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ABSTRACT

Introduction:  Cluster headache is a severe and 
debilitating neurological condition character‑
ized by intense, excruciating pain with a signifi‑
cant impact on patients’ wellbeing. Although 
different treatment options are available, many 
patients continue to experience inadequate 
relief. Therefore, experimental strategies are 
increasingly studied. One of the more promising 
approaches is the use of ketamine. We present 
the currently available evidence and our own 
data.
Methods:  In this mixed-methods paper, we 
first summarize the available evidence of keta‑
mine for treatment of cluster headache based on 
a systematic review of literature in MEDLINE, 
EMBASE and the Cochrane library of system‑
atic reviews. As the level of evidence is quite 
limited, we report our own cohort study with 
ten patients treated with ketamine infusions 
for cluster headache. They were followed up to 

investigate the patients’ experience of treatment 
success and quality of life.
Results:  The search and review of literature 
identified four reports with a total of 68 patients. 
All were uncontrolled case series. The current 
literature suggests that ketamine might decrease 
cluster headache. However, as the applied 
regimes and reported outcomes are highly het‑
erogeneous, further analysis was futile. Our own 
data show high patient satisfaction with keta‑
mine treatment.
Conclusion:  Despite the limited evidence, keta‑
mine might be considered a potential therapeu‑
tic approach for cluster headache. Therefore, fur‑
ther research including randomized controlled 
trials should be encouraged.

PLAIN LANGUAGE SUMMARY

This article discusses the potential use of keta‑
mine for the treatment of cluster headache, a 
severe neurological condition that can have a 
significant impact on patients’ quality of life. 
The authors conducted a systematic review of 
the existing literature on ketamine for the treat‑
ment of cluster headache. Additionally, they also 
presented their own cohort study of ten patients 
receiving ketamine infusions. The review of the 
literature revealed four reports with a total of 
68 patients, all of which were uncontrolled case 
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series. While the current literature suggests that 
ketamine may be effective in relieving cluster 
headache symptoms, the heterogeneity of treat‑
ment regimens and reported outcomes makes 
it difficult to draw definitive conclusions. The 
authors’ own cohort study found that patients 
were very satisfied with ketamine treatment, 
indicating a potential benefit of this approach. 
However, due to the limited evidence available, 
further research, including randomized con‑
trolled trials, is needed to better understand the 
efficacy of ketamine in the treatment of cluster 
headaches.

Keywords:  Cluster headache; Ketamine; 
Treatment; Systematic review; Quality of life

Key Summary Points 

Why carry out this study?

Cluster headache is a severe and debilitat‑
ing neurological condition characterized by 
intense, excruciating pain with a significant 
impact on patients’ wellbeing.

Although different treatment options are 
available, many patients continue to experi‑
ence inadequate relief.

This study evaluates the body of evidence 
regarding ketamine for the treatment of clus‑
ter headache. Furthermore, the authors add 
data from their own cohort.

Despite the limited evidence, ketamine 
might be considered a potential therapeutic 
approach for cluster headache.

Further research including randomized con‑
trolled trials should be encouraged.

INTRODUCTION
Cluster headache is a severe and debilitating 
neurological condition characterized by intense, 
excruciating pain with a significant impact on 
patients’ wellbeing [1]. Patients suffering from 
cluster headache experience tremendously 

decreased quality of life compared to a healthy 
population [2] and often show self-directed 
aggression, depression [3] and increased suici‑
dality [4]. Although a combination of genetic 
and environmental factors seems to play a role, 
the exact causes of cluster headaches remain 
unclear [5]. About 85–90% of patients are typi‑
cally categorized as having episodic cluster 
headaches, which are characterized by attacks 
that last for a few weeks to months, followed 
by periods of remission that can last for several 
months to years. On the other hand, chronic 
cluster headaches are distinguished by attacks 
that either occur without a remission period 
or have a remission period of < 3 months, last‑
ing for at least 1 year. The treatment of chronic 
cluster headaches is generally more challenging 
because of various factors, including the need 
for concurrent long-term use of multiple treat‑
ment options and their adverse effects [6]. Acute 
and prophylactic treatment is used for both 
entities, but prophylactic medication is consid‑
ered the mainstay of treatment. For acute treat‑
ment, triptans (sumatriptan and zolmitriptan) 
are preferably applied intranasally or subcuta‑
neously, as oral triptans have slow onset. They 
should however only be used twice a day, leav‑
ing patients and practitioners in need of alterna‑
tives if attacks occur more often. Inhalation of 
100% oxygen is also an established treatment 
but impractical to use outside patients’ homes 
[7]. For transition treatment, prednisolone and 
greater occipital nerve blockade are recom‑
mended. Verapamil, topiramate and lithium can 
be used for maintenance prophylaxis but require 
ECG (topiramate) or regular serum level moni‑
toring (lithium) [7, 8]. Many patients continue 
to experience inadequate relief [8], and a recent 
consensus statement has advocated the need for 
novel treatment modalities [9].

