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Abstract 
 
In the United States alone, nearly 40 million 
children and adults suffer from migraines, which 
are the primary cause of morbidity, quality of life 
reduction, and loss of productivity for persons 
aged 15-49. Despite their global prevalence 
and various available treatment options, these 
disabilities are often still under-treated due to 
the individuality of treatment regimens and 
effect profiles. Compelling arguments have 
been made for ketamine use in opioid-sparing 
pain management. An increase in opioid 
stewardship, especially during the outbreak of 
the novel COVID-19, has only accentuated 

arguments for ketamine in migraine alleviation. 
However, within the last 20 years, the overall 
body of work addressing its role has not been 
clearly elucidated, with variations in optimal 
dosage and administration routes. Thus, this 
review aims to consolidate previous findings of 
ketamine as a migraine analgesic agent and to 
amass the most recent burgeoning data on its 
effectiveness in clinical settings. A comparison 
of intravenous, intranasal, and subcutaneous 
ketamine is examined, with a discussion on 
pharmacology, pharmacokinetics, and results in 
pain outcomes analyzed. 
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Introduction 
 

 

Headache disorders, as described by the 
Institute for Health Metrics and Evaluation in 
their 2019 Global Burden of Disease, are a 
leading global public health concern 1. 
Migraines, as its own subset category as a 
primary headache, ranked second among all 
causes of disability and debility 1, 2, affecting 
approximately 15% of the general population, or 
1 billion people, worldwide 3, 4. In the United 
States alone, nearly 40 million children and 
adults suffer from migraines, being the primary 
cause of morbidity, quality of life reduction, and 
loss of productivity for persons aged 15-49 5. 
 
Migraines are primary headaches manifesting 
as recurrent attacks of head and facial pain, 
sometimes accompanied by auras, or 
neurological disturbances 4. Current treatments 
range from acute and preventative 
medications, including NSAIDs, triptans, 
calcitonin gene-related peptide monoclonal 
antibodies, and opioids, to non-
pharmacological therapies, including 
neuromodulators and biobehavioral therapies 3. 
Despite the prevalence of migraines worldwide 
and these treatment options, these disabilities 
are often still under-treated due to the 
individuality of treatment regimens and effect 
profiles 4, proposing a realm of treatments to 
consider adding to the therapeutic arsenal. 
Ketamine can potentially be one of those 
treatments. 
 
Since the introduction of ketamine in the 1960s 
as a phencyclidine derivative, studies on its 
clinical utilization, mechanism of action, and 
psychodysleptic effects have continuously 
shaped its relationship within the medical 
community 6. Compelling arguments have been 
made for ketamine use in opioid-sparing pain 
management 7-10, procedural sedation and 
intubation 8, 9, 11, 12, and mood/psychiatric 
disorder treatments 13-17. It has also been 
effective in neuroprotection, seizure prophylaxis 

and ablation, burn pain, acute on chronic 
episodes of neuropathic pain, acute 
postoperative pain, and alcohol and substance 
abuse abbreviation 9. An increase in opioid 
stewardship, evident with a 12.8% prescription 
decline from 2010-2017 18, especially during the 
outbreak of the novel COVID-19 19, has only 
accentuated arguments for ketamine in 
migraine alleviation. However, within the last 20 
years, the overall body of work addressing its 
role has not been clearly elucidated, with 
variations in optimal dosage and administration 
routes. Thus, this review aims to consolidate 
previous findings of ketamine as a migraine 
analgesic agent and to amass the most recent 
burgeoning data on its effectiveness in clinical 
settings.  
 
Ketamine Pharmacology and Pharmacokinetics 
 
As a racemic mixture of (S)- and (R)-ketamine, 
the chemical structure of ketamine provides an 
interesting dichotomy in its effects. Both 
enantiomers are non-competitive antagonists of 
the N-methyl-D-aspartate (NMDA) receptors 
with further interactions on μ-, k-, and σ-opioid, 
dopamine D2, serotonin (5-HT), cholinergic, 
nicotinic, monoaminergic, muscarinic, γ-
aminobutyric acid (GABA), α-amino-3-hydroxyl-
5-methyl-4-isoxazole propionate (AMPA), gated-
ion channels, and kainite receptors 8,10, 15, 20, 21. 
Additional analgesic effects with ketamine 
metabolites and their similar structures and 
targeted receptors have also been reported 
with prolonged concentration and duration of 
metabolite plasma levels 22. These interactions 
postulate a combination of receptor 
interactivity resulting in neuronal cell signaling 
inhibition and pain transmission termination.  
 
