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Abstract: Post-traumatic headache (PTH) may be considered a secondary headache, which is linked
to severe disability and psychosocial impairment. Interestingly, nearly 30% of subjects with persistent
post-traumatic headache (PPTH) also suffer from post-traumatic stress disorder (PTSD). Although
existing studies demonstrated the existence of common pathophysiological characteristics in subjects
with migraine and PPTH, the differences and similarities between these complex diseases are currently
poorly understood and are yet to be comprehensively elucidated. Thus, the present review aimed to
systematically investigate the nature of PPTH in the effort to better identify both the neurobiological
and clinical aspects underlying this condition. Overall, the included studies reported that: (1) the
predictors for persistent acute traumatic injury to the head were female gender, persistent symptoms
related to mild post-traumatic brain injury (mTBI), PTSD, elevated inflammatory markers, prior
mild traumatic brain injury, being injured while suffering from alcohol abuse; (2) static/dynamic
functional connectivity differences, white matter tract abnormalities, and morphology changes were
found between PPTH and migraine in brain regions involved in pain processing; and (3) clinical
differences which were most prominent at early time points when they were linked to the increased
risk of PPTH. Based on the selected reports, the relation between migraine and PPTH needs to be
considered bidirectionally, but PTSD may play a critical role in this relation. The main implications of
these findings, with a specific focus on PTSD, are discussed. Further longitudinal studies are needed
to reveal the exact nature of this relation, as well as to clarify the distinct clinical characteristics of
migraine, PPTH, and PTSD.

Keywords: post-traumatic headache; migraine; persistent post-traumatic headache; neurovascular
response to trauma; psychiatric comorbidity

1. Introduction: Clinical Characteristics of Post-Traumatic Headache and Migraine, More than
an Overlapping

Post-traumatic headache (PTH) is classified by the International Classification of Headache
Disorders (ICHD) as a secondary headache occurring seven days after injury or trauma, recovering
consciousness, and/or the ability to report pain [1]. The classification additionally subdivides PTH into
an acute headache related to traumatic head injury, where the headache resolves within 3 months from
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onset, and a persistent headache related to traumatic head injury, where the headache persists beyond
12 weeks. Moreover, head trauma leading to PTH may be mild (usually associated with moderate,
or severe mild traumatic brain injury (mTBI) [1].

PTH shows apparent phenotypes which are similar to migraine or tension-type headaches,
and rarely cluster or cervicogenic headache phenotypes. PTH is usually linked to somatic symptoms
(e.g., nausea, vomiting, phonophobia, and photophobia). Moreover, patients suffering from PTH and
TBI also manifest cognitive and psychological symptoms, like anxiety and depression. Furthermore,
around 30% of those exhibiting persistent PTH (PPTH) also reported post-traumatic stress disorder
(PTSD), but this relation has been not systematically addressed [2,3].

Both migraine and PPTH need to be considered disabling conditions associated with relevant
psychosocial impairment. Migraine affects about 14% of the global population (one billion worldwide),
predominantly females in the age of increased productivity [4]. The Global Burden of Disease (2016)
ranks it in third place in terms of frequency and second place in terms of disability (measured in years
lived with disability, YLDs). From this point of view, migraine may be really considered a social illness.
Migraine and PPTH patients have similar characteristics with PPTH patients who frequently present a
migraine phenotype. Although some studies demonstrated the presence of white matter lesions in
individuals with migraine [5], as well as in subjects with PPTH [6,7], the differences and similarities
between these diseases are yet to be comprehensively elucidated.

The symptomatology of PPTH is very similar to that of migraine, as nausea, vertigo, difficulty
concentrating, irritability, and fatigue characterize both diseases [8]. There are also other symptoms
which are not well described in PTH, for instance, neck pain, premonitory symptoms (e.g., yawning,
polyuria, food craving), aura symptoms such as visual disturbance, language difficulties, paresthesias,
and mood/emotional lability. Aura is not common, although patients with PTH have migraine features;
thus, it has been hypothesized that cortical spreading depression (CSD) is not a pathophysiological
mechanism underlying PTH [9]. Some exacerbating migraine factors, such as stress, exercise, sleep,
and hormonal changes, are less represented in PTH. Taking into account that mTBI may provoke
some changes in cerebral spinal fluid (CSF), it may be useful to highlight whether orthostatism or
clinostatism exacerbate the headache, and therefore changes in CSF pressure might have important
consequences in PTH [9]. Moreover, breathing patterns may modify CSF flow [10,11] and breathing
exercises may be considered as a useful treatment for PTH.

A headache after mTBI may be continuous and it could become discontinuous over time,
but sometimes the headache might be continuous for a long period, while in others PTH takes place
with delay, not immediately after trauma. These temporal characteristics allow the outlining of different
phenotypes of headaches that underlie different mechanisms and need specific treatment [12].

The pathophysiological elements of acute mTBI are: axonal injury, cellular ionic fluxes, abnormal
neurotransmitter release, cell swelling, an altered balance between cerebral metabolism and blood
flow, and blood-brain barrier interruption [13].

Symptoms of mTBI (e.g., nausea, headache, consciousness loss, and head pressure) may be related
to abnormally impaired neurotransmitter release, ion flux alterations, abnormal lactic acid release,
enhanced blood flow in the central nervous system, increased glucose metabolism, energy deficit,
and neuroinflammation [14].

2. Methods

In the effort to provide a comprehensive review concerning the similarities and differences between
PPTH and migraine, we carried out a careful MEDLINE search to identify articles in English published
between 2000 and 2019. Specifically, we searched for the following terms: “post-traumatic headache”,
“chronic headache”, and “migraine symptoms and clinical characteristics”. The Medical Subjects
Headings (MeSH) method was used in order to cross-reference specific terms with others regarding the
field of search. Trials for inclusion were initially selected by the first reviewer (M. Guglielmetti), and
later and independently a second reviewer (G. Serafini), who was blind to Dr. Guglielmetti, used the
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specified search strategy. When the identified abstract seemed to refer to a study potentially meeting
the criteria for inclusion, the full-text article was downloaded to check the relationship with this
review, according to the criteria for inclusion. Consultations with the senior author (P. Martelletti)
were performed in order to resolve possible discrepancies between the two reviewers. In addition,
we hand-searched the bibliographies from retrieved articles and published reviews. We also contacted
study authors for further additional details/information concerning the selected studies.

While case reports and case series were considered for inclusion into this paper (for more details,
see Tables 1-3), review articles and meta-analyses were not included, although we discuss these
contributions within the main text where appropriate. Tables 1-3 were included for the aim of the
present article and represent original material.

3. Results

3.1. Included Studies about PPTH

Overall, six studies investigated the nature of PPTH (see Table 1). One cohort study [15] showed
the link between hospitalization related to head injuries of a mild degree, and new headaches
associated with an aggravation of an existing headache. Three retrospective studies [16—18] reported
that persistent headaches, beyond the diagnosis type, were linked to negative outcomes in terms of
occupational functioning. They added that an increased severity in post-mTBI symptoms was present
in middle-aged subjects relative to the oldest individuals, and they stressed the significant correlation
between the type or severity of PTH and the rate of allodynia. Finally, according to two longitudinal
prospective studies [12,19], traumatic brain injury was a strong predictor of headaches and psychiatric
comorbidities, and headache symptoms were prevalent after mTBI, particularly throughout the first
12 months after being injured.

3.2. Included Studies about Migraine Neurobiological/Clinical Differential Predictors between PPTH
and Migraine

Overall, 11 studies explored the existence of possible differential predictors of PPTH. Initially,
six case—control studies [20-25] focused on the investigation of neurobiological/clinical differential
predictors between PPTH and migraine. These studies reported: the existence of differences regarding
static/dynamic functional connectivity among subjects with migraine and PPTH regarding brain
regions related to pain processing; predominant clinical/neuropathological differences among PTH
and non-PTH individuals at initial time points; abnormally bilaterally reduced cortical thickness in
frontal areas and right hemisphere parietal regions in PPTH subjects; enhanced autonomic dysfunction
in PPTH individuals; and abnormally decreased central nervous system (CSF) Tumor Necrosis Factor
(TNF) alpha concentrations in most new daily persistent headache (NDPH) patients. Based on one
cross-sectional cohort and another retrospective study without healthy controls as a comparing
group [26,27], increased chronic reactive protein (CRP) concentrations at baseline in mTBI patients
may independently predict the onset of persistent post-concussion symptoms (PPCSs), psychological
impairments, cognitive dysfunctions, white matter tract alterations related to abnormalities in functional
connectivity linked to abnormal pain modulation, and contribute to the onset/maintenance of chronic
persistent headache (CPH). Moreover, in three longitudinal prospective studies [28-30], pathological
imaging findings and female gender were reported as acute traumatic injury to the head (HAIH)
predictors. Furthermore, previous mTBI, being injured while abusing alcohol, and acute HAIH were
described as persistent HAIH predictors; the disrupted periaqueductal gray-default mode network
(PAG-DMN) connectivity predicted PTH outcomes of mTBI individuals 12 weeks after injury; female
sex, neck pain, two-week post-mTBI symptoms, and two-week post-traumatic stress were significant
PPCS predictors (see Table 2).
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Table 1. Most relevant clinical studies about persistent post-traumatic headache (PTH).
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Author(s)

Sample

Study Design

Main Findings

Limitations

Conclusions

Nordhaug et al.,
2018 [15]

Two hundred and ninety-four
inpatients according to a
11-year time period (exposed)
and 25,662 subjects who were
not hospitalized in the same
time period (unexposed).

Cohort study.

Both headache onset and
aggravation may be enhanced by
being exposed to head injury.

The time of headache onset has
been not determined.

When compared to the general

opulation, inpatients with mild

ead injury are at elevated risk of
headache onset and aggravation.

Finkel et al.,
2017 [16]

Ninety-five assessed during a
12-month time period.

Retrospective observational
study.

Negative occupational outcomes
are linked to persistent headache,
beyond the diagnosis type.
Headache diagnosis type was not
linked to soldiers’ separations
from service beyond headache
duration.