Experimental treatment strategies are cur‑
rently being investigated, e.g., somatostatine 
[10]. However, the effect is extremely short-
lived, which is why the somatostatin analog 
octreotide, featuring a longer half-life, has 
been proposed as an alternative [11, 12]. Over‑
all, available data are inadequate, and thus far, 
triptans seem superior. Therefore, somatostatin 
analogs should only be used as an alternative 
if there are contraindications to triptans [13]. 
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Occipital nerve block is a further therapy option, 
which is increasingly studied in patients with 
cluster headache. Despite a lack of large rand‑
omized clinical trials, a recent meta-analysis sug‑
gests potential benefits [14].

More recently, psychotropic substances were 
evaluated for their effect on cluster headache 
[15–17]. Sewell et al. published a case series that 
provides promising results, showing that lysergic 
acid diethylamide (LSD) could be prophylacti‑
cally effective for treatment of cluster headache 
[18]. Two placebo-controlled studies are cur‑
rently underway to investigate the efficacy of 
LSD on cluster headache. One study examines 
the effect of particularly low doses on chronic 
cluster headache, whereas the other study is 
investigating higher doses and the effect on 
unspecified cluster headache [19, 20]. Likewise, 
psilocybin, the psychoactive ingredient in psil‑
ocybin mushrooms, is said to be effective not 
only for prophylactic but also acute treatment of 
cluster headache [18]. Recently, a first explora‑
tory study showed moderate effects; however, 
due to the low sample size, its results failed to 
achieve significance [21]. Another study inves‑
tigating the prophylactic effect of psilocybin 
on chronic cluster headache was discontinued 
because not enough patients could be recruited 
because of the Covid-19 pandemic [22].

Ketamine shares clinical similarities with sub‑
stances like LSD and psilocybin [23]. Introduced 
as an alternative to phencyclidine, it has been 
used in clinical practice since 1970. Due to its 
combination of hypnotic, analgesic and amnes‑
tic effects, ketamine is unique in its clinical use. 
Ketamine mainly acts on glutamate binding 
sites and NMDA and non-NMDA receptors. The 
allosteric antagonism of the NMDA receptor is 
responsible for the specific properties of keta‑
mine (amnestic and psychosensory effects, anal‑
gesia and neuroprotection). There are also other 
mechanisms that are independent of glutamate. 
These include binding sites such as opioid, 

GABA-monoaminergic, cholinergic, nicotinic 
and muscarinic receptors [24]. The anesthetic 
effect of S( +)-ketamine is approximately three to 
four times more potent than R(-)-ketamine [25].

Beyond ketamine’s fundamental role in the 
field of anesthesia, emergency medicine and 
intensive care, it is widely used for its anti-
hyperalgesic and anti-neuropathic effects in 
perioperative medicine and pain medicine [26, 
27]. More recently, depression and suicidal 
ideation have been identified as novel indica‑
tions [28, 29]. Based on these observations, it is 
reasonable to assume that ketamine could also 
have a positive effect in the treatment of cluster 
headaches.

In this paper, we will examine the effect of 
ketamine on cluster headaches. We conducted a 
systematic review of the available literature and 
will provide a summary of our findings. Second, 
we will present a case series based on our own 
experiences, as we were especially interested in 
patients’ quality of life and their satisfaction 
with treatment, which to the best of our knowl‑
edge has not been investigated.

