for these conditions (e.g. 
prefrontal cortex, insula, anterior cingulate cortex, thalamus).13 

Anaesthetic and analgesic effects 

At higher doses, ketamine interacts with opioid and cholinergic receptors, as well as ion channels 
(sodium, potassium, calcium), which play a key role in inducing anaesthesia.5 Ketamine’s interaction 
with AMPA (α-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) and dopamine receptors are 
associated with psychotomimetic effects.  

Anti-nociceptive effects 

Patients with chronic pain frequently experience abnormal responses to pain due to impairment in 
the endogenous pain inhibitory controls. Sub-anaesthetic doses of ketamine are associated with 
enhancing the inhibitory controls and reducing the perception of pain.14 
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O B J E C T I V E S  A N D  M E T H O D S  

The main objectives of this Evidence Review were to determine the safety and effectiveness of using 
ketamine to treat persistent pain. 

Research questions 

1. What is the evidence of effectiveness of using ketamine for persistent pain? 

2. What is the evidence on ketamine’s opioid-sparing effects? 

3. What adverse effects are associated with using ketamine for managing persistent pain? 

Methods 

This Evidence Review involved a systematic search of four academic databases (Medline, Cochrane, 
Embase, CINAHL) and grey literature (Google Scholar, Scopus) to identify studies that assessed the 
safety and effectiveness of ketamine for treating persistent non-cancer pain. The reference lists of 
relevant articles were scanned for additional studies not identified in initial searches and 
supplementary searches were conducted in the most recent issues (2020 – 2021) of Pain Medicine 
and The Journal of Pain.  

Search strategy 

A search strategy was developed according to the criteria shown in Table 3. Searches were limited to 
Level I and II evidence published in English between January 2010 and April 2021. Given the large 
evidence base on this topic, data were extracted primarily from systematic reviews and meta-
analyses. Primary studies that were not included in existing systematic reviews supplemented the 
synthesis.  

Following discussions with WSV, additional searches were undertaken to identify articles that 
reported on potential opioid-sparing effects of ketamine infusions for patients with chronic pain. 
Due to the limited number of studies in this area of inquiry, we included relevant cohort studies and 
case series (level III and IV evidence).  

Two reviewers critically appraised the quality of included articles using the Health Evidence quality 
assessment tool for systematic reviews15 and the Effective Public Health Practice Project tool for 
primary studies.16 
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Table 3. Criteria for literature searches  

Population Adult patients with chronic or persistent pain (> 3 months duration) 

Excluded: Children with chronic pain 

Intervention Ketamine treatment for persistent pain by any route of administration, 
including intravenous, intramuscular, oral, sublingual 

Excluded: ketamine treatment specifically for depression, cancer-related pain or 
peri-operative treatment for surgical procedures 

Comparator Placebo or sham infusion; or usual standard of care 

Outcomes Pain intensity, duration, event frequency, medication use (including use of 
opioids), function, quality of life, psychological wellbeing, return to work 

Setting Inpatient or outpatient  

Excluded: emergency department  

Study design Systematic reviews or meta-analyses, controlled trials (randomised or non-
randomised), evidence-based guidelines, health technology assessments 

Excluded: non-systematic reviews, cohort studies, case control studies, case 
series and reports, editorials, letters, opinions 

Search terms Combinations of the following terms and synonyms were used to search the 
databases: 

• Ketamine (exploded to include synonyms) 

• Chronic pain OR persistent pain OR long-term pain 
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Figure 1. PRISMA flowchart depicting the search process identifying relevant articles on the safety and 

effectiveness of ketamine for treating persistent pain 
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F I N D I N G S  

Nine systematic reviews and meta-analyses, one overview of systematic reviews and nine primary 
studies that examined the effectiveness of ketamine for managing persistent pain were included in 
the current review. Of the nine included primary studies, five also reported on the opioid-sparing 
effects of ketamine for managing chronic pain. 

The evidence base pertaining to this area of research was problematic due to the overall low quality 
of primary studies, including those within good quality systematic reviews. As a result, determining 
the effectiveness of ketamine for persistent pain was hampered by several factors:  

• High level of variability within and between studies:  

o Data from different types of pain were frequently combined: e.g. neuropathic pain, 
peripheral nerve injury, complex regional pain syndrome, chronic migraine, limb 
ischemia, fibromyalgia, spinal cord injury, whiplash 

o Different routes of administration were included in systematic reviews: mainly 
infusions (bolus, continuous); but also oral or sublingual, which have different 
bioavailability 

o Different dosing regimens in systematic reviews: e.g. different frequency, total 
dose, duration of treatment 

• High risk of bias in most studies  

o Small sample sizes in most primary studies: i.e. underpowered 

o Inadequate recruitment strategy: e.g. samples of convenience from a single clinic 

o Ineffective blinding: up to 75 per cent of patients correctly guessed their group 
allocation 

o Lack of appropriate control groups in studies assessing opioid-sparing effects for 
chronic pain patients 

• Inadequate follow-up period: endpoint measures were typically less than one month, 
therefore uncertain long-term benefit. 

 

Effectiveness of ketamine for treating persistent pain 

The strongest evidence for ketamine’s analgesic properties is as an adjuvant drug in the 
perioperative setting to minimise post-operative pain.8, 10 In brief, evidence consistently showed that 
perioperative intravenous ketamine decreased post-operative pain as well as reducing the need for 
opioid analgesics (see below for details).5, 17 

For other pain management purposes, such as acute non-postoperative pain in emergency 
department and cancer pain, there was limited evidence of effectiveness.5  

The evidence was also equivocal for the effectiveness of ketamine for treating chronic or persistent 
non-malignant pain, which was the main focus of this review.7  
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Single-treatment ketamine infusions  

There was a wide range of ketamine infusion protocols for single-treatment regimens in the studies 
included in one systematic review.7 The duration of infusions ranged from 30 minutes to 24 hours; 
and the doses ranged from 0.4mg/kg/hour to 0.6mg/kg/hour.  

The most salient finding was that ketamine infusions were better than placebo for reducing 
persistent pain in the short term. Based on evidence from systematic reviews,2, 5, 7, 18-20 ketamine 
infusions significantly reduced pain scores compared with placebo (Table 4). However, the benefits 
typically lasted only 24-48 hours post-infusion. At one month follow-up, there was no significant 
difference compared with controls. No data were provided for the period between 48 hours and 1 
month. The effect sizes varied across studies and no reliable modifiers (e.g. dose, type of pain) could 
be identified. A meta-analysis of controlled trials using experimental models of pain (e.g. topical 
application of capsaicin for >15 minutes) found that low-dose ketamine (<1mg/kg) significantly 
decreased pain intensity ratings by 26 per cent in healthy volunteers.12 These experimental models 
are useful for replicating the key features of pain, without potential confounders. However, they do 
not capture the full range of effects experienced by patients who have lived with chronic pain for a 
prolonged period (e.g. associated psychological impacts).  

Some evidence suggested that the efficacy of ketamine may differ according to the type of pain 
being treated.5 For example, patients with complex regional pain syndrome (CRPS) reported 
improvement in pain intensity for longer periods (1-3 months) post-infusion compared with those 
experiencing neuropathic pain.2, 19 However, CRPS is known to improve over time, even without 
treatment.5 Differences in efficacy may be due to ketamine’s different mechanisms of action in 
diverse areas of the central and peripheral nervous system.  