The same multitude of receptor interactions is 
hypothesized to explain the adverse side effect 
profile of ketamine and its retained 
psychomimetic and psychodysleptic properties 
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of phencyclidine 8, 10, 15. Higher doses and 
administrative routes impact the severity of side 
effect profiles, which include dissociative 
anesthesia, hallucinations, feelings of dysphoria, 
lightheadedness, nausea, dizziness, drowsiness, 
ocular effects, urological deficits, neurotoxicity, 
and confusion 8, 9, 20. Because ketamine 
undergoes extensive first-pass metabolism, its 
oral bioavailability is relatively poor (17-29%), 
compared to intravenous (100%), intramuscular 
(93%), intranasal (45-50%), and rectal (11-25%) 8, 

9, 23. Recent findings have also suggested (S)-
ketamine has a 2- to 4-fold higher affinity to the 
NMDA receptor than its R-enantiomer 
counterpart, resulting in more potent effects 
and positing that isolation of (S)-ketamine could 
result in even lower doses for pain treatment 8-10, 

20. 
 
Another important pathophysiological property 
ketamine offers in migraine management is its 
potential to decrease debilitation through 
dampening cortical spreading depression via 
glutamatergic NMDA receptor inhibition 21. 
Cortical spreading depression is the 
predominant theory of auras in migraines and is 
described as a slow-moving propagated wave 
of depolarization that results in brain activity 
suppression 24. With up to one-third of migraines 
influenced by auras 25, the ability to target 
crippling symptoms and treat pain at the same 
time is efficacious. 
 
Methods 
 
Previous systematic reviews have evaluated 
ketamine use for migraines 26; newer studies and 
publications not included in those reviews could 
provide further information that could be helpful 
in niche patient populations. Thus, a 
comprehensive scoping review search was 
conducted with a medical research librarian 
instead of repeating a similar study. The goal 
was to find new and previously unreferenced 
studies to consolidate all applicable evidence 
to identify and analyze knowledge gaps in 

migraine management 27. Additionally, to 
stratify each study, acute migraine was defined 
as 0 to 14 headache days per month, chronic 
was 15 or more headache days per month, and 
status migrainosus as a headache that doesn't 
respond to usual treatment or lasts longer than 
72 hours 28. 
 
The following electronic databases were 
searched in June 2022 and repeated in 
November 2022: MEDLINE via PubMed (1990 to 
November 2022), Web of Science (1990 to 
November 2022), Cochrane Library (1990 to 
November 2022), and EMBASE (1990 to 
November 2022). Search term inputs focused on 
“(ketamine OR esketamine OR s-ketamine) AND 
(migraine)” with filters limited to human trials 
and English-written articles. Inclusion criteria 
included interventional studies (randomized-
control, comparative non-randomized, etc.) 
and observational studies (cohort, case-control, 
cross-sectional, case report). Randomized 
controlled trials were the primary focus because 
of their competitiveness, minimization of biases 
and confounding factors, and statistical 
reliability. Non-randomized studies were also 
included in our inclusion criteria because 
empirical evidence for the utilization of 
ketamine has shown benefits for patients that 
go beyond set benchmarks and should also be 
considered. Abstracts, open-label studies, 
commentaries, editorials, systematic literature 
reviews, and meta-analyses were excluded. 
Any references that only discussed “ketamine” 
or “migraine” but not both were excluded. Any 
references that did not discuss “ketamine” or 
“migraine” but mentioned other “headaches” 
were also excluded. Reviews and meta-
analyses were manually searched for additional 
studies.  The initial search yielded a total of 575 
references. After duplicates were removed and 
the remainder analyzed for inclusion criteria, 14 
manuscripts were included. Each study 
included in this review had relevant data 
extracted, as reported in Tables 1, 2, and 3. 
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Results 
 
Routes of Administration 
The subanesthetic dosing of ketamine via 
intranasal, subcutaneous, or intravenous routes 
of administration has provided a variety of 
dosages, adverse effects, and results. 
 
 
Intravenous Ketamine 
The individuality of migraine treatment between 
acute, preventative, and non-pharmacologic 
options have burgeoned, providing an array of 
pharmacological and non-pharmacological 
combinations that can be effective in 
alleviating pain 3. If these combinations do not, 
intravenous ketamine, with its concentration 
and utilization in an acute setting, may provide 
that allayment. A summary of intravenous 
ketamine studies referenced in this section is 
presented in Table 1. 
 
