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ABSTRACT

Traumatic brain injury (mTBI) is a major public
health concern, with mild TBI (mTBI) consti-
tuting the vast majority of the injuries. Post-
traumatic headache (PTH) is one of the most
frequent symptoms that follow a mTBI, occur-
ring in isolation with a tension-type or migraine
phenotype, or more often as part of a complex
neurobehavioural array of symptoms. The exis-
tence of PTH as a separate entity from the pri-
mary headaches is still a matter of debate.
Classification issues and a lack of methodolog-
ically robust epidemiological and clinical stud-
ies have made it difficult to elucidate the
mechanisms underlying acute and even more

persistent PTH (PPTH). Furthermore, psychiatric
comorbidities such as post-traumatic stress dis-
order (PTSD), previous history of migraine, and
legal issues often reported by PPTH patients
have complicated the understanding of this
condition, hence treatment approaches for PTH
remain problematic. Recent findings from
structural and functional neuroimaging studies
have attempted to describe the brain architec-
ture of PPTH, suggesting the involvement of
different networks compared to migraine. It
also seems that calcitonin gene-related peptide
(CGRP) levels are not particularly raised in
PPTH, although CGRP monoclonal antibodies
have obtained positive initial open-label evi-
dence of efficacy in PPTH, and more trials
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assessing the efficacy of this class of treatments
are underway. The broad overlap between PTH,
migraine, and PTSD suggests that research in
this field should start with a re-appraisal of the
diagnostic criteria, followed by methodologi-
cally sound epidemiological and clinical stud-
ies. Preclinical research should strive to create
more reliable PTH models to support human
neuroimaging, neurochemical, and neuroge-
netic studies, aiming to underpin new patho-
physiological hypotheses that may expand
treatment targets and improve the management
of PTH patients.

Keywords: Migraine; Post-traumatic headache;
Post-traumatic stress disorder; Tension-type
headache; Traumatic brain injury

Key Summary Points

Traumatic brain injury is a growing public
health concern constituting a major cause
of worldwide death and disability.

Post-traumatic headache is considered a
secondary headache but epidemiology,
classification, and pathophysiology need
clarification.

The boundaries between post-traumatic
headache, post-traumatic stress disorder,
and migraine present overlaps with
unclear relationships.

Preclinical and clinical models of post-
traumatic headache seem to confirm the
recognition of post-traumatic headache as
an independent entity.

Translational applications of migraine
treatment to pure post-traumatic
headache is premature.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13234526.

INTRODUCTION

Background

Traumatic brain injury (TBI) is a growing public
health concern, with severe and moderate TBI
constituting a major cause of worldwide death
and disability [1, 2]. Thankfully, 80% of TBIs are
mild and leave subjects with minor or no cere-
bral damage. Nonetheless, the consequences of
mild TBIs (mTBI) are often characterized by a
broad array of somatosensory and cognitive
symptoms, called post-traumatic syndrome,
which tend to be overlooked by the public as a
whole, despite causing vast medical and socio-
economic problems worldwide [3, 4], hence the
term ‘‘silent public health epidemic’’.

Post-traumatic headache (PTH) is one of the
most frequent physical symptoms that follow a
mTBI, which can occur in isolation, or more
often as part of a complex neurobehavioural
clinical spectrum that encompasses cognitive
deficits, psychiatric symptoms and the so-called
post-traumatic syndrome [5, 6]. The Interna-
tional Classification of Headache Disorders
(ICHD-3) considers any headache start-
ing/worsening after a TBI as attributable to the
head injury if the headache occurs within 7
days from the head trauma, and subdivides
them into acute and persistent according to the
duration of the headache [7]. Despite being an
established disorder, PTH is a topic that recog-
nizes several complicated elements that have
thus far prevented substantial advances in its
understanding.
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Lack of Agreement in Terminology
and Limited Evidence

