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Abstract

Introduction
Cluster headache and the more recently reported “related conditions”, namely 
Chronic Paroxysmal Hemicrania, Short-lasting, unilateral, Neuralgiform Headache 
with Conjunctival Injection and Tearing (SUNCT) Syndrome and (possibly also) 
Hemicrania Continua, are one of the fascinating groups of conditions in Neurology 
whose cardinal features are the almost absolute unilaterality of pain, its excruciating 
severity, besides the prominent mainly facial autonomic disturbances and overall the 
intriguing biorhythmicity. Beyond any doubt, the progress of our knowledge about 
the mechanisms of these conditions has been considerable, but there is always room 
for reflection on where we are and where we can go. 
Objective
The objectives of the present study are to analyze the metrics of publications on 
the pathophysiology of these conditions, to explore in detail how proper the term 
”Trigeminal Autonomic Cephalgia” is, and to comment on their numerous synonyms.
Comment
Much is needed to know the exact structures and circuitry involved in the pathophysi-
ology of these conditions; accordingly, a non-compromising and just descriptive term 
might be useful. Along this line of reasoning and bearing in mind the cardinal points 
of such conditions, namely, pain in the trigeminal territory, prominent autonomic 
symptoms, prominent chronobiological features, and the excruciating character of 
the pain, a terminological possibility would be: Unilateral with Prominent Rhythmicity 
and Autonomic Symptoms Excrutiating Cephalgia (UPRASEC).
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Cluster headache (CH) and the more recently reported 
“related conditions”, namely Chronic Paroxysmal Hemi-

crania, Short-lasting, unilateral, Neuralgiform Headache 
with Conjunctival Injection and Tearing (SUNCT) Syndrome 
and (possibly also) Hemicrania Continua are one of the 
fascinating group of conditions in Neurology whose cardinal 
features are the almost absolute unilaterality of pain, its ex-
cruciating severity, besides the prominent mainly facial auto-
nomic disturbances and overall the intriguing biorhythmicity.

Beyond any doubt, the progress of our knowledge about 
the mechanisms of these conditions has been considerable, 
but there is always room for reflection on where we are and 
where we can go. The objectives of the present study are to 
analyze the metrics of publications on the pathophysiology 
of these conditions, to explore in detail how proper the term 
”Trigeminal Autonomic Cephalgia” is, and to comment on 
their numerous synonyms.

Number of publications on CH pathophysiology

From a longitudinal perspective, the Cluster Headache (CH) 
history had some “ages” over the last 90-100 years. From 
circa 1930 through the fifties, the Horton’s age, when the 
underpinning was histamine. From 60’s through the nineties, 
the Sjaastad’s age may be decomposed into: (a) to debunk 
the role of histamine in CH; (b) the rise of CH to the category 
of a nosologic entity by its own; (c) later Sjaastad’s group 
together with Nappi’s Italian group in a reasonable amount 
of papers, shed some light on the role of hormones on CH 
and the meticulous objective measurements of CH accom-
panying autonomic symptoms and accordingly, aiming to 
find correlations with CH intimate mechanisms. From 1996 
on, grosso modo, we enter Goadsby’s age, with May’s 
seminal crucial study on the hypothalamic involvement in 
CH1 as well as a series of very elegant experiments, culmi-
nating with the postulation of the core role of the so-called 
trigeminal-autonomic reflex in CH pathophysiology.

From another perspective, the number of publications on CH 
pathophysiology (period 1966-2022) drew our attention 
and, accordingly, was studied. Aiming such a study, a 
search at the Pubmed site2 from 1966 through 2022, Janu-
ary, was performed. Results are seen in Table 1 and Figure 
1, where it becomes obvious the entry “Pathophysiology of 
cluster headache) (1,384 publications will be our focus).

Table 1. The number of publications with  entries of cluster headache 
mechanisms from 1966 to 2022 (see text).

Entry Link
Number of publi-
cations (respective 

years)

Cluster headache 
pathophysiology

https://pubmed.ncbi.nlm.nih.gov/?ter-
m=clusterheadache%20pathophysiolo-

gy&timeline=expanded
2: 1991, 1996

Cluster headache 
mechanisms

https://pubmed.ncbi.nlm.nih.gov/?ter-
m=clusterheadache+mechanisms 2. 2001, 2008

Pathophysiology of 
cluster headache

https://pubmed.ncbi.nlm.nih.gov/?-
term=Pathophysiology%20of%20clus-
ter%20headache&timeline=expanded

1384

Figure 1. Distribution of the number of publications with the entry 
“Pathophysiology of migraine” from 1987 to 2022.

