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Introduction: Chronic pain is defined as pain lasting longer than 3 months. This often
causes persistent emotional distress and functional disability that is refractory to
conventional treatments. Emerging evidence suggests that oral Ketamine therapy may
have a specific role in managing treatment-resistant chronic pain. This study aimed to
assess the effectiveness of oral ketamine within atertiary chronic pain management clinic.
Methods: This study was a clinic-based retrospective descriptive study of 79
patients with a broad range of chronic pain diagnoses and treated with oral
ketamine over a period up to 12 years. Changes in pain, mood and quality of life
(Qol) were assessed using a numerical pain severity score, the Brief Pain
Inventory (BPI), the Public Health Questionnaire (PHQ-9) and American Chronic
Pain Association Quality of Life (Qol) scale.

Results: 73 patients were accessible for follow-up (mean daily dose and treatment
duration were 193.84 mg and 22.6 months respectively). Pain scores decreased (p
<0.0001) on both numerical scores (41.6% decrease) and BPI scoring (mean
decrease 2.61). Mood improved (p<0.0001) across both PHQ-9 and BPI
measurements. Patients also reported less difficulty with daily activities and
improved QolL. The most common adverse reaction was drowsiness (21.9%),
with 30.1% reporting no adverse reactions from Ketamine.

Discussion: This work adds to the growing body of evidence that under the
supervision of a pain specialist, oral ketamine therapy may be a safe, tolerable
and effective treatment for chronic pain conditions which have not responded
to other management options. Further research is required to produce a more
accurate understanding of its chronic use.

Key message: This real-world study shows that patients being treated with oral
ketamine for chronic pain report decreased severity of pain, improved mood
and increased quality of life across all conditions.
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Chronic pain is pain that persists for longer than 3 months. The
ICD-11 has 7 subcategories of chronic pain, categorized as primary
or secondary (1). It defines primary chronic pain as pain present in
at least one anatomical region that results in emotional distress or
functional disability and does not fit the definition of another
chronic pain condition. Fibromyalgia and complex regional pain
syndrome (CRPS) are examples of these chronic pain conditions.
Secondary chronic pain is defined as a symptom of an underlying
condition. It can be cancer-related, post-surgical, musculoskeletal,
visceral, neuropathic or orofacial (2). The prevalence of chronic
pain conditions approaches 20% worldwide (3) increasing with age
(4). It impacts quality of life significantly (5) and is the leading
cause of years lived with disability (6). Chronic pain is also
associated with decreased life expectancy (7). Living with chronic
pain increases the chances of developing depression and anxiety-
like symptoms as well as the diagnosis of depression and anxiety
disorders (8-11). Management of chronic pain is complex and
often involves a combination of interventional, pharmacological,
psychological and physical therapies (12).

The N-methyl-D-aspartate receptor (NMDAR) is found on
neural structures involved in nociception such as primary
). It is
thought to play a role in development and persistence of chronic
pain (
transmission of afferent pain signals. In chronic pain states, these

afferent neurons and spinal dorsal horn neurons (
). These excitatory glutamatergic receptors facilitate the

receptors are upregulated in the spinal cord through long-term
potentiation causing central sensitization (15). This results in
patients experiencing increased pain sensitivity (hyperalgesia),
pain from non-painful stimuli (allodynia) and even spontaneous
pain (16). The non-competitive NMDAR antagonist ketamine
has been shown to reduce allodynia and hyperalgesia in chronic
pain patients and may potentially reverse the neuronal changes
seen in central sensitization (17).

CI-581) was first
synthesised in 1962 as a shorter-acting, and therefore safer,
alternative to Phencyclidine (CI-395) (18). Both the anaesthetic
and analgesic properties of ketamine are primarily due to
NMDAR antagonism (
and opioid receptors and increases ambient noradrenaline (17).

Ketamine (originally referred to as

). It also acts on nicotinic, muscarinic

Ketamine can be administered through intravenous,
intramuscular, intrarectal, oral, or intranasal routes (13). Epidural
administration of ketamine is typically avoided as it enters
systemic circulation. It is a lipophilic molecule with an extensive
volume of distribution that undergoes extensive first pass hepatic
metabolism. As such, it has a low oral bioavailability, estimated
at 10%-20% (
of 2-3 h (

Ketamine administration (22).