Findings from recent primary studies were consistent with those from systematic reviews and meta-
analyses. Table 5 provides key outcomes from recent primary studies that assessed the effectiveness 
of ketamine for different types of pain, as well as different routes of administration. Two 
randomised controlled trials (RCTs) assessed the effectiveness of ketamine infusions (versus 
placebo) to treat neuropathic21 or other types of chronic pain.1 Although Lumanauw et al.1 reported 
that more than 80 per cent of patients experienced a significant reduction in pain levels immediately 
after ketamine infusion (versus 40% in placebo group), there was no significant difference between 
the groups at 24-48 hours post-infusion. Similarly, Pickering et al.21 reported no significant difference 
between ketamine and placebo groups at 24 hours (and up to 28 days) post-infusion.  

A comparison of high (50mg) and low dose (25mg) epidural ketamine treatment for low back pain 
showed that both doses effectively reduced pain; but at 12 weeks follow-up, patients receiving the 
higher dose were significantly more likely to be pain-free and report a better quality of life score.22  

Overall, findings from many trials supported the pain-relieving effects of sub-anaesthetic doses of 
ketamine infusions. However, the evidence on the effectiveness of ketamine for treating chronic 
pain is weak to moderate at best; and the effects were short-lived. These findings suggest that 
ketamine could be considered as a “third line” option in cases where usual analgesic medications 
have failed, opioids are contraindicated, or rapid onset of action is needed.9, 12 

Multiple day ketamine infusion regimens 

Although most studies used single treatment ketamine infusions, three studies included in one 
systematic review investigated the effects of multiple infusions over several days.7 Two RCTs in 
Orhurhu et al.7 examined the effectiveness of multiple ketamine infusions over 4-10 days for treating 
patients with CRPS.23, 24 Both studies (total N=79) reported significantly lower pain scores in the 
ketamine groups compared with saline controls for up to 12 weeks post-infusion.  

One small RCT in Orhurhu et al.7 examined the effectiveness of multiple ketamine infusions 
combined with oral Gabapentin (3 x 300mg daily) for treating chronic pain in patients with spinal 
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cord injury.25 Ketamine infusions were delivered intravenously to 20 patients at the rate of 
0.22mg/kg/hour for 5 hours per day for seven days; and 20 control patients received normal saline 
infusions combed with oral Gabapentin. Pain was assessed by the Visual Analog Scale immediately 
before treatment, daily after each infusion (ketamine or placebo) and weekly for one month after 
the last infusion. Patients receiving ketamine (with Gabapentin) demonstrated significant reduction 
in pain scores compared with pre-infusion scores; and compared with placebo/Gabapentin during 
the week of infusions and up to two weeks after the last infusion. By week three and four, there was 
no statistically significant difference in pain scores between the ketamine and placebo groups. While 
these studies are limited by small sample sizes, the findings consistently showed that multi-day low 
dose ketamine infusions were better than placebo for reducing pain, but the benefit was not 
sustained over the longer term. 

Oral and topical ketamine treatment 

The limited evidence related to topical and oral ketamine was consistent. Based on the findings from 
one systematic review,20 topical and oral ketamine were not significantly better than placebo for 
treatment of neuropathic pain. One RCT, which investigated ketamine in different topical 
compounds for treating localised neuropathic pain, showed no evidence of effectiveness of any of 
the compounds compared with placebo.26  

Longer-term effects of oral ketamine 

Two additional retrospective cohort studies examined whether ketamine benefits may be sustained 
through an ongoing oral ketamine regimen in patients who responded to an initial ketamine 
infusion.4, 27 Both studies reported that patients receiving daily oral doses of ketamine as oral 
lozenges significantly reduced their opioid intake compared with those not receiving the oral 
ketamine (Table 5). For example, Zekry et al.4 reported that patients who had been using opioids 
reduced their dose by 25 per cent after ketamine infusion and a further 25 per cent every 24 hours. 
They were also administered clonidine to reduce opioid withdrawal effects. Almost one third of 
patients who used ketamine lozenges post-infusion remained opioid-free after three months (versus 
6% not using lozenges).   

Although neither study included a placebo control group, the key strength of these studies was that 
they showed promising longer-term benefits of maintenance treatment (5-6 years). A more robust 
study design that includes an appropriate concurrent control group may be required to reliably 
determine effectiveness over the longer term.  
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Table 4. Study characteristics and key outcomes of systematic reviews  – effectiveness of ketamine for chronic pain relief  

Reference 

Country 

No. of 

databases 

Search 

period 

No. of 

primary 

studies 

Population 

Setting 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Orhurhu et al.7 

US 

4 

Inception to 

December 

2017 

7 RCTs Adults with chronic pain 

>3 months (N=211) 

Setting: Inpatients and 

outpatients 

FU: ≥48h 

Ketamine infusions 

• Median dose 0.35mg/kg 

(0.23-0.6) 

• Median duration 5h (0.5-

100h) 

• Median No. of days 1 (1-10d) 

Placebo 

Meta-analysis showed: 

• Significant ↓ pain scores in ketamine 

vs control: mean difference -1.83 

[95% CI -2.35, 

 -1.31], p<0.001 

• Lowest pain score at 48h – 2 weeks (6 

studies) 

• NS difference between high or low 

dose (but insufficient data) 

• NS difference in benefit across 

different types of pain; but greater 

reduction in pain scores in CRPS 

• Longer term FU (1-3months) showed 

NS difference in pain between 

ketamine and control 

Strong 

Zhao et al.19 

US 

6 

1950 to 

August 2017 

15 RCTs or 

cohort 

studies 

Adults with CRPS 

Setting: Not stated 

FU: up to 3 months 

IV ketamine (0.1 to 44mg/kg/h) 

Placebo 

Pooled analysis:  

• Significant ↓ mean pain score in 

ketamine vs control, p<0.000001 

 

 

Strong 
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Reference 

Country 

No. of 

databases 

Search 

period 

No. of 

primary 

studies 

Population 

Setting 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Pain relief event rates: 

• Immediately after ketamine (8 

studies) 69% ↓ pain events [95% CI 

53, 84% pain events] 

• At 1-3months 58% ↓pain events 

[95% CI 41, 75% pain events] 

• At 6 months (2 studies) 31-80% ↓ 

pain events, but not controlled 

Thompson et 

al.12 

UK 

6 

Inception to 

March 2018 

54 RCTs Healthy adult 

volunteers: Pain induced 

by noxious stimuli 

(capsaicin, 7-minute 

heat burn) in various 

body sites 

Setting: experimental 

FU: not stated 

Ketamine (0.03-1mg/kg) 

Placebo 

Immediately after ketamine: 

• ↓ in hyperalgesic area: SMD 0.54 

[95% CI 0.34, 0.74], p<0.001 

• 26% ↓ in pain ratings from 4.6 to 3.4 

(0-10 scale) [95% CI 0.88, 1.44, 

p<0.001] 

Strong 

Michelet et 

al.18 

France 

4 

Inception to 

April 2017 

6 RCTs Adults with chronic non-

cancer pain 

Setting: Not stated 

FU: ≥1 week 

Ketamine: intravenous (4), oral or 

iontophoresis 

• Median dose 80mg/day (42-

480) 