As far as the number of publications on CH, there seem 
to be three different periods with three other trends: 
a- 1966- 1990 from 1 article a year to 26 (a peak in 
1988, 35 articles), an increase of 35 times in 24 years; 
from 1991 - 2005, from 29 to 51 an increase of 1.75 
times in 14 years, from 2006 (47 in 2006 to 41 in 
2021) onwards, the increase ratio was .87, lesser than 
one, pointing to a possible decrease in the number of 
publications. Therefore, the global trend was a crescent 
curve, but its convexity was upwards, indicating that the 
number of publications is decreasing in the long run. Such 
a decrease has already happened from 2019 on. The 
possible explanations for this finding are that we already 
know the main features of CH pathophysiology or, for 
some reason, as limitations in current scientific methods, 
restrictions of funding, or some other reasons the topic is 
not attracting investigators.

In such a scenario, the present study aims to foster 
discussion and enhance interest in some aspects of the 
pathophysiology of CH and its terminology.

On the terminolgy of cluster headache and related 
conditions

The issue terminology in “cluster headache” has been 
drawing the attention of headache specialists for 
decades. Sjaastad made an excellent review on this 
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topic.3 As early as 1939, Horton et al. used the term 
“erythromelalgia” of the head4, and in 1941, Horton 
coined the term “histaminic cephalgia”.5 The familiar 
term “cluster headache” was coined by Kunkle et al.6 in 
1952. Kunkle’s “cluster headache” illustrated the typical 
trait of this condition, the accumulation of attacks within a 
limited time span. Ekbon7 warned about the chronic form 
of CH; in his own words, “chronic migrainous neuralgia”. 
In my opinion – not least from the linguistic aspect is to be 
preferred to the synonymous term chronic CH”.  In such 
a scenario, even as late as 1969, the Research Group of 
the World Federation of Neurology placed CH together 
with “facial migraine”, “ophthalmoplegic migraine”, and 
“hemiplegic migraine”  under the heading: “Conditions 
which may fall within the category of migraine”.

From 1988 onwards, in the first International Headache 
Classifications8 CH appears as a condition on its own. 
Such terminology continued to evolve in the following IHS 
Classifications (Table 2).9,10 

Table 2. The International Headache Classifications. The evolution of their 
item 3 terminology (Currently, Trigeminal autonomic cephalalgias) 

Classification Term Definition

ICHD-1 
(1988)

Cluster headache and 
chronic paroxysmal 

hemicrania

Cluster headache: Attacks of severe 
strictly unilateral pain orbitally, supraor-
bitally and or temporally, lasting 15-180 
minutes and occurring from once every 

other day to 8 times a day.

ICHD-2 
(2004)

Cluster headache and 
other trigeminal auto-
nomic cephalalgias

The trigeminal autonomic cephalalgias 
share the clinical features of headache 
and prominent cranial parasympathetic 
autonomic features. Experimental and 
human functional imaging suggests 

that these syndromes activate a normal 
human trigeminal-parasympathetic reflex 
with clinical signs of cranial sympathetic 

dysfunction being secondary.

ICHD-3 
(2018)

Trigeminal autonomic 
cefalalgias.

The TACs share the clinical features of 
unilateral headache and, usually, promi-
nent cranial parasympathetic autonomic 

features, which are lateralized and 
ipsilateral to the headache. Experimental 
and human functional imaging suggests 

these syndromes activate a normal 
human trigeminal-parasympathetic reflex, 
with the clinical signs of cranial sympa-

thetic dysfunction being secondary.

Following the timeline, it may be observed that the 

terminological pendulum swung from a position close to 
vascular theory to the trigeminal-autonomic reflex. In this 
context is noteworthy to quote Goadsby11 “Although both 
migraine and cluster headache are commonly called 
“vascular headaches”, I suggest that they should be referred 
to generically as “neurovascular headaches”, in which the 
vascular change that is seen in the cranial circulation is 
driven by the trigeminal-autonomic reflex (TAR) and thus is 
a marker of brain activation, not a driver of the syndrome.