). In adults, ketamine has an elimination half-life
) while it’s metabolite Norketamine persists 5 h after
This causes accumulation of
Norketamine which itself is implicated in the sustained analgesic
effect after Ketamine has been eliminated (22).

The use of Ketamine for the treatment of chronic pain has largely
been limited to those with pain resistant to other interventional
options (23). There is insufficient evidence to indicate greater
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efficacy across administration routes of Ketamine for chronic pain.
It has been shown that with IV administration, the analgesic effect
of ketamine is maintained for steady-state plasma concentrations
greater than 100-160 ng/ml (
effective analgesic concentrations with oral Ketamine are lower at

). However, due to Norketamine,

40 ng/ml (25). Adverse effects such as psychedelic phenomena,
higher

anxiety typically occur at
concentrations than the analgesic effect (26, 27).

and paranoia plasma

This dose-dependent correlation with adverse reactions may be
explained by Ketamine’s action primarily on NMDA receptors at
with
monoaminergic receptors occurring at higher doses (

low doses, actions on opioid, dopaminergic and
). Using
oral formulations to achieve the lowest effective plasma
concentration for analgesia seems desirable. When used for
treatment resistant depression (TDD), both oral and IV ketamine
have been suggested to have similar efficacy (29). The oral route
of administration is a cheaper, more convenient and personally
acceptable administration method for choice of maintenance
treatment when compared to other routes (30).

Despite the increasing use of ketamine for chronic pain
management, there remains a paucity of widespread evidence to
support its effectiveness, particularly over the longer-term (31).
Most studies have involved small numbers of patients, restricted
diagnostic categories and short follow-up. This study aims to
explore the effectiveness of oral ketamine across multiple chronic
pain conditions in a retrospective study investigating pain scores,

mood and quality of life (QoL) in an outpatient setting.

Study design

This was a retrospective descriptive study of 73 patients with
treatment-resistant chronic pain. Ethical approval was sought
prior to commencement.

Selection criteria

The criteria for this study were as follows:
o Aged >18 years
o English Fluency
 Chronic pain diagnosis of any type
o Prescribed Oral Ketamine for the treatment of chronic pain after
unsatisfactory pain relief from all other available interventional
options suitable to the patient

Setting

This study was conducted at the above outpatient pain clinic
from June 2020 to June 2021. This is the largest tertiary-level
pain clinics in Ireland. Ketamine is offered as a management
option to patients with severe intractable chronic pain. It is only
offered in the form of an oral solution (10 mg/ml), which
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patients self-administer following a training session with a
specialist nurse. Ketamine is prescribed directly from this pain
clinic and full prescription list was generated through a review of
current and archived prescription pads.

Patients were contacted by letter with a detailed patient
information leaflet (PIL) and consent form. A follow-up phone call
from a member of the study team explained the PIL and consent
form. Following consent, each patient was contacted to arrange a
suitable time to complete the questionnaires. Both ‘pre’ and ‘post’
Ketamine responses were recorded during a single interview.

Reduce bias

To reduce bias, interviews were conducted by study team
members who fulfilled the following criteria: never met the
patient, never involved in the patient’s care, not licensed to
prescribe ketamine in Ireland and appropriately trained in the
required questionnaires.

Data collected

Interviews were performed by phone and involved applying
questionnaires and scales to patients’ current situation as well as
recollecting how their pain, mood and QoL were prior to starting
ketamine. All data was anonymised on collection, transcribed
and stored in a secure database prior to analysis. Information
was elicited with:

o A standard numerical pain scale (0-10).

« Difficulty with activities of daily living (ADLs) due to pain.
Difficulty was ranked as follows: 1 none, 2 mild, 3 moderate,
4 severe.

o The patient health questionnaire (PHQ-9) (
9 questions, screening for the common signs and symptoms of

). This consists of

depression. The depression severity is scored as follows: 0-4
none, 5-9 mild, 10-14 moderate, 15-19 moderately severe,
20-27 severe. A PHQ-9 of >10 has a sensitivity and specificity
of 88% for major depression.

o The brief pain inventory (BPI) (33). This questionnaire explores
the impact of pain using a numerical rating (0-10) for worst,
least, average, and current pain intensity and the degree that
pain interferes with general activity, mood, walking ability,
normal work, relations with other persons, sleep, and
enjoyment of life. This has been shown to hold validity across
cultures and languages and can be used for all types of
chronic pain (34).