• Median duration 4-5h/day 

• Median No. of days 5 days 

(1-90) 

Placebo 

• Significant ↓ in pain intensity at 1-2 

weeks post-ketamine vs control 

• NS difference between groups at 4 

weeks 

Moderate 
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Reference 

Country 

No. of 

databases 

Search 

period 

No. of 

primary 

studies 

Population 

Setting 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Millicker & 

Starkweather2 

US 

3 

Not stated 

17 studies, 

including 

systematic 

reviews and 

controlled 

trials 

Adult patients with 

chronic pain conditions, 

mostly neuropathic pain 

Setting: Not stated 

FU: not stated 

Ketamine infusions 

• Dose range: 0.3-0.6mg/kg 

Placebo or other analgesic 

• Neuropathic pain: Significant ↓ in 

pain scores with ketamine vs placebo 

in short term (24h) 

• CRPS: Significant ↓ in pain up to 

week 11 

• Fibromyalgia: significant ↓ pain up to 

180mins 

Weak 

Jonkman et al.5 

Netherlands 

4 

Inception to 

March 2017 

5 (of 29) 

systematic 

reviews  

Adults and children with 

various types of chronic 

pain 

Setting: Not stated 

FU: to 48h 

Ketamine infusions 

Details not provided 

Most studies reported analgesia during 

ketamine administration, but few lasted 

>48h 

Weak 

Aiyer et al.20 

US 

1 

1966 to April 

2017 

21 RCTs 

(N=456) 

Adults with neuropathic 

pain 

Setting: 

FU: up to 12 weeks 

Different formulations of 

ketamine (oral, topical, 

intravenous) 

Placebo 

IV ketamine (13 RCTs): 

• 13/13 RCTs ↓ various types of 

chronic pain vs placebo 

Oral ketamine (3 RCTs) 

• 1/3 RCTs ↓ neuropathic pain vs 

methadone 

Topical ketamine (5 RCTs) 

• 1/5 RCTs ↓ CRPS pain vs placebo 

Weak 

Notes: CI = confidence intervals; CRPS = complex regional pain syndrome; FU = follow-up; RCT = randomised controlled trial; *quality of studies assessed by the Health Evidence quality 

assessment tool15 
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Table 5. Study characteristics and key outcomes of primary studies – effectiveness of ketamine for chronic pain relief  

Reference 

Country 

Study design Population; N; 

%male 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

High level evidence (Level II) studies 

Pickering et 

al.21 

France 

RCT crossover 

study (Level II) 

Adult patients 

with chronic 

neuropathic 

pain; N=20; 50% 

male 

FU: 28 days 

1 x infusion every 35 days 

• Ketamine (0.5mg/kg) 

• Ketamine (0.5mg/kg/magnesium 
sulphate (3g) 

• Placebo 

Daily pain intensity:  

• NS difference between groups 
Emotional, sleep, quality of life: 

• NS difference between groups 

Moderate 

Lumanauw et 

al.1 

US 

RCT (Level II) Adult patients 
with chronic 
pain >3 months 
and acute 
exacerbation 
(VAS≥70mm); 
N=106; 41% 
male 
FU: 48h 

Intravenous infusion over 20 mins:  
1. 0.5mg/kg ketamine (N=35);  
2. 0.25mg/kg ketamine (N=36) 
3. Placebo (N=35) 

At 60 mins post-infusion:  

• 62.3% reported improved pain 

• 0.5mg ketamine 83.3% 

• 0.25mg ketamine 80% 

• Placebo 40.6% 
 

• Ketamine significantly better than placebo 
(p<0.001) 

• NS difference between 0.5 and 0.25mg ketamine 

• NS difference between groups at 24-48h post-
infusion 

Moderate 

Brutcher et 

al.26 

US 

RCT (Level II) Military 
personnel with 
localized 
neuropathic 
pain (N = 133); 
Nociceptive 
pain (N= 133); 
mixed pain 
(N=133); 50% 
male 
FU: 3 months 

Topical pain creams compounded for: 
1. Neuropathic pain (ketamine, 

gabapentin, clonidine, and lidocaine) 
2. Nociceptive 

pain (ketoprofen, baclofen, 
cyclobenzaprine, and lidocaine) 

3. Mixed pain (ketamine, gabapentin, 
diclofenac, baclofen, cyclobenzaprine, 
and lidocaine) 

4. Placebo 

• Improvement in pain scores for both treatment 

and control groups  

• NS difference in pain scores between groups 

Strong 
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Reference 

Country 

Study design Population; N; 

%male 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Gupta et al.22 

India 

RCT (Level II) Adult patients 
with chronic low 
back pain; 
N=60;  
FU: 12 weeks 

Ketamine as adjuvant to epidural steroid 
injections (40mg triamcinolone): 
1. 25mg ketamine  
2. 50mg ketamine  
Total volume: 6ml  
No placebo control 

• Significant ↓ in pain score (VAS) from baseline in 
both groups 

• Significant ↑ pain-free period with 50mg 
ketamine vs 25mg ketamine, p=0.022 

• Significant ↑ in quality of life scores in 50mg 
ketamine vs 25mg ketamine, p=0.024 

Moderate 

Low level evidence studies with long-term follow-up 

Zekry et al.4 

Australia 

Prospective 
cohort study 
(Level III-3) 

Adults with 
chronic non-
malignant pain; 
N=70; 63% male 
FU: 3 months – 
6 yrs 

3-7d sub-anaesthetic, subcutaneous 
ketamine infusion: 

• 200mg in 50ml saline at rate of  
4-8mg/h (1-2mL/h) 

• Infusion rate increased daily by 4mg/h 
until analgesia achieved (or adverse 
effects reported) 

• Max dose of 32mg/h; Usual dose of 
4mg/ml 

• Mean daily dose = 228mg/day (201-526) 
Responders received ongoing ketamine 
maintenance in sublingual 100mg ketamine 
lozenges (25mg 3 x daily) 

Pain intensity: 

• Significant ↓ from mean 6.38 NRS pre-treatment 
to 4.6 post-infusion, p<0.005  

• Opioids reduced by 25%/day 
 
Patients receiving sublingual lozenges: 

• 31% remained off opioids vs 6% not using 
lozenges, p<0.005 

Patients not receiving sublingual lozenges: 

• 11% increased opioid use vs 0% using lozenges, 
p<0.01 

Weak 

Marchetti et 

al.27 

France 

Retrospective 

cohort study 

(Level IV) 

Adult patients 

with chronic 

pain (60% 

neuropathic 

pain); N=51; 

31% male 

FU: 5 yrs 

Initial daily intravenous ketamine in hospital 
with increasing doses (by 0.5mg/kg) to 
effective dose of 1.5-3mg/kg, followed by 
oral ketamine (3-4 daily doses) at home for 
patients who responded to initial ketamine 
test; mean oral dose = 2mg/kg 

No placebo control 

Oral ketamine treatment:  

• Effective in 44% patients; mean pain score ↓ 
67±17% (NRS) 

• Partially effective in 20% patients; mean pain 
score ↓ 30±11% (NRS) 

