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Abstract

Purpose of Review Post-traumatic headache is a common sequela of injury to the head and/or neck. Here, we review the
current approach to pharmacologic management of post-traumatic headache and explore the therapeutic promise of targeting
calcitonin gene—related peptide signaling to address unmet treatment needs.

Recent Findings The scarcity of data from controlled trials has left clinicians to rely on mainly expert opinion for the phar-
macologic management of post-traumatic headache. The current view is that a phenotype-guided approach should be used,
in which patients are treated according to the primary headache phenotype that their clinical features resemble the most (e.g.
migraine, tension-type headache). Moreover, incremental advances are being made in the field that aim to identify possible
cellular and molecular drivers of headache persistence. Calcitonin gene—related peptide has emerged as a key drug target
which, in turn, has prompted novel insights on the potential importance of early initiation of pharmacologic treatment follow-
ing the onset of post-traumatic headache. This, in turn, might prevent subsequent persistence and chronification of headache.
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Introduction

Post-traumatic headache (PTH) is a disabling neurologic
disorder that afflicts millions of people worldwide and can
be attributed to either traumatic brain injury (TBI), whiplash
injury, or craniotomy [1]. The diagnosis is based on largely
clinical criteria outlined by the International Classification
of Headache Disorders, 3™ edition (ICHD-3) [2]. Herein,
PTH is characterized by onset of headache within 7 days
of the injury or, alternatively, within 7 days of regaining
consciousness or recovering the ability to sense and report
pain. Headache of less than 3 months’ duration is classified
as acute PTH, whereas headache of more than 3 months’
duration is classified as persistent PTH.
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From a clinical standpoint, most patients who present
with PTH complain of recurrent, if not daily, episodes of
headache with features that resemble migraine and less often
tension-type headache (TTH) [1, 3-9]. This merits emphasis
because no medications have been approved for the treat-
ment of PTH and current therapeutic approaches are there-
fore conceptually drawn from drug-based treatments dem-
onstrated to be effective for migraine and TTH [1, 9]. The
rationale is that tailoring therapeutics to specific headache
phenotypes might provide more effective disease manage-
ment although randomized clinical trials (RCTs) are needed
to ascertain the value of a phenotype-guided approach [1].
Recent efforts have rather focused on possible cellular and
molecular drivers of headache persistence and thereby
identify drug targets that might prevent the persistence and
chronification of cephalic pain [10, 11].

In this review, we outline the evidence for drug-based
treatments of PTH. This is followed by a summary of treat-
ment recommendations based on a headache phenotype-
guided approach to disease management. We conclude with
a glimpse at what the future holds in terms of addressing
unmet needs with therapies targeting signaling molecule
calcitonin gene-related peptide (CGRP) or its receptor.
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Pharmacotherapy

Management of PTH is mostly based on expert consensus
rather than evidence from RCTs [1]. A 2019 systematic
review concluded that there is minimal evidence to provide
guidance on the pharmacologic treatment of acute and per-
sistent PTH [12e]. Nonetheless, informed clinical deci-
sion-making should still comprise the right medication(s)
at the lowest cost to the affected individual and society.
Clinicians should also recognize that PTH is often difficult
to treat [1], even when correctly diagnosed and appropri-
ately managed. The failure of pharmacotherapies might,
in part, be related to the heterogeneous nature of PTH in
terms of frequency, duration, pain intensity, and evolution
over time [1]. In addition, the presence of comorbid dis-
orders tends to complicate effective disease management
[1, 13]. A recent observational study found that symptoms
suggestive of sleep disturbances, anxiety, depression, and
mild cognitive impairment were frequently reported by
patients with PTH [14]. Clinicians must therefore remem-
ber to screen for common comorbidities and tailor their
treatment strategy according to the needs of the affected
individual.