These classification criteria are arbitrary and aim
to stimulate research in the field, which is
growing, albeit still at the initial stages. Indeed,
several epidemiological and clinical key aspects
of this entity need elucidation: PTH is consid-
ered a secondary headache; however, the ‘‘cau-
sative’’ disorder cannot be eliminated by
definition, making it clinically impossible to
establish a clear link between the headache and
the injury. Furthermore, there is an inversely
proportionate relationship between persistent
post-traumatic headache and severity of the
TBI, which is puzzling, although tentative
explanatory hypotheses have been suggested
[8, 9]. The short temporal gap [7 days] between
the TBI and onset/worsening of headache as
well as the 3-month headache duration before
the concept of persistency is introduced, have
attempted to generate a rigid diagnostic frame-
work that may work as the basis for novel
research trying to characterize this disorder
further. However, up until now, the attempt to
advance our understanding of the epidemiol-
ogy, clinical presentation, neurobiology, and in
turn treatments, of this disorder have been
hindered by the difficulty in setting up
methodologically sound studies. This is due to
potential limitations, namely recall bias for
retrospective studies and lack of control groups
and the selection of hospital-based populations
for prospective studies, to list a few examples
from the published literature on the topic [10].

Epidemiological and Clinical Similarities
with Migraine in the Absence of Trauma

PTH is an umbrella term that often displays
heterogenous headache phenotypes including a
migraine-like with and without medication
overuse headache (MOH), tension-type-like
phenotypes, and less frequently cervicogenic
headache [8, 11]. Trigeminal autonomic
cephalalgia-like phenotypes have seldom been
described [12–14]. In view of the frequent
expression of a migraine phenotype after a
mTBI, a line of research hypothesizes that PTH

may only constitute an exacerbation of pre-ex-
isting primary headache disorders. In this sce-
nario, the head injury acts as a stressful
precipitating/worsening factor but without any
causative role [15]. This hypothesis is supported
by the documented increased risk of developing
persistent PTH (PPTH) in female subjects and
those with a previous history of primary head-
ache, often migraine [16, 17], as well as by the
high prevalence of post-traumatic stress disor-
der (PTSD), anxiety, and depression diagnoses
in patients with persistent PTH [18]. From this
complex clinical picture, a mTBI would act as a
mere trigger, similarly to any other chronic
headache precipitating/worsening factors
including family/work stressors, which are often
reported by migraine patients at the start of
their chronic daily symptoms, which then
become more frequently persistent and difficult
to treat in the subgroup of patients with pre-
existing psycho-pathological conditions or
other sleep and/or pain comorbidities. In this
scenario, persistent PTH with a migraine phe-
notype, often diagnosed as post-traumatic syn-
drome, seems clinically very similar to chronic
migraine (CM) or new daily persistent headache
(NDPH) migraine variant, which are also often
associated by behavioural, psychiatric, sleep,
vestibular, and pain comorbidities [19, 20].
Another proposed hypothesis based on a retro-
spective population-based study suggests that
PTH may exist as an independent clinical
entity, and constitutes a subgroup of chronic
daily headache [21].

Limited Understanding of Underlying
Mechanisms

The pathophysiology of PTH is poorly under-
stood. Experimental head injury models have
shown early post-traumatic alterations of local
nerve fibres, reduced cerebral circulation, and
abnormal release of local neurotransmitters
(including calcitonin gene-related peptide
[CGRP], substance P, and vasoactive intestinal
peptide [VIP]), suggesting a local neuroinflam-
matory process. These local processes may trig-
ger a complex cascade of neurometabolic and
neuromodulatory changes in subjects with
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persistent symptoms, which may contribute to
the chronicity of the symptoms [22]. Unfortu-
nately, it is unclear whether these changes are
specific for PTH. An attempt to further charac-
terize brain changes in PTH using neuroimaging
techniques has gathered promising insights on
white matter tract integrity, functional con-
nectivity, structural volumetric changes, cere-
bral blood flow, and metabolism, as well as
resting-state functional connectivity in acute
and persistent PTH, all of which point towards
the occurrence of structural and functional
brain changes in PTH [23]. Furthermore, mag-
netic resonance imaging (MRI) studies found
certain cerebral volumetric differences in pain-
processing regions between patients with per-
sistent PTH and patients with CM, creating the
basis for further research to clarify the speci-
ficity of these brain changes [24, 25].