The trigeminal autonomic reflex

The very concept of TAR seems to arise from headache 
researchers. Drummond obtained lacrimation and cutaneous 
vasodilation in the face following painful stimulation of the 
nasal ala and upper lip12, Goadsby and Duckworth13 
performed electrical activation of the trigeminal ganglion 
in cats, which led to a selective increase in regional blood 
flow in the frontal and parietal cortex; that was bilateral, 
even though, the unilateral intracranial section of the facial 
nerve blocked the response in the ipsilateral frontal and 
parietal cortex. Trigeminal fibers constitute the sole sensory 
(afferent) innervation of the cerebral vessels. It is noteworthy, 
nevertheless, that these fibers also have an efferent potential 
in pathophysiological settings.

Following a series of elegant experiments, Goadsby11 

conceived the trigeminal-autonomic reflex as follows: 
“Stimulation of the trigeminal ganglion in cats or monkeys 
leads to a decrease in carotid resistance, with increased 
flow and facial temperature, predominantly through 
a reflex mechanism. The afferent limb of this arc is the 
trigeminal nerve, and the efferent is the facial/greater 
superficial petrosal nerve (parasympathetic) dilator 
pathway. About 20% of the dilatation remains after the 
facial nerve section, and it is probably mediated by 

Figure 2. Schematic drawing of the Trigeminal Autonomic Reflex (see text)
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antidromic activation of the trigeminal system directly. 
The portion running through the parasympathetic outflow 
traverses the sphenopalatine (pterygopalatine) and otic 
ganglia. The cells of origin for the cranial parasympathetic 
autonomic vasodilator pathway are in the superior 
salivatory nucleus in the pons, which can be activated with 
stimulation of a trigeminovascular nociceptive input, such 
as that from the superior sagittal sinus. This vasodilator 
reflex is a normal physiological reflex (Figure 2) that 
depicts the anatomy of trigeminal-autonomic cephalgias.  

May et al.1 also reported that in humans, an injection 
of capsaicin (painful stimuli) produces dilation of the 
internal carotid artery when administered into the skin 
innervated by the first (ophthalmic) division of the 
trigeminal nerve. However, when capsaicin is injected 
into the skin innervated by the third (mandibular) 
division or into the leg, there is no response in the 
ipsilateral carotid artery, despite the experience 
of pain.14,15 Thus, the first (ophthalmic) division of 
trigeminal pain produces reflex activation of the cranial 
parasympathetic outflow.

According to Möller and May16, the TAR is a physiological 
reflex with a protective function. Any irritation (trigeminal 
input) of the facial skin and specifically the eye, the upper 
lip, or the ala of the nose initiates parasympathetic output, 
such as lacrimation, miosis, an increase in facial blood 
flow in the respective area, as well as facial sweating. 
This mechanism protects especially the eye and the 
sensitive areas of the facial skin but is also involved in 
intracranial structures such as the meninges.

The term “Trigeminal Autonomic Cephalgias”

As early as 1997, it was suggested17 that primary headache 
syndromes in which the TAR is prominently activated might 
be usefully classified together as trigeminal autonomic 
cephalgias (TACs).

Yet, according to Goadsby11, TCAs pathophysiology may 
be seen as follows:

1. “Pain afferents from the trigeminovascular system 
traverse the ophthalmic division of the trigeminal nerve, 
taking signals from the cranial vessels and dura mater;
2. These synapses in the trigeminocervical complex, 
trigeminal nucleus caudalis (TNC), and dorsal horns of 
C1 and C2;
3. And then project to the thalamus and lead to activation 
in cortical areas, including the frontal cortex, insulae, and 
cingulate cortex, resulting in pain;

4. There is reflex activation of the parasympathetic outflow 
from the superior salivatory nucleus (SSN) via the facial 
(VIIth cranial) nerve;
5. Predominantly through the pterygopalatine 
(sphenopalatine) ganglion, which acts as a positive 
feedback system to dilate the vessels;
6. And irritate trigeminal endings further;
7. This autonomic activation leads to lacrimation, 
reddening of the eye, and nasal congestion; and a 
local third-order sympathetic nerve lesion due to carotid 
swelling results in a partial Horner’s syndrome;
8. The key site in the CNS for triggering the pain and 
controlling the cycling aspects is in the posterior 
hypothalamic grey matter region (now known to be active 
on PET in patients.