METHODS

Systematic Review of the Literature on 
the Treatment of Cluster Headache with 
Ketamine

Search Strategy

We carried out a systematic literature search in 
the following databases: MEDLINE, EMBASE 
and the Cochrane library of systematic reviews. 
We searched for clinical studies, case series and 
case reports in which the usage of ketamine on 
cluster headache was described. The exemplary 
search strategy for MEDLINE is described in 
Table 1.

Table 1   Search strategy for MEDLINE

((ketamine[MeSH Terms]) OR (ketamine)) AND ((cluster headache) OR (cluster headache[MeSH Terms]) OR (Trigeminal 
Autonomic Cephalalgias[MeSH Terms]))
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Publications of case reports, case series, ret‑
rospective analyses as well as uncontrolled and 
controlled studies were included. Proceedings, 
systematic reviews and meta-analyses were 
excluded as were publications which did not 
provide original data. The reference lists of sys‑
tematic reviews were manually inspected to 
identify further relevant publications.

Our Own Case Series

Since 2019, patients suffering from refractory 
cluster headaches have been treated "off-label" 
with ketamine at the interdisciplinary pain 
clinic at the Medical University Graz. If conven‑
tional treatment options have been exhausted 
with unsatisfactory results, patients are offered 
treatment with S-ketamine. We present a case 
series of patients treated with S-ketamine for 
cluster headache, which were followed up to 
assess treatment success and effect on quality 
of life.

Patients diagnosed with cluster headache and 
confirmation of diagnosis by at least two differ‑
ent pain physicians were included in this study. 
They were treated with S-ketamine infusions in 
an outpatient clinical setting at the interdisci‑
plinary pain clinic at the Medical University 
of Graz from 2020 to 2023. Participants were 
informed about the "off-label" nature of this 
therapy and about the fact that, apart from a few 
studies or case reports and good clinical expe‑
rience, there are no available data proving the 
benefits of this therapy. If patients agreed to this 
therapy, they received 0.25 mg*kg−1 S-ketamine 
intravenously over a 1-h period.

Pulse oximetry, ECG and interval non-inva‑
sive blood pressure measurement were applied to 
maintain patient safety. Patients were observed 
for 1 h after the intervention if they had no 
adverse events. The decision as to whether one 
or more S-ketamine infusions should be admin‑
istered was made by both the patients and the 
practitioners on a case-by-case basis: patients 
with full success and patients not responding 
at all were given a single infusion; infusion was 
repeated for patients experiencing some degree 
of alleviation.

Patients treated with S-ketamine were asked 
about the perceived success of the therapy and 
possible side effects using five statements.

1.	 The treatment has a positive influence on the 
quality of life.

2.	 I would repeat the treatment.
3.	 The treatment was satisfactory.
4.	 The treatment was superior to occipital 

blockade.
5.	 The side effects exceeded the positive effect.

Answers were given on a 6-point Likert scale 
ranging from "absolutely agree" (6 points) to 
"absolutely disagree" (1 point).

Written consent was obtained from all 
patients for using their data for scientific evalua‑
tion. The institutional review board of the Medi‑
cal University of Graz approved the study pro‑
tocol (Ethics committee no. 35–146 ex 22/23). 
Preparation of the manuscript adhered to the 
PRISMA and the CARE guidelines.

RESULTS

Systematic Review

The last search was carried out in March 2024. 
The initial search resulted in 252 hits. After 
removal of duplicates, two independent review‑
ers screened the literature. In the case of diverg‑
ing assessment, a third reviewer was consulted.

Five publications could be isolated that inves‑
tigated the effect of ketamine on cluster head‑
ache. One publication on the use of ketamine 
in patients with refractory headaches included 
two cases with cluster headache; however, as no 
specific data were given for these two patients, 
we excluded this publication [30]. Therefore, 
four publications remained for further analy‑
sis [31–34]. The study flow chart is displayed in 
Fig. 1. The study characteristics are summarized 
in Table 2.

All included publications were case series. In 
total, 68 patients were reported to be treated 
with ketamine for cluster headache. No con‑
trolled studies are available yet.
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Granata et al. 2016

In 2016, Granata et al. [31] published an obser‑
vational study of 29 patients (2 women) with 
refractory cluster headache treated with keta‑
mine. Sixteen patients had a diagnosis of epi‑
sodic cluster headache and 13 had a diagno‑
sis of chronic cluster headache. The patients 
were treated with intravenous R/S ketamine 
0.5 mg*kg−1. Depending on the success of the 
therapy, the infusions were repeated up to four 
times. To prevent possible side effects, one 
third of the patients received 2.5 mg mida‑
zolam i.v. before ketamine was infused.