Emotional and Psychological Aspects

In general, migraine, PPTH, and PTSD have
similar characteristics and need to be compre-
hensively addressed by clinicians in order to
improve clinical outcomes. Despite the frequent
overlapping between these different conditions,
clinical models do not completely clarify the
nature of the relations between head trauma,
stress disorder, and migraine.

Exposure to a traumatic event, physical or
psychological, results in the conditioning of
fear and anxiety, often but not exclusive, to
cues that were present at the time of the trauma,
and subsequently to intense distress [26].
Trauma-related stress and anxiety involve at
least three partially independent response sys-
tems: cognitive, physiological, and behavioural,
and individuals will differ in how they experi-
ence and express their anxiety and distress
reactions. Over the years, a number of different
etiological models (e.g., based on biological,
psychological, cognitive, and behavioural per-
spectives) tried to explain the development of
PTSD [27]. These often-overlapping models do
not completely explain the origin of PTSD, and
often their implications for treatment are
questioned. Further work is needed to disen-
tangle the interrelationships among these

factors and elucidate the underlying mecha-
nisms [28]. Of interest, nitric oxide and endo-
cannabinoids, which have both been implicated
in migraine pathophysiology [29, 30], have
been proposed to be involved in the develop-
ment of PTSD [31, 32]. According to longitudi-
nal studies, traumatic brain injury may be
considered a strong predictor of both headaches
and psychiatric comorbidities, and headache
symptoms are prevalent after head traumas,
particularly in the first 12 months after injury
[8, 33]. Importantly, a pre-existing headache
disorder may be enhanced by many clinical
factors such as head traumas, stress and major
depression, PTSD, and environmental stressors,
especially when it co-exists with deprivation
and/or risk factors such as deployment [34].
Additional factors associated with persistent
post-traumatic brain injury symptoms are
cumulative stressors and alterations in coping
strategies [35, 36]. To this specific regard, the
importance of headaches linked to trauma,
aura, opioid abuse/dependence, and comorbid
psychopathology, which were found to be
generally associated with negative outcomes,
cannot be ignored [37].

The aim of this position paper is to highlight
the controversies in PTH terminology, epi-
demiological, clinical, and treatment data and
to critically review its pathophysiological
hypotheses and basic science models, with a
view of directing and inspiring future develop-
ment in PTH research.

This article is based on previously conducted
studies and does not contain any new studies
conducted by any of the authors.

BASIC SCIENCE PRECLINICAL
MODELS

Animals models are indispensable for the study
of many pathophysiological processes, despite
the fact that an increasing range of in vitro
techniques are currently available for biomedi-
cal research [38]. Investigations in the field of
pain are particularly challenging, considering
both the subjective nature of pain and obvious
ethical concerns [39]. However, since no bio-
chemical or genetic markers are available that
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would enable in vitro models to predict pain
occurrence and evolution, as well as response to
drugs, animal models are still essential in pain
studies, including the study of post-traumatic
headache. The headache models used in the
headache research field are referred to as
migraine models, although none of these fully
reflects the human symptomatology. These
models can be largely categorized as (a) activa-
tion of the trigeminovascular system models
that imitate activation of the pain pathway,
(b) infusion of nitric oxide donors, which have
been shown to induce migraine in a subset of
migraine patients, and (c) induction of cortical
spreading depression, which is thought to rep-
resent the biological correlate of migraine aura
[40].

Animal models of post-traumatic brain
injury are often non-standardized and classified
as mild, moderate, and severe depending on the
alleged severity of injury. Because of their
diversity, potentially promising neuroprotective
drugs which were identified as being effective in
animal TBI models have failed in phase II and III
clinical trials. A more recent attempt to classify
models based on the type of injury was made by
Ma et al. [41], which subdivides them into focal
injury, diffuse injury, and mixed injury.