• Not effective in 22% patients 
Mean opioid sparing effect = 63±32% 

Weak 

Notes: FU = follow-up; NRS = numerical rating scale (pain intensity); NS = not significant; VAS=visual analogue scale; ‘effective’ = mean pain reduction ≥50% and/or quality of life significantly 
improved; ‘partially effective’ = mean pain reduction 25–50%; ‘opioid sparing’ = mean pain reduction <25%, but opioid dose decreased by at least 30%; ‘not effective’ = mean pain reduction 
≤25%, quality of life not improved and opioid dosage not decreased; *quality of studies assessed by the EPHPP quality assessment tool16 
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Opioid-sparing effects of ketamine infusions 

Mechanisms 

Long-term opioid therapy for managing chronic pain can lead to changes in sensory perception, 
whereby patients experience increasing sensitivity to pain that results in escalating opioid doses.28  
A prospective, double-blinded, placebo-controlled RCT examined the effects of low-dose ketamine 
infusions (0.5gm/kg ketamine over 30 minutes duration) in patients with chronic pain.28 Using a 
factorial design, patients were separated into those who had been on long-term opioid medication 
and those not on opioids; and the two groups were randomised to receive ketamine or placebo. 
Patients on long-term opioid therapy responded differently to painful stimuli after ketamine infusion 
compared with those not administered opioids. Specifically, temporal pain summation was used to 
measure the psycho-physical response to four identical heat stimuli (separated by 2.2-second 
intervals) applied to the patient’s forearm. Patients rated pain intensity using the Visual Analog Scale 
(VAS) and the average of the difference between the first and fourth test was recorded. Temporal 
pain summation was recorded pre- and post-infusion in ketamine and placebo groups to determine 
the change in average temporal summation. Analyses showed that ketamine significantly inhibited 
the increase in sensitivity to repeated painful stimuli (i.e. decreased average temporal summation) in 
long-term opioid users compared with those receiving placebo (p=0.004). In addition, ketamine had 
similar effects in the non-opioid group compared with the placebo group on opioids (p=0.007). 
These findings suggest that low-dose ketamine infusions change the pain response, which is 
moderated by chronic use of opioids.  

Ketamine infusions in the perioperative setting 

The strongest evidence of effectiveness of ketamine infusions is in the perioperative setting for a 
wide variety of surgical procedures (e.g. ear, nose or throat surgery; dental surgery, joint 
replacement, orthopaedic surgery, lumbar fusion, breast and abdominal surgery).17 Three strong-
moderate quality systematic reviews and meta-analyses17, 29, 30 consistently showed significant 
reductions in opioid use post-surgery (Table 6). For example, based on 37 moderate quality RCTs, 
evidence showed statistically significant reduction (19%) in opioid consumption 48 hours post-
surgery in patients who received ketamine infusions (mean morphine equivalent of 67mg in placebo 
vs 54mg in ketamine group).17 In addition, the mean time period to the first request for post-
operative analgesic was significantly longer in the ketamine group compared with placebo (54 
minutes versus 39 minutes). Low-dose ketamine (0.1-0.5mg/kg) infusions were also significantly 
better than placebo for reducing consumption of opioids 24-48 hours after orthopaedic surgery.30  

Ketamine infusions for managing chronic pain 

Beyond the perioperative setting, there was very limited evidence pertaining to the opioid-sparing 
effects of ketamine in patients with chronic pain. One randomised, double-blind, placebo-controlled 
study of subcutaneous ketamine infusions was undertaken in 185 patients with chronic uncontrolled 
cancer pain who were taking high doses of opioids (median dose 300mg/day).31 While the effect of 
ketamine on opioid consumption was stated as a secondary outcome in this study, no data were 
provided. Therefore, evidence on the opioid-sparing effects of ketamine in patients with chronic 
pain was based on low level and poor-quality evidence from retrospective cohort studies or case 
series without adequate controls. In addition to the two cohort studies on use of oral ketamine to 
prolong pain relief and reduce opioids after initial ketamine infusions4, 27 described in Table 5, data 
from two retrospective cohort studies32, 33 and a case series34 that assessed the effectiveness of 
ketamine for pain relief and opioid withdrawal in patients on long-term opioid therapy are shown in 
Table 7. 

One retrospective cohort study investigated ketamine infusions for pain relief and opioid-sparing 
effects in patients on long-term opioid therapy compared with a similar group of patients taking high 
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doses of opioids for pain and not receiving ketamine.33 Six months after 18 patients received 3-6 
ketamine infusions over the period of one week, overall pain scores had returned to baseline 
(equivalent to patients not receiving ketamine); with the exception of two patients (11%) who 
reported more than 50 per cent sustained improvement in their pain scores. Similarly, while there 
was a significant reduction in opioid use during the first five months after the last infusion, opioid 
consumption returned to baseline by six months; except for five patients (28%) who maintained less 
than 50 per cent of their previous opioid use at six months post-infusion. Overall, for the majority of 
patients, ketamine infusions given in an outpatient setting did not reduce pain scores in the longer 
term; or demonstrate a sustained decrease in opioid use. However, for a small proportion of 
patients with intractable chronic pain, ketamine provided pain relief and/or facilitated reduction in 
opioid consumption, albeit temporarily.  

Another retrospective cohort study (without a comparison control group) assessed the effectiveness 
of ketamine infusions for managing refractory cancer pain in patients on high doses of opioids.32 
Almost three-quarters of patients responded favourably to ketamine infusions, with reduction in 
pain and pain intensity. Moreover, 69 per cent reduced their regular opioid dose without increasing 
the pain intensity. Limitations of this study included lack of control group for comparison and the 
follow-up period was not clearly stated.  

A case series of 15 patients with chronic pain and opioid tolerance were treated with ketamine 
infusions over five consecutive days.34 At six months post-infusion, patients were surveyed to assess 
the longer-term outcomes and eleven patients responded to the survey. Eight respondents reported 
that they felt “better” two months after infusion and three reported feeling “well” whilst not taking 
opioids at six months. Limited details were available regarding the ketamine protocol or opioid doses 
in this study. 

Several case reports have also described the use of ketamine to reduce opioids in patients with 
various types of chronic pain.35-40 All cases reported reduction in opioids following ketamine 
treatment (infusions and/or oral treatments). Although this study design is useful for identifying 
potential adverse effects, they do not provide evidence of efficacy as the tendency to publish 
positive outcomes is overwhelming; and the variability across studies precludes comparative 
analysis. Since they are all considered very low in quality and contribute little to determining 
effectiveness, details of these cases are not provided.  