Military injuries may be considered
not specitic in other populations.
The generalization of the main
findings is influenced by the small
samp%e size and single examiner.

Subjects with PPTH are at
increased risk of persistent pain.
The most frequent primary
diagnosis type is migraine.
Negative occupational outcomes
were linked to
persistent headache.

Huetal.,
2017 [17]

One hundred and sixty-seven
outpatients after mTBI.

Retrospective analysis of
prospectively collected
data.

Relative to patients over 66 years
of age, that are more likely to
report mTBI between 6 a.m. to
12 p.m. (69%), middle-aged
patients (36-55 years) reported a
higher severity of specific
post-mTBI symptoms.

The study used self-report
instruments. The study did not
evaluate prior mTBI episodes or
psychiatric disorders following

mTBI. Subjects were recruited in a
tertiary care center and cannot be
generalized to all mTBI
populations.

Relative to the oldest patients,
middle-aged subjects reported
more severe symptoms after
mTBI. A link between age and
severity of mTBI symptoms has
been identified.

Markus et al.,
2016 [18]

Seventy-four patients, of
which 60 with mild and 14
with moderate/severe TBI.

Retrospective review of the
computerized files.

The recruited subjects reported a
lower rate of migraine-like
headache and a higher rate (in
particular in males) of allodynia.
PTH type/severity and rate of
allodynia were not correlated.

The study includes a very selected
sample of individuals. It could not
be determined how many of the
children with TBI continued to
manifest headache or other
headache correlates.

Children with mild/severe TBI
more frequently manifest
migraine-like and tension-like
headaches. Children with PTH
frequently had allodynia
(common mechanisms related to
central sensitization in PTH and
primary migraine have been
supposed). PTH may be treated
using active treatments
for migraine.

Jaramillo et al.,
2016 [19]

Iraq and Afghanistan war
veterans (38,426) who were
treated at baseline (in 2008)
and in the following years

(2009, 2010, 2011).

Longitudinal retrospective
cohort study.

TBI alone was a strong predictor
of headache and psychiatric
comorbidities among subjects
with TBL Importantly, insomnia,
tinnitus, and vertigo predicted
headache persistence only in
individuals with baseline
headache.

Misclassification due to ICD-9-CM
code use may be the first caveat.
Information about condition
severity was not available. Findings
may be influenced by the restriction
of the analyses to subjects with
Veterans Health Administration
care in each year of evaluation (due
to the inclusion of only the most
severe individuals). Not all subjects
with depression, PTSD or TBI were
included in the study.

The careful identification of
symptoms in the initial phases of
headaches may help clinicians to
understand the illness outcome.
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Author(s)

Sample Study Design Main Findings

Limitations Conclusions

Lucas et al.,
2014 [12]

Overall, headaches Ere-injury
was found in 18%, headache
onset or aggravation related to

the existence of pre-injur
immediately in 54%, 62% at three
months, at 24 weeks in 69%, and
at 48 weeks in 58% of subjects.
Cumulative incidence was 91%
after 48 weeks. Migraine was
reported in nearly 49% and
tension-type headaches in 40% of
all headaches.

Two hundred and twelve
inpatients within a seven-day
period after mTBI who were
assessed by telephone 12, 24,

and 48 weeks after injury

(according to ICHD-2
criteria).

Prospective study.

Throughout the first 12-month
period after injury headache,
mTBl is very frequent and
persistent. Chronicity and
disability may be prevented with
assertive?éarly treatment.

Only self-report instruments were
used.
Additionally, the investigation of
only one headache type at each time
period represents a further caveat.

Note: mTBI = mild traumatic brain injury; post-traumatic = PT; persistent post-concussion symptoms = PPTH; post-traumatic stress disorder = PTSD.

Table 2. Most relevant studies focusing on neurobiological/clinical differential predictors between persistent post-traumatic headache and migraine.

Main Findings

Limitations

Conclusions

. Type of
Author(s) Sample Study Design Intervention/Procedure
Fifty-nine a priori brain
. . i interest
Thirty-three patients regions of mte;
Dumkrieger et al., wvi\}it}?l ig;:iisrig,n%él Case—control procersiliiltgc%/vteorg :olelllected‘
2019 [20] p study. The connectivity

post-traumatic

headache. 36 HC patterns of these regions

were investigated
statically/dynamically.

Migraine and PPTH patients may be
distinguished in terms of different
(static and dynamic) functional
connectivity related to specific pain-
and visual-processing brain regions.

Functional connectivity results
presumably due to PPTH vs.
findings related to underlying
mTBI may be not dissected.
No information about the rate
of participants with migraine
at the time of imaging are
available. Half of migraine and
PPTH patients were using
preventive drugs.

Functional imagin
showed functiona
connectivity differences
between migraine and
PPTH in specific regions
of interest (related to
pain processing),
postulating distinctive
pathophysiology linked
to migraine vs. PPTH.

MRI scans were carried
out after 10 days, 4, 24,

Fifty mTBI patients and 72 weeks post injury.

Burrowes et al., (of which 31 Cross-sectional P
2019 [21] non-PTH; 19 PTH) study. A specific headache
and 21 HC. questlonnalre was use:

to assess PTH during
visit four after TBI.

Abnormally reduced GMV in the
right anterior-parietal and left
temporal operculum were found in
PTH individuals reported. Reduced
GMYV in the left thalamus were
reported in non-PTH subjects
compared to HC as well. Reduced
GMYV in left temporal operculum,
superior frontal gyrus, temporal
parietal junction, right middle frontal
gyrus, superior frontal gyrus, and
anterior parietal cortex were finally
reported in PTH patients.

Patient headache status was
not assessed before injury. In
addition, there is a possible
recall and selection bias linked
to the administration of the
headache questionnaire at visit
four.

Initial differences linked
to an increased risk of
PTH were predominant
between PTH and
non-PTH.
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Type of
Intervention/Procedure

Main Findings

Limitations

Conclusions

Eighteen fiber tracts
were reconstructed for
131 subjects.

There were relevant differences
between migraine and PPTH (in
terms of mean or radial diffusivity) in
the cingulum, inferior longitudinal
fasciculi, bilateral anterior thalamic
radiations, the right superior
longitudinal fasciculi-parietal
portion, left corticospinal tract, and
uncinate fasciculi. In migraine
individuals, headache frequency and
forceps major mean diffusivity were
correlated, while a correlafion
between headache frequency and
cingulum angular bundle mean and
radial diffusivity was found in PPTH.

Only episodic and chronic
subjects with migraine were
considered. The statistical
model was not controlled for
eventual mood instability.
Medication overuse
individuals were not assessed
in both PPTH and migraine
subjects. Results may be
influenced by the history of
specific psychiatric disorders.

Results hypothesized
specific dif?érences in the
neuropathological
mechanisms related to
both migraine and
PPTH.

Author(s) Sample Study Design
Forty-nine PPTH
subjects due to .
C28?9g[‘32t2 ?1., mTBI, 41 with Cross;s%ctlonal
migraine, and study-
41 HC.
Chong et al., Thggﬂt{;f)el?g E;trifints Cross-sectional
2018 [23] 33 HC cohort study.

Brain MRI (3 tesla
scanner) was used for
subjects and HC.

Lower cortical thickness was found
in PPTH patients, relative to HC, in
the caudal middle frontal, left, right
superior frontal, and precentra
cortex, together with lower cortical
thickness in the right superior and
inferior parietal, rig%“lt supramarginal,
and right precuneus region. A
negative correlation between right
and left superior frontal thickness
with headache frequency, according
to lower cortical thickness, was
reported in PPTH participants.

The study does not permit to
disentangle the effect that
mood dysfunctions may have
had on altering cortical
thickness patterns and brain
changes related to concussion
vs. those associated with
headaches in PPTH patients.
Finally, the study did not
collect information on
medication intake, history of
smoking, and metabolic
indices.

Lower cortical thickness

in the right hemisphere
arietal regions and

bilateral frontal regions
were found in PPTH
patients. The study

hypothesized that brain

morphology changes in
the superior frontal

regions were modified

by headache frequency

in PPTH patients.

Fifty-six PPTH
patients, 30 migraine
subjects, and 36 HC.

Cross-sectional
cohort study.

Howard et al.,
2018 [24]

Participants were
assessed with
COMPASS-31
questionnaire.

PPTH and migraine individuals
manifested higher COMPASS-31
mean total scores than HC. Among
subjects with PPTH, total lifetime TBI
was positively linked to
COMPAES—?J total scores, years
spent with headache with vasomotor
subdomain, and headache frequency
with vasomotor subdomain.

The range of possible
autonomic symptoms was not
assessed. Moreover, subjects
with PPTH reported fewer
headaches, lower years spent
with headaches, and a higher
rate of males. Subject
recruitment was obtained with
a convenience sampling.
Findings were not corrected for
multiple calculations.