Pharmacologic treatment of PTH can be divided into
two parts: the use of acute medications to provide pain
relief for individual episodes with headache and the use
of preventive medications to reduce the frequency, dura-
tion, or severity of headache [1]. Treatment will most often
commence with simple analgesics that can be obtained
over the counter, e.g., paracetamol/acetaminophen or non-
steroidal anti-inflammatory drugs (NSAIDs). Some peo-
ple with PTH can probably self-manage with these simple
analgesics and are therefore unlikely to seek medical care.
Others might experience headaches that become increas-
ingly frequent or non-responsive to self-medication. Dis-
ease management should then be initiated and maintained
by primary care practitioners. Referral to specialist care
should be restricted to those who do not respond to initial
treatment attempts, experience near-daily or daily head-
ache, or present with comorbid disorders.

In practice, the current view is to apply a phenotype-
guided strategy to pharmacologic management of PTH,
as presented in Fig. 1 [1]. This approach entails that cli-
nicians assign patients with a headache phenotype, most
often a migraine-like or TTH-like phenotype [3-9]. All
patients are then offered an oral NSAID with evidence-
based effectiveness for the acute treatment of migraine and
TTH, i.e., acetylsalicylic acid, diclofenac potassium, and
ibuprofen [15-22]. If NSAIDs are poorly tolerated or con-
traindicated, paracetamol can be used as a substitute [23,
24]. Second-line treatment includes the analgesic combi-
nation of acetylsalicylic acid, paracetamol, and caffeine
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while those with a migraine-like phenotype might also
benefit from a triptan or gepant [22, 25-30]. In addition,
clinical experience suggests that antiemetics are a useful
adjunct whenever headaches are accompanied by nausea
[30], while intranasal or subcutaneous formulations of
sumatriptan are helpful in those with headaches that peak
rapidly [26]. An important advice for clinicians is also
to recognize that at least three consecutive episodes of
headache must be treated before the therapeutic response
to a specific acute medication can be adequately assessed.

Considering the recurrent—and at times chronic—nature
of PTH, effective disease management will often include
preventive treatment. It is, however, difficult to give defini-
tive guidance on when to initiate preventive treatment
although there are a few rules to guide clinicians [1]. First,
preventive treatment is usually needed when optimized acute
medication therapy provides inadequate pain relief. Second,
clinicians should consider initiation of preventive treatment
when patients complain of headache on at least 8 days per
month and are adversely affected. Lastly, preventive treat-
ment is often necessary when patients report frequent use
of acute medications and are at risk of developing medica-
tion overuse headache (MOH). In addition to initiation of
preventive treatment, clinicians should encourage patients
with MOH to discontinue the overused acute medication
and switch to an alternative medication with limits (<2 days
per week) [31]. It should be mentioned that preclinical and
clinical data suggest that the use of gepants, CGRP receptor
antagonists, is not associated with the risk of developing
MOH. A recent animal study reported that repeated adminis-
tration of ubrogepant did not result in cutaneous allodynia or
latent sensitization [32], both of which are surrogate markers
of MOH in rodents [33]. Clinical data have also found that
use of rimegepant every other day and atogepant every day
over a 3-month period is effective for migraine prevention
[34, 35]. However, restricted availability and high costs are
likely to limit the broader use of ubrogepant and rimegepant
in clinical practice.

Recommended preventive medications include amitripty-
line, mirtazapine, and venlafaxine for patients with a TTH-like
phenotype, while amitriptyline, candesartan, and certain beta
blockers (e.g., propranolol, metoprolol) can be considered for
those with a migraine-like phenotype [21, 22, 27, 30]. In addi-
tion, patients with a migraine-like phenotype might benefit
from treatment with onabotulinumtoxinA and medications that
target CGRP signaling, e.g., rimegepant, atogepant, and mono-
clonal antibodies (mAbs) against CGRP or its receptor (i.e.,
eptinezumab, erenumab, fremanezumab, and galcanezumab)
[1, 27, 30]. In choosing the preventive medication, clinicians
should consider side effect profiles and remember to account
for the presence of comorbid disorders. Another important
aspect is to inform patients that potential therapeutic effects
are typically apparent after at least 2 months of treatment
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Fig. 1 Proposed algorithm

for pharmacologic treatment

of post-traumatic headache.
Modified from Ashina et al.,
2021, Lancet Neurol [1].
Recommended doses have been
published elsewhere [1]
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[30]. This might, in turn, provide the needed reassurances to
reduce nonadherence and unnecessary treatment discontinua-
tion. Active follow-up is also a key aspect to facilitate effective
disease management and treatment adherence. In this context,
clinicians should encourage patients to record their headache
days and use of acute medications in a headache calendar. This
will provide valuable information that can be used to evaluate
the treatment response by review of therapeutic effectiveness,
adverse events, and adherence. Further research is needed to

identify strategies and methods for increasing adherence and
treatment satisfaction.