Studies on PTH in animals have been based
on the induction of mild traumatic brain injury.
It is important to highlight that currently there
are no well-established specific models for post-
traumatic headache. Models of mild traumatic
brain injury may be divided into penetrative
and non-penetrative injuries. Penetrative brain
injuries may be provoked using two different
methods: (i) controlled cortical impact injury,
realized using a pneumatic impactor that hits
the cortex through a unilateral craniotomy [42],
and (ii) lateral fluid percussion injury, where
brain injury is induced by the generation of a
pulse of pressurized fluid to the intact dura
mater through a craniotomy [43]. Non-pene-
trative brain injuries may be divided into
(i) weight-drop injuries, where a projectile-
shaped weight with a smooth surface falls from
a predetermined height and hits the head of an
anesthetized animal (44), and (ii) blast injuries,
where the animals are usually exposed to an
explosive detonation [45]. While the non-

penetrative weight drop model seems the most
relevant from a translation point of view due to
its minimally invasive induction, the penetra-
tive injury models are the most commonly used
in the headache field. As animals cannot ver-
bally indicate pain, in vivo models have focused
on pain-related behavioural phenotypes con-
sidered indicative of headache. Cranial hyper-
sensitivity, measured by Von Frey filaments, is
one of the read-outs used to study cephalic
cutaneous allodynia, which is present in both
migraine [46] and post-traumatic headache [47]
and reflects sensitization of the trigeminal sys-
tem [48]. Using the same methodology, also
peripheral (hind paw) hypersensitivity, which
represents a marker of extra-cephalic allodynia,
reflecting central sensitization at a level higher
than the trigeminal system, may be assessed.
However, this symptom is not consistently
observed in studies of migraine or post-trau-
matic headache, complicating its translational
interpretation [49]. Besides allodynia, beha-
vioural tests may include the study of sponta-
neous locomotor and exploratory activity and
recognition memory, as well as the avoidance of
locations where a trigger was previously
administered. Besides the initial injury, admin-
istration of glyceryl trinitrate or bright light
stress has been used to study susceptibility to
headache triggers after previous brain injury
[49]. Unfortunately, studies have not attempted
to investigate activation of the trigeminal sys-
tem by means of cellular recordings that could
more accurately assess the onset of sensitiza-
tion. Additionally, a few studies have attempted
to quantitate the presence of CGRP in these
models, and concluded that, similarly to
migraine, CGRP is increased in the trigeminal
system following traumatic brain injury. The
above-mentioned models have also been
employed to investigate the effect of several
drugs, including sumatriptan or antibodies
against calcitonin gene-related peptide (CGRP)
[50]. These studies have suggested that pain-re-
lated behaviours in the mTBI model depend on
peripheral CGRP [50, 51]. This could be poten-
tially true if the injury induces inflammatory
processes leading to peripheral and central
sensitization.
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It is also worth mentioning that traumatic
brain injury can induce or cause the brain to be
further susceptible to cortical spreading
depression (CSD), a phenomenon that is asso-
ciated with TBI, stroke, migraines, and seizures.
Often, for the induction of the CSD model in
migraine research, cortical mechanical stimula-
tion using a needle prick is utilized, i.e. by
inducing mild cortical trauma. Whereas basic
science studies indicate that there may be
common pathways in migraine and post-trau-
matic headache, especially those involving
CGRP, the lack of specific animal models makes
it difficult to unambiguously interpret the
experimental results.

Taken together, animal models have pro-
vided relevant information on the pathophysi-
ology of PTH, but detailed underlying
mechanisms are not yet fully understood.
Whereas there may be an inevitable overlap
between the pathophysiological pathways
involved in migraine and PTH, the evidence is
currently extremely scarce. Animal models
should be tailored to accurately resemble
human features of this headache disorder,
which would allow a systematic search of simi-
larities and differences between migraine and
PTH.

CLINICAL MODELS AND OVERLAP

PTH is considered a secondary headache where
the ‘‘causative’’ link between the new/worsen-
ing headache and the head injury can only be
postulated on the basis of a close temporal
occurrence of the two events. This makes PTH a
controversial entity in the headache field.
Although there is sufficient epidemiological
evidence confirming the existence of acute PTH,
PPTH remains a debated definition. The defini-
tion of ‘‘persistence’’ refers to the continuation
of the headache for over 3 months from the
head trauma. However, no indication on the
headache frequency pattern of patients with
PPTH is mentioned in the International Head-
ache Society (IHS) classification criteria [7];
hence, although patients with PPTH would
theoretically be expected to experience daily or
nearly daily headache, paradoxically, a new-