o American Chronic Pain Association Quality of Life Scale. This is
a one-item scale measuring QoL specifically in pain populations
(35). With this scale patients can succinctly describe their ability
to complete ADLs measuring from 0 (no functioning) to 10
(normal daily functioning).

o A list of medications while on oral Ketamine therapy and any
pain related procedures ever.
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Statistical analysis

All statistical analysis of the data was performed on the IBM
SPSS-27 software (

). Data was pre-processed before data analysis,
involving inspection and outlier winsorization of the data. The
data from responses in the questionnaires were not normally
distributed,
throughout the analysis. Descriptive statistics were performed.

so a non-parametric approach was preferred
Following this, the Mann-Whitney U test was performed to
compare findings between the responses for before and after

initiation of Ketamine therapy.

Participants

From June 2020 to June 2021, a total of 79 patients were

recruited from St Vincent’s University Hospital’s Pain
Management Clinic. One patient withdrew, and five others could
not be reached for follow-up ( ). Among the remaining
73 patients, 80.8% (n=59) were female. The average age was
49+12 vyears, and the average daily dose of Ketamine was
193.84 £176.84 mg (

was 22.6 +26.6 months, ranging from 1 week to over 12 years,

). The average treatment duration

with a median of 1 year. At follow-up, 5.5% (n=4) of patients
had discontinued ketamine. For the “post” ketamine section of
the questionnaire, patients were asked to recall the period
immediately after completing ketamine therapy.

The patients included in this study had a range of chronic pain
diagnoses ( ). The most common were fibromyalgia 21.9%
(n=16), peripheral neuropathy 17.8% (n=13), chronic back/
neck pain 16.4% (n=12) and complex regional pain syndrome
(CRPS) 13.7% (n = 10).

Interviews and questionnaires

The 10-point numerical pain scale decreased by 3.67 points
following ketamine therapy. 39.7% (n=29) reported that the
nature of their pain had changed. The PHQ-9 score decreased
from 15.07 to 9.97 following Ketamine treatment ( ).

BPI-scoring patients reported improvements across all 10-point
domains ( ). Maximum, minimum and average pain were all
reported to decrease (2.91, 2.16 and 2.61 respectively). The impact
of pain also showed a general decrease across all BPI domains;
general activity (1.23), mood (3.58), enjoyment of life (3.26),
relationships (2.65), sleep (2.95), walking ability (3.58) and
normal work (2.89). Patients reported experiencing less difficulty
regarding activities of daily living, and QoL was found to
improve by 2.43 points ( ).

All reported differences were significant on Mann-Whitney U
testing with a significance of <0.0001, except BPI general activity,
which was significant at 0.013 ( ).
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Initial sample [N =79)

1 withdrew

5 lost to follow up

Patients followed up
{N=73)

FIGURE 1
Flowchart of participant cohort. N, number.

Adverse reactions

Various adverse reactions were reported (Table 5). Drowsiness
was the most reported adverse reaction at 21.92% (n =16). Other
adverse reactions include nausea 12.33% (n=9), memory
impairment 10.96% (n=8) and dizziness 8.22% (n=6). 30.14%
(n=22) of patients reported having no adverse reactions to
Ketamine.

Concurrent medications and procedures

Table 6 shows the concurrent medications used by patients

medications include amitriptyline 26.03% (n=19), pregabalin
23.29% (n=17) and gabapentin 16.44% (n=12). 548% (n=4)
reported taking no concurrent medications whilst undergoing
ketamine therapy.

Table 7 during
ketamine therapy. These include nerve blocks 42.47% (n=31),
spinal cord stimulators 24.66% (n = 18), steroid injections 10.96%
(n=8) and Botox injections 9.59% (n=7). 13.7% (n=10) of
patients reported having no previous procedures for the

shows procedures either before or

alleviation of pain.