PPTH subjects exhibited
a higher rate of
autonomic symptoms.
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Author(s) Sample Study Design Interver;{}i,(?:/gfoce dure Main Findings Limitations Conclusions
Approximately all
. . NDPH patients reported
Thirty-eight patients a’ye]ﬂti tgﬁavf&)ifcg?tc?\f[ljr?deHTH The study results need to be an abngrmal incre%se in
Rozen and (20 with NDPHand (- o o oo CSF and serum TNF pparticipants repoorte d abnormally considered as preliminary. The CSFTNF o
Swidan, 2007 [25] 16 HC patients with cohort study. alpha levels were elevated CSF TNF alpha levels. Most relatively small sample size concentrations,
¢ CM, and two with detected. f the individuals exhibited 1 does not permit to generalize ~ suggesting a specific role
PTH). ofthe Individua’s exniblted norma the most relevant results. for TNF « in the
serum TNF alpha levels. A
pathophysiology of
NDPH.
The mTBI cohort showed white
matter abnormalities associated with
pain affective and modulatory Controls were composed of CPH seems to be related
functions in the right anterior healthy subjects and not by to specific white matter
Leung et al., Twelve mTBI Cross-sectional DTI data were acquired thalamic radiation and left superior mTBI subjects without tract abnormalities
2018 [26] veterans. study. ere acquired. longitudinal fasciculus. Moreover, headache. In addition, the linked to functional
the mTBI cohort exhibited a decrease ~ sample size of this study needs  connectivity dysfunction
in axial/radial diffusivity at the to be considered as quite small. in pain modulation.
superior longitudinal fasciculus
cluster.
A significant increase in persistent The studv desien. and the Abnormally elevated
Plasma CRP PP}? ?s (IORI (_112;519)’(%%51556255) relativel sr}rllall sa:gmple size, do CRPg onclier?tr;flons at
Two hundred and Retrospective concentrations were a%sci,;e(r)s%%e(r:ﬁ cogsniiis\fe dysaln;:tion’s not allow to generalize the inde grslec:len?dy a¥edict
Su et al., 2014 [27] thl;tee? co;:iecu_lt%lee study. n‘éeasuéefdz at baﬁehrf\te, 4, (OR = 1.687) were linked to enhanced most riletyant re:iiults totojther PPCSs, psychological
patients with m LBL sand & t'vi’?FeBIS atter baseline CRP levels. Persistent PISP lé.a 1ons anhcoug r1es. distress, and cognitive
uha ) physiological problems (OR = 1.330) inteIF rlerégsl rvnv?t}lll si‘é?ecfi%r;t dysfunctions in mTBI
were linked to elevated CRP levels. p ) ¥ subjects.
Three hundred and

Nordhaug et al.,
2019 [28]

seventy-eight
subjects first
exposed to mTBI,
82 trauma (exposed
to minor orthopedic
injuries) controls,
and 83 community
(exposed to all injury
types) controls.

Population-based,
controlled,
prospective
cohort study.

Questionnaires were
used at baseline, 12, and
48 weeks after injury.

Individuals with HAIH over the
course of the first 12 weeks after
injury may significantly improve
before 48 weeks after injury.
Headache aggravation may be
predicted by female sex, CT/MRI
results, history of positive mTBI, and
being injured when affected by
alcohol abuse/dependence.

Recall bias needs to be
considered a major
shortcoming (participants are
included after their mTBI).

Headache aggravation is
more frequently
correlated to head injury
after 12 weeks following
MTBL. Specific factors
predicted headache
aggravation.

Niu et al.,
2019 [29]

Seventy patients
with mTBI and
46 HC.

Longitudinal
follow-up study.

Neuropsychological
measurements and MRI
scans were carried out
within 7 days post injury,
with 80% of subjects
followed for 12 weeks.

mTBI + APTH patients presented
reduced PAG-seeded FC within the
DMN compared with HC. The initial
FC strength between the PAG-right
precuneus and the PAG-right inferior
parietal lobule became the important
predictor to identify patients with
mTBI developing persistent PTH 3
months post injury.

The study findings need to be
considered as preliminary. The
relatively small sample size
does not permit to generalize
these exploratory results.

The disrupted
PAG-DMN connectivity
was predictive of PTH
outcomes of subjects
with mTBI after
12 weeks of follow-up.
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Author(s) Sample Study Design Interver;{}i,(?:/gfoce dure Main Findings Limitations Conclusions
Many patients were lost at the The model, including
follow-up. Selection bias, 4 :
PPCSs were identified in 241 (41%) which could have influenced femai%ge;,ncec;gle};lg;’nts at
patients. Female sex (OR = 1.48, neck the significance of predictors, -
Five hundred and The Head Injury Severity pain (OR = 2.58), one-month cannot be excluded as well. depargggég t:;’:c)l week
Cnossen et al., ninety-one Prospective Checklist was used to symptoms after concussion The outcome measurement ost-traumatic stress as
2018 [30] parti ci}; ants study. evaluate PPCSs at six (OR = 4.89) and one-month PTSD differed from the outcome P predictors, performed

months after injury. (OR = 2.98) were identified as
possible predictors in the

identified model.

measurement used in both
development studies. Finally,
symptoms were only included
if there was evidence of

reasonably and ma%l
therefore be potentially
valuable for clinical

deterioration.

practice.

Note: Acute post-traumatic headache = APTH; acute traumatic injury to the head = HAIH; chronic migraine = CM; chronic persistent headache = CPH; C-reactive protein = CRP; default
mode network = DMN; dorsolateral prefrontal cortex = DLPC; Diffusion tensor imaging = DTI; Functional connectivity = FC; grey matter volume = GMV; healthy controls = HC;
mild traumatic brain injury = mTBI; new daily persistent headache = NDPH; periaqueductal gray-default mode network = PAG-DMN persistent post-traumatic headache = PPTH;
persistent post-concussion symptoms = PPCSs; post traumatic headache = PTH.

Table 3. Most relevant clinical studies reporting the importance of currently available treatments in persistent post-traumatic headache.

Author(s) Sample Study Design Inteweﬁ?gs/gfoce dure Main Findings Limitations Conclusions
Subjects with acute PTH may
Patients with Acute PTH has been . be successfully treated usin,
moderate/severe successfully treated using IV The Oﬁg'libeifttufgndeagn v metocloplyamide 20 mgg
headache were P i Metodl ide 20 1 metoclopramide 20 mg plus ti y t.e s flt tment plus diphenhydramine
Friedmanetal,,  recruited at ED and rospelcl;vle & ehoc }(:péam1 -C 25mg pius diphenhydramine 25 mg. o;/fgres mﬁl 1onlo t rela en ﬁ 25 mg. Importantly, 33% of
2018 [31] contacted for opetn—da € 'P eé1 ty t rar;une " . mg twas Subjects have been restored to & 1ca1c Y edre a 1vte }hsmi participants manifested
re-evaluation by study. used 1o treat participants. normal functioning and samp.e Slz.et i) e§él0 tz}f O,X 0 headache relapse after
telephone 2 and 7 concussion symptoms have app ropru:lte ynl1 entity the discharge and 25% had
days later. been deleted. outcomes. persistent headaches 7 days
later.
A relevant reduction in terms No cor}troll %rodup was
of headache severity, The sel H,:.C u .? the stud The present results
Three hundred and sychological distress, and ame fe I%Calolr; ln tefs ucy 4 supported the efficacy of the
seventy-nine . ~ : i1 isability after the program sample may b€ not focuse useg 21-day interdisciplinary
Krause et al., . Prospective A 21-day interdisciplinary a1 on the program’s aims. Only
2017 [32] outpatients study. treatment program. was reported. Improvements 40% o?the baseline sample treatment program.
admitted between in functioning were longitudinall Assessments at a 12 month
2008 and 2011. maintained at 48 weeks. HIT-6 e o Y

scores improved further after
discharge.

followed. Findings may be
biased by the reduced survey
return rate.

follow-up confirmed the
baseline improvements.




Int. |. Environ. Res. Public Health 2020, 17, 4024 9 of 19
Table 3. Cont.
Author(s) Sample Study Design Type of Main Findings Limitations Conclusions
p y 8 Intervention/Procedure 8
Pre- and post-treatment
Two hundred and changes in both PTSD and This was an exploratory
fifty-seven PPCS subjects were measured. 1 . : observational study that T
active-cﬁlty subjects Cognitive rehabilitation, i\gllfl_lﬁzr}(]):; b ?IC}E];\I] l‘glh?) used retrospective data trggfmnéglt;dls?o};léﬂg};s
Janak etal,, with mTBI who Retrospective vestibular interventions, p e 1 originally collected for p pp
2017 [33] erformed a stud headache management, and completed mu1t1dlsc1phnayy clinical purposes. A large associated with reduced
. mllfltidisci linar; Y integrated beghavioréll treatment reported a reduction ro ortir())n gf artici angts self-reported PTSD and
outpatient tlpeatmgnt healthcalge were all included in inboth PTSD and PPCSs. P w%re excluded dug to PPCSs.
(2008-2013). the comprehensive missing PT assessment data.
investigation.
Persistent symptoms of anxiety,
. dizziness, and headache after . .
Ass}e)isfr(iin;;&/v ;;t(ees artgls,er‘r:ll out concussion were attenuated Othgli[fenc{Sugiﬁgno(ﬁlesl‘{\i,setl:r Dizziness and anxiety in
Thirtv-eieht licati A fP th with multiple metrics hvsical fi dg 4 d th M4 fici ts with 'yt ¢
R . ] ir y-tel . Ret g ap 1ct{:1 1on.f urt er identifying/correcting the physica 11n ings, ail. e par 1cipan S fv;n persisten
Wlo4 . Piymptomsafiert  study. . related o heterophoriawas _Visual misalignment with fesponse. Amountsof  may be significantly treated
ymp ; Y- Op neutralizing prismatic lenses. h A ay grlic Y -
concussion. performed using a 10 cm P PR vertical misalignment cannot ~ with neutralizing prismatic
visual analogue scale at the A significant reduction in be measured using a single lenses
end of study treatment headache, dizziness, anxiety, device or tegét & .
y : and overall subjective :
symptoms was reported.
FDA-approved injections
(site/fixed dose), combined
with FTP and cervical dystonia,
Sixty-four chronic were used. .
PT headache and 47 Real-time Electronic medical records OBA may be effective for The small number of highly 5 may be effective in the
Ca e e - - . : . selected patients within the .
Yerry et al., chronic migraine retrospective (derived by the Armed Forces PPTH in a population at risk study sample does not analyzed sample with
2015 [35] patients between consecutive case Health Longitudinal for cognitive, metabolic, or ermit t}(,) ene%alize the most headaches correlated to
August 2008 and series. Technology Application) were behavioral adverse effects. p 8 concussion.
August 2012. used to collect relevant results.
socio-demographic and
treatment features, as well as
clinical/occupational outcomes.
AT influences headache RSl sample ey Ty showed
Stllingetal,  TWentypatients SO A O e e outcomes. symplome afier | identify significant changes o dropouts, a 100%
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PPTH and PPCSs.

the lower end of previously
reported studies.

and an efficacious blinding
method.
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Table 3. Cont.

10 of 19

Type of

Author(s) Sample Study Design Intervention/Procedure Main Findings Limitations Conclusions
. TMS is effective (as
Fifteen adult L .
; ; . No control group has been  sustained by the attenuation
Koski et al., :;;?S]te:rti p]l;t(l?Ss cross{)sli(c)’tional Twenty sessions of rTMS were Possit-agggllft]fl ?t]tI: r{)&gﬁgzxﬁ/ere included; this does not in PPCS severity increase in
2015 [37] %o 4 weeks or more study. conducted over four weeks. g r}l,"MS y permit to generalize the most task-related DLPFC

after injury.

relevant results.

activation) in a sample with
acute post-TBI symptoms.

Four participants

Case series.

An eight-session manualized
procedure with a registered
psychologist was performed.
Participants carried out a daily
headache diary and pre- and
post-treatment evaluations
using questionnaires before,
during, and after treatment.

A variability in terms of
improvement was reported.

The generalization of the
main findings is influenced
by the study design and the

relatively small sample.

The behavioral treatment
approach is an effective
nonpharmacological therapy
or primary headache
disorder and is a good
theoretical fit for treating PT
headaches after mTBI.

Case report.

Implantation of the SCS
electrode was performed after
the subject showed a 90%
improvement in pain during
the 7 days of a percutaneous
SCS trial.

This participant reported at
least 90% pain attenuation and
improvement in terms of
quality of life during the 7 days
of the high cervical dorsal
column electrical SCS trial. He
underwent a permanent
implantation of high cervical
dorsal column electrical nerve
stimulation and reported a
similar pain reduction along
with 100% satisfaction rate at
the 12-month re-evaluation.

The study design does not
permit to generalize the
main results.

Electrical neuromodulation
appears to be extremely
benetficial for highly selected
head-injured subjects
suffering from PPTH.

Silverb with PTH (related to
210Vle9r[3e§ 4 mTBI) recruited
36-76 weeks
following injury.
A 40-year-old man
with persistent daily
: headaches (recruited
Ela%ﬁg [ligiidy, after motor vehicle
- accident without
prior headache
episodes).
Elahi and Reddy, A}?Z;,}i]ﬁar;ﬁlrirﬁ?le
2014b [40] & /

intractable PTHs.

Case report.

A long-term electrical
neuromodulation of the C2-C3
branches within the GAN
distribution has been carried
out.

This participant reported a
significant headache
attenuation following 6 months
of permanent peripheral
neurostimulator implantation.

The study design does not
permit to generalize the
main tindings.

The GAN appears as an
effective long-term treatment
in subjects with chronic
primary headaches.

Note: Emergency department = ED; intravenous = IV; great auricular nerve = GAN; left dorsolateral prefrontal cortex = DLPFC; mild traumatic brain injury = mTBI; persistent
PTH = PPTH; onabotulinum toxin A = OBA; persistent post-concussive symptoms = PPCSs; post-traumatic = PT; post-traumatic stress disorder = PTSD; repetitive transcranial magnetic
stimulation = rTMS; spinal cord stimulation = SCS.



Int. |. Environ. Res. Public Health 2020, 17, 4024 11 of 19

3.3. Included Studies about Currently Available Treatments for PPTH

Overall, 10 studies examined the efficacy and tolerability of available treatments for PPTH
(see Table 3). Two longitudinal prospective studies [31,32] found that IV metoclopramide 20 mg
plus diphenhydramine 25 mg was effective and well tolerated in acute PTH subjects, while the
interdisciplinary outpatient treatment of chronic headache subjects abnormally reduced the individual
mean pain throughout the previous 7 days, together with actual pain severity (with a general
maintenance of results at one-year follow-up). Moreover, according to four retrospective studies in this
field [33-35], the multidisciplinary treatment approach was associated with reduced self-reported PTSD
and persistent post-concussive symptoms (PPCSs), a relevant reduction in persistent post-concussive
anxiety, dizziness, and headache was linked to identifying/correcting the visual misalignment with
neutralizing prismatic lenses, and onabotulinum toxin A may represent a valid PPTH preventive strategy
in subjects at risk for cognitive, metabolic, or behavioral adverse effects related to standard treatments.
Furthermore, based on two cross-sectional studies [36,37], repetitive transcranial magnetic resonance
(rTMS) influences headache severity, frequency, functional outcomes, symptoms of post-concussion,
depression, and quality of life in PPTH subjects and patients with PPCSs, and rTMS was linked
to a reduced severity in PPCSs and an enhanced activation of the dorso-lateral prefrontal cortex.
Furthermore, two case series and one case report [38—40] reported that the behavioral treatment
approach was an effective treatment for primary headache disorder and a good theoretical fit for
treating PTH after mTBI. Electrical neuromodulation appears to be extremely beneficial for highly
selected head-injured subjects with refractory PTH with disabling headaches, although comprehensive
treatments and chronic refractory primary headaches may be successfully treated in the long-term
with great auricular nerve (GAN).

3.4. A Focus on PTSD: Similarities and Differences with Persistent Post-Traumatic Headache

A high prevalence of chronic, persistent, daily headaches after mTBI, suggesting the existence of
chronic migraine, which is closely linked to co-morbid PTSD, has been found in U.S. military forces [41].
The history of traumatic experiences and maltreatment is not directly related to predominant migraines
in service members following deployment. Importantly, a pre-existing headache disorder may be
enhanced by many factors such as head traumas, stress and major depression, PTSD, and environmental
cues in the context of deployment [41]. Although PTH may be described as a secondary headache
closely related to head trauma, a pre-existing migraine enhanced by mTBI in military populations
after deployment may be similarly supposed. Usually, mTBI does occur in the combat-related
context, leading to extreme physical and psychological consequences [42]. The associated injuries,
as well as chronic pain disturbances, may enhance cognitive, somatic, or behavioral mTBI correlates.
Combat-related mTBI is sometimes associated with an acute stress reaction, which is able to enhance
psychiatric comorbidities and sleep disturbances, exacerbating behavioral and cognitive dysfunctions
related to mTBI.

Based on existing studies [43—45], older age, female gender, problematic relations, comorbid
conditions (e.g., prior psychiatric disorders, substance abuse/dependence, multiple injuries, mTBI
history, and PTSD), and even psychosocial/situational factors are linked to a persistence throughout
the course of the illness following mTBI.

Sports-related mTBI has been associated with depression or psychiatric conditions, attention
deficit hyperactivity disorder, and sleep and learning disorders, together with chronic headache and
migraine [46]. Interestingly, primary headache, sleep disturbances, stressors related to the psychosocial
context, major depression and anxiety, substance abuse/dependence, in particular alcohol, physical
injuries, or consequences of prior head injury have been reported both in military and civilian
populations [47]. For instance, Rosenthal and Erickson [48] reported that in 270 army service members
with PTH, 39% also met the PTSD diagnostic criteria. Similarly, a prevalence of 31% for PTSD in patients
with chronic PTH after minor head trauma has been reported by Kjeldgarrd et al. [2], while Peterlin
and colleagues [49] reported predominant PTSD symptoms in samples of migraine. Post-concussive
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disorders, regardless of the presence or absence of mTBI, seem to be predicted by pre-injury depressive
and anxiety disorders and chronic pain, according to the study of Meares and colleagues [50],
who stressed the nonspecific nature of symptoms after mTBI, which are conversely reported, based on
their point of view, in the chronic pain population. A predominance of chronic pain with unclear
origin after traumatic brain injury has been found in 51% of civilian and 43% of military cohorts,
suggesting the importance of “early screening” and pain treatment [51]. Furthermore, further associated
factors of persistent post-mTBI syndromes were cumulative stressors and coping strategies [52,53].
After investigating a sample suffering from mild to moderate TBI, McCauley and colleagues [54] found
the presence of reduced social support and abnormally enhanced self-reported depressive symptoms
four weeks after mTBI, together with concurrent comorbid PTSD and major depression.

In addition, headaches linked to trauma, aura, opioid abuse/dependence, and comorbid
psychopathology were found to be associated with negative outcomes and decreased rates of return
to duty based on a recent retrospective report, which investigated a sample of service members who
were recruited from war zones due to headache in the context of deployment [55]. Unfortunately,
the consequences of the early detection and treatment of comorbid disabling conditions, that were
reported to impact significantly on individual wellbeing following mTBI in civilian and military
populations, are poorly understood.

4. Discussion

4.1. Summary of the Main Findings about the Nature of PPTH

All the considered [56] studies about the nature of PPTH concluded that: (1) being exposed to head
injury enhanced the risk of headache onset and aggravation; (2) the presence of continuous headache
was strongly linked to negative occupational outcomes; (3) the careful identification of symptoms
in the initial phase of headache may help clinicians to understand the illness prognosis and avoid
chronicity and enhanced disability; (4) subjects with PPTH were most likely to present continuous
pain (see Table 1).

These studies define PTH as a specific diagnostic entity characterized by a common onset after
head traumatic experiences. In the ICHD, PTH is identified as either acute or chronic, occurring after
mild or severe traumas, with considerable variability regarding the mechanisms of action, clinical
characteristics, and longitudinal illness course. Moreover, the nature of the trauma, for instance,
motor vehicle accidents and sport or blast injuries, and the involvement of the neck, may result in
distinct phenotypes with different illness trajectories [9]. In a study based on soldiers, Wilk et al.
reported that in a sample of soldiers suffering from mild TBI associated with a loss of consciousness,
when compared to non-blast injuries, blast injuries were more likely to occur related to persistent
headache [57]. Repeated head/neck trauma could be responsible for multiple PTH phenotypes relative to
an isolated trauma. From this point of view, clarifying the mechanisms underlying trauma and whether
trauma may be considered a unique or recurrent manifestation may clinically help to understand the
different types of headache [9].

Most PTH subjects present features of migraine but these characteristics may be considered
variable. Pain related to PTH is usually unilateral, pulsating in quality, severe, and it worsen with
physical activity. However, the intensity of PTH and the frequency of attacks generally varies in different
treatments. Other reports report that PTH in TBIs of all severities is mostly classified as migraine or
probable migraine, and hypothesize common pathophysiological mechanisms for these two diseases,
with PTH that may respond to migraine-specific therapies (e.g., triptans) [12]. PTH patients usually
reported a positive history of traumatic experiences and maltreatment that may be, however, not
temporally related to the occurrence of migraine. Importantly, a prior history of trauma and comorbid
psychopathology were strongly linked to negative outcomes in the PTH patient population.
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4.2. Summary of the Main Findings about Neurobiological/Clinical Differential Predictors between PPTH
and Migraine

All the considered [29] studies concluded that: (1) the predictors for persistent acute traumatic
injury to the head were female gender, persistent symptoms after mTBI, PTSD, elevated inflammatory
markers, prior mild TBI, being injured due to alcohol abuse/dependence; (2) based on functional and
structural imaging, static/dynamic functional connectivity differences, white matter tract abnormalities,
and brain morphology changes were found between PTH and migraine for regions involved in pain
processing; (3) differences between PTH and non-PTH patients were predominant in the initial illness
phases when they were linked to an increased risk of PTH.

Female gender is, in our opinion, a predictor for the development of persistent post-traumatic
headache. However, some studies reported that females were more likely to suffer from acute traumatic
injuries to the head.

Importantly, the history of prior migraine episodes has been reported to enhance the risk of
post-traumatic migraine [29]. It has been hypothesized that the neurovascular trauma response can be
enhanced by migraine mechanisms, resulting in persistent and more disabling symptoms after mTBI.
Alternatively, mTBI may be able to activate, in individuals with a specific migraine predisposition,
a preexisting headache (and perhaps migraine) mechanisms [58].

According to a comprehensive perspective, mTBI and other brain-related traumas may cause
persistent headache and migraine in individuals with genetic vulnerability. Migraine has strong genetic
roots with some genetic polymorphism specifically related to type 1 familial hemiplegic migraine
(FHM1) (CACNAT1A gene encoding P/Q type calcium channel) and type 2 familial hemiplegic migraine
(FHM2) (ATP1A2 gene encoding Na/K ATPase), associated with differential phenotypes in response to
minor head trauma [59]. A mild head trauma might provoke hemiplegic migraine attacks. Previous
studies showed how severe migraine symptoms may be induced even after minor traumas by P/Q type
calcium channel or Na/K pump genetic alterations, hypothesizing the existence of similar mechanisms
underlying PTH susceptibility, even among individuals without FHM. Therefore, clinicians may
consider both the P/Q type calcium channel and Nal/K1 ATPase as possible therapeutic targets in
PTH subjects [9]. It is also important to consider the psychological consequences related to mTBI
and trauma-related headache. To this specific regard, anxiety, depression, and PTSD are collectively
associated with headache and severe/frequent headaches are linked to preexisting mood and anxiety
disorders in a dose-response manner [60].

Given this background, head injuries may activate the same mechanisms underlying migraine or
migraine tension-type headache only in a specific (more vulnerable) subgroup of patients. The initial
headache symptoms might develop to be persistent due to psychiatric comorbidity and perceived pain,
further exacerbating the psychosocial impairment of the initial mTBI.

4.3. Summary of the Main Findings about Currently Available Treatments for PPTH

All the considered [36] studies concerning currently available treatments for PPTH concluded
that: (1) specific neuromodulation techniques (e.g., rTMS and electrical neuromodulation in the
short-term period, and the great auricular nerve as a long-term treatment) may influence headache
severity, frequency, functional outcomes, post-mTBI symptoms, psychiatric symptoms, and quality of
life; (2) behavioral treatment and interdisciplinary outpatient treatment approaches may be effective
nonpharmacological treatments for headache disorders; (3) specific pharmacological strategies, such as
metoclopramide plus diphenhydramine and botulinum toxin A, may be able to restore most subjects
to a normal psychosocial functioning and eliminate symptoms related to mTBI.

According to the current literature, treatments have similar effects, while fremanezumab (CGRP
MoAb) seems to be a promising tool for both headache forms [61]. There are many therapeutic targets
that could be explored in clinical trials, starting from the current available treatments, like exercise,
non-steroidal anti-inflammatory drugs, antagonists of substance P receptors (NK1) or glutamate
receptors, adenosine receptor antagonists and agonists, and hormonal treatments [9]. Glutamate
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deserves a further mention because it may be considered the main excitatory neurotransmitter involved
in migraine pathophysiology and there are robust preclinical studies showing that glutamate release or
specific glutamate receptor alterations may be induced by TBI [62]. High levels of glutamate have
been observed in the serum and in the CSF, both ictally and interictally, in migraine. Early treatment
targeting glutamate receptors with magnesium supplementation may be an important option in PTH
and in migraine [9]. Recent studies showed that migraine may be associated with a calcitonin gene
related peptide (CGRP), and specific treatments targeting CGRP, as well as CGRP receptors, like the
monoclonal antibodies, have proved their efficacy in clinical trials. Animal models showed how CGRP
is released after TBI and influences migraine-related behaviors like hyperalgesia and photophobia.
Therefore, these two findings may suggest that CGRP might also play an important role in PTH [63,64].

4.4, Main Caveats

The present review needs to be considered according to the following limitations/shortcomings.
First, most reports did not investigate the time of headache onset or use self-report instruments to
explore the presence and severity of PTH. In addition, the preliminary/exploratory nature of some
studies selected for this review manuscript, as well as the inclusion of case reports or case series,
could not have allowed the generalization of the most relevant study findings. The absence of a study
control group in most of the cohort included studies, the extremely small sample sizes, together with
the selection of some studies using a cross-sectional or retrospective design, need to be addressed
as further major caveats that do not allow the drawing of conclusions. Furthermore, we included
some clinical cohort epidemiological reports which are known for having low sample sizes and a
focus on individual outcomes to support our findings, and studies that had adopted retrospective
designs, thus the findings may have been hampered by recall bias. In addition, the selection of study
cohorts was highly focused on studies done in military populations suffering from battlefield-related
trauma. Although soldiers need to be considered the predominant population when we refer to PTSD
prevalence, this could represent a bias.

Moreover, patients with PPTH represent a very select group of patients that may present
migraine-like headaches; unfortunately, there are no studies, to our knowledge, that have been carried
out in order to primarily identify the similarities and differences between PPTH and migraine. Thus,
all the conclusions about the nature of PPTH and migraine have been interpreted indirectly and
according to the most relevant selected studies about the main topic. Furthermore, information about
headache severity, as well as the presence of psychiatric comorbidities, was not available in most
studies, and this may have biased the main study results. Finally, the link between post-traumatic
headache and migraine certainly will not be solved in a review article that may foster further controlled
studies in this respect.

5. Conclusions

Based on the most relevant studies about the main investigated topic, the relation between migraine
and PPTH need to be considered bidirectionally. It has been hypothesized that the neurovascular
trauma response can be enhanced by migraine mechanisms, resulting in persistent and more disabling
symptoms after mTBI. However, mTBI may alternatively be able to activate the same neurobiological
mechanisms underlying tension-type headache or migraine only in a specific subgroup of patients,
raising the possible existence of a genetic vulnerability. In line with this assumption, patients suffering
from migraine report a persistent long-term exacerbation of their migraine/headache after head trauma.
In both cases, the presence of PTSD may play a relevant role in disability and psychosocial impairment
related to PPTH. The current literature upon this topic is growing rapidly, showing a spreading
interest in this area in terms of diagnostic tool applications, differential diagnosis among headaches,
and epidemiological data from emergency and psychiatric departments, which are the ideal frame
for unbiased studies on these patients, in order to have more valid data in the future that will help
us understand if this research path is worth pursuing [65-71]. Importantly, we have also to carefully
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address the link between emotional turmoil, which is closely linked to suicidal behavior, in PTH
patients. Understanding this is crucial to attenuate stigma [72], improve illness outcome, and provide
a comprehensive and appropriate treatment [71,73-76]. The relevance to the collection of reliable
information in the evaluation of suicide risk cannot be ignored by physicians when approaching
patients with PTH [77,78]. A fascinating journey is only in its initial phases and further longitudinal
studies are needed to reveal the exact nature of the relations between PTSD, migraine, and PPTH,
although the enthusiasm of these times seems to be premature.

Author Contributions: Conceptualization, M.A.; Writing-original draft, G.S. and M.G.; Writing-review & editing,
P.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This work was developed within the framework of the DINOGMI Department of Excellence
of MIUR 2018-2022 (law 232/2016).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Headache Classification Committee of the International Headache Society (IHS). The International
Classification of Headache Disorders, 3rd edition. Cephalalgia 2018, 38, 1-211. [CrossRef]

2. Kjeldgaard, D.; Forchhammer, H.; Teasdale, T.; Jensen, R.H. Chronic post-traumatic headache after mild
head injury: A descriptive study. Cephalalgia 2013, 34, 191-200. [CrossRef]

3. Chibnall, J.T.; Duckro, P.N. Post-traumatic Stress Disorder in Chronic Post-traumatic Headache Patients.
Headache ]. Head Face Pain 1994, 34, 357-361. [CrossRef] [PubMed]

4. GBD. Headache collaborators Global, regional, and national burdenof migraine and tension-type headache,
1990-2016: A systematic analysis for the global burden of disease study. Lancet Neurol. 2018, 17, 954-976.
[CrossRef]

5. Schwedt, T.J.; Chong, C.D.; Peplinski, J.; Ross, K.; Berisha, V. Persistent post-traumatic headache vs. migraine:
An MRI study demonstrating differences in brain structure. J. Headache Pain 2017, 18, 87. [CrossRef] [PubMed]

6.  Delic, J.; Alhilali, L.; Hughes, M.A.; Gumus, S.; Fakhran, S. White Matter Injuries in Mild Traumatic Brain
Injury and Posttraumatic Migraines: Diffusion Entropy Analysis. Radiology 2016, 279, 859-866. [CrossRef]

7. Alhilali, L.; Delic, J.; Fakhran, S. Differences in Callosal and Forniceal Diffusion between Patients with and
without Postconcussive Migraine. Am. J. Neuroradiol. 2017, 38, 691-695. [CrossRef] [PubMed]

8. MacGregor, A.J.; Dougherty, A.L.; Tang, ].].; Galarneau, M.R. Postconcussive Symptom Reporting among US
Combat Veterans with Mild Traumatic Brain Injury from Operation Iraqi Freedom. ]. Head Trauma Rehabil.
2013, 28, 59-67. [CrossRef] [PubMed]

9. Kamins, J.; Charles, A. Posttraumatic Headache: Basic Mechanisms and Therapeutic Targets. Headache .
Head Face Pain 2018, 58, 811-826. [CrossRef]

10. Delaidelli, A.; Moiraghi, A. Respiration: A New Mechanism for CSF Circulation? ]. Neurosci. 2017, 37,
7076-7078. [CrossRef]

11.  Dreha-Kulaczewski, S.; Joseph, A.A.; Merboldt, K.-D.; Ludwig, H.; Gértner, J.; Frahm, J. Identification of the
Upward Movement of Human CSF In Vivo and its Relation to the Brain Venous System. J. Neurosci. 2017, 37,
2395-2402. [CrossRef] [PubMed]

12.  Lucas, S.; Hoffman, ].M,; Bell, K.R; Dikmen, S. A prospective study of prevalence and characterization of
headache following mild traumatic brain injury. Cephalalgia 2013, 34, 93-102. [CrossRef]

13. Ashina, H.; Porreca, F.; Anderson, T.; Amin, EM.; Ashina, M.; Schytz, HW.; Dodick, D.W. Post-traumatic
headache: Epidemiology and pathophysiological insights. Nat. Rev. Neurol. 2019, 15, 607-617. [CrossRef]
[PubMed]

14. Prince, J.; Schussler, E.; McCann, R. Rehabilitation Utilizing Controlled Aerobic Activity in Patients with a
Concussion: A Critically Appraised Topic. J. Sport Rehabil. 2020, 29, 122-126. [CrossRef]

15. Nordhaug, L.H.; Hagen, K.; Vik, A.; Stovner, L.J.; Follestad, T.; Pedersen, T.; Gravdahl, G.B.; Linde, M.
Headache following head injury: A population-based longitudinal cohort study (HUNT). J. Headache Pain
2018, 19, 8. [CrossRef] [PubMed]


http://dx.doi.org/10.1177/0333102417738202
http://dx.doi.org/10.1177/0333102413505236
http://dx.doi.org/10.1111/j.1526-4610.1994.hed3406357.x
http://www.ncbi.nlm.nih.gov/pubmed/7928315
http://dx.doi.org/10.1016/S1474-4422(18)30322-3
http://dx.doi.org/10.1186/s10194-017-0796-0
http://www.ncbi.nlm.nih.gov/pubmed/28831776
http://dx.doi.org/10.1148/radiol.2015151388
http://dx.doi.org/10.3174/ajnr.A5073
http://www.ncbi.nlm.nih.gov/pubmed/28126745
http://dx.doi.org/10.1097/HTR.0b013e3182596382
http://www.ncbi.nlm.nih.gov/pubmed/22688214
http://dx.doi.org/10.1111/head.13312
http://dx.doi.org/10.1523/JNEUROSCI.1155-17.2017
http://dx.doi.org/10.1523/JNEUROSCI.2754-16.2017
http://www.ncbi.nlm.nih.gov/pubmed/28137972
http://dx.doi.org/10.1177/0333102413499645
http://dx.doi.org/10.1038/s41582-019-0243-8
http://www.ncbi.nlm.nih.gov/pubmed/31527806
http://dx.doi.org/10.1123/jsr.2018-0224
http://dx.doi.org/10.1186/s10194-018-0838-2
http://www.ncbi.nlm.nih.gov/pubmed/29356960

Int. |. Environ. Res. Public Health 2020, 17, 4024 16 of 19

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Finkel, A.G.; Ivins, B.J.; Yerry, J.A.; Klaric, J.S.; Scher, A.L; Choi, Y.S. Which Matters More? A Retrospective
Cohort Study of Headache Characteristics and Diagnosis Type in Soldiers with mTBI/Concussion. Headache ].
Head Face Pain 2017, 57, 719-728. [CrossRef]

Hu, T.; Hunt, C.; Ouchterlony, D. Is Age Associated with the Severity of Post-Mild Traumatic Brain Injury
Symptoms? Can. J. Neurol. Sci. 2017, 44, 384-390. [CrossRef]

Eidlitz-Markus, T.; Zeharia, A.; Cohen, Y.H.; Konen, O. Persistent Headache and Cephalic Allodynia
Attributed to Head Trauma in Children and Adolescents. J. Child Neurol. 2016, 31, 1213-1219. [CrossRef]
Jaramillo, C.A.; Eapen, B.C.; McGeary, C.A.; Robinson, J.; Amuan, M.; Pugh, M.]. A cohort study examining
headaches among veterans of Iraq and Afghanistan wars: Associations with traumatic brain injury, PTSD,
and depression. Headache ]. Head Face Pain 2015, 56, 528-539. [CrossRef]

Dumkrieger, G.; Chong, C.D.; Ross, K.; Berisha, V.; Schwedt, T.J. Static and dynamic functional connectivity
differences between migraine and persistent post-traumatic headache: A resting-state magnetic resonance
imaging study. Cephalalgia 2019, 39, 1366-1381. [CrossRef]

Burrowes, S.A.B.; Rhodes, C.S.; Meeker, T.].; Greenspan, ].D.; Gullapalli, R.P.; Seminowicz, D.A. Decreased
grey matter volume in mTBI patients with post-traumatic headache compared to headache-free mTBI patients
and healthy controls: A longitudinal MRI study. Brain Imaging Behav. 2019, in press. [CrossRef] [PubMed]
Chong, C.D.; Peplinski, J.; Berisha, V.; Ross, K.; Schwedt, T.]J. Differences in fibertract profiles between
patients with migraine and those with persistent post-traumatic headache. Cephalalgia 2019, 39, 1121-1133.
[CrossRef] [PubMed]

Chong, C.D.; Berisha, V.; Chiang, C.C.; Ross, K.; Schwedt, T.J. Less Cortical Thickness in Patients with
Persistent Post-Traumatic Headache Compared with Healthy Controls: An MRI Study. Headache |. Head
Face Pain 2017, 58, 53-61. [CrossRef] [PubMed]

Howard, L.; Dumkrieger, G.; Chong, C.D.; Ross, K.; Berisha, V.; Schwedt, T.J. Symptoms of Autonomic
Dysfunction among Those with Persistent Posttraumatic Headache Attributed to Mild Traumatic Brain
Injury: A Comparison to Migraine and Healthy Controls. Headache ]. Head Face Pain 2018, 58, 1397-1407.
[CrossRef] [PubMed]

Rozen, T.; Swidan, S.Z. Elevation of CSF Tumor Necrosis Factor ? Levels in New Daily Persistent Headache
and Treatment Refractory Chronic Migraine. Headache |. Head Face Pain 2007, 47, 1050-1055. [CrossRef]
Leung, A; Yang, E.; Lim, M.; Metzger-Smith, V.; Theilmann, R.; Song, D.; Lin, L.; Tsai, A.; Lee, R. Pain-related
white matter tract abnormalities in mild traumatic brain injury patients with persistent headache. Mol. Pain
2018, 14, 1744806918810297. [CrossRef]

Su, S.-H.; Xu, W,; Li, M.; Zhang, L.; Wu, Y.-F; Yu, F; Hai, J. Elevated C-reactive protein levels may be a
predictor of persistent unfavourable symptoms in patients with mild traumatic brain injury: A preliminary
study. Brain Behav. Immun. 2014, 38, 111-117. [CrossRef]

Nordhaug, L.H.; Linde, M; Follestad, T.; Skandsen, Oystein, N.; Bjarke, V.V.; Skandsen, T.; Vik, A. Change in
Headache Suffering and Predictors of Headache after Mild Traumatic Brain Injury: A Population-Based,
Controlled, Longitudinal Study with Twelve-Month Follow-Up. J. Neurotrauma 2019, 36, 3244-3252. [CrossRef]
Niu, X.; Bai, L.; Sun, Y.; Wang, S.; Cao, ]J.; Sun, C.; Wang, Z.; Xu, H.; Gan, S.; Fan, G; et al. Disruption
of periaqueductal grey-default mode network functional connectivity predicts persistent post-traumatic
headache in mild traumatic brain injury. J. Neurol. Neurosurg. Psychiatry 2018, 90, 326-332. [CrossRef]
Cnossen, M.C.; Van Der Naalt, J.; Spikman, ].M.; Nieboer, D.; Yue, ].K.; Winkler, E.A.; Manley, G.;
Steinbtichel, N.V.; Polinder, S.; Steyerberg, E.W.; et al. Prediction of Persistent Post-Concussion Symptoms
after Mild Traumatic Brain Injury. J. Neurotrauma 2018, 35, 2691-2698. [CrossRef]

Friedman, B.W.; Babbush, K.; Irizarry, E.; White, D.; Gallagher, E.J. An exploratory study of IV metoclopramide+
diphenhydramine for acute post-traumatic headache. Am. |. Emerg. Med. 2017, 36, 285-289. [CrossRef]
[PubMed]

Krause, S.J.; Stillman, M.].; Tepper, D.E.; Zajac, D. A Prospective Cohort Study of Outpatient Interdisciplinary
Rehabilitation of Chronic Headache Patients. Headache |. Head Face Pain 2017, 57, 428-440. [CrossRef]
[PubMed]

Janak, J.C.; Cooper, D.B.; Bowles, A.O.; Alamgir, A.H.; Cooper, S.P.; Gabriel, K.P; Perez, A.; Orman, J.A.
Completion of Multidisciplinary Treatment for Persistent Postconcussive Symptoms Is Associated with
Reduced Symptom Burden. ]. Head Trauma Rehabil. 2017, 32, 1-15. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/head.13056
http://dx.doi.org/10.1017/cjn.2016.441
http://dx.doi.org/10.1177/0883073816650036
http://dx.doi.org/10.1111/head.12726
http://dx.doi.org/10.1177/0333102419847728
http://dx.doi.org/10.1007/s11682-019-00095-7
http://www.ncbi.nlm.nih.gov/pubmed/30980274
http://dx.doi.org/10.1177/0333102418815650
http://www.ncbi.nlm.nih.gov/pubmed/30913910
http://dx.doi.org/10.1111/head.13223
http://www.ncbi.nlm.nih.gov/pubmed/29139130
http://dx.doi.org/10.1111/head.13396
http://www.ncbi.nlm.nih.gov/pubmed/30156267
http://dx.doi.org/10.1111/j.1526-4610.2006.00722.x
http://dx.doi.org/10.1177/1744806918810297
http://dx.doi.org/10.1016/j.bbi.2014.01.009
http://dx.doi.org/10.1089/neu.2018.6328
http://dx.doi.org/10.1136/jnnp-2018-318886
http://dx.doi.org/10.1089/neu.2017.5486
http://dx.doi.org/10.1016/j.ajem.2017.10.034
http://www.ncbi.nlm.nih.gov/pubmed/29074068
http://dx.doi.org/10.1111/head.13020
http://www.ncbi.nlm.nih.gov/pubmed/28127753
http://dx.doi.org/10.1097/HTR.0000000000000202
http://www.ncbi.nlm.nih.gov/pubmed/26709579

Int. |. Environ. Res. Public Health 2020, 17, 4024 17 of 19

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Rosner, M.S.; Feinberg, D.L.; Doble, J.E.; Rosner, A.J. Treatment of vertical heterophoria ameliorates persistent
post-concussive symptoms: A retrospective analysis utilizing a multi-faceted assessment battery. Brain Inj.
2016, 30, 311-317. [CrossRef] [PubMed]

Yerry, J.A.; Kuehn, D.; Finkel, A.G. Onabotulinum Toxin A for the Treatment of Headache in Service Members
with a History of Mild Traumatic Brain Injury: A Cohort Study. Headache J. Head Face Pain 2015, 55, 395-406.
[CrossRef] [PubMed]

Stilling, J.M.; Paxman, E.; Mercier, L.J.; Gan, L.S.; Wang, M.; Amoozegar, F.; Dukelow, S.P.; Monchi, O.;
Debert, C.T. Treatment of Persistent Post-Traumatic Headache and Post-Concussion Symptoms Using
Repetitive Transcranial Magnetic Stimulation: A Pilot, Double-Blind, Randomized Controlled Trial.
J. Neurotrauma 2020, 37, 312-323. [CrossRef]

Koski, L.; Kolivakis, T.; Yu, C.; Chen, J.-K; Delaney, S.; Ptito, A. Noninvasive Brain Stimulation for Persistent
Postconcussion Symptoms in Mild Traumatic Brain Injury. J. Neurotrauma 2015, 32, 38—44. [CrossRef]
Silverberg, N.D. Behavioral treatment for post-traumatic headache after mild traumatic brain injury: Rationale
and case series. Neurorehabilitation 2019, 44, 523-530. [CrossRef]

Elahi, F; Reddy, C. High cervical epidural neurostimulation for post-traumatic headache management.
Pain Physician 2014, 17, E537-E541.

Elahi, F; Reddy, C. Neuromodulation of the great auricular nerve for persistent post-traumatic headache.
Pain Physician 2014, 17, E531-E536.

Theeler, B.J.; Flynn, EG.; Erickson, J.C. Chronic Daily Headache in U.S. Soldiers after Concussion. Headache J.
Head Face Pain 2012, 52, 732-738. [CrossRef] [PubMed]

Holtkamp, M.; Grimes, J.; Ling, G. Concussion in the Military: An Evidence-Base Review of mTBI in US
Military Personnel Focused on Posttraumatic Headache. Curr. Pain Headache Rep. 2016, 20, 37. [CrossRef]
[PubMed]

McCrea, M.; Iverson, G.L.; McAllister, TW.; Hammeke, T.A.; Powell, M.R.; Barr, W.B.; Kelly, ].P. An Integrated
Review of Recovery after Mild Traumatic Brain Injury (MTBI): Implications for Clinical Management.
Clin. Neuropsychol. 2009, 23, 1368-1390. [CrossRef] [PubMed]

Carroll, L.J.; Cassidy, J.D.; Peloso, PM.; Borg, J.; von Holst, H.; Holm, L.; Paniak, C.; Pépin, M. WHO
Collaborating Centre Task Force on Mild Traumatic Brain Injury Prognosis for mild traumatic brain injury:
Results of the WHO Collaborating Centre Task Force on Mild Traumatic Brain Injury. J. Rehabil. Med. 2004,
43, 84-105. [CrossRef] [PubMed]

Landre, N.; Poppe, C.J.; Schmaus, B.; Hobbs, S.E.; Davis, N. Cognitive functioning and postconcussive
symptoms in trauma patients with and without mild TBI. Arch. Clin. Neuropsychol. 2006, 21, 255-273.
[CrossRef] [PubMed]

McCrory, P.; Meeuwisse, W.; Johnston, K.; Dvorak, J.; Aubry, M.; Molloy, M.; Cantu, R. Consensus Statement
on Concussion in Sport 3rd International Conference on Concussion in Sport Held in Zurich, November.
Clin. ]. Sport Med. 2009, 19, 185-200.

Mickeviciene, D.; Schrader, H.; Nestvold, K.; Surkiene, D.; Kunickas, R.; Stovner, L.].; Sand, T. A controlled
historical cohort study on the post-concussion syndrome. Eur. ]. Neurol. 2002, 9, 581-587. [CrossRef]
Rosenthal, J.F.; Erickson, J.C. Post-Traumatic Stress Disorder in U.S. Soldiers with Post-Traumatic Headache.
Headache ]. Head Face Pain 2013, 53, 1564-1572. [CrossRef]

Peterlin, B.L.; Tietjen, G.E.; Brandes, J.L.; Rubin, S.M.; Drexler, E.; Lidicker, ].R.; Meng, S. Posttraumatic Stress
Disorder in Migraine. Headache |. Head Face Pain 2009, 49, 541-551. [CrossRef]

Meares, S.; Shores, E.A.; Taylor, A.].; Batchelor, J.; Bryant, R.A.; Baguley, 1.].; Chapman, ].; Gurka, J.;
Marosszeky, J.E. The prospective course of postconcussion syndrome: The role of mild traumatic brain injury.
Neuropsychology 2011, 25, 454-465. [CrossRef]

Nampiaparampil, D.E. Prevalence of Chronic Pain after Traumatic Brain Injury. JAMA 2008, 300, 711-719.
[CrossRef] [PubMed]

Iverson, G.L. Outcome from mild traumatic brain injury. Curr. Opin. Psychiatry 2005, 18, 301-317. [CrossRef]
[PubMed]

Wood, R.L. Understanding the ‘miserable minority”: A diasthesis-stress paradigm for post-concussional
syndrome. Brain Inj. 2004, 18, 1135-1153. [CrossRef] [PubMed]


http://dx.doi.org/10.3109/02699052.2015.1113564
http://www.ncbi.nlm.nih.gov/pubmed/26829465
http://dx.doi.org/10.1111/head.12495
http://www.ncbi.nlm.nih.gov/pubmed/25644249
http://dx.doi.org/10.1089/neu.2019.6692
http://dx.doi.org/10.1089/neu.2014.3449
http://dx.doi.org/10.3233/NRE-192708
http://dx.doi.org/10.1111/j.1526-4610.2012.02112.x
http://www.ncbi.nlm.nih.gov/pubmed/22404747
http://dx.doi.org/10.1007/s11916-016-0572-x
http://www.ncbi.nlm.nih.gov/pubmed/27084376
http://dx.doi.org/10.1080/13854040903074652
http://www.ncbi.nlm.nih.gov/pubmed/19882476
http://dx.doi.org/10.1080/16501960410023859
http://www.ncbi.nlm.nih.gov/pubmed/15083873
http://dx.doi.org/10.1016/j.acn.2005.12.007
http://www.ncbi.nlm.nih.gov/pubmed/16716563
http://dx.doi.org/10.1046/j.1468-1331.2002.00497.x
http://dx.doi.org/10.1111/head.12200
http://dx.doi.org/10.1111/j.1526-4610.2009.01368.x
http://dx.doi.org/10.1037/a0022580
http://dx.doi.org/10.1001/jama.300.6.711
http://www.ncbi.nlm.nih.gov/pubmed/18698069
http://dx.doi.org/10.1097/01.yco.0000165601.29047.ae
http://www.ncbi.nlm.nih.gov/pubmed/16639155
http://dx.doi.org/10.1080/02699050410001675906
http://www.ncbi.nlm.nih.gov/pubmed/15545210

Int. |. Environ. Res. Public Health 2020, 17, 4024 18 of 19

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

McCauley, S.R; Boake, C.; Levin, H.S.; Contant, C.E; Song, ].X. Postconcussional Disorder Following Mild to
Moderate Traumatic Brain Injury: Anxiety, Depression, and Social Support as Risk Factors and Comorbidities.
J. Clin. Exp. Neuropsychol. 2001, 23, 792-808. [CrossRef] [PubMed]

Cohen, S.P; Plunkett, A.R.; Wilkinson, I.; Nguyen, C.; Kurihara, C.; Flagg, A.; Morlando, B.; Stone, C.;
White, R.L.; Anderson-Barnes, V.C.; et al. Headaches during war: Analysis of presentation, treatment,
and factors associated with outcome. Cephalalgia 2011, 32, 94-108. [CrossRef]

Levy, D.; Edut, S.; Baraz-Goldstein, R.; Rubovitch, V.; Defrin, R.; Bree, D.; Gariepy, H.; Zhao, J.; Pick, C.G.
Responses of dural mast cells in concussive and blast models of mild traumatic brain injury in mice: Potential
implications for post-traumatic headache. Cephalalgia 2015, 36, 915-923. [CrossRef]

Wilk, J.E.; Thomas, J.L.; McGurk, D.M.; Riviere, L.A.; Castro, C.A.; Hoge, C.W. Mild Traumatic Brain
Injury (Concussion) during Combat: Lack of association of blast mechanism with persistent postconcussive
symptoms. J. Head Trauma Rehabil. 2010, 25, 9-14. [CrossRef]

Sufrinko, A.; Marchetti, G.F; Cohen, PE.; Elbin, R.J.; Re, V.; Kontos, A.P. Using Acute Performance on
a Comprehensive Neurocognitive, Vestibular, and Ocular Motor Assessment battery to predict recovery
duration after sport-related concussions. Am. J. Sports Med. 2017, 45, 1187-1194. [CrossRef]

Kors, E.E.; Terwindt, G.M.; Vermeulen, EL.; Fitzsimons, R.B.; Jardine, PE.; Heywood, P.; Love, S.;
Maagdenberg, AM.J.M.V.D,; Haan, J.; Frants, R.R.; et al. Delayed cerebral edema and fatal coma after minor
head trauma: Role of the CACNA1A calcium channel subunit gene and relationship with familial hemiplegic
migraine. Ann. Neurol. 2001, 49, 753-760. [CrossRef]

Pacella-LaBarbara, M.; Hruska, B.; George, R.L.; Delahanty, U.L. The Role of Negative Affect on
Headache-Related Disability Following Traumatic Physical Injury. Headache J. Head Face Pain 2017, 58,
381-398. [CrossRef]

Bathel, A.; Schweizer, L.; Stude, P.; Glaubitz, B.; Wulms, N.; Delice, S.; Schmidt-Wilcke, T. Increased thalamic
glutamate/glutamine levels in migraineurs. J. Headache Pain 2018, 19, 55. [CrossRef] [PubMed]

Bree, D.; Levy, D. Development of CGRP-dependent pain and headache related behaviours in a rat model
of concussion: Implications for mechanisms of post-traumatic headache. Cephalalgia 2016, 38, 246-258.
[CrossRef] [PubMed]

Tyburski, A.L.; Cheng, L.; Assari, S.; Darvish, K.; Elliott, M.B. Frequent mild head injury promotes trigeminal
sensitivity concomitant with microglial proliferation, astrocytosis, and increased neuropeptide levels in the
trigeminal pain system. J. Headache Pain 2017, 18, 16. [PubMed]

Larsen, E.L.; Ashina, H.; Iljazi, A.; Al-Khazali, H.M.; Seem, K.; Ashina, M.; Ashina, S.; Schytz, H.-W. Acute and
preventive pharmacological treatment of post-traumatic headache: A systematic review. J. Headache Pain
2019, 20, 98. [CrossRef]

Hong, C.K.; Shim, Y.S.; Sim, S.Y.; Joo, ].Y.; Kwon, M.A.; Kim, Y.; Chung, ]. Post-traumatic headache in patients
with minimal traumatic intracranial hemorrhage after traumatic brain injury: A retrospective matched
case-control study. J. Headache Pain 2017, 18, 64. [CrossRef]

Begasse de Dhaem, O.; Barr, W.B.; Balcer, L.].; Galetta, S.L.; Minen, M.T. Post-traumatic headache: The use of
the sport concussion assessment tool (SCAT-3) as a predictor of post-concussion recovery. J. Headache Pain
2017, 18, 60. [CrossRef]

Hong, C.K.;Joo,].Y,; Shim, Y.S.; Sim, S.Y.; Kwon, M.A ; Kim, Y.B.; Chung, J. The course of headache in patients
with moderate-to-severe headache due to mild traumatic brain injury: A retrospective cross-sectional study.
J. Headache Pain 2017, 18, 48. [CrossRef]

Trigo, J.; Garcia-Azorin, D.; Martinez Pias, E.; Sierra, A.; Chavarria, A.; Guerrero, A.L. Clinical characteristics
of nummular headache and differentiation between spontaneous and posttraumatic variant: An observational
study. J. Headache Pain 2019, 20, 34. [CrossRef]

Bedaso, A.; Geja, E.; Ayalew, M,; Oltaye, Z.; Duko, B. Post-concussion syndrome among patients experiencing
head injury attending emergency department of Hawassa University Comprehensive specialized hospital,
Hawassa, southern Ethiopia. . Headache Pain 2018, 19, 112. [CrossRef]

Giamberardino, M.A.; Affaitati, G.; Costantini, R.; Guglielmetti, M.; Martelletti, P. Acute headache management
in emergency department. A narrative review. Intern. Emerg. Med. 2020, 15, 109-117. [CrossRef]

Chan, T.L.H.; Woldeamanuel, Y.W. Exploring naturally occurring clinical subgroups of post-traumatic
headache. J. Headache Pain 2020, 21, 12. [CrossRef]


http://dx.doi.org/10.1076/jcen.23.6.792.1016
http://www.ncbi.nlm.nih.gov/pubmed/11910545
http://dx.doi.org/10.1177/0333102411422382
http://dx.doi.org/10.1177/0333102415617412
http://dx.doi.org/10.1097/HTR.0b013e3181bd090f
http://dx.doi.org/10.1177/0363546516685061
http://dx.doi.org/10.1002/ana.1031
http://dx.doi.org/10.1111/head.13233
http://dx.doi.org/10.1186/s10194-018-0885-8
http://www.ncbi.nlm.nih.gov/pubmed/30019230
http://dx.doi.org/10.1177/0333102416681571
http://www.ncbi.nlm.nih.gov/pubmed/27899434
http://www.ncbi.nlm.nih.gov/pubmed/28176234
http://dx.doi.org/10.1186/s10194-019-1051-7
http://dx.doi.org/10.1186/s10194-017-0774-6
http://dx.doi.org/10.1186/s10194-017-0767-5
http://dx.doi.org/10.1186/s10194-017-0755-9
http://dx.doi.org/10.1186/s10194-019-0981-4
http://dx.doi.org/10.1186/s10194-018-0945-0
http://dx.doi.org/10.1007/s11739-019-02266-2
http://dx.doi.org/10.1186/s10194-020-1080-2

Int. |. Environ. Res. Public Health 2020, 17, 4024 19 of 19

72.

73.

74.

75.

76.

77.

78.

Serafini, G.; Pompili, M.; Haghighat, R.; Pucci, D.; Pastina, M.; Lester, D.; Angeletti, G.; Tatarelli, R.; Girardi, P.
Stigmatization of schizophrenia as perceived by nurses, medical doctors, medical students and patients.
J. Psychiatr. Ment. Health Nurs. 2011, 18, 576-585. [CrossRef]

Antonaci, F,; Nappi, G.; Galli, F; Manzoni, G.C.; Calabresi, P; Costa, A. Migraine and psychiatric comorbidity:
A review of clinical findings. J. Headache Pain 2011, 12, 115-125. [CrossRef]

Capi, M.; Pomes, L.M.; Andolina, G.; Curto, M.; Martelletti, P; Lionetto, L. Persistent Post-Traumatic Headache
and Migraine: Pre-Clinical Comparisons. Int. ]. Environ. Res. Public Health 2020, 17, 2585. [CrossRef]
Labastida-Ramirez, A.; Benemei, S.; Albanese, M.; D’Amico, A.; Grillo, G.; Grosu, O.; Ertem, D.H,;
Mecklenburg, J.; Fedorova, E.P,; Rehulka, P; et al. Persistent post-traumatic headache: A migrainous loop or
not? The clinical evidence. ]. Headache Pain 2020, 21, 55. [CrossRef]

Waller, C.S.; Pawlow, L.; Pettibone, J.C.; Pomerantz, A.M. Amplifying Factors in the Proposed Relationship
between Sleep-Wake Dysfunction and Post-Concussion Syndrome Pathogenesis. SN Compr. Clin. Med. 2020,
2,526-530. [CrossRef]

Engel-Yeger, B.; Muzio, C.; Rinosi, G.; Solano, P.; Geoffroy, P.A.; Pompili, M.; Amore, M.; Serafini, G. Extreme
sensory processing patterns and their relation with clinical conditions among individuals with major affective
disorders. Psychiatry Res. 2016, 236, 112-118. [CrossRef]

Pompili, M.; Innamorati, M.; Lamis, D.A.; Erbuto, D.; Venturini, P.; Ricci, E; Serafini, G.; Amore, M.; Girardi, P.
The associations among childhood maltreatment, “male depression” and suicide risk in psychiatric patients.
Psychiatry Res. 2014, 220, 571-578. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/j.1365-2850.2011.01706.x
http://dx.doi.org/10.1007/s10194-010-0282-4
http://dx.doi.org/10.3390/ijerph17072585
http://dx.doi.org/10.1186/s10194-020-01122-5
http://dx.doi.org/10.1007/s42399-020-00284-2
http://dx.doi.org/10.1016/j.psychres.2015.12.022
http://dx.doi.org/10.1016/j.psychres.2014.07.056
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction: Clinical Characteristics of Post-Traumatic Headache and Migraine, More than an Overlapping 
	Methods 
	Results 
	Included Studies about PPTH 
	Included Studies about Migraine Neurobiological/Clinical Differential Predictors between PPTH and Migraine 
	Included Studies about Currently Available Treatments for PPTH 
	A Focus on PTSD: Similarities and Differences with Persistent Post-Traumatic Headache 

	Discussion 
	Summary of the Main Findings about the Nature of PPTH 
	Summary of the Main Findings about Neurobiological/Clinical Differential Predictors between PPTH and Migraine 
	Summary of the Main Findings about Currently Available Treatments for PPTH 
	Main Caveats 

	Conclusions 
	References