onset headache occurring within 7 days from a
head injury, occurring a few days/month only,
and continuing for over 3 months would fulfil
the criteria for PPTH. It is difficult to believe
that an episodic headache that started after a
head injury would indicate a PTH biology. It is
more likely that this clinical scenario represents
either a worsening of a pre-existing headache
disorder caused by the stress of the trauma or a
coincidental event. These conclusions were
supported by the findings of a partly prospec-
tive and partly retrospective study of patients
with mild head injury compared to patients
with minor non-cephalic traumas. The lack of
significant differences in any headache domains
between concussed patients and patients with
other non-cephalic traumas led the authors to
postulate that PPTH may be a primary headache
exacerbated by the stress of the situation [53].
PPTH does not have specific clinical features,
but in the majority of cases it resembles
migraine, probable migraine, and tension-type
headache (TTH) [15]. Based on this evidence, an
alternative explanation of PPTH could be that a
head trauma triggers a brain response that
manifests itself with featureless head pain (TTH-
like) or featureful headache (migraine-like). In
this scenario, the head injury would simply be
one of the many different initiating factors. This
hypothesis is strengthened by the overwhelm-
ing evidence that a history of pre-injury
migraine is the most powerful and consistent
predictor across studies at any time point of the
PTH assessment (acute and persistent) [54].

In the general population, PTH often pre-
sents with a de novo chronic daily headache
(CDH) pattern, mostly in patients with, but also
in patients without, a migraine biology. PTH
has been found in one study to account for 15%
of CDH in the general population, with a life-
time risk of CDH which increases with increas-
ing numbers of head and neck injuries,
suggesting that head injuries may be a risk fac-
tor for CDH [53]. In PPTH, the headache is often
part of a constellation of other symptoms clas-
sified as post-concussion syndrome, including
mood, sleep, vestibular and cognitive symp-
toms. and fatigue. Over 40% of PPTH patients
are depressed, and depression is a strong pre-
dictor for PTH [55]. Anxiety disorders may occur
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in one fourth of patients with PTH. Anxiety was
also found to be linked to cognitive impair-
ment, and depression has been found to be
predictive of social anxiety in clinical traumatic
head injury models [56]. Anxiety has also found
to be linked to sleep disorders and fatigue. Sleep
disorders, as well as fatigue, have been found to
be predictors of PTH severity [57]. Cognitive
impairment in PTH often presents with signifi-
cant reductions in executive function, infor-
mation processing speed, visual sensory input
integration, and forgetfulness [58, 59]. Further-
more, approximately 30% of PPTH patients also
suffer from post-traumatic stress disorder
(PTSD), which is associated with further func-
tional impairment in PPTH patients [60]. How-
ever, it is difficult to establish whether these
symptoms are somehow linked to the biology of
PPTH, or whether they are exacerbated by the
psycho-social changes that some subjects with
any chronic pain experience. Indeed, a pre-ex-
isting headache disorder may be enhanced by
many factors such as head traumas, stress,
major depression, and PTSD [61]. Given that the
most frequent pre-existing headache disorder in
PTH patients is migraine, it is possible to pos-
tulate that head trauma is a trigger/worsening
factor of a pre-existing headache disorder,
which is daily and causes severe disability in a
subgroup of patients with a pre-existing psy-
chiatric history and other comorbidities typi-
cally associated with chronic migraine (CM)
[62, 63]. There is a direct link between multiple
comorbidities and progression to CM with
associated high levels of headache-related dis-
ability [20], suggesting a clinical overlap
between PPTH and CM. A de novo chronic
continuous daily headache triggered by a
specific event may also suggest that PPTH con-
stitutes a form of new daily persistent headache
(NDPH). In NDPH, a remitting and a persistent
form have been identified, and in idiopathic
cases, a TTH and a migraine variant have been
described. Similarly to PPTH, severe anxiety and
depression and other psychiatric comorbidities
have been reported in patients with NDPH [19].
Similar to PPTH, NDPH in many cases is difficult
to treat, suggesting perhaps a clinical and
pathophysiological overlap between these two
CDH forms and refractory CM.