Randomized controlled trials are contentious 
regarding the efficacy of intravenous ketamine 
for migraines 29, 30. Etchison et. al. conducted a 
randomized, double-blinded, placebo-
controlled trial of 34 acute migraine subjects 
comparing a one-time dose of 0.2 mg/kg 
intravenous ketamine to an intravenous saline 
placebo 29. Over 30 minutes, pain reduction, 
functional disability scores, rescue medication 
request rate, and treatment satisfaction were 
not greater than the placebo, with both groups 
reporting an average reduction of pain score of 
1 from baseline. However, a lack of a 
standardized analgesic dose of intravenous 
ketamine, subjective quality of pain, strict 
medication adherence, and population 
location and size limits Etchison from providing a 
blanket approach to intravenous ketamine for 
migraine management 29. Zitek et. al. 
concluded similar findings in their multicenter, 
double-blinded, randomized, controlled trial of 
54 patients between intravenous 
prochlorperazine and 0.3 mg/kg ketamine 30. 
Prochlorperazine was concluded superior to 

ketamine in pain reduction and outcomes after 
an interim analysis was conducted due to 
concerns over ketamine-induced severe 
dysphoria. The dysphoria patients experienced 
were noticeable, however, allowing providers to 
voice concerns and prematurely stop the trial 
short of the goal of 70 patients. Additionally, 
providers also provided ondansetron for 
migraine-induced nausea, which can 
perpetuate further headaches. Thus, the study 
was underpowered, unblinded, and 
confounded 30.  
 
Other intravenous, non-randomized ketamine 
studies have sided with the impact of ketamine 
on migraine treatment. Pomeroy et. al., in their 
retrospective review of 77 patients who failed 
previous aggressive outpatient and inpatient 
therapies, showed intravenous subanesthetic 
ketamine to benefit patients with refractory, 
chronic migraines 31. In those patients, the 
average length of ketamine infusion ranged 
from 2-9 days, with a mean of 4.8 days, at a 
mean rate of 0.53 mg/kg/hr. Their data showed 
the mean pain rating decreased by an average 
of 3.3 pain rating from admission to discharge (P 
< 0.0001). The majority of their subjects, 71.4%, 
had at least a 2-point improvement in pain 
rating at discharge, with 27.3% of their subjects 
maintaining this benefit within their one-month 
follow-up 31. Ray et. al., Schwenk et. al. (2018 
and 2021), Lauritsen et. al., and Krusz et. al. 
report similar findings to Pomeroy, with 
intravenous ketamine improving migraine pain 
over prolonged treatment time and titrations 32-

36. In some cases, sustained improvements in 
migraine pain were recorded (40% and 39% of 
patients at a follow-up visit 38 and 101 days, on 
average, after discharge, respectively) 33. The 
limitation of this collection of retrospective 
studies, as in any retrospective study, is the 
inability to generalize these findings to acute 
patients. Additionally, many of these studies also 
utilized rescue medications throughout the 
treatment period, making it difficult to pinpoint 
the individual effects of ketamine. Loss to follow-
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up also limits the extrapolation of sustained 
results or potential changes in patient habits or 
prophylaxis use. 
 
Intranasal Ketamine 
Intranasal ketamine is another option to 
consider for migraine and headache treatment. 
Its ease of access and utilization are desirable 
characteristics that providers consider when 
prescribing, especially in the acute setting. A 
summary of intranasal ketamine studies 
referenced in this section is presented in Table 2. 
 
The three randomized-controlled trials included 
in this section collectively favor the use of 
intranasal ketamine for migraine management  
37-39. Sarvari et. al. conducted a randomized, 
double-blinded, parallel design of 140 patients 
comparing a one-time intranasal 0.75 mg/kg 
ketamine (max 75 mg) to 30 mg intravenous 
ketorolac 37. Investigators were blinded to 
patient medications; to blind the participants, 
subjects in the intranasal ketamine group also 
received 1000 mL of normal saline intravenously 
while; subjects in the ketorolac group also 
inhaled atomized saline. The results reported an 
average difference in pain at 30, 60, and 120 
minutes by intranasal ketamine as statistically 
and clinically significant (p < 0.001) compared 
to intravenous ketorolac. Intravenous ketorolac 
did provide relief for patients, hence its long-
time role as a primary treatment; however, with 
these results, the viability of intranasal ketamine 
as a potential alternative option is questioned.  
 
Afridi et. al., in their double-blinded, randomized 
parallel-group controlled study, demonstrated 
in 30 patients a reduction of migraine aura 
severity through 25 mg intranasal ketamine 
versus 2 mg intranasal midazolam 38. The 
patients were instructed to use their assigned 
nasal sprays to treat 3 migraine attacks followed 
by no nasal spray treatments for 3 subsequent 
attacks. Of those 30, 18 completed the study 
with 9 patients in each treatment arm. Data 
analysis of these 18 patients showed that neither 

midazolam nor ketamine reduced the duration 
of migraine attacks. Ketamine, however, did 
decrease the severity of attacks on a scaled 
score of 1.5 on the clinical severity scale (p = 
0.032), suggesting that the baseline attack was 
worse than the treated attack. Kaube et. al. 
reports a similar potential for ketamine in 
migraine treatment as Afridi 39. They examined 
11 patients with severe, disabling auras resulting 
from familial hemiplegic migraine, trialing a one-
time dose of 25 mg intranasal ketamine as an 
inpatient, with further self-administration as-
needed outpatient. Of those 11, 5 patients 
reported that ketamine reproducibly reduced 
the severity and duration of the neurologic 
deficits; the other 6 reported no beneficial 
effects.  
 
Of the three randomized-controlled trials, Benish 
et. al. argued against ketamine superiority for 
migraines; at most, ketamine is comparable to 
standard therapy 40. In their randomized, single-
blind, placebo-controlled trial, 53 subjects were 
divided between intranasal ketamine and 
intravenous metoclopramide and 
diphenhydramine solution. Initial average pain 
scores were 73.5 in the control versus 74.5 in the 
ketamine arm. The dosage of intranasal 
ketamine was done in two administrations: the 
first dose equaled 0.75 mg/kg (maximum 75 
mg), and the second dose (if requested) 
equaled 0.25 mg/kg (maximum 25 mg). Pain 
scores after 30 minutes recorded an average 
decrease of 22.2 and 29.0 in the control and the 
ketamine arm, respectively. The difference 
between the two groups was statistically 
insignificant at 60 minutes. At 48-72 hours, pain 
and satisfaction scores were equal. 
 
Migraine headaches are not an exclusively 
adult disease; pediatric migraines are a 
common diagnosis seen by pediatricians, 
emergency medicine physicians, and pediatric 
neurologists. According to the American 
Migraine Foundation, 10% of children suffer from 
migraines 41. Pediatric migraines are also unique 
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in that they are more likely to present globally 
rather than one-sided and are usually much 
shorter than adult migraines 41. These clinical 
presentations make them harder to treat and 
more difficult to study. Turner et. al. 
retrospective review describes a cohort of 34 
pediatric patients who presented to the 
emergency department with migraines and 
received serial dosing of 0.1-0.2 mg/kg/dose 
intranasal ketamine every 15 minutes up to 5 
total doses 42. Of those 34 children, 25 (73.5%) 
responded with a 50% or more reduction of 
pain, with absolute pain scores between 0-3. 
Pain reduction by the first dose was seen in 9 
children, with an average pain reduction of 
66.1%, or an average 7.2-pain scale reduction. 
The pain scores differed between the ketamine 
responders versus non-responders: 1.4 versus 7.3, 
respectively (p ≤ 0.001). As discussed before, the 
limitations of a retrospective study exist. 
However, there appear to be benefits for 
intranasal ketamine, including no intravenous 
access, no necessary premedication, and 
expedited administration of medications over 
current migraine protocols.  

Subcutaneous Ketamine 
Studies on subcutaneous ketamine for migraines 
were limited, even to this day. An evaluation of 
the literature found a randomized, double-blind, 
cross-over study of 17 patients from 1995 by 
Nicolodi et. al. 43, as summarized in Table 3. 
Nicolodi tested acute and chronic migraine 
management with a one-time subcutaneous 
0.08 mg/kg dose followed by subcutaneous 0.08 
mg/kg three times a day for 3 weeks. This was 
compared to saline injections over 3 weeks by 
the same patients. They reported superior pain 
relief in acute and chronic settings seen with 
subcutaneous ketamine. An expert panel, 
convened by Orr et. al. 7, reviewed 68 RCTs 
through 2015 to determine the likely efficacy of 
injectable medications to provide first-line 
recommendations. They found Nicolodi to be 
inconclusive, concluding “No recommendation 
can be made regarding the role of injectable 
ketamine for adults who present to an 
emergency department with acute migraine.” 
 

 
 
 
Tables
 
Table 1. A comparison of intravenous ketamine studies. 

Authors Type of Study No of 
Patients 

Type of 
Patients 

Sex 
(M/F) 

Age Dose of Ketamine Treatment Time 
and Measured 

Duration 

Results 

Etchison 
et. al., 
201829 

Randomized, 
double-
blinded, 
placebo-
controlled 

34 Acute 
migraines 

8/26 18-65 One-time dose of 
0.2 mg/kg of 
ketamine or 

saline. 

Pain assessed at 0 
and 30 minutes. 
No follow-up to 
assess sustained 

relief. 

No statistically 
significant 

difference in pain 
reduction between 

ketamine and 
saline. 

Zitek et. 
al., 

201830 

Randomized, 
double-
blinded, 
placebo-
controlled 

54 Benign 
headaches, 

acute 
migraines  

12/42 18-58 One-time dose of 
0.3 mg/kg 

ketamine + 4 mg 
ondansetron vs 

one-time dose of 
10 mg 

prochlorperazine 
+ 25 mg 

diphenhydramine. 

Pain assessed at 
0, 15, 30, 45, and 

60 minutes. Phone 
call at 24 hours 
and 48 hours 
assessed for 

continued acute 
migraines. 

Prochlorperazine is 
superior to ketamine 

in pain reduction. 
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Authors Type of Study No of 
Patients 

Type of 
Patients 

Sex 
(M/F) 

Age Dose of Ketamine Treatment Time 
and Measured 

Duration 

Results 

Pomeroy 
et. al., 
201731 

Retrospective 
review 

78 Refractory, 
chronic 

migraines 

20/57 18-65 Initiation dose: 0.1 
mg/kg/hr. 

Titration: 0.05 
mg/kg/hr hourly 

until 0.25 
mg/kg/hr for 6 
hours. Further 

titrations to effect, 
max 1 mg/kg/hr. 

Migraine pain 
measured daily 

between 2-9 
days. An average 

of 4.8 days to 
reach 50% relief. 

Follow up 1 month 
later. 

74.6% acute relief 
during 

hospitalization. 
23.4% sustained 

relief at 1 month. 

Ray et. 
al., 

202232 

Retrospective 
cohort 

77 Benign 
headaches, 

acute 
migraines  

10/67 25-75 Initiation dose: 7 
mg/h. Titration: 5 
mg/hr every 3-4 
hours, max 24 

mg/hr. 

Migraine pain 
measured at start 

and end of 
infusion (over 2-11 
days, average of 

3.4 days). No 
follow-up to 

assess sustained 
relief beyond 
acute stay. 

34.4% acute relief 
over 3.4 days. 15.6% 
sustained relief after 

5.1 days. 

Schwenk 
et. al., 
201833 

Retrospective 
review 

61 Refractory, 
chronic 

migraines 

44/17 20-65 Initiation dose: 10 
mg/h. Titration: 5 
mg/hr every 3-4 

hours, max 1 
mg/kg/hr. 

Symptoms 
measured over 5 

days with max 
improvement 

seen on average 
at 4.56 days. 

Sustained effects 
assessed at 2 

follow-ups, 
average days at 

38.1 days and 
101.3 days. 

77% acute relief. 
40% sustained relief 

at first follow-up. 39% 
with sustained relief 

at second follow-up. 

Lauritsen 
et. al., 
201634 

Retrospective 
case series 

6 Refractory, 
chronic 

migraines 

1/5 29-54 Initiation dose: 0.1 
mg/kg/hr. 

Titration: 0.1 
mg/kg/hr every 3-

4 hours to goal 
3/10 pain scores. 

Symptoms 
assessed every 3-

4 hours over 8 
hours. 

Follow up 3-6 
months later with 

phone call.  

100% reached 
target goal of less 

than 3/10 pain 
score. Only 2/6 

patients answered 
follow-up call, with 

no sustained 
benefits 

Schwenk 
et. al., 
202135 

Prospective, 
observational 

pilot  

7 Refractory, 
chronic 

migraines 

3/3 20-55 Initiation dose: 10 
mg/h. Titration: 5-
10 mg/hr every 4-
6 hours to effect, 
max 1 mg/kg/hr. 

Daily symptoms 
assessed over 5 
days with mean 

benefits at day 3. 
Follow up 

between 4-6 
weeks to assess 
sustained relief. 

100% acute relief, 
with greater 

average relief than 
lidocaine infusion. 
No sustained relief 
with pain returning 

to baseline. 

Krusz et. 
al., 

200836 

Prospective, 
observational 

pilot  

30 Refractory, 
chronic 

migraines 

9/21 N/A Initiation dose: 0.4 
mg/kg over 90 

minutes. Titration 
doses: A second 

round of 0.4 
mg/kg over 90 
minutes, option 

for a third round. 

Migraine 
measured over 

two 90 mins 
sessions, average 
infusion time = 142 
min. No follow-up 

to assess 
sustained relief. 

Ketamine is 
efficacious for 

refractory, chronic 
migraines. 
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Table 2. A comparison of intranasal ketamine studies. 

Authors Type of Study No of 
Patients 

Type of 
Patients 

Sex 
(M/F) 

Age Dose of Ketamine Treatment Time and 
Measured Duration 

Results 

Sarvari 
et. al., 
202237 

Randomized, 
double-blind, 

parallel design, 
1:1 allocation 

ratio 

140 Benign 
headaches, 

acute 
migraines 

65/75 18-65 One time 
intranasal 

0.75 mg/kg 
ketamine dose vs 

intravenous 
ketorolac. 

Symptoms measured 
at 0, 30, 60, and 

120 min. No follow-
up to assess 

sustained relief. 

Ketamine had 
more analgesic 

effect than 
ketorolac. 

Afridi 
et. al., 
201338 

Controlled, 
double-
blinded, 

randomized 
parallel-group  

30 Refractory, 
chronic 

migraines 

4/14 18–55 25 mg intranasal 
ketamine vs 2 mg 

intranasal 
midazolam.  

Over 6 migraine 
episodes as 

outpatient up to 2 
years, self-

administered, 3 
treated episodes, 3 
untreated episodes 

with recorded 
effects. No follow-up 
to assess sustained 

relief. 

Ketamine 
reduced aura 

severity in 
comparison to 

midazolam. 
Neither 

treatment 
reduced 
duration. 

Kaube 
et. al., 
200039 

Prospective, 
observational 

pilot  

11 Familial 
hemiplegic 
migraines 

N/A 18-47 One-time dose of 
25 mg intranasal 
ketamine as an 
inpatient, with 

further self-
administration as 
an outpatient as 

needed. 

Up to 14 episodes, 
with symptom 

assessment each 
dose. No follow-up 
to assess sustained 

relief. 

5 patients report 
improvement in 

aura severity and 
duration. 2 

experienced 
benefits for the 
migraine pain. 

Benish 
et. al., 
201940 

Randomized, 
single-blind, 

placebo-
controlled 

53 Benign 
headaches, 

acute 
migraines 

16/37 25-43 One-time 
intranasal 0.75 

mg/kg ketamine 
dose with an 
option for a 
second 0.25 

mg/kg ketamine 
dose vs 

intravenous 
metoclopramide 

and 
diphenhydramine. 

Evaluation of pain 
scores at 0, 30, and 

60 minutes. No 
follow-up to assess 

sustained relief. 

Ketamine is 
comparable to 

standard 
therapy.  

Turner 
et. al., 
202042 

Single-center, 
retrospective 

review 

34 Refractory, 
chronic 

migraines 

4/34 7-21 Intranasal 
ketamine at 0.1 to 
0.2 mg/kg/dose 
up to five doses. 

1-5 doses with 
symptom evaluation 

each dose. No 
follow-up to assess 

sustained relief. 

66.1% overall 
pain reduction 
was seen with 

ketamine.  

 
Table 3. A comparison of subcutaneous ketamine studies. 

Reference Type of Study No of 
Patients 

Type of 
Patients 

Sex 
(M/F) 

Age Dose of Ketamine Treatment Time 
and Measured 

Duration 

Results 

Nicolodi 
et. al., 
199543 

Randomized, 
double-blind, 

crossover 

17 Refractory, 
chronic 

migraines 

N/A N/A One-time 
subcutaneous 0.08 
mg/kg dose initially, 

followed by 
subcutaneous 0.08 

mg/kg three times a 
day for 3 weeks. 

First trial measured 
pain scores at 30 

and 60 mins. 
Second trial of 3 

weeks with 3 
injections daily. No 
follow up to assess 

sustained relief. 

Ketamine is 
superior to 

placebo for 
acute and 

prophylactic 
use. 
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Discussion 
 
The use of ketamine to treat pain has been a 
relevant discussion since its inception; studies on 
its use as a migraine remedy, however, are 
more novel. Outcomes of early studies have 
hinted that ketamine may alleviate migraines, 
but definitive conclusions with dosages, 
treatment times, and results are difficult to 
establish with the heterogeneity of each study. 
Of the 14 studies included, only 1 was published 
before 1995 and 3 before 2010. Based on our 
inclusion criteria, since 2010, 11 other studies 
have been impactful in the discussion for or 
against ketamine in migraines. 
 
In the framework of intravenous ketamine, the 
goals of treatment for acute migraines versus 
refractory, chronic migraines varied significantly 
in the dosage and duration of treatment. 
Schwenk’s infusion rate of 0.76 mg/kg per hour 
over 5 days brought on more improvement in 
current and sustained pain post-discharge than 
the one-time doses of Etchison’s 0.2 mg/kg or 
Zitek’s 0.3 mg/kg emergency department 
management. Schwenk, Lauritsen, Ray, and 
Pomeroy all had infusion rates and durations 
greater than Zitek and Etchison 29-36, with 
reported improvement with ketamine. These 
findings for migraine treatment with ketamine 
for higher doses and durations mirror the 
guidelines for infusions for chronic pain, as 
written by the American Society of Regional 
Anesthesia and Pain Medicine in 2018 22, and 
the potential pharmacology and 
pathophysiology discussed above 8, 9. An 
argument on the impact of rescue medication 
on migraine improvement in the non-
randomized studies could be made, however, 
Etchison and Zitek both also had rescue 
medications for their patients. The side effect 
profiles that accompany increased ketamine 
doses, such as dysphoria, nystagmus, confusion, 
and hallucination, retain plausibility in the 
argument against intravenous ketamine for 
migraine use. It is understandable why hesitancy 

with intravenous ketamine continues to exist, 
even with lower dosages or using 
benzodiazepines to treat adverse side effects.  
 
The results of intranasal ketamine were more 
motley in nature than intravenous ketamine, 
with varied dosages, effects, and relief. Benish, 
with their 0.75 mg/kg (maximum 75 mg) first 
dose and 0.25 mg/kg (maximum 25 mg) second 
dose produced no significant difference in pain 
reduction compared to Afridi’s 3 doses of 25 
mg, Kaube’s 1 dose of 25 mg, and Turner’s serial 
dosing of 0.1-0.2 mg/kg/dose (up to 5 doses) for 
pediatric patients 32-40, 42.  Benish did report a 
numerical decrease in reported pain value, 
however. With intranasal ketamine, a discussion 
of bioavailability must also be considered. 
Compared to intravenous ketamine’s 100% 
plasma concentration bioavailability, intranasal 
ketamine’s 45-50% bioavailability could 
influence patient variable outcomes 8, 9, 23. The 
bioavailability impacts NMDA receptor inhibition 
and subsequent blockade of glutamatergic-
induced cortical spreading depression, 
affecting aura and migraine pain 38, 39. NMDA 
receptors have also been found in the olfactory 
passages, with the potential for direct 
stimulation by intranasal ketamine 44. Thus, direct 
stimulation with less time for metabolite 
concentration and other receptor pathway 
effects can make intranasal ketamine more 
efficacious in mitigating severe migraine with 
less adversity.      
 
At this time, it is difficult to discern the utility of 
subcutaneous ketamine. Nicolodi’s study, while 
a good randomized-controlled trial with 
suggestive efficacy for subcutaneous ketamine, 
is a bit outdated from 1995 43. Since then, the 
literature search has not provided another 
subcutaneous ketamine study for migraines. In 
addition, Orr’s panel of experts and their review 
of Nicolodi's non-recommendation of 
subcutaneous ketamine for migraines also 
makes it difficult to fully support subcutaneous 
ketamine at this time 7. More studies, especially 
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randomized-controlled trials for subcutaneous 
ketamine may be fruitful. Until then, it is all 
anecdotal. 
 
In addition to the discussions on acute and 
chronic migraines throughout this scoping 
review, status migrainosus should also be 
addressed. As defined above, status 
migrainosus is a migraine that does not respond 
to usual treatment or lasts longer than 72 hours 
28. It occurs in persons diagnosed with migraines 
and is typical in presentation as previous 
migraines. Generally, these migraines are 
managed with abortive migraine medications, 
including nonsteroidal anti-inflammatory drugs 
(NSAIDs), analgesics, triptans, anti-epileptics, 
tricyclic antidepressants (TCAs), and calcium 
channel blockers (CCBs) 45. Only one study 
found for this scoping review discussed status 
migrainosus, which limits a fully inclusive 
discussion on its management with ketamine 32. 
Ray et. al. reported intravenous ketamine use 
for status migrainosus in 10 patients, with only 2 
patients having greater than 50% pain 
reduction and 1 patient having complete pain 
resolution with intravenous ketamine, providing 
only empirical ketamine evidence for status 
migrainosus. With only one study discussing 
status migrainosus and usual improvement with 
abortive medications, this limits the number of 
studies that could be conducted with ketamine, 
especially if the migraine is effectively treated 
without ketamine. This suggests that ketamine 
would only have a minor role, similar to its role in 
acute migraines, in status migrainosus 
management.  
 
In evaluating ketamine’s efficacy for acute and 
chronic migraines, a discussion of other 
modalities and their costs for migraine 
treatment should also be held. While the 
spectrum of migraine therapeutics has 
significantly expanded within the past few 
years, it must be noted that ketamine will never 
be a first-line agent for migraines. Triptans, 
approved by the Food and Drug Administration 

in 1992, have been the leading option for 
treating acute migraines 46. Prophylactically, 
NSAIDs, analgesics, beta-blockers, CCBs, TCAs, 
antidepressants, and anti-epileptics have also 
been used, with newly approved 
pharmacological agents like anti-calcitonin 
gene-related peptides (anti-CGRPs) recently 
added to the repertoire 45. Among these 
treatment options, anti-CGRPs are the most 
expensive at $291.17 per patient per month 
(PPPM) in 2020 while triptans are the highest 
volume use at $31.92 PPPM in 2020 47. Further 
2020 pricing PPPM includes $64.92 for opioids, 
$23.90 for NSAIDs/non-narcotic agents, $761.99 
for ergotamine, $11.44 for antidepressants, 
$43.82 for anticonvulsants, and $13.40 for beta-
blockers 47. This wide variety of pricing options 
and choices for patients seeking migraine 
medications emphasizes the heterogeneity and 
individuality of migraine response and the 
importance of expanding on all potential 
treatment options.  
 
When traditional and newer pharmacologic 
agents fail to provide relief to patients, our 
discussion of ketamine for migraine therapy 
should be considered, particularly for refractory, 
chronic migraines. The cost of ketamine, while 
relatively cheap to manufacture, has increased 
upcharge between $200-$800 per infusion 
based on personnel, facility, training, safety 
protocols, insurance coverage, and equipment 
48-50. While ketamine prices are on the higher 
end, there have been recent attempts to find 
ways to make ketamine more affordable to the 
consumer with increased discussion and 
awareness for ketamine indications in migraine 
management 51. The argument for ketamine as 
a cost-effective option for migraines lies in the 
possibility of a 1-time dose providing prolonged 
relief versus having monthly prescriptions. 
Overall costs can be decreased by utilizing 
higher costs medications that effectively 
alleviate pain and disability, reducing the need 
for further medications and treatments 51. 
Unfortunately, a limitation of these studies 
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discussed, and other studies considered is the 
lack of long-term follow-up that could study the 
cost-benefit analysis. 
 
Previous systematic reviews have stated that 
ketamine benefits are unclear, with no 
superiority compared to standard treatments 26. 
Our scoping review, which included more 
studies, conclude similar findings with one small 
caveat for chronic, refractory migraines. The 
studies included in our scoping review 
controlled for demographic differences (i.e., 
gender, age), which allowed for evaluations of 
efficacy differences in ketamine outcomes. 
Based on these evaluations, ketamine, 
particularly intravenous and intranasal 
ketamine, has some value for refractory, chronic 
migraines, especially for those who have failed 
multiple standard treatments 31-36, 38, 42. An 
argument can be made for acute migraine 
ketamine treatment, especially when short-term 
improvement can significantly improve 
debilitating symptoms. These cases are rare and 
should only be considered last when other 
options have been exhausted or have 
contraindicated side effects; of note, the use of 
ketamine for acute migraines has been 
mediocre at best 29, 43. 
 
Limitations and Future Directions 
As a scoping review, the goal of this narrative is 
to build upon previous articles addressing 
ketamine for migraine use and synthesize an 
overview of new evidence in relation to already 
published results. As discussed in the method 
section, a scoping review addresses different 
goals than a systematic review. Even then, there 
are limitations to a scoping review, especially 
when methodological limitations or bias risks of 
the evidence are not assessed 27. Variations in 
ketamine delivery between intravenous, 
intranasal, and subcutaneous and the 
differences in controls and rescue medications 
make the comparison of dosages and efficacy 
difficult. We attempted to stratify based on the 
delivery method to control for each group. 

However, it is possible that other studies have 
been overlooked, further biasing overall results 
and conclusions. Thus, this limits the ability to 
provide concrete guidance or policy for 
migraine treatment with ketamine.   
 
The use of ketamine has current side effect 
limitations that preceded its effectiveness, such 
as but not limited to headache, dizziness, 
dissociation, elevated blood pressure, blurred 
vision, and psychiatric disorders like anxiety and 
hallucinations 52. One other consideration to be 
had, especially with migraine patients, is the 
concern of ketamine causing a potential 
increase in intracranial pressure, which has 
been reported since ketamine’s creation 53-55. 
Newer studies have been suggesting there is no 
correlation between intracranial pressure and 
ketamine use, however 53, 54, 56.  
 
One other aspect of ketamine that has not 
been discussed in this review is sublingual 
ketamine. Sublingual ketamine is an 
uncomplicated way to deliver ketamine as it 
bypasses first-pass metabolism, allowing for 
higher bioavailability of active ketamine. 
Compared to intranasal ketamine, sublingual 
ketamine was comparable in active ketamine 
bioavailability 10, which led our group to 
question its viability in migraine management. 
Unfortunately, there is no literature on using 
sublingual ketamine for migraine management; 
future studies evaluating its effectiveness in 
migraine management should be considered.  
 
Conclusion 
 
Although ketamine is not a first-line migraine 
treatment, empirically, the use of ketamine can 
be appropriate for migraines unresponsive to 
standard management, especially for the 
management of chronic, refractory migraines. 
However, the level of evidence for practical use 
between intravenous, intranasal, and 
subcutaneous varies by dose range. Intranasal 
ketamine has the most uniform evidence for 
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migraine treatment with all reported studies 
showing migraine improvement compared to 
intravenous or subcutaneous. However, given 
the small sample size of many of the studies 
referenced in this review and the heterogeneity 
of outcomes reported, definitive conclusions on 
ketamine administration and its use as a 
migraine treatment are not possible at this time. 
Adverse effects must be considered, especially 
with prolonged durations and elevated 
dosages, when considering the initiation of 
ketamine for migraines. With some benefits 
noted in chronic, refractory migraines with 
intravenous and intranasal ketamine, a future 
study could compare sub-dissociative 
intravenous ketamine versus intranasal ketamine 
with increasing dosages over multiple migraine 
attacks in a set time period via a crossover study 
for chronic, refractory migraine patients. A 
similar study could be conducted via a 
randomized, controlled, double-blinded trial 
where chronic, refractory migraine patients 
would be randomized into intravenous or 
intranasal ketamine with intravenous and 
intranasal normal saline as control. Regardless, 
larger studies are needed to establish 
quantifiable efficacy, enhance patient 
selection, clarify therapeutic dosages, arbitrate 
administration choice, and promote 
comprehension of the risks of undergoing 
ketamine treatment for migraines. 
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