Having in mind that the cardinal features of CH are 
(a) pain in the trigeminal territory, (b) the autonomic 
symptoms, (c) the chronobiological features, (d) the 
excruciating character of the pain, and that currently, 
since a unifying theory encompassing all such features 
are not available, but admitting the participation of the 
trigeminal vascular system for the former two features and 
hypothalamic grey activation for the remaining ones, the 
term TAC might be appealing.

In the same line of reasoning, Goadsby18 would emphasize 
that the term would encompass the two major shared 
clinical features characteristic of this group: the trigeminal 
distribution of pain and ipsilateral cranial autonomic 
features. In this article, it is stated: (a) The term was 
coined to reflect a part of the pathophysiology of these 
conditions that is a common thread—that is, excessive 
cranial parasympathetic autonomic reflex activation 
to nociceptive input in the ophthalmic division of the 
trigeminal nerve; (b) The ipsilateral autonomic features 
(the underline is from us) seen clinically are consistent 
with cranial parasympathetic activation (lacrimation, 
rhinorrhoea, nasal congestion, and eyelid edema)  and 
also “It is highly desirable that headache classification 
moves to a more biological and pathophysiological basis 
and the TACs are a step in that direction.

In this context, we feel that some comments may be useful.
As early as 1986, in an Editorial on Cephalalgia, 
Sjaastad and Fredriksen19 made crucial observations on 
the interrelationship of autonomic phenomena and pain 
in TCAs. Based on a sound body of studies concerning the 
measurement of autonomic symptoms in TAC patients, 
the authors stated, “It was clear that changes are almost 
invariably bilateral, provided the attacks are pronounced 
enough”. This might be seen as a paradox: a unilateral 
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headache and bilateral autonomic phenomena.7 For the 
authors, the players were:  a “central generator (“origin”), 
the dysautonomic symptoms and pain. Figure 3 displays 
their possible interactions. 

Figure 3. Possible interactions among “origin”, dysautonomic 
symptoms and pain in CH attacks

The first possibility is the one that fits best with the concept 
of the core role of TAR in TACs.

Concerning such a possibility, we should go to Sjaastad 
et al.20,21, who performed elegant experiments on chronic 
paroxysmal hemicrania (CPH) and the interrelationship 
between forehead sweating and pain. In one CPH patient, 
it was possible to precipitate attacks with flexion in the 
neck. A striking increase in sweating could start almost 
immediately on head flexion or after a few seconds. It was 
noteworthy that according to their own words, “During a 
real pain attack sweating usually started 15-30 seconds 
ahead of the pain”, continuing, “Without sweat increase, 
there will be no ensuing pain.” These findings were 
interpreted as follows:  “Either the activation of the sweat 
production has to reach a certain level to give rise to pain, 
or the fact that the sweat activation has reached a certain 
level is only a sign that the local "irritation" has reached a 
level at which a coactivation of the pain may take place. 
In other words, it may still be that pain and autonomic 
phenomena are activated independently from a common 
source. 

Moreover, it was demonstrated that both parenterally 
administered atropine and stellate ganglion blockade 
might abolish forehead sweating but not the surge of 
the pain. A dichotomy between pain and autonomic 
phenomena may, in other words, be obtained. Sweat 
production (or other autonomic phenomena, like tearing 
and nasal secretion) is not necessary for the generation 
of pain The authors concluded that possibility A is not 
correct. Furthermore, possibility B was highly unlikely that 
the autonomic phenomena generated the pain (possibility 

B). “It seems most likely that pain and autonomic 
phenomena are activated in parallel during the attack. In 
other words, there may be a coactivation of two separate 
phenomena (possibility C). The interdependence of pain 
and autonomic phenomena is thus probably not causal.“
Such findings, therefore, clearly point against the 
hypothesis that autonomic dysfunction was secondary 
to pain; besides, it shows that autonomic symptoms are 
usually bilateral. So, neither does the hypothesis that 
autonomic signs are secondary to pain seem bearable, 

nor the statement that autonomic symptoms are ipsilateral 
to pain.