Targeting CGRP Signaling

The trigeminovascular system is the anatomical and
physiological substrate underlying the genesis of cephalic
pain [21, 36-38]. Within this framework, nociceptive
information is projected from first-order neurons in the
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trigeminal ganglion to second-order neurons in the brain
stem, before reaching third-order thalamic neurons [10,
21]. From the thalamus, nociceptive transmission is then
conveyed to various areas of the cerebral cortex, includ-
ing the somatosensory cortex [10, 21]. These processes
are ultimately responsible for the perception of cephalic
pain. It is, however, less clear by what mechanisms noci-
ceptive impulses are initially evoked [10, 21]. Nonethe-
less, compelling evidence have implicated the release of
various signaling molecules from primary afferents of
neurons in the trigeminal ganglion that innervate pain-
sensitive intracranial structures, including the dura mater
and its blood vessels [10, 39, 40]. These signaling mol-
ecules include CGRP which, upon release from primary
afferents, promotes vasodilation and modulates nocicep-
tive transmission [10, 39, 41]. The binding of CGRP to
its G protein-coupled receptor on vascular smooth muscle
cells elevates intracellular levels of the second messenger
cyclic adenosine monophosphate (cAMP), [36, 42]. This
results in the opening of potassium channels that cause
hyperpolarization of the vascular smooth muscle cell and
thereby vasodilation [43-45]. The outflow of positively
charged potassium and dilation of intracranial arteries is
then hypothesized to activate and sensitize the perivascu-
lar nociceptors which, in turn, is responsible for the initial
transmission of nociceptive impulses to the cerebral cor-
tex, as described above [21].

The involvement of CGRP in PTH has been confirmed by
several lines of evidence. First, CGRP has been implicated in
the modulation of nociceptive transmission in rodent models
of concussion [46, 47ee, 48-50]. Second, there is robust evi-
dence from a randomized, double-blind, placebo-controlled,
two-way crossover study that intravenous infusion of CGRP
induces headache with migraine-like features in patients
with persistent PTH who reported no history of pre-existing
migraine [S1ee]. The same study also found that headache
intensity scores were significantly higher following CGRP
infusion compared with placebo. Third, open-label trial data
suggest that patients with persistent PTH might benefit from
preventive treatment with a mAb against the CGRP receptor,
erenumab [52ee]. The authors reported that the mean num-
ber of headache days of moderate-to-severe intensity was
15.7 days at baseline; by week 9 through 12, the number was
reduced by 2.8 days. Lastly, one small RCT found that pre-
ventive treatment with botulinum toxin type A was superior
to placebo in patients with persistent PTH [53e]. The latter
finding is interesting because preclinical studies have found
that botulinum toxin type A can inhibit the release of CGRP
from primary afferents [54]. Taken together, it seems plau-
sible that therapies targeting CGRP signaling might, in part,
address unmet treatment needs of people afflicted by persis-
tent PTH. However, cautious enthusiasm is encouraged since
fremanezumab (mAB against CGRP) did not prove superior
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to placebo for prevention of PTH in a recently published
RCT [55]. The RCT was, nonetheless, underpowered and did
not meet the pre-defined target enrollment. Further studies
are therefore needed to ascertain the benefits of therapies
targeting CGRP signaling.