The pathophysiology of PTH is unknown.
Postulated mechanisms for PTH include local
biochemical changes, including excessive
release of excitatory amino acids and nitric
oxide, alterations in neurotransmitter func-
tioning (namely 5-HT), disturbances in vasoac-
tive peptides and endogenous opioids,
magnesium deficiency, and loss of calcium
homeostasis [64]. The persistence of the head-
ache over 3 months may occur when central
sensitization mechanisms intervene [65]. These
include impaired descending inhibitory modu-
lation of the trigeminocervical complex,
impaired cortical excitability, and neuroin-
flammatory changes [66]. Preliminary data have
also suggested that increased levels of CGRP are
observed in brain injury animal models. CGRP
antagonist and sumatriptan were able to miti-
gate these increased levels, suggesting a poten-
tial role of CGRP-dependent mechanisms in
acute PTH [67]. This finding may support the
use of CGRP modulators in the acute and pre-
ventive treatment of PTH. If the mechanisms
driving the persistent head pain in PPTH are
shared with those of CM, then it is likely that a
subgroup of patients with PPTH with a CM
phenotype will benefit from these approaches
[68].

Interestingly, neuroimaging techniques
looking at functional and structural brain dif-
ferences between PPTH and CM subjects have
highlighted some differences, which may sup-
port the presence of different pathophysiologi-
cal substrates between PPTH and CM, and point
towards the recognition of PPTH as an inde-
pendent entity [24, 25]. However, these findings
may be biased by factors like different patient
selection (difference in the duration of the
condition in years, number of monthly
migraine as opposed to headache days, and the
presence of a daily continuous pattern as
opposed to a non-daily pattern), presence of co-
morbidities (psychiatric, sleep, non-cephalic
pain), and level of treatment refractoriness
(naı̈ve to preventive treatments vs difficult-to-
treat patients). All these factors may play a role
in functional brain networks and volumetric
regional changes, suggesting caution in the
interpretation and generalization of these
results. Indeed, diffusion tensor imaging
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evidence in subjects with PTH and PPTH with a
migraine phenotype versus subjects with mild
TBI and no subsequent headache showed MRI
changes which overlap with the ones found in
migraine, suggesting common underlying
mechanisms between PPTH and migraine [69].

TREATMENT

The uncertainty on the neurobiology of PTH
has limited any significant research advance-
ments on effective treatments. The clinical
impression is that PPTH is largely a difficult-to-
treat condition, although the reasons remain
unknown. Factors that may play a role may
include the head trauma characteristics, gender,
previous personal headache history, presence of
PTSD, other mental health conditions and other
comorbidities, and the presence of legal issues.
The lack of understanding on whether these
factors are relevant and to what degree they
influence the response to treatments has hin-
dered the development of specific treatment
approaches for this condition. Furthermore,
understanding the treatment refractoriness
mechanisms would be pivotal to explain why a
significant proportion of PPTH patients end up
becoming resistant to treatments. Given that
the PPTH phenotype shares clinical and man-
agement strategies with NDPH and CM, which
are also frequently difficult to treat and associ-
ated with psychopathological comorbidities,
shared mechanisms may account for the treat-
ment refractoriness of these disorders, the elu-
cidation of which would lead to a major
advancement in the field.

Instead, in clinical practice the acute and
preventive management of PPTH is based on
the clinical phenotype, which often mimics
that of primary headache disorders. Pharmaco-
logical treatments used in migraine have been
tried in PPTH with mixed results [70].
Injectable treatments, namely occipital nerve
blocks and onabotulinum toxin A, hold positive
open-label evidence [71]. Noninvasive and
invasive neuromodulation approaches may also
have a role in PPTH treatment. Repetitive tran-
scranial magnetic resonance (rTMS) was shown
to lead to favourable outcomes in terms of

headache characteristics and headache-related
quality of life [72]. PTH is often associated with
a cervicogenic headache, possibly due to a
whiplash injury component. In such patients,
invasive neuromodulation, namely occipital
nerve stimulation (ONS), has shown promising
clinical outcomes [73]. However, the method-
ology of these studies is generally poor, and no
randomized controlled trials have yet been
produced.