More recent papers on the topic deserve further comments 
as well.

Matharu and Goadsby22 reported a case of a patient 
who had a complete surgical section of the left trigeminal 
sensory root, but the attacks continued to occur; this 
implies that even when one loop of the reflex is lacking, 
the attack may bring up. One study by Massoud Ashina’s 
group23 and another one from May’s group24 shed some 
light on the topic.

The Danish group study was based on the premise that 
sphenopalatine ganglion (SPG) stimulation with high-
frequency stimulation might abort CH attacks. They 
hypothezed that low-frequency (LF) stimulation of the SPG 
would increase parasympathetic outflow, activate sensory 
afferents, and provoke a cluster-like attack. CH patients 
implanted with an SPG neurostimulator were to receive 
LF SPG stimulation, by this mean stimulating the efferent 
branch o TAR. As a matter of fact, it was found that “In the 
immediate phase (0–60 min), 80% of patients experienced 
cranial autonomic symptoms (CAS) after LF stimulation, 
even though, 45% of patients) reported CAS after sham 
(p=0.046) stimulation”. No difference was found in the 
induction of cluster-like attacks between LF stimulation 
and sham stimulation (p=0.724).  It was concluded that 
increased parasympathetic outflow (efferent branch) is 
insufficient to initiate CH attacks in patients. 

In Möller et al. study24 it was used kinetic oscillation 
stimulation (KOS) of the nasal mucosa, by this mean 
stimulating trigeminal afferents and, through TAR, 
provoking CAS. KOS was applied to 29 CH patients, 
including both episodic and chronic courses. KOS 
generated ipsilateral marked autonomic symptoms, 
including lacrimation significantly superior to rest. 
Nevertheless, it was not sufficient to induce CH attacks.

Goadsby in a Cephalagia’s editorial25 commented that 
Gou et al. and Möller et al.24 papers were consistent 
with Matharu and Goadsby's22 about the patient with a 
complete section of trigeminal nerve.  It was concluded 
that “brain drives CH attacks”, but did not comment that 
stimulation none branches of TAR were able to provoke 
full-blown CH attack; moreover, it was argued that 
such findings raise the question of the mode of action 
of SPG stimulation in CH, and support the notion that 
neurostimulation modulates the higher order processing 
centers of the brain.

As for the participation of TAR, the experiments of a 
complete section of trigeminal nerves, the studies by 
Mölller et al.24 and by Gou et al. might indicate that TAR 
is neither necessary nor sufficient for the attack of CH and 
other TACs.
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In short, it seems improbable that trigeminal pain through 
TAR in CH provokes autonomic symptoms. Even though 
it is well accepted that the primum movens in CH is the 
brain, researchers are so far arduously working to discover 
how central events turn into CH attacks; moreover, the 
involvement of TAR needs to be made more evident.

Let’s make some comments on each word of TAC.

Trigeminal: The term presents flaws. First, it is very unspecific 
if we have in mind that the vast majority of headaches are 
“trigeminal”; besides, it has already been reported that 
TACs may occur in non-trigeminal territories.26, 27

Headache. Is CH a headache sensu stricto? It is noteworthy 
we could not find a definition of headache in IASP pain 
terms28, IASP chapter concerning . Relatively Localized 
Syndromes Of The Head And Neck.29 According to the 
site of the Cleveland Clinic30, the main symptom of a 

headache is pain in the head or face. In a similar way, 
for Norman Harden for Scientific America31, headache is 
pain in the head or face, and sometimes also includes 
pain in the upper neck.

On the other hand, in ICHD-3, officially called The 
International Classification of Headache Disorders, 3rd 
edition, even though there are not definitions for either 
headache or facial pain, it seems to be implicit that they 
are different terms. In three situations both terms appear 
together, Head or facial pain attributed to inflammation 
of the stylohyoid ligament, Headache or facial pain 
attributed to other disorder of the cranium, neck, eyes, 
ears, nose, sinuses, teeth, mouth or other facial or cervical 
structures and painful lesions of the cranial nerves and 
other facial pain and in one stance it appears only facial 
pain (painful lesions of cranial nerves and other facial 
pain. This may be interpreted that headache and facial 
pain are different symptoms, probably headache is pain 

