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Abstract
Purpose of Review To provide an updated review on cold stimulus headache.
Recent Findings Age, type of stimulus, comorbidities, and study design but not necessarily gender appear to influence the
reported prevalence of cold stimulus headache (CSH). Different cold stimuli appear to provoke different types of CSH. Ice water
appears to provoke more frequent and higher pain intensity with a shorter latency compared to CSH provoked by ice cubes.
Summary Cold stimulus headache is very common unusual headache with limited literature. The severity, frequency, and latency
appear to be influenced by the speed and size of the exposed area.
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Introduction

Cold stimulus headache is an unusual headache that can be
misdiagnosed. It is not associated with any underlying dis-
ease. It is a short-lasting headache, and therefore, it is difficult
to study. It may be reduced by modifying potential triggers.
The prevalence is variable depending on age, comorbidities
such as migraine, speed of cold stimulus, and reporting biases.

Definition

The latest version of the International Classification of
Headache Disorder (ICHD-3) defines cold stimulus headache
(CSH) as headache brought on by a cold stimulus applied
externally to the head or ingested or inhaled [1]. This includes
headache following exposure of the unprotected head to a
very low environmental temperature. Ice cream headache
(ICH), also known as “brain freeze,” and headache attributed
to ingestion or inhalation of a cold stimulus are also incorpo-
rated under this definition. Headache attributed to ingestion or
inhalation of cold stimulus is defined as a short-lasting frontal

or temporal pain that is possibly intense and is induced in
susceptible people by the passage of cold material over the
palate and/or posterior pharyngeal wall [1].

The literature specifically on cold stimulus headache is
relatively sparse compared to other primary headache disor-
ders. The inclusion of ice cream headache and headache at-
tributed to ingestion or inhalation of cold stimulus adds to our
knowledge of this condition.

Epidemiology

The reported prevalence of cold stimulus headache is quite
variable. This variability appears to be due to study design,
age, comorbidities, and type of stimulus. Most of these studies
used ice, ice water, or ice cream to trigger the cold stimulus
headache while the other studies assessed the prevalence of
cold stimulus headache using questionnaires [2–7, 8•].
However, as it was mentioned by de Oliveira et al., we cannot
compare CSH rates obtained from questionnaires with the
experimental provocation of CSH [6].

The lifetime prevalence of cold stimulus headache is re-
ported to be 15% [9]. In the literature, the point prevalence
in the adult population ranges between 7.6% in a 2001
Swedish study in females aged 40 and 74 years old, and
93% in a 1976 study of migrainous male and female subjects
admitted to a hospital in the USA [2, 3]. In the teenage pop-
ulation, the prevalence ranges from 41 [5] to 79% [4]. The rate
of CSH was significantly higher in students aged 10 and
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14 years than their parents and teachers (62% vs 31%) in a
self-administered questionnaire [7]. They hypothesized that
this could be explained by the fact that adults learn to avoid
painful stimuli, that the smaller anatomical structures in chil-
dren could result in a faster cooling area, and that an increased
neuronal stability against cold stimuli developed with age [7].

Cold stimulus headaches appear to be more common in
migraineurs compared to tension-type headache (TTH) pa-
tients [10]. CSH was reported to be 74% in the episodic mi-
graine patients compared to 32% in the episodic TTH patients
[10]. One possible explanation for this difference is the hyper-
excitability of the trigeminal pathway in migraineurs and the
possibility of triggering a migraine-like attack with the cold
stimulus [2]. There is conflicting data regarding whether CSH
is more common in the non-headache population compared to
migraine population [2, 11]. Raskin and Knittle found the rate
of CSH to be 93% and 31% in the migraineurs and control
groups, respectively, using an interview in 108 hospitalized
patients for non-neurological problems [2], while Bird et al.
found a lower rate of CSH in migraineurs than in persons
without migraines (27 and 40%, respectively) in 70 patients
attending a migraine clinic as well as 50 dental and medical
student volunteers [11]. This difference may be due to age and
type of stimulus used in the studies.