An important consideration for the management of PTH
is whether early treatment initiation can prevent the per-
sistence and chronification of PTH [10]. The neurobiologi-
cal rationale is that recurrent or continuous transmission of
nociceptive information from primary afferents facilitates
central sensitization of second- and third-order neurons [10,
56]. As soon as central sensitization (surrogate marker of
headache chronification) is established, its maintained only
partly by peripheral nociceptive input [56]. At this stage,
it becomes difficult to treat the cephalic pain with medica-
tions whose site of action is predominantly outside of the
central nervous system. This line of reasoning suggests that
the highest therapeutic benefit is achieved when appropriate
treatment is initiated before central sensitization (i.e., head-
ache chronification) has been established. Early initiation
of treatment with therapies targeting CGRP signaling might
therefore reduce the transmission of nociceptive information
to the central nervous system and prevent the persistence and
chronification of cephalic pain. Indeed, animal data support
the notion that early and continuous targeting of CGRP sign-
aling prevents the development of immediate and delayed
cephalic and extracephalic allodynia (suggestive of central
sensitization) in concussed rodents [47ee].

Conclusions

Advances in the pharmacologic management of PTH are
long overdue. The scarcity of data from controlled trials
limit clinicians to use a phenotype-guided approach based
on expert opinion, in which PTH is treated according to the
primary headache phenotype that its clinical features resem-
ble the most. New therapeutics are therefore urgently needed
and should target signaling pathways related to the persis-
tence and chronification of PTH. Given the role of CGRP in
the genesis of cephalic pain, it seems plausible that therapies
targeting CGRP signaling hold promise for the future.

Declarations

Conflict of Interest David W. Dodick reports the following con-
flicts within the past 12 months: consulting: Amgen, Atria, Cerecin,
Cooltech, Ctrl M, Allergan, Biohaven, GSK, Lundbeck, Eli Lilly,
Novartis, Impel, Satsuma, Theranica, WL Gore, Nocira, Perfood,
Praxis, AYYA Biosciences, Revance. Honoraria: Vector psychomet-
ric Group, Clinical Care Solutions, CME Outfitters, Curry Rockefeller
Group, DeepBench, Global Access Meetings, KLJ Associates, Acad-
emy for Continued Healthcare Learning, Majallin LLC, Medlogix



Current Neurology and Neuroscience Reports (2022) 22:105-111

109

Communications, MJH Lifesciences, Miller Medical Communica-
tions, WebMD Health/Medscape, Wolters Kluwer, Oxford University
Press, Cambridge University Press. Research Support: Department
of Defense, National Institutes of Health, Henry Jackson Foundation,
Sperling Foundation, American Migraine Foundation, Patient Cen-
tered Outcomes Research Institute (PCORI). Stock Options/Share-
holder/Patents/Board of Directors: Ctrl M (options), Aural analyt-
ics (options), ExSano (options), Palion (options), Healint (Options),
Theranica (Options), Second Opinion/Mobile Health (Options), Epien
(Options/Board), Nocira (options), Matterhorn (Shares/Board), Onto-
logics (Shares/Board), King-Devick Technologies (Options/Board),
Precon Health (Options/Board), AYYA Biosciences (Options). Pat-
ent 17189376.1-1466:vTitle: Botulinum Toxin Dosage Regimen for
Chronic Migraine Prophylaxis. Hikan Ashina reports no potential
conflicts of interest.

Consent for Publication All authors have read the final version of the
manuscript and approve its content for publication.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1. Ashina H, Eigenbrodt AK, Seifert T, Sinclair AJ, Scher Al,
Schytz HW, Lee MJ, De Icco R, Finkel AG, Ashina M. Post-
traumatic headache attributed to traumatic brain injury: clas-
sification, clinical characteristics, and treatment. Lancet Neu-
rol. 2021;20(6):460-9. https://doi.org/10.1016/S1474-4422(21)
00094-6.

2. Headache Classification Committee of the International Head-
ache Society (IHS). The international classification of headache
disorders, 3rd edition. Cephalalgia. 2018; 38:1-211.

3. Ashina H, Iljazi A, Al-Khazali HM, Ashina S, Jensen RH, Amin
FM, Ashina M, Schytz HW. Persistent post-traumatic headache
attributed to mild traumatic brain injury: deep phenotyping and
treatment patterns. Cephalalgia. 2020;40(6):554—64. https://doi.
org/10.1177/0333102420909865.

4. Ashina H, Iljazi A, Amin FM, Ashina M, Lipton RB, Schytz
HW. Interrelations between migraine-like headache and per-
sistent post-traumatic headache attributed to mild traumatic
brain injury: a prospective diary study. J Headache Pain.
2020;21(1):134. https://doi.org/10.1186/s10194-020-01202-6.