Table 3. Main Criteria for the terminology Cluster Headache

Term Eponym Phenomenology Anatomic-physiopathological aspects

Naso-Ciliary neuralgia (Harris) √ √

Sluder’s neuralgia √ √

Espheno-palatine neuralgia √

Vidian   neuralgia √ √

Petrosal  neuralgia (of Gardner) √ √

Chronic Migrainous  neuralgia (Ekbom) √ √ √

Harris-Horton’s disease √

Horton’s headache √ √

Cluster headache (Kunkle) √ √

Histaminic  Cephalalgia (Horton) √ √ √

Erythro-melalgia of the head (Horton) √ √

Erythroprosopalgia of Bing √ √

Hemicrania angioparalytica (Eulenburg) √ √ √

Hemicrania neuralgiform chronica √ √

Table 4. Main Criteria for naming CH criteria for naming CH and related Conditions in IHS Classifications.

Term Eponym Phenomenology Anatomic-physiopathological aspects

ICHD-1 Cluster headache and chronic 
paroxysmal hemicrania √

ICHD -2 Cluster headache and other 
trigeminal autonomic cephalalgias √ √

ICHD-3 Trigeminal autonomic cepha-
lalgias √ √

Hemicrania Paroxística Crónica √

SUNCT √

UPRASEC √
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felt above a straight line between the tragus and the outer 
canthus and facial pain, the ones felt beneath this line. 
Having in mind such distinction, Bahra et al.32 report: “The 
site of pain was predominantly retro-orbital (92%) and 
temporal (70%). However, the pain was experienced over 
a wide area, including the forehead, jaw, cheek, upper 
and lower teeth, and, less commonly, the ear, nose, neck, 
shoulder, and other regions of the hemicranium. Thus, the 
pain predominantly was in areas under the distribution of 
the first division of the trigeminal nerve”. Thus, CH and 
TACs in general are, as a matter of fact, “headache and 
facial pain”. This means that TA cephalgia is a proper 

term; nevertheless, CH would better be cluster cephalgia.
On cranial autonomic symptoms. Cranial autonomic 
symptoms are not a prerogative of CTS. It is not uncommon 
reports of cranial autonomic symptoms in migraine. 
Barbanti et al.33 reported that up to 45.8% of migraine 
patients reported unilateral autonomic symptoms ocular 
symptoms alone or in combination with nasal symptoms) 
during their migraine attacks. Uluduz et al.34, in 2,955 
consecutive patients with definite migraine with and without 
aura, 89 display unilateral cranial autonomic symptoms. 
Togha et al.35, in 493 migraineurs, 70% of subjects with 
chronic migraine and 56.2% of those with episodic migraine 
reported one or more cranial autonomic symptoms. Danno 
et al.36 reported that 42.4% of patients with migraine had 
CAS. In short, CAS is far from being a prerogative of TACs.

On terminology

One question that deserves comments is the following: 
Trigeminal Autonomic Cephalgia, fancy term or 
constructive change to the IHS classification?18 Despite 
the aforementioned comments, we believe it is not a 
fancy term and represents a constructive change to IHS 
Classification. But. Can we move further?

Along the timeline, the conditions we are dealing with 
have been classified sometimes as an eponym, sometimes 
according to its phenomenology or yet according to 
alleged anatomic-physiopathological aspects. Table 
3 and Table 4 display, respectively, ancient terms and 
IHC Classifications terms. Nevertheless, two of the most 
important pillars in CH, namely, the chronobiological 
aspects and the excruciating pain have not been (with the 
exception of Kunkle’s Cluster Headache) contemplated 
in the aforementioned terminology, not even in IHS 
Classifications.  

Much is needed to know the exact structures and circuitry 
involved in the pathophysiology of these conditions; 
accordingly, a non-compromising and just descriptive term 
might be useful. Along this line of reasoning and bearing in  
mind the cardinal points of such conditions, namely, pain 
in the trigeminal territory, prominent autonomic symptoms, 
prominent chronobiological features and the excruciating 

character of the pain, a terminological possibility would 
be: Unilateral with Prominent Rhythmicity and Autonomic 
Symptoms Excrutiating Cephalgia (UPRASEC).
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