The treatment was well tolerated by all 
patients, and only mild or well-treatable 
side effects occurred. These included mild 

derealization, transient hypertension, brady‑
cardic phases and mild to severe fatigue.

As a result of the therapy, 54% of patients with 
chronic cluster headache were free of attacks, 
with the effect lasting between 3 to 18 months. 
In all patients with episodic cluster headache, a 
termination of the episode was achieved.

Moisset et al. 2017

Moisset et al. [32] published a case report on two 
patients whom they treated with ketamine and 
magnesium. Patient 1 was 45 years old at the 
time of treatment. He had been suffering from 
cluster headache for 6 years, with the disease 
having taken on a chronic form for 1 year. In 
an outpatient setting, the patient received a sin‑
gle dose of ketamine 0.5 mg*kg−1 in an infusion 
over 2 h. In addition, he was infused with 3 g 
magnesium sulfate within 30 min. The patient 
did not experience any side effects during this 
therapy. The next day, the patient was in com‑
plete remission, which lasted for 6 weeks. After 
these 6 weeks, the patient again had 6–10 attacks 
daily, which were successfully treated by electri‑
cal stimulation of the greater occipital nerve.

Patient 2 was 28 years old. This patient also 
received ketamine and magnesium sulfate in 
an outpatient setting the same way as patient 
1, which improved his symptoms. The daily 
attacks were reduced by 50%. The remaining 
attacks were treated with oxygen only. Since 
then, the patient has received an infusion of 
ketamine and magnesium sulfate every 8 weeks.

Moisset et al. 2020

In 2020, Moisset et al. [33] published data from 
a retrospective case series including 17 patients 
(14 men). All patients had been diagnosed with 
chronic cluster headache before, were > 18 years 
old and had suffered from the disease for at least 
1 year. They were all treatment-refractory to at 
least three different preventive methods. All 
patients had an average of more than two attacks 
per day. Treatment with ketamine took place in a 
day clinic setting. The patients received a single 
dose of ketamine (0.5 mg*kg−1) as an infusion 
over 2 h. In addition, 3 g magnesium sulfate 

Fig. 1   Study flow chart
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was infused over 30 min. The primary endpoint 
was the overall difference in the frequency of 
mean daily attacks between days 7 and 8 after 
the ketamine-magnesium infusion compared to 
the mean daily attacks for 2 weeks prior to the 
treatment. The main secondary endpoint was 
the proportion of patients with a ≥ 50% reduc‑
tion in the frequency of daily acute episodes on 
days 7 and 8 post-infusion.

The number of daily attacks before the infu‑
sion was 4.3 ± 2.4. Seven and 8 days after a sin‑
gle infusion of the ketamine-magnesium com‑
bination, the number of daily attacks decreased 
clinically significantly (– 2.75 [95% CI: – 4.0 to 
– 1.75], P < 0.001) to 1.3 ± 1.0 attacks per day, cor‑
responding to a reduction of 63.2% overall and 
78.4% in responders. The analgesic effect started 
1 to 6 (median = 3) days after infusion and lasted 
2 to 68 (median = 4) weeks. Of these 17 patients, 
13 (76.5%; 95% CI 56.3–96.6) had a ≥ 50% reduc‑
tion in the frequency of daily episodes. In seven 
patients, the headaches disappeared completely 
(between 75 and 100% reduction), and in six 
patients the burden was reduced by at least 50%, 
measured by the average number of attacks per 
day. Of the four patients who did not respond to 
treatment, two showed no response within the 
first week and two experienced a reduction of 
20.0–33.3% but failed to meet the study’s criteria 
for success.

None of the patients experienced hallucina‑
tions during the infusion, and although tran‑
sient sedation was common (7/17 or 41.2%), 
none of the patients showed debilitating seda‑
tion 1 hour after the end of infusion. No brady‑
cardia or high blood pressure was observed.