5. Lucas S, Hoffman JM, Bell KR, Walker W, Dikmen S. Charac-
terization of headache after traumatic brain injury. Cephalalgia.
2012;32(8):600-6. https://doi.org/10.1177/0333102412445224.

6. Lucas S, Hoffman JM, Bell KR, Dikmen S. A prospective study
of prevalence and characterization of headache following mild
traumatic brain injury. Cephalalgia. 2014;34(2):93-102. https://
doi.org/10.1177/0333102413499645.

7. Theeler B, Lucas S, Riechers RG 2nd, Ruff RL. Post-traumatic
headaches in civilians and military personnel: a comparative,
clinical review. Headache. 2013;53(6):881-900. https://doi.org/
10.1111/head.12123.

8. Lucas S, Ahn AH. Posttraumatic headache: classification by
symptom-based clinical profiles. Headache. 2018;58(6):873-82.
https://doi.org/10.1111/head.13311.

10.

11.

12.e

13.

14.

15

16

17

18

19.

20

21.

22.

23

24

25.

Schwedt TJ. Post-traumatic headache due to mild traumatic brain
injury: current knowledge and future directions. Cephalalgia.
2021;41(4):464-71. https://doi.org/10.1177/0333102420970188.
Ashina H, Moskowitz MA. Shared biological founda-
tions of post-traumatic headache and migraine. Headache.
2021;61(3):558-9. https://doi.org/10.1111/head.14084.

Bree D, Levy D. Strides toward better understanding of post-
traumatic headache pathophysiology using animal models. Curr
Pain Headache Rep. 2018;22(10):67. https://doi.org/10.1007/
s11916-018-0720-6.

Larsen EL, Ashina H, Iljazi A, Al-Khazali HM, Seem K, Ashina
M, Ashina S, Schytz HW. Acute and preventive pharmacologi-
cal treatment of post-traumatic headache: a systematic review. J
Headache Pain. 2019;20(1):98. https://doi.org/10.1186/s10194-
019-1051-7. (A systematic review that summarizes the evi-
dence for pharmacologic treatment of acute and persistent
PTH and outlines the need for controlled trials.)

Minen MT, Boubour A, Walia H, Barr W. Post-concussive syn-
drome: a focus on post-traumatic headache and related cogni-
tive, psychiatric, and sleep issues. Curr Neurol Neurosci Rep.
2016;16(11):100. https://doi.org/10.1007/s11910-016-0697-7.
Ashina H, Al-Khazali HM, Iljazi A, Ashina S, Amin FM, Lip-
ton RB, Schytz HW. Psychiatric and cognitive comorbidities of
persistent post-traumatic headache attributed to mild traumatic
brain injury. J Headache Pain. 2021;22(1):83. https://doi.org/10.
1186/s10194-021-01287-7.

Kirthi V, Derry S, Moore RA. Aspirin with or without an
antiemetic for acute migraine headaches in adults. Cochrane
Database Syst Rev. 2013;2013(4):CD008041. https://doi.org/
10.1002/14651858.CD008041.pub3.

Derry S, Rabbie R, Moore RA. Diclofenac with or without an
antiemetic for acute migraine headaches in adults. Cochrane
Database Syst Rev. 2013;2013(4):CD008783. https://doi.org/
10.1002/14651858.CD008783.pub3.

Rabbie R, Derry S, Moore RA. Ibuprofen with or without an
antiemetic for acute migraine headaches in adults. Cochrane
Database Syst Rev. 2013;2013(4):CD008039. https://doi.org/
10.1002/14651858.CD008039.pub3.

Derry S, Wiffen PJ, Moore RA. Aspirin for acute treatment of
episodic tension-type headache in adults. Cochrane Database
Syst Rev. 2017;1(1):CDO011888. https://doi.org/10.1002/14651
858.CDO011888.pub2.

Kubitzek F, Ziegler G, Gold MS, Liu JM, Ionescu E. Low-dose
diclofenac potassium in the treatment of episodic tension-type
headache. Eur J Pain. 2003;7(2):155-62. https://doi.org/10.1016/
S$1090-3801(02)00094-0.