There appears to be inconclusive data regarding gender dif-
ferences in CSH. A 2012 observational study of 414 healthy
university student volunteers and their family members found
that the prevalence of CSH was actually similar between the
genders in migraineurs [6], and in an experimental study, the
prevalence of CSH was also similar between the genders in
tension-type headache patients [10]. Also, a 2016 cross-
sectional epidemiological study that distributed a self-
administered questionnaire to students between 10 and 14 years
as well as their parents and teachers found no gender difference
in the student, but the CSH rate was higher in the adult female
than in the adult male groups [7]. In addition, a self-
administered questionnaire to students aged 13 to 15 found that
CSH was significantly more common in boys than in girls [5].

Family history may play a role in CSH. The risk of CSH
was higher for children whose father (odds ratio [OR] 8.4) or
mother (odds ratio [OR] 10.7) had CSH.

Diagnostic Criteria

In the 2018 ICHD-3 classification, “headache attributed to ex-
ternal application of a cold stimulus” and “headache attributed
to ingestion or inhalation of a cold stimulus” are classified
under “cold stimulus headache” in the “other primary headache
disorders” section and their diagnostic criteria include:

Headache attributed to external application of a cold stimulus:
Data from (2018) Headache Classification Committee of the
International Headache Society (IHS). The international

classification of headache disorders, 3rd edition. Cephalalgia,
Vol. 38(1)1–211. Reprinted with permission from SAGE
Publications, Ltd.

A. At least two acute headache episodes fulfilling criteria B
and C

B. Brought on by and occurring only during application of
an external cold stimulus to the head

C. Resolving within 30 min after removal of the cold
stimulus

D. Not better accounted for by another ICHD-3 diagnosis.

Headache attributed to ingestion or inhalation of a cold
stimulus: Data from (2018) Headache Classification
Committee of the International Headache Society (IHS). The
international classification of headache disorders, 3rd edition.
Cephalalgia, Vol. 38(1)1–211. Reprinted with permission
from SAGE Publications, Ltd.

A. At least two episodes of acute frontal or temporal head-
ache fulfilling criteria B and C

B. Brought on by and occurring immediately after a cold stim-
ulus to the palate and/or posterior pharyngeal wall from
ingestion of cold food or drink or inhalation of cold air

C. Resolving within 10 min after removal of the cold
stimulus

D. Not better accounted for by another ICHD-3 diagnosis.

The ICHD-3 also include a codable subform described as
“Headache probably attributed to ingestion or inhalation of a
cold stimulus” under “probable cold-stimulus headache” de-
fined as: Data from (2018) Headache Classification
Committee of the International Headache Society (IHS). The
international classification of headache disorders, 3rd edition.
Cephalalgia, Vol.38(1)1–211. Reprinted with permission from
SAGE Publications, Ltd.

A. A single headache episode fulfilling criteria B and C
B. Brought on by and occurring only during or immediately

after a cold stimulus applied externally to the head or
ingested or inhaled

C. Resolving within 10 min after removal of the cold
stimulus

D. Not fulfilling ICHD-3 criteria for any other headache
disorder

E. Not better accounted for by another ICHD-3 diagnosis.

Clinical Features

Cold stimulus headache is triggered by the passage of cold
material (solid, liquid, or gas) over the palate and/or posterior
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pharyngeal wall. The location of the headache triggered by the
cold stimulus is typically bilateral frontal or temporal. The
type of stimulus is typically stabbing [12]; however, pressure,
throbbing, and achy pain has also been reported [8•, 10]. This
difference may be due to the type of stimulus and the presence
of other comorbid headache conditions. Patients with mi-
graine tend to report a throbbing pain and typically have the
CSH on the same side of their migraine [10, 11].

As stipulated in the diagnostic criteria, the duration of CSH
is short-lasting, ranging from a few seconds to a few minutes.
Two large cross-sectional surveys found that 72% and 77% of
participants reported that the headache lasted less than 30 s [5,
7]. However, headaches > 5min have been reported in 9% and
11% of patients who participated in a questionnaire and ex-
perimental study, respectively [5, 6].

The type of stimulus may influence the characteristic of
the headache [8•]. CSH triggered by ice water was reported
to have a shorter latency, different pain character, and higher
pain intensity compared to CSH triggered by ice cubes [8•].
In the study by Mages et al., ice water triggered a stabbing
more than a pressing pain quality while ice cubes triggered
predominately a pressing pain quality [8•]. This may be due
to the fact that the ice cube stimulation study group had to
press the ice cube against the hard palate while the ice-water
stimulation group drank the water [8•].