TABLE 2 Chronic pain diagnoses.

while on ketamine. Opioids were the most common medication, Chronic pain diagnosis N %
being used by 60.3% (n=44) of patients. Other common Meralgia paraesthesia 1 1.4
Fibromyalgia 16 219
Chondrosarcoma 1 14
. . . . Chronic back pain 12 16.4
TABLE 1 Sex, age and cumulative daily dose of ketamine for participants. X -

Complex regional pain syndrome 10 13.7
Baseline % | Mea » a MS 3 41
aracte alue alue Trigeminal neuralgia 1 14
Gender Radiculopathy 3 4.1
Migraine 2 2.7

Male 14 | 19.2
Peripheral neuropathy 13 17.8

Female 59 | 80.8
Somatic pain 3 4.1
Age Visceral pain 6 8.2
(In years) ‘ ‘ | 48.56 ‘ 12.36 | 20 ‘ 84 Hidradenitis suppurativa 1 1.4
Cumulative Ketamine dose Chemotherapy induced neuropathy 1 14
(Mg/Day) o 19384 1 0 | 1500 Total 73 100

Mg, milligrams; N, number; SD, standard deviation.

Frontiers in Pain Research
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TABLE 3 Scores for pain, quality of life, difficulty with activities of daily living (ADLs) and patient health questionnaire-9 (PHQ-9) before and after
commencing ketamine.

n Mean SD Min. Max. P-value % Change
Pain score
Pre-Ketamine 73 8.82 1.25 6 10
Post-Ketamine 73 5.15 2.09 1 9 <0.0001 —41.61
Quality of life
Pre-Ketamine 72 3.88 2.35 0 9
Post-Ketamine 73 6.31 2.03 2 10 <0.0001 +62.63
Difficulty with ADLs
Pre-Ketamine 71 3.08 0.98 1
Post-Ketamine 69 2.26 0.9 1 4 <0.0001 —26.62
PHQ-9
Pre-Ketamine 73 15.07 6.45 0 27
Post-Ketamine 73 9.97 542 1 21 <0.0001 —33.84

N, number of participants; SD, standard deviation.

TABLE 4 Brief pain inventory (BPI) scores before and after commencing ketamine.

n Mean SD Min. Max. P-value % Reduction
Highest pain severity
Pre-Ketamine 73 9.55 0.73 8 10
Post-Ketamine 73 6.64 2.64 0 10 <0.0001 —30.47
Lowest pain severity
Pre-Ketamine 72 5.79 2.67 0 10
Post-Ketamine 73 3.63 2.49 0 10 <0.0001 -37.31
Average pain severity
Pre-Ketamine 73 7.43 1.82 3 10
Post-Ketamine 73 4.82 231 0 10 <0.0001 —-35.13
Impact of pain on
General activity
Pre-Ketamine 72 8.62 1.64 5 10
Post-Ketamine 71 7.39 2.86 0 10 0.013 —14.27
Mood
Pre-Ketamine 73 7.62 2.61 1 10
Post-Ketamine 70 4.04 3.06 0 10 <0.0001 —46.98
Walking ability
Pre-Ketamine 71 7.62 2.61 1 10
Post-Ketamine 73 4.04 3.06 0 10 <0.0001 —14.27
Normal work
Pre-Ketamine 73 8.15 1.96 4 10
Post-Ketamine 73 527 3.04 0 10 <0.0001 —35.34
Relations with other people
Pre-Ketamine 73 6.68 3.28 0 10
Post-Ketamine 73 4.03 2.99 0 10 <0.0001 —39.67
Sleep
Pre-Ketamine 73 7.9 2.36 2 10
Post-Ketamine 73 4.95 3.48 0 10 <0.0001 —37.34
Enjoyment of life
Pre-Ketamine 73 8.03 1.9 3 10
Post-Ketamine 73 478 2.84 0 10 <0.0001 —40.47

N, number of participants; SD, standard deviation.
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TABLE 5 Adverse reactions to ketamine.

n %

Adverse reaction

None 22 30.14
Memory impairment 8 10.96
Impact on mood 1 1.37
Nausea & vomiting 9 12.33
Impact on sleep 4 5.48
Dizziness 6 8.22
Drowsiness 16 21.92
Hallucinations 2 2.74
Cystitis 3 4.11
Headache 2 2.74
Numbness 1 1.37
Hot Flushes 2 2.74
Diarrhoea 1 1.37

N, number of participants.

Discussion

This retrospective cohort study of 73 patients with various
chronic pain conditions showed decreased pain, improved mood,
improved QoL and increased ease with undertaking ADLs when
treated with oral ketamine.