While most of the available studies had inadequate or no control group, the evidence suggests that 
ketamine infusions may be of short-term benefit to a very small cohort of patients with refractory 
pain, opioid tolerance, and few options for managing their pain. Given the deleterious effects of 
long-term opioid use, significant reduction in opioid use may reduce the risks associated with long-
term use of high doses of opioids in patients with chronic pain. However, several questions remain 
unanswered. In particular, it is not clear how long the opioid-sparing effects last or whether 
repeated multi-day infusion sessions would prevent relapse to high-dose opioid consumption. 
Moreover, once patients have achieved opioid withdrawal, they essentially become ‘opioid naïve’ 
and close monitoring of their analgesic medication is essential to ensure that re-introduction of 
opioids are managed carefully to avoid opioid toxicity or overdose. 
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IMPORTANCE trial - Upcoming research 

A protocol has been published for the IMPORTANCE trial, which aims to evaluate the safety and 
efficacy of intranasal esketamine in 120 patients with chronic refractory cancer pain and using 
high dose opioids.41 Subjects will be randomised to receive ketamine (56mg intranasal 
esketamine, twice weekly) or placebo for four consecutive weeks. Outcome measures include: 
pain score (Numeric Pain Rating Scale), number of morphine rescue doses, functional status, 
satisfaction and depression. Recruitment is expected to begin in December 2021 and study 
completion date is April 2023.  
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Table 6. Study characteristics and key outcomes of systematic reviews – perioperative ketamine for pain relief and reducing opioids  

Reference 

Country 

No. of 

databases 

Search 

period 

No. of 

primary 

studies 

Population 

Setting 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Brinck et al.17 

Finland 

6 

Inception to 

July 2018 

130 RCTs 

N=8341 

Adults undergoing 

surgery under general 

anaesthesia and 

treated with 

perioperative IV 

ketamine 

Inpatients 

FU: 24h-48h; up to 6 

months 

Perioperative IV 

ketamine (racemic bolus 

= 0.25-1mg; infusions 

=2-5μg/kg/min) 

Placebo or basic 

analgesic (morphine, 

NSAID) 

Opioid-sparing effect 

• ↓post-operative opioid consumption over 24h by 

8mg morphine equivalent [95% CI 6, 9]; 19% from 

42mg consumed by placebo group (65 studies, 

N=4004, moderate quality) 

• ↓post-operative opioid consumption over 48h by 

13mg morphine equivalent [95% CI 10, 15]; 19% 

from 67mg consumed by placebo group (37 

studies, N=2449, moderate quality) 

• ↑ time to 1st post-operative analgesic request by 

54 min [95% CI 37, 71min] from mean 39min in 

placebo group (31 studies, N=1678, moderate 

quality) 

Post-operative pain relief 

• ↓ resting pain at 24h by 5/100mm VAS [95% CI 4, 

7]; 19% ↓ from 26/100mm in placebo group (82 

studies, N=5004, high quality) 

• ↓ resting pain at 48h by 5/100mm VAS [95% CI 3, 

7]; 22% ↓ from 23/100mm in placebo group (49 

studies, N=2962, high quality) 

 

 

Strong 
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Reference 

Country 

No. of 

databases 

Search 

period 

No. of 

primary 

studies 

Population 

Setting 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Bi et al.17 

China 

4 

1985-March 

2020 

13 RCTs 

N=1182 

Patients undergoing 

breast surgery 

anaesthetised with IV 

ketamine 

Inpatients 

FU: 24h, or up to 6 

months 

0.125-0.5mg IV ketamine 

bolus or continuous 

infusion (3μg/kg/min) 

Placebo 

Opioid-sparing effects 

• ↓ post-operative opioid consumption at 24h vs 

placebo, WMD -4.59 [95% CI -5.76, -3.42], p<0.001 

Post-operative pain relief 

• ↓ wound pain intensity at 24h WMD -0.65 [95% 

CI -0.95, -0.35], p<0.001 

Moderate 

Riddell et 

al.30 

US 

9 

Inception to 

July 2018 

20 RCTs Adults undergoing 

orthopaedic surgery 

receiving perioperative 

ketamine 

Inpatients 

FU:  

IV bolus 0.1-0.5mg/kg; or 

infusion 1-10μg/kg/min 

Placebo 

Opioid sparing effects 

• ↓ post-operative opioid consumption at 24h SMD 

-0.82 [95%CI -1.24, -0.4], p=0.0001 

• ↓ post-operative opioid consumption at 48h SMD 

-0.65 [95%CI -1.03, -0.27], p=0.0008 

Post-operative pain relief 

• ↓ pain at 24h SMD -0.53 [95% CI  

-0.91, -0.15], p=0.006 

• ↓ pain at 48h SMD -0.60 [95% CI  

-1.05, -0.16], p=0.008 

Moderate 

Notes: CI = confidence intervals; FU = follow-up; IV = intravenous; RCT = randomised controlled trial; SMD = standardised mean difference; VAS = visual analog scale; WMD = weighted mean 
difference; *quality of studies assessed by the Health Evidence quality assessment tool15 
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Table 7. Study characteristics and outcomes of studies on pain relief and opioid-sparing effects of ketamine infusions for patients with high opioid use for chronic pain  

Reference 

Country 

Study design Population; N; 

%male 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Kapural et al.33 

US 

Retrospective 

cohort study 

(Level III-2) 

Adults with 

chronic non-

malignant pain 

taking high 

doses of 

opioids; N=36 

Outpatients 

FU: 6 months 

Ketamine infusions: 3-6 times 
weekly (10-100mg/hour); peak 
infusion rate = 35-100mg/h; infusion 
rate increased as tolerated up to 
100mg/h for 3h or as long as 
tolerated. 
 
Control: No ketamine infusions 

Immediately after last ketamine infusion: 

• ↓ pain score from 8±2 to 0, p<0.001 
During 1-1.5 months post-infusion: 

• ↓ opioid use from 184±133mg to 92±100mg 
morphine equivalent, p=0.015 

 
At 6 months post-infusion: 

• Pain score returned to 7±2, NS 

• Opioid use returned to 140±144mg morphine 
equivalent 

• 5/11 patients maintained <50% opioid use 

• 2/5 reported >50% improvement in pain scores 
Withdrawals and drop-outs 

• 5/18 receiving ketamine reported no benefit 

• 1/18 developed a supraventricular arrhythmia 
(reversed when infusion ceased) 

• 1/18 experienced anxiety and unpleasant dreams 

Weak 

Cheung et al.32 

Hong Kong 

Retrospective 

cohort study 

(Level III-3) 

Adults with 
refractory 
cancer pain 
taking 
escalating 
opioid doses 
(≥300mg daily) 
Inpatients; 
N=70 
FU: varied 
depending on 
response 

IV or subcutaneous ketamine 
infusions (100mg/day; range 50-
200mg/day); median duration 10 
days (range 6.5-15 days) 
 
No control 

Immediately after infusion: 

• ↓ pain score from 7 to 4, p<0.001 

• 70% ↓ pain score by ≥2 points on NRS 

• 47% ≥50% ↓ in pain intensity 
 
Daily opioid use after infusion: 

• Median opioid ↓ by 25.5% 

• Median dose ↓ from 425mg to 345mg/day; Mean 
difference = -133.2mg, p=0.002 

• Positive response to ketamine in 74.3% patients 

• 68.6% ↓ regular opioid use with no increase in pain 
intensity 

Weak 
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Reference 

Country 

Study design Population; N; 

%male 

Follow-up 

Intervention 

Comparator 

Key outcomes Quality 

rating* 

Adverse effects: mostly mild and transient 

• 45.7% drowsiness 

• 34.3% hypertension 

• 25.7% nightmares 

• 5 patients temporarily suspended treatment 

• 3 patients ceased treatment 

Quinlan34 

Australia 

Case series 

(Level IV) 

Patients with 
chronic pain 
taking opioids 
and had 
developed 
opioid-related 
tolerance; N=15 
FU: 6 months 

Ketamine infusions x 5 days 
(2.5mL/h rising to maximum 
40mL/h); Diazepam and Buscopan 
used to minimize withdrawal 
symptoms 
 
No control 

Patient survey at 6 months post-infusion: 

• 8/11 patients reported feeling “better” at 2 months 

• 3/11 patients reported feeling “well” and not taking 
opioids at 6 months 

• Initial benefit reduced over time 
 
Adverse effects: 

• 1 patient developed hypomania after infusion, 
requiring psychiatric attention 

• 1 patient developed delirium after infusion, 
presenting to emergency department 

Weak 

Notes: FU = follow-up; IV = intravenous; NRS=Numerical Rating Scale; NS=not significant; *quality of studies assessed by the Health Evidence quality assessment tool15 
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Adverse effects of ketamine 

Not surprisingly, patients receiving ketamine infusions reported a significantly higher number of 
adverse effects compared with those in the placebo group; and adverse effects were more frequent 
in higher dose groups.10 Although approximately 40 per cent of patients reported at least one 
adverse effect of ketamine treatment, side effects were typically mild and transient and serious 
adverse effects (e.g. severe agitation requiring restraint) were very rare. Table 8 shows the incidence 
rates and types of adverse effects that were reported. The proportions of side effects varied 
substantially across studies, which may reflect unreported effects. Therefore, an accurate estimate 
of the incidence of side effects is not known.  

The most common adverse effects were gastrointestinal symptoms (nausea and vomiting) and 
general symptoms of malaise, such as fatigue, headaches and dizziness. Other effects included 
anxiety and insomnia and less commonly, hypertension and urinary tract infections. Since there 
were some reports of increased heart rate and higher blood pressure, Yang et al.11 suggested that 
caution is needed when considering ketamine for patients with a history of cardiovascular disease. 
Topical ketamine compounds were also associated with a higher prevalence of skin irritations 
compared with placebo (7% vs 2%).26 Similar effects were reported in experimental pain models 
using healthy volunteers.12  

As ketamine is a derivative of phencyclidine (PCP), which has known dose-dependent psychological 
effects,9 it was not surprising that up to 10 per cent of patients reported psychotomimetic effects, 
including: hallucinations, distorted perception and vivid dreams. Pre-medications, such as 
benzodiazepines or clonidine, are sometimes administered before ketamine infusion to reduce the 
psychotomimetic response.11 

Two systematic reviews in Jonkman et al.5 reported significantly higher risk of neurological (RR 2.17 
[95% CI 1.37-3.42], p<0.001) and neuropsychiatric events (RR 1.36 [95% CI 4.9-29.6], p<0.001) with 
ketamine; whereas opioid medications were associated with a higher risk of cardiorespiratory events 
(RR 0.22 [95% CI 0.05-1.01], p=0.05).  

The route of administration may also influence the rate of adverse effects. Bell and Kalso10 reported 
a higher rate of adverse effects with oral administration and recommended against using spinal or 
epidural infusions due to higher rates of neurotoxicity. 

One unfortunate side effect of the expanding use of ketamine is the establishment of a growing 
ketamine infusion industry in the US. These for-profit ‘ketamine clinics’, which advertise treatment 
for pain or depression, encourage patients to report for infusions every 2-4 weeks.9, 11 However, little 
is known about the long-term adverse effects of regular ketamine infusions.3 Given its dissociative 
effects, ketamine (known colloquially as “Special K”) is a popular recreational drug10 and, in 
circumstances where it is used regularly, its potential for addiction should be considered.42 
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Table 8. Adverse effects associated with ketamine treatment for chronic pain  

Reference 

Country 

Target indication Intervention/s Adverse effects 

Orhurhu et al.7 

US 

Chronic pain > 3 

months 

Intravenous ketamine vs placebo Short-term adverse effects: delusions, visual hallucinations, distorted 
perception, impaired hearing and proprioception, nausea, headache, vomiting 

• Ketamine higher risk of nausea vs placebo (RR 3.52 [95% CI 1.74, 7.14, 
p<0.0001] 

• Ketamine higher risk of psycho-mimetic effects vs placebo (RR 5.92 [95% CI 
2.95, 11.89, p<0.00001]) 

• Ketamine higher incidence of headaches and tiredness vs placebo, but NS 
difference in RR 

Zhao et al.19 

US 

Complex regional pain 

syndrome 

Ketamine infusions Short-term adverse effects: hallucination, irritation, fatigue, dizziness, anxiety, 
dysphoria, insomnia, nausea, headaches, blurred vision, hypertension 

• Higher liver enzymes in 1.9% (in 2 studies), but may be underreported 
(monitoring recommended) 

Thompson et 

al.12 

UK 

Healthy adult 

volunteers: Pain 

induced by noxious 

stimuli (capsaicin, 7-

minute heat burn) in 

various body sites 

Ketamine (0.03-1mg/kg) 

Placebo 

All transient and mild effects: 

• Sedation 70% 

• Feeling of drunkenness 58% 

• Dizziness 57% 

• Drowsiness 56% 

• Nausea 19% 

Pickering et 

al.21 

France 

Chronic neuropathic 

pain 

3 infusion groups: 
1. Ketamine 0.5mg/kg 
2. Ketamine (0.5mg/kg/magnesium 

sulphate (3g) 
3. Placebo 

No serious adverse effects reported 
At least one adverse event:  

• Placebo =10% (fatigue, nausea) 

• Ketamine = 20% (fatigue, nausea, insomnia, hypertension, headache, hot 
flushes, feeling of drunkenness)  

• Ketamine/Mg = 35% (fatigue, nausea, vomiting, dizziness, insomnia, 
hypertension, headache, hot flushes, feeling of drunkenness, breathing 
difficulty) 
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Reference 

Country 

Target indication Intervention/s Adverse effects 

Lumanauw et 

al.1 

US 

Chronic pain >3 months 
and acute exacerbation  

Intravenous infusion over 20 mins:  
1. 0.5mg/kg ketamine (N=35);  
2. 0.25mg/kg ketamine (N=36) 
3. Placebo (N=35) 

At least one adverse event: 

• Significantly more adverse effects reported in ketamine groups vs placebo, 
p<0.05 

• Both ketamine groups: nausea (9.2%); dizziness (16.9%); hallucination 
(3.1%); anxiety (3.3%); dysphoria (3.3%) 

• 2 patients withdrew due to unacceptable psycho-mimetic response 

• 1 patient needed restraint due to agitation 

• Placebo: 1 patient experienced dizziness (3%) 

Brutcher et al.26 

US 

Localized neuropathic 
or nociceptive pain 
 

Topical pain creams compounded 
for: 
1. Neuropathic pain (ketamine, 

gabapentin, clonidine, and 
lidocaine) 

2. Nociceptive 
pain (ketoprofen, baclofen, 
cyclobenzaprine, and lidocaine) 

3. Mixed pain (ketamine, 
gabapentin, diclofenac, 
baclofen, cyclobenzaprine, and 
lidocaine) 

4. Placebo 

No serious adverse effects 
Most common effects: 

• Skin irritation 

• Rash and redness 
More common in active drug groups vs placebo (7% vs 2%) 

Gupta et al.22 

India 

Chronic low back pain 
 

Ketamine as adjuvant to epidural 
steroid injections (40mg 
triamcinolone): 
1. 25mg ketamine  
2. 50mg ketamine  
Total volume: 6ml  
No placebo control 
 
 

Transient side effects included: 

• Hallucinations, hypertension and tachycardia usually lasting up to two hours 

• Significantly ↑ adverse effects overall in 50mg ketamine vs 25mg ketamine 
groups (28.6% vs 3.7%, p<0.05) 

• Hallucinations more common in 50mg ketamine vs 25mg ketamine groups 
(57.1% vs 33.3%, p<0.05) 
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Reference 

Country 

Target indication Intervention/s Adverse effects 

Zekry et al.4 

Australia 

Chronic non-malignant 
pain 

3-7d sub-anaesthetic, subcutaneous 
ketamine infusion: 

• 200mg in 50ml saline at rate of 
4-8mg/h (1-2mL/h) 

• Infusion rate increased daily by 
4mg/h until analgesia achieved 
(or adverse effects reported) 

• Max dose of 32mg/h; Usual dose 
of 4mg/ml 

• Mean daily dose = 228mg/day 
(201-526) 

• Opioids reduced by 25%/day 

Mostly mild, transient adverse effects:  

• Dizziness 46% 

• Tiredness 25% 

• Hallucinations 12% 

• Vivid dreams 8% 

• Urinary tract infection 2% 

• Double vision 2% 

Marchetti et 

al.27 

France 

Chronic pain (60% 

neuropathic pain) 

Initial daily intravenous ketamine in 
hospital with increasing doses (by 
0.5mg/kg) to effective dose of 1.5-
3mg/kg, followed by oral ketamine 
(3-4 daily doses) at home for patients 
who responded to initial ketamine 
test; mean oral dose = 2mg/kg 

No placebo control 

At least one adverse effect: 50% 

• Malaise, dizziness, hallucinations: 14% 

• Headaches: 13% 

• Lack of energy, sedation: 11% 

• Cramps: 5% 

• Digestive disorders: 4% 

• Cystalgia: 4% 
16% (8 patients) stopped treatment 
Lower rate of adverse effects in patients receiving opioids: 33% vs 68% not on 
opioids, p<0.01) 

Notes: RR = relative risk 
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Yang et al.11 described several general categories of adverse effects related to the use of sub-
anaesthetic doses of ketamine (Table 9). Most side effects are transient and occur in the central 
nervous system and gastrointestinal system.  

Table 9. Categories of adverse effects across different physiological systems  

System Adverse effects 

Central nervous system • Psychotomimetic effects: visual and auditory hallucinations, paranoia, 

panic attacks, ‘drug-high’, changes in perception of time and space, 

dizziness, blurred vision, vertigo, nystagmus, euphoria, dysphoria 

• 4-8%, mostly transient 

Gastrointestinal • Nausea and vomiting 

• 3-7%, transient effects 

Cardiovascular  • Increased heart rate, higher blood pressure, higher cardiac output 

• Very small %; caution recommended for those with history of 

cardiovascular disease 

Hepatic • Elevated liver enzymes 

• Very small %, no evidence of long-term damage 

Urogenital • Cystitis 

• Very small %, transient effects 

Source: Yang et al.11 

 

Guidelines for use of ketamine 

American Societies of Pain and Anaesthesiology recommend the use of IV ketamine for patients 
undergoing painful surgery, particularly if they are opioid-dependent or tolerant as it has an opioid-
sparing effect.2 However, because the evidence related to the use of ketamine for chronic pain is 
weak, current guidelines generally do not recommend it. 

Two sets of guidelines have been developed for use of ketamine to manage chronic pain. Both 
guidelines, which were developed in the US, have been peer-reviewed and graded as high quality 
according to the AGREE II checklist.6 

One guideline involved a collaboration between the American Society of Regional Anesthesia and 
Pain Medicine, the American Academy of Pain Medicine and the American Society of 
Anesthesiologists43 and the other was developed by the American College of Occupational and 
Environmental Medicine.44  

Table 10 shows general agreement in the two guidelines, which reported weak or insufficient 
evidence to support the use of ketamine for most types of chronic pain, including: spinal cord 
injury/pain, neuropathic pain, fibromyalgia, cancer pain, ischemic pain, and headache. There was 
divergence in the guidelines for treatment of CRPS. One guideline43 suggested that there was 
moderate evidence to support pain relief for up to 12 weeks; whereas ACOEM guidelines44 did not 
recommend ketamine for CRPS due to lack of evidence. 
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Table 10. Guidelines for use of ketamine for chronic pain  

Guideline Indication Recommendation Level of evidence 

Consensus guidelines 

on the use of 

intravenous ketamine 

infusions for chronic 

pain from the 

American Society of 

Regional Anesthesia 

and Pain Medicine, the 

American Academy of 

Pain Medicine, and the 

American Society of 

Anesthesiologists, 

201843 

Spinal cord injury Weak evidence to support 

short-term improvement 

Grade C, low certainty 

CRPS Moderate evidence to 

support improvement for up 

to 12 weeks 

Grade B, moderate 

certainty 

Other pain: mixed 

neuropathic pain, 

fibromyalgia, cancer 

pain, ischemic pain, 

headache, spinal pain 

Weak or no evidence for 

immediate improvement 

Grade D, low certainty 

American College of 

Occupational and 

Environmental 

Medicine, Chronic Pain 

Guideline, 201744 

Chronic persistent pain Not recommended Insufficient evidence 

CRPS Not recommended Insufficient evidence 

Fibromyalgia Not recommended Insufficient evidence 

Neuropathic pain Not recommended Insufficient evidence 

Notes: CRPS = complex regional pain syndrome 

During the development of the guidelines, protocols from various institutions were reviewed to 
establish a framework for developing individualised care plans that consider the evidence alongside 
clinical judgement and patient preferences.43 A summary of recommendations from these guidelines 
are provided in Table 11 (Appendix).  

The Australian and New Zealand College of Anaesthetists Faculty of Pain Medicine has developed a 
proposal for practice guidelines for low-dose ketamine infusions in the treatment of chronic pain.45 
These guidelines are currently under review. 
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C O N S I D E R A T I O N S  A N D  C H A L L E N G E S  

Overall, there are many shortcomings in the literature pertaining to the use of ketamine for treating 
chronic pain. The available guidelines are based on low quality evidence; and optimal protocols for 
different types or severity of pain have yet to be established.  

Numerous challenges related to the use of ketamine for chronic pain relief have been identified in 
the literature.5, 9, 43 

• Duration and frequency of treatment: Although longer duration of ketamine infusion (10-

100hours) or frequent administration may increase the likelihood of effective pain relief, 

most of the available controlled studies primarily implemented single, short-term infusion 

paradigms. Evidence of effectiveness of multi-day ketamine infusion regimens was limited; 

and comparisons of different infusion protocols are lacking. 

• Optimal dose is not clear: Low dose to avoid adverse effects may reduce the analgesic 

response to the equivalent of placebo in some patients; but high doses are associated with 

increased adverse effects. Widely divergent ketamine infusion protocols across studies 

present a challenge for comparisons and determining optimal protocols. RCTs have rigid 

titration parameters, whereas in practice, an individually tailored dose may achieve better 

outcomes. 

• Heterogeneity in effect sizes across studies: No reliable modifiers (e.g. dose, route of 

administration, type of pain) could consistently account for differences in effect sizes. 

• Potent antidepressant properties: Pain and depression frequently co-occur and ketamine’s 

actions on improving mood may impact on pain perception. 

• Measures of pain: Pain scores are subjective and may be moderated by various factors, 

including the duration of pain, type of pain and other comorbidities (e.g. psychological 

effects of chronic pain). Different measures of pain may also influence the statistical 

significance of outcomes. 

• Methodology limitations in ketamine studies: Many small clinical trials; lack of statistical 

power to counteract placebo effects; and short follow-up periods limit the reliability of 

findings. Despite double and triple-blinding protocols, up to 75 per cent of patients correctly 

guessed allocation, mainly due to obvious side effects; thereby increasing the risk of bias. 

Studies that combined different routes of administration made interpretation of findings 

difficult as the mechanisms of action and the bioavailability of ketamine may differ. 

• RCTs do not always represent patients in practice: Patients often have comorbidities that 

exclude them from RCTs, thereby limiting the relevance of findings 

• Adjuvant medication to manage side effects: Patients receiving ketamine infusions often 

receive adjuvant medications, such as Midazolam and clonidine, to manage the adverse 

effects of ketamine; however, Midazolam may also provide some pain relief, which makes it 

difficult to determine ketamine efficacy. 

• Mechanism of action is unclear: Given the multiple effects of ketamine on different 

physiological systems, it is not clear whether potential benefits are derived directly through 

pain sensory pathways, or indirectly through the pathways that contribute to the perception 

of pain. 
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S U M M A R Y  A N D  C O N C L U S I O N S  

Ketamine is known to have multiple actions as an analgesic, anti-hyperalgesic, antidepressant and 
anti-inflammatory agent, as well as opioid-sparing effects. These complex mechanisms of action 
make it difficult to establish a clear understanding of its safety and effectiveness for the treatment of 
chronic pain.  

Overall, there is insufficient evidence of benefit for ketamine as a routine treatment for chronic non-
cancer pain. For single-treatment short-term infusions, ketamine was significantly better than 
placebo in the short term (24-48 hours), but the pain relief was not sustained. For multi-day infusion 
protocols, the longer-term effects of repeated treatments are uncertain. Limited evidence suggested 
that ketamine provided pain relief for up to two weeks in patients with chronic pain; whereas 
moderate evidence indicated that patients with CRPS experienced a larger reduction in pain, which 
was sustained for up to three months. However, the evidence base was generally weak, with high 
risk of bias in most studies (e.g. small samples, selection bias). In addition, CRPS is known to improve 
over time, even without treatment. 

Perioperative ketamine infusions consistently demonstrated opioid-sparing effects for a wide variety 
of surgical procedures. In contrast, for those living with chronic pain and using high doses of opioids, 
there is insufficient evidence to support ketamine infusions for managing pain and reducing opioid 
use over the long term, due to the lack of good quality, controlled studies.  

As with many other types of pharmacological pain relief, ketamine provides a short-term 
amelioration of symptoms. Whether its effects are superior to existing pain medications has not 
been determined; and it is generally agreed that ketamine should not be considered as a first-line 
treatment for refractory pain. However, there are some circumstances where it may be considered, 
including: 1) where patients have failed to respond to first-line treatments; 2) to reduce opioid use in 
patients with limited options for managing chronic pain; or 3) to reduce the dose of opioids needed 
following a surgical procedure. In these cases, a tailored and closely monitored dosing regimen of 
ketamine infusions may provide safe and effective pain relief in the short term. 
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A P P E N D I X  

Table 11. Summary of recommendations from US guidelines for ketamine infusions for chronic pain  

Recommendation category Recommendation Level of evidence* 

Indications • For spinal cord injury pain, weak 

evidence to support short-term 

improvement 

Grade C, low certainty 

• For CRPS, moderate evidence to 

support improvement up to 12 weeks 

Grade B, low-moderate 

certainty 

• For other pain conditions, weak or no 

evidence for immediate improvement 

Grade D, low certainty 

Dosing range and dose 

response 
• Bolus: up to 0.35mg/kg Grade C, low certainty 

• Infusion: 0.5-2mg/kg/h; doses up to 

7mg/kg/h used successfully in ICU 

settings 

Grade C, low certainty 

• Dose-response relationship, with 

higher doses providing more benefit. 

Total doses of at least 80mg infused 

over period>2h 

Grade C, low certainty 

Relative contraindications • Poorly controlled cardiovascular 

disease, pregnancy, active psychosis 

Grade B, low certainty 

• Severe hepatic disease (avoid), 

moderate hepatic disease (caution) 

Grade C, low certainty 

• Elevated intracranial pressure, 

elevated intraocular pressure 

Grade C, low certainty 

• Active substance abuse Grade C, low certainty 

Role of oral NMDA receptor 

antagonist as follow-on 

treatment 

• Oral ketamine or dextromethorphan, 

and intranasal ketamine can be tried 

in lieu of serial infusions in 

responders 

Grade B, low certainty for oral 

preparations, moderate 

certainty for intranasal 

ketamine 

Pre-infusion tests • Not necessary in healthy individuals Grade C, low certainty 

• Suspected or at high risk of 

cardiovascular disease, baseline ECG 

testing to rule out poorly controlled 

ischemic heart disease 

Grade C, low certainty 

• Baseline liver dysfunction or at risk of 

liver toxicity (e.g. alcohol abuse, 

chronic hepatitis), and those 

expected to receive high-dose 

ketamine at frequent intervals, 

should consider baseline and post-

infusion liver function tests on a case-

by-case basis 

 

Grade C, low certainty 
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Recommendation category Recommendation Level of evidence* 

Positive response • Objective measures of benefit as well 

as satisfaction (e.g. ≥30%↓ in pain 

score or comparable validated 

measure for different conditions) 

Grade C, low-moderate 

certainty 

Personnel and monitoring • Supervising clinician, experienced 

with ketamine (anaesthesiologist, 

pain physician) and trained in 

administering moderate sedation 

Grade A, low certainty 

• Administering clinician: registered 

nurse or physician with formal 

training in safe administration of 

moderate sedation 

Grade A, low certainty 

• Setting: at doses >1mg/kg/h, a 

monitored setting with resuscitative 

equipment and immediate access to 

rescue medications and personnel 

who can treat emergencies 

Grade A, low certainty 

Source: Cohen et al. 43 Notes: CRPS = complex regional pain syndrome; ECG = electrocardiogram; ICU = 

intensive care unit;  

*evidence evaluated according to the magnitude of benefit (Grade) and certainty of benefit: 

Magnitude of benefit 

Grade A Good evidence to support recommendation for use 

Grade B Fair evidence to support recommendation for use 

Grade C Insufficient evidence to recommend for or against use 

Grade D Fair evidence to support recommendation against use 

Grade E Good evidence to support recommendation against use 

Certainty of effect 

High certainty High confidence that the true effect is similar to the estimated effect 

Moderate certainty True effect is probably close to estimated effect 

Low certainty True effect might be markedly different from estimated effect 

Very low certainty True effect is probably markedly different from estimated effect 

 

 