Derry S, Wiffen PJ, Moore RA, Bendtsen L. Ibuprofen for acute
treatment of episodic tension-type headache in adults. Cochrane
Database Syst Rev. 2015;2015(7):CD011474. https://doi.org/10.
1002/14651858.CD011474.pub2.

Migraine AM. N Engl J Med. 2020;383(19):1866-76. https://
doi.org/10.1056/NEJMral915327.

Ashina S, Mitsikostas DD, Lee MJ, Yamani N, Wang SJ, Messina
R, Ashina H, Buse DC, Pozo-Rosich P, Jensen RH, Diener
HC, Lipton RB. Tension-type headache Nat Rev Dis Primers.
2021;7(1):24. https://doi.org/10.1038/s41572-021-00257-2.
Derry S, Moore RA. Paracetamol (acetaminophen) with or
without an antiemetic for acute migraine headaches in adults.
Cochrane Database Syst Rev. 2013;2013(4):CD008040. https://
doi.org/10.1002/14651858.CD008040.pub3.

Stephens G, Derry S, Moore RA. Paracetamol (acetaminophen)
for acute treatment of episodic tension-type headache in adults.
Cochrane Database Syst Rev. 2016;2016(6):CD011889. https://
doi.org/10.1002/14651858.CD011889.pub2.

Diener HC, Gaul C, Lehmacher W, Weiser T. Aspirin, paraceta-
mol (acetaminophen) and caffeine for the treatment of acute

@ Springer


https://doi.org/10.1016/S1474-4422(21)00094-6
https://doi.org/10.1016/S1474-4422(21)00094-6
https://doi.org/10.1177/0333102420909865
https://doi.org/10.1177/0333102420909865
https://doi.org/10.1186/s10194-020-01202-6
https://doi.org/10.1177/0333102412445224
https://doi.org/10.1177/0333102413499645
https://doi.org/10.1177/0333102413499645
https://doi.org/10.1111/head.12123
https://doi.org/10.1111/head.12123
https://doi.org/10.1111/head.13311
https://doi.org/10.1177/0333102420970188
https://doi.org/10.1111/head.14084
https://doi.org/10.1007/s11916-018-0720-6
https://doi.org/10.1007/s11916-018-0720-6
https://doi.org/10.1186/s10194-019-1051-7
https://doi.org/10.1186/s10194-019-1051-7
https://doi.org/10.1007/s11910-016-0697-7
https://doi.org/10.1186/s10194-021-01287-7
https://doi.org/10.1186/s10194-021-01287-7
https://doi.org/10.1002/14651858.CD008041.pub3
https://doi.org/10.1002/14651858.CD008041.pub3
https://doi.org/10.1002/14651858.CD008783.pub3
https://doi.org/10.1002/14651858.CD008783.pub3
https://doi.org/10.1002/14651858.CD008039.pub3
https://doi.org/10.1002/14651858.CD008039.pub3
https://doi.org/10.1002/14651858.CD011888.pub2
https://doi.org/10.1002/14651858.CD011888.pub2
https://doi.org/10.1016/S1090-3801(02)00094-0
https://doi.org/10.1016/S1090-3801(02)00094-0
https://doi.org/10.1002/14651858.CD011474.pub2
https://doi.org/10.1002/14651858.CD011474.pub2
https://doi.org/10.1056/NEJMra1915327
https://doi.org/10.1056/NEJMra1915327
https://doi.org/10.1038/s41572-021-00257-2
https://doi.org/10.1002/14651858.CD008040.pub3
https://doi.org/10.1002/14651858.CD008040.pub3
https://doi.org/10.1002/14651858.CD011889.pub2
https://doi.org/10.1002/14651858.CD011889.pub2

110

Current Neurology and Neuroscience Reports (2022) 22:105-111

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

migraine attacks: a systemic review and meta-analysis of ran-
domised placebo-controlled trials. Eur J Neurol. 2021. https://
doi.org/10.1111/ene.15103.