Decreases in both the numerical pain scale and BPI pain scores
were found (Tables 3, 4). Clinically signficant decreases in chronic
pain have been suggested at 27.9-33% (36, 37). A 5-year
retrospective study of patients with intractable chronic pain
found 66% of patients reported a >25% reduction in baseline
pain with 44% of patients reporting >50% reduction when
treated with oral Ketamine (27). Our results of a decrease of 3.67
points (41.6%) overall in the numerical pain score and similar
reductions in the BPI maximum (30.5%), minimum (37.3%) and
average pain scores (35.1%) are in keeping with previous

TABLE 6 Concurrent medications.

Medication I\ %

Opioids 44 60.27
Pregabalin 17 23.29
Amitriptyline 19 26.03
Mirtazapine 1 1.37
NSAIDs 17 23.29
Paracetamol 22 30.14
Tizanidine 4 5.48
Gabapentin 12 16.44
Naltrexone 8 10.96
Esomeprazole 6 8.22
Naloxone 4 5.48
Duloxetine 5 6.85
Methadone 1 1.37
Lamotrigine 1 1.37
Flunarizine 1 1.37
Citalopram 1 1.37
Methotrexate 1 1.37
Lidocaine 2 2.74

N, number of participants.
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TABLE 7 Proceudres underwent by patients for the purpose of pain relief.

Procedure N %

Nerve block 31 42.47
Spinal cord stimulator 18 24.66
Discectomy 3 4.11
Rhizotomy 5 6.85
Botox injection 7 9.59
Laminectomy 2 2.74
Spinal fusion 4 5.48
Trigger point injection 3 4.11
PRP injection 1 1.37

N, number of participants; PRP, platlet-rich plasma.

findings. 39.7% (n=29) reported that the nature of their pain
had improved since starting oral ketamine.

The PHQ-9 decreased from 15.07 to 9.97 following oral
Ketamine treatment (Table 3). A change of 5 or more points
PHQ-9 is regarded as a
improvement in mood (39) from moderately severe (score > 15)

on the clinically = significant
to mild/moderate depression symptoms (between 9 and 14).
The PHQ-9 is a valid measure of depressive severity when used
both in patients with diagnosed major depression and the
general (non-diagnosed) population (32). The PHQ-9 results
are reflected in the BPI mood scores with a reduction of 46.9%
in depression symptoms. Ketamine has recently found traction
in the treatment of resistant depression (40). Chronic pain is
thought to involve similar brain changes to those found in
depression (41-45), with patients up to four times more likely
to suffer from depression or anxiety (46) and are twice as likely
to die by suicide (2). Chronic pain patients have shown
improvement in depressive symptoms using 150 mg of oral
Ketamine daily (47). Whether our improvement in mood was
secondary to improved pain, or through a different primary
mechanism remains uncertain.

Ketamine’s interaction with the dorsal diencephalic conduction
system (DDCS) may help explain the improvements seen in mood.
The DDCS consists of three key structures; the habenula (medial
and lateral), the stria medullaris, and the fasciculus retroflexus
(48). This highly conserved pathway links the monoaminergic
brainstem and the basal forebrain. Most importantly, its central
component modulates the lateral habenula which acts as a hub
before transmitting signals to brainstem modulatory areas (49).
This makes the lateral habenula imperative for the integration of
emotional, cognitive, sensory and motor processing to ultimately
influence  value-based  decision-making and motivational
processing (50). It has been widely recognised, using fMRI
resolutions, that the lateral habenula plays a significant role as an
‘anti-reward center’ in the mechanism of addiction and major
depression (51). Ketamine has been shown to inhibit burst firing
from the lateral habenula via NMDA receptor antagonism (52).
This is suggested to be the primary mechanism of Ketamine’s
antidepressant properties.

BPI-scoring reported improvements across all domains
including general activity, mood, enjoyment of life, relationships,
sleep, walking ability and normal work (Table 4). Reflecting

frontiersin.org
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these improvement, patients reported less difficulty with activities
of daily living and QoL (Table 3). A detrimental effect of living
with chronic pain is clear with poorer QoL (53). Furthermore, it
impacts work-related outcomes including productivity and
absences (54). When self-reported pain intensity is reduced by
50%, pain report
improvements in work and QoL (54). Unfortunately, up to 79%

over chronic sufferers  consistently
of chronic pain patients report their pain as being ineffectively
managed (55).