The role of CGRP monoclonal antibodies in
PTH is being studied. Initial open-label short-
term evidence on the effectiveness of erenumab
in PPTH with a predominant CM phenotype
showed a meaningful response in 28% of the
patients, which is lower than the responder rate
that emerged from the CM studies in difficult-
to-treat populations [74–76]. Fremanezumab is
being studied for the treatment for PTH in a
phase 2 multicentre randomized controlled
study (ClinicalTrials.gov Identifier:
NCT03347188). CGRP infusion has been shown
to induce a migrainous headache in PPTH sub-
jects after a mTBI [77]. However, when mea-
sured from the venous blood, CGRP plasma
levels were lower in PPTH subjects [78], sug-
gesting that more research will have a crucial
goal to clarify whether the CGRP nociceptive
pathway involvement reflects a disease-specific
mechanism in PPTH or an aspecific involve-
ment of the trigeminovascular system.

Following the positive evidence in CM, dif-
ferent subtypes of botulinum toxin A are being
studied in PTH. Prospective studies testing the
efficacy of onabotulinum toxin A and abobo-
tulinum toxin A have been recently completed
(ClinicalTrials.gov Identifiers: NCT02160535
and NCT03928496). Psilocybin belongs to the
class of organic compounds known as
tryptamines and derivatives. It is being studied
in a small phase 2 study at two different doses
versus placebo (ClinicalTrials.gov Identifier:
NCT03806985). These treatments may well be
effective in ultimately improving patients’
quality of life, and hopefully stimulating further
clinical, biochemical, and neuroimaging
research in the field. Treating certain symp-
toms, namely the migraine ones, without a
clear understanding of the full underlying
neurobiological picture may only treat one of
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the disorder’s clinical manifestations, not the
condition as a whole. Similarly, treating the
MOH, the mental health, or the non-cephalic
pain aspects in isolation may not produce the
expected treatment outcome. The management
of PPTH should be multidisciplinary, involving
headache specialists, headache nurses, psychia-
trists/psychologists, pain specialists, and occu-
pational therapists, to tackle the multiple facets
of the condition. Pharmacological treatments
should be selected according to the phenotype
and comorbidities. Quite often, given the
severity and impact of mood disorders, a psy-
chiatric assessment and treatment including
antidepressants/anti-anxiety medications and
PTSD counselling need to be combined with
headache prophylaxis. Often, pharmacological
treatments need to be combined with
injectable or neuromodulation approaches to
restore some quality of life. When expensive
treatments are offered, it is important to address
any pending legal issues first, which notoriously
prevent full treatment effectiveness.

CONCLUSION

The debate on the relationship between mTBI,
migraine, PTH, and PTSD has not yet found a
definitive position [79, 80]. It is unclear whe-
ther a head trauma triggers a biologically
unique headache condition or whether the
head pain mechanisms share migraine or ten-
sion-type pathways. Furthermore, it is possible
that a head trauma is just a trigger of a pre-
existing headache disorder, which becomes
persistent in a subgroup of subjects with cer-
tain genetic characteristics, exposed to certain
environmental factors. In this contest, the
presence of co-morbidities may contribute to
render patients refractory to medical treat-
ments, similarly to what is seen in clinical
practice for refractory CM patients. [81]. In the
absence of any study confirming whether
PPTH is a separate entity or merely an exac-
erbation of pre-existing migraine, tension-type
headache, or a subform of NDPH, neuroimag-
ing research has been the first attempt to
objectively differentiate between PPTH and
migraine, though data are still preliminary

and somewhat conflicting. In this scenario,
the hypothesis of administration of innovative
drugs may therefore be premature. The termi-
nology issues and lack of specificity of the
ICHD-3 diagnostic criteria for PTH constitute
the main limitation for any major advance-
ment in the field. Basic scientists and clini-
cians should collaborate towards the
development of specific animal models of PTH
along with biochemical and neuroimaging
studies in humans to confirm the existence of
PTH as a separate entity. Once established,
then prospective population-based epidemio-
logical studies, along with studies assessing
headache persistency and refractoriness
mechanisms, may set the scene for the
development of mechanism-specific novel
treatments, for which a vast unmet need exists
at present.
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