Derry CJ, Derry S, Moore RA. Sumatriptan (all routes of
administration) for acute migraine attacks in adults - over-
view of Cochrane reviews. Cochrane Database Syst Rev.
2014;2014(5):CD009108. https://doi.org/10.1002/14651858.
CD009108.pub2.

Ashina M, Buse DC, Ashina H, Pozo-Rosich P, Peres MFP,
Lee MJ, Terwindt GM, Halker Singh R, Tassorelli C, Do TP,
Mitsikostas DD, Dodick DW. Migraine: integrated approaches
to clinical management and emerging treatments. Lancet.
2021;397(10283):1505-18. https://doi.org/10.1016/S0140-
6736(20)32342-4.

Dodick DW, Lipton RB, Ailani J, Lu K, Finnegan M, Trugman
JM, Szegedi A. Ubrogepant for the treatment of migraine. N
Engl J Med. 2019;381(23):2230-41. https://doi.org/10.1056/
NEJMoal813049.

Croop R, Goadsby PJ, Stock DA, Conway CM, Forshaw M,
Stock EG, Coric V, Lipton RB. Efficacy, safety, and tolerability
of rimegepant orally disintegrating tablet for the acute treatment
of migraine: a randomised, phase 3, double-blind, placebo-con-
trolled trial. Lancet. 2019;394(10200):737—-45. https://doi.org/
10.1016/S0140-6736(19)31606-X.

Eigenbrodt AK, Ashina H, Khan S, Diener HC, Mitsikostas DD,
Sinclair AJ, Pozo-Rosich P, Martelletti P, Ducros A, Lantéri-
Minet M, Braschinsky M, Del Rio MS, Daniel O, Ozge A, Mam-
madbayli A, Arons M, Skorobogatykh K, Romanenko V, Ter-
windt GM, Paemeleire K, Sacco S, Reuter U, Lampl C, Schytz
HW, Katsarava Z, Steiner TJ, Ashina M. Diagnosis and manage-
ment of migraine in ten steps. Nat Rev Neurol. 2021;17(8):501—
14. https://doi.org/10.1038/s41582-021-00509-5.

Diener HC, Dodick D, Evers S, Holle D, Jensen RH, Lipton
RB, Porreca F, Silberstein S, Schwedt T. Pathophysiology, pre-
vention, and treatment of medication overuse headache. Lancet
Neurol. 2019;18(9):891-902. https://doi.org/10.1016/S1474-
4422(19)30146-2.

Navratilova E, Behravesh S, Oyarzo J, Dodick DW, Banerjee P,
Porreca F. Ubrogepant does not induce latent sensitization in a
preclinical model of medication overuse headache. Cephalal-
gia. 2020;40(9):892-902. https://doi.org/10.1177/0333102420
938652.

Meng ID, Dodick D, Ossipov MH, Porreca F. Pathophysiology
of medication overuse headache: insights and hypotheses from
preclinical studies. Cephalalgia. 2011;31(7):851-60. https://doi.
org/10.1177/0333102411402367.

Croop R, Lipton RB, Kudrow D, Stock DA, Kamen L, Conway
CM, Stock EG, Coric V, Goadsby PJ. Oral rimegepant for pre-
ventive treatment of migraine: a phase 2/3, randomised, double-
blind, placebo-controlled trial. Lancet. 2021;397(10268):51-60.
https://doi.org/10.1016/S0140-6736(20)32544-7.

Ailani J, Lipton RB, Goadsby PJ, Guo H, Miceli R, Severt L,
Finnegan M, Trugman JM; ADVANCE Study Group. Atoge-
pant for the preventive treatment of migraine. N Engl J Med.
2021;385(8):695-706. doi: https://doi.org/10.1056/NEJMo
a2035908.

Ashina M, Hansen JM, Do TP, Melo-Carrillo A, Burstein R,
Moskowitz MA. Migraine and the trigeminovascular system-40
years and counting. Lancet Neurol. 2019;18(8):795-804. https://
doi.org/10.1016/S1474-4422(19)30185-1.

Moskowitz MA, Reinhard JF Jr, Romero J, Melamed E, Pet-
tibone DJ. Neurotransmitters and the fifth cranial nerve: is
there a relation to the headache phase of migraine? Lancet.
1979;2(8148):883-5. https://doi.org/10.1016/s0140-6736(79)
92692-8.

@ Springer

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.00

48.

49.

50.

Moskowitz MA. The neurobiology of vascular head pain. Ann
Neurol. 1984;16(2):157-68. https://doi.org/10.1002/ana.41016
0202.

Ashina M, Terwindt GM, Al-Karagholi MA, de Boer I,
Lee MJ, Hay DL, Schulte LH, Hadjikhani N, Sinclair AJ,
Ashina H, Schwedt TJ, Goadsby PJ. Migraine: disease char-
acterisation, biomarkers, and precision medicine. Lancet.
2021;397(10283):1496-504. https://doi.org/10.1016/S0140-
6736(20)32162-0.

Vollesen ALH, Snoer A, Beske RP, Guo S, Hoffmann J, Jensen
RH, Ashina M. Effect of infusion of calcitonin gene-related
peptide on cluster headache attacks: a randomized clinical
trial. JAMA Neurol. 2018;75(10):1187-97. https://doi.org/
10.1001/jamaneurol.2018.1675.

Iyengar S, Ossipov MH, Johnson KW. The role of calcitonin
gene-related peptide in peripheral and central pain mecha-
nisms including migraine. Pain. 2017;158(4):543-59. https://
doi.org/10.1097/j.pain.000000000000083 1.

Ashina H, Porreca F, Anderson T, Amin FM, Ashina M,
Schytz HW, Dodick DW. Post-traumatic headache: epi-
demiology and pathophysiological insights. Nat Rev
Neurol. 2019;15(10):607-17. https://doi.org/10.1038/
s41582-019-0243-8.

Al-Karagholi MA, Ghanizada H, Nielsen CAW, Skandarioon C,
Snellman J, Lopez Lopez C, Hansen JM, Ashina M. Opening of
BKCa channels alters cerebral hemodynamic and causes head-
ache in healthy volunteers. Cephalalgia. 2020;40(11):1145-54.
https://doi.org/10.1177/0333102420940681.

Al-Karagholi MA, Ghanizada H, Waldorff Nielsen CA,
Skandarioon C, Snellman J, Lopez-Lopez C, Hansen JM,
Ashina M. Opening of BKCa channels causes migraine attacks:
a new downstream target for the treatment of migraine. Pain.
2021;162(10):2512-20. https://doi.org/10.1097/j.pain.00000
00000002238.

Al-Karagholi MA, Hansen JM, Guo S, Olesen J, Ashina M.
Opening of ATP-sensitive potassium channels causes migraine
attacks: a new target for the treatment of migraine. Brain.
2019;142(9):2644-54. https://doi.org/10.1093/brain/awz199.
Kopruszinski CM, Turnes JM, Swiokla J, Weinstein TJ, Schwedt
TJ, Dodick DW, Anderson T, Navratilova E, Porreca F. CGRP
monoclonal antibody prevents the loss of diffuse noxious inhibi-
tory controls (DNIC) in a mouse model of post-traumatic head-
ache. Cephalalgia. 2021;41(6):749-59. https://doi.org/10.1177/
0333102420981688.

Navratilova E, Rau J, Oyarzo J, Tien J, Mackenzie K, Stratton
J, Remeniuk B, Schwedt T, Anderson T, Dodick D, Porreca F.
CGRP-dependent and independent mechanisms of acute and per-
sistent post-traumatic headache following mild traumatic brain
injury in mice. Cephalalgia. 2019;39(14):1762-75. https://doi.
0rg/10.1177/0333102419877662. (This animal study demon-
strated that early and continuous blockade of CGRP signal-
ing can prevent cutaneous allodynia in concussed rodents.)
Bree D, Mackenzie K, Stratton J, Levy D. Enhanced post-trau-
matic headache-like behaviors and diminished contribution of
peripheral CGRP in female rats following a mild closed head
injury. Cephalalgia. 2020;40(7):748-60. https://doi.org/10.1177/
0333102420907597.

Bree D, Levy D. Development of CGRP-dependent pain and
headache related behaviours in a rat model of concussion: impli-
cations for mechanisms of post-