Triggers

Factors that appear to influence both the development of cold
stimulus headache and the latency of onset are the location of
the stimulation, speed of ingestion, and size of the exposed
area to the stimulus. Temperature does influence both the de-
velopment of cold stimulus headache; however, a further re-
duction of temperature below 0 °C does not appear to signif-
icantly increase the frequency of developing CSH [4, 8•, 10].
Ice cream, icy water, and ice cubes are common triggers stud-
ied in the literature [2–7, 8•]. However, headache attributed to
external application of a cold stimulus during surfing, ice
skating, and scuba diving as well as cryotherapy has been
described as being similar to cold-induced headache [13–16].

Mages et al. compared in a study ice cubes applied to the
palate to fast ingestion of 200 mL of icy water. In this study,
they found that drinking icy water provoked CSH significant-
ly more often than applying ice cubes to the palate (51% vs
12%) [8•]. Also, a faster ingestion appeared to cause a more
intense headache with a shorter latency and duration [8•]. The
association with speed of ingestion could potentially be ex-
plained by the fact that the ice cube cools down over a much
smaller palate and tongue area compared to ice water. In ad-
dition, swallowing of ice water could stimulate not only the
trigeminal nerve but also the glossopharyngeal and vagus
nerve. The latency difference could be associated with the

melting process of the ice cube [8•]. Furthermore,
Kaczorowski and Kaczorowski found that an accelerated ice
cream ingestion of less than 5 s doubles the risk of developing
ice cream headache when compared to a cautious ingestion of
ice cream over more than 30 s [4].

Proposed Mechanism

The exact mechanism of CSH remains unknown. Local and
cerebral vascular changes and direct stimulation of cold recep-
tors are two theories.

Vascular

When the palate and/or the posterior pharyngeal wall is
exposed to a cold substance, this substance may trigger rap-
id constriction and dilation of vessels with activation of
nociceptors of the vessel wall [17]. This seems to be similar
to when hand pain is triggered by exposing an icy cold hand
to hot water. Wolf and Hardy found that cold-induced pain
of the hand is associated with reduced arterial pulses in the
hand followed by hand erythema which is associated with
vasodilation [18]. This relates to a local vascular effect;
however, changes to cerebral blood flow appear to occur
in CSH [19••]. Reduction in mean cerebral blood flow ve-
locities of middle cerebral arteries on transcranial Doppler
ultrasonography has been reported in patients who follow-
ing cold stimulus developed a headache and not in those
without a headache [19••].

Sensory Receptor Activation

The perceived sensitivity of the thermal responses differs be-
tween sites [20]. The difference in CSH may be related to
which cranial nerves are activated. CSH triggered by direct
stimulation to the palate (innervated by the trigeminal nerve)
may differ from the additional stimulation from the pharynx
and esophagus (innervated by the glossopharyngeal and vagus
nerve) when swallowing. Mages et al. pointed out that lacri-
mation occurring during CSH indicates that the trigeminal-
autonomic reflex is involved in CSH [8•].

Treatment

There is no specific treatment for cold stimulus headache other
than avoiding the triggering factors such as ice cream, ice
water, and icy food. Slow ingestion of cold or icy substances
with attempts to minimize rapid exposure of the cold sub-
stance to the posterior aspect of the palate should be sufficient
to avoid triggering CSH [17].
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Alternatively, curling the tongue and pressing the underside
against the roof of the mouth has been a method to prevent the
cold stimulus headache in some people. This appears to cor-
respond with a report by Burkhart who suggested massaging
the face in the distribution of the trigeminal nerve for 1 min
prior to cryotherapy for actinic keratosis reduces incidence
and severity of the headaches [16]. He hypothesized that rub-
bing the nerves and vessels prior to cryotherapy reduces their
hyperexcitability and therefore reduces the pain.

Conclusion

Age, type of stimulus, comorbidities, and study design but not
necessarily gender appear to influence the reported prevalence
of cold stimulus headache. Different cold stimuli appear to
provoke different types of cold stimulus headache. Ice water
appears to provokemore frequent and severe headaches with a
shorter latency compared to cold stimulus headache provoked
by ice cubes.
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