Petersen et al. 2021

In 2021, Petersen et al. [34] published an open 
study investigating the effect of intranasal keta‑
mine on acute cluster headache attacks. For this 
purpose, 23 patients diagnosed with chronic 
cluster headache were selected. Participants 
received 15 mg of ketamine every 6 min for a 
maximum of five doses, resulting in a maximum 
dose of 75 mg. Ketamine was only administered 
for attacks with an intensity of at least 6 on an 
11-point numerical pain rating scale, where 0 

is no pain and 10 is the worst pain imaginable. 
Patients received at least three doses of ketamine 
6 min apart, with possibility of two additional 
administrations. However, if a patient was pain 
free or almost pain free (defined as NRS < 4), no 
further ketamine was administered. All partici‑
pants were offered oxygen and/or sumatriptan 
as rescue medication 15 min after the first keta‑
mine administration. The main finding of this 
study is that ketamine may be effective for acute 
cluster headache. After 15 min, the mean reduc‑
tion of pain intensity was 15%, after 30 min 
69%. Furthermore, their data suggest that intra‑
nasal application at the dosage used is probably 
safe from severe side effects.

Our Own Case Series

Ten patients were included in this case series. Of 
these, eight identified as male and two as female. 
Both patients with episodic cluster headache 
(n = 6) and chronic cluster headache (n = 4) were 
included. The mean time since the first diagno‑
sis was 12 ± 6.9 years. Patients’ characteristics 
are summarized in Table 3. Patients received an 
average of 4.1 ± 1.7 S-ketamine infusions with a 
mean frequency of 2.4 ± 1.3 infusions per week. 
The total number of infusions ranged from one 

Table 3   Clinical data of the patients presented as absolute 
numbers (percentages) or mean ± standard deviation

Number of patients 10

Number of males (percentage) 8 (80%)

Number of episodic cluster headache 
(percentage)

6 (60%)

Number of chronic cluster headache 
(percentage)

4 (40%)

Age (years) 42.2 ± 7.0

Body weight (kg) 85.3 ± 20.6

Height (cm) 179.9 ± 12.3

Years since diagnosis 12.0 ± 6.6

Number of ketamine infusion per week 2.4 ± 1.3
Number of ketamine infusions in total 4.1 ± 1.7
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to seven. The study results are summarized in 
Table 4.

All patients except two reported a complete 
pain-free interval. The duration however varied 
considerably, ranging from 1 to 26 months. Both 
non-responders suffered from chronic cluster 
headache, resulting in a success rate of 100% 
in the episodic cluster headache and in 50% in 
chronic cluster headache population. No side 
effects were reported.

DISCUSSION

Systematic Review

The most remarkable result of our literature 
search is that there are currently no high-quality 
studies on ketamine for cluster headache. All ref‑
erences found are only case series.

In most cases, ketamine infusion resulted in 
a relevant alleviation of symptoms. However, 
as there were no control groups, placebo effects 
cannot be excluded. Likewise, an underreporting 
of failed treatment attempts must be presumed.

The comparability of the existing studies is 
limited because of different endpoints, types of 
application and additional medications used. 
Comparability within individual studies is also 
difficult because of the heterogeneous nature of 
preventive and acute therapy.

Only a few mild side effects occurred in all 
studies. This indicates that ketamine may 
be a safe medication for patients with cluster 

headache and therefore is encouraging for fur‑
ther studies and possible future clinical use. 
Further studies with a larger number of patients 
and a randomized and controlled design would 
be useful to investigate the effect of ketamine 
on cluster headache. Until then, individual case 
series can still contribute to a better understand‑
ing of this potential treatment option. In par‑
ticular, the question of subjective changes in 
quality of life has also not yet been examined. 
The subjective relationship between effect and 
possible side effects has hardly been addressed 
in the literature to date.

Interpretation of Our Own Case Series

Our case series shows that a ketamine infu‑
sion is perceived positively by patients with 
cluster headaches. The treatment provided 
a high degree of satisfaction and the quality 
of life increased. The side effects profile was 
seen as favorable. These factors have not yet 
been reported in previous case series. Patients 
with episodic cluster headache largely felt an 
improvement in their quality of life after treat‑
ment with S-ketamine. It is therefore not sur‑
prising that they were satisfied with the ther‑
apy and would repeat it if given the need and 
opportunity.