Oral ketamine has been reported to be generally well
tolerated when used in treatment of both chronic pain and
depression with dizziness, visual disturbance and loss of balance
being the most common reported effects (56). Patients in these
studies report these side effects were mild and did not pose a
major burden on treatment maintenance. Nearly a third of
patients in our study reported having no adverse effects from
oral Ketamine. Side effects reported (Table 5) were largely mild.
Furthermore, these effects may not be solely attributed to
ketamine as concurrent pharmacological intervention was being
utilised (Table 6).

Conversely, poor tolerability with high rates of adverse
reactions have also been reported. In a study investigating
subcutaneous ketamine for cancer pain the number needed to
harm (NNH) was just 6 (57).

needed to treat (NNT) was 25. However, rapid dose escalation

In comparison, the number

(from 100 mg to 300 mg to 500 mg) may account for the high
rate of adverse reactions encountered in this study, unlike the
usual gradual increases in an outpatient chronic pain setting.
Our study suggests that relatlively lower doses of Ketamine
(mean <200 mg) in a carefully monitored chronic pain
specialist outpatient department may result in fewer adverse
effects.

The growing body of evidence to support Ketamine’s safety and
tolerability is

Unfortunately, evidence to support its safety with chronic use is

based on short time-limited term studies.
lacking (58). Case reports suggest severe ulcerative cystitis (59)
and hepatotoxicity (60) may develop with chronic ketamine
use. Animal models suggest ketamine can induce
hyperphosphorylated tau in the cerebral cortex, a hallmark of
Alzheimer’s disease (61). Further research is needed provide a
more accurate understanding of the effects associated with
chronic usage.

Ketamine is a controlled medication in most countries.
Prevalence of illicit recreational use in the general population is
thought to be 0.8% (62). In the clinical setting, data is lacking as
to the extent of illicit usage and diversion of prescriptions,
particularly when used to treat chronic pain (63). A subset of a
case series assessing the use of repeated IV ketamine infusions
for up to 126 weeks to treat depression made no reports of
addiction, dependence or abuse (64). Similar findings were seen
in a 48 week trial of intranasal ketamine for depression (65).

The opioid crisis in the United States and elsewhere is a
stark warning on the dangers of drug overpresciption (66).
Therefore we must exercise caution when prescribing oral

Ketamine to treat chronic pain, and limit its use to those with
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severe intractable chronic pain who have explored all other
suitable interventions.

Limitations and strengths

As this is a single-centre tertiary care study based in one
country (Ireland), our results may not readily generalisable to
other centres or countries (67). However, multicentre-controlled
studies of Ketamine treatment have shown similar improvements
between centres and countries (68). The retrospective nature of
our interviews may be susceptible to recall bias. Being an open-
label study and lacking a control group, we acknowledge the
possibility that some patients may have experienced a placebo
effect of pain reduction (69). Furthermore, patients continued to
have various concurrent pharmacological and procedural
interventions whilst using oral ketamine. We therefore accept
that these may have contributed to the improvements seen.

Patients’ views of pain can recalibrate over time. This
recalibration, known as ‘Response Shift’ (RS), suggests that if a
subjective symptom such as pain is measured using an outcome
measure without incorporating RS, any true change may not be
captured  (70).

incorporating RS with scientific reliability/validity, then the

Until we have pain measurement tools
patients’ word remains the best outcome measure (71, 72).

All patients were included regardless of pain type, severity, sex,
medications, procedures, comorbid diagnoses, and disability level.
Rather than focusing on specific pain syndromes with a
predefined level of disability, this study demonstrates the overall
effectiveness of oral ketamine with improvements in pain, mood
and Qol with an ecological validity that may be useful for a busy
tertiary pain clinic where chronic pain of all types and severity is
encountered. This study contributes to the evidence for Ketamine
as a useful treatment in a tertiary pain clinic for all types and

severity of chronic pain and associated disabilities.

Conclusion
This retrospective study found that chronic pain patients

reported improvements in pain, mood and quality of life (QoL)
with oral ketamine in a real world outpatient setting.
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