Despite the small sample size, we could dem‑
onstrate that patients with chronic cluster head‑
ache were significantly less satisfied with the 
S-ketamine infusion. Two out of four patients 
felt no improvement in quality of life and would 

Table 4   Mean values and standard deviation of the responses of all patients with chronic cluster headaches and episodic 
cluster headaches

All responses were reported on a Likert Scale from 1 (strongly disagree) to 6 (strongly agree)

All patients Episodic cluster 
headache

Chronic cluster 
headache

P value

Treatment has a positive influence on quality of life 4.9 ± 1.5 5.6 ± 0.5 3.8 ± 1.8 0.05561

I would repeat the treatment 4.7 ± 1.6 5.5 ± 0.8 3.5 ± 1.7 0.05036

The treatment was satisfactory 4.8 ± 1.9 5.8 ± 0.4 3.3 ± 2.3 0.04079

The treatment was superior to occipital blockade 4.8 ± 1.7 5.6 ± 0.7 3.3 ± 2.1 0.06539
The side effects exceeded the positive effect 1.0 ± 0.0 1.0 ± 0.0 1.0 ± 0.0 1.00000
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not repeat this therapy. This pattern is consist‑
ent with previous literature, in which patients 
with episodic and chronic cluster headache 
had different success rates [31]. Future studies 
should therefore consider further evaluating 
these findings.

Our survey also revealed that no patient in 
this case series experienced side effects of any 
kind. Even though the therapies in the system‑
atic review were carried out with R/S ketamine 
and were very well tolerated, S-ketamine appears 
to be even more favorable in this regard.

We also asked our patients to compare the 
effect of the S-ketamine treatment with occipital 
blockade. Only one patient rated the occipital 
nerve block superior to S-ketamine treatment, 
with all other patients preferring S-ketamine 
infusion. If these findings are reproduced in 
larger trials, it may be indicative for clinical 
management.

Limitations

Our conclusions are limited as case series repre‑
sent the lowest level of evidence. Although we 
were able to demonstrate a positive effect in our 
case series, more research is needed to recom‑
mend routine use of R/S ketamine or S-ketamine 
to treat refractory cluster headache and improve 
quality of life, as several questions remain unan‑
swered. Is there an effect beyond placebo? What 
is the best dosing and application method? Are 
multiple infusions or treatments beneficial? Is 
S-ketamine superior to R/S-ketamine? To answer 
these questions, further high-quality studies are 
needed.

Especially in episodic cluster headaches, treat‑
ment success is difficult to monitor. This is par‑
ticularly true for uncontrolled case reports. This 
also demonstrates the need for methodologically 
properly designed clinical studies.

Ongoing Studies and Outlook

A search in the clinicaltrials.gov database, the 
EU clinical trials register, the WHO interna‑
tional clinical trials platform and the German 
clinical trials register revealed only a single 
ongoing study in this field. As of March 2024, a 

placebo-controlled, double-blind study to inves‑
tigate the effect of ketamine plus magnesium on 
patients with chronic cluster headache is cur‑
rently recruiting patients at ten different sites 
across France. According to the published pro‑
tocol, patients are planned to be treated with 
a single dose of ketamine 0.5 mg*kg−1 and 3 g 
of magnesium [35]. This will be the first pro‑
spectively designed randomized-controlled trial 
on this topic. However, researchers should be 
encouraged to plan and publish further well-
designed clinical trials.

CONCLUSIONS

Cluster headache is associated with great suffer‑
ing and serious restrictions on quality of life. 
Even though there are established treatment 
options, there are still patients with refractory 
pain. It is therefore of great interest to develop 
further treatment options.

As the systematic review of the current litera‑
ture shows, there are encouraging results but not 
enough high-quality evidence to provide spe‑
cific treatment recommendations. However, the 
results of the existing case series and case stud‑
ies are extremely promising, and reported side 
effects were mild. The results of the case series 
presented in this article are largely consistent 
with those of existing publications. The results 
from positive case series should spark interest 
in further studies for the treatment of cluster 
headache, even though underreporting of failed 
attempts might bias current knowledge. Placebo-
controlled double-blind studies would be ideal 
to confirm the efficacy of R/S-ketamine and/or 
S-ketamine on cluster headache. However, fur‑
ther case series could also contribute to treat‑
ment advances as they could be summarized in 
meta-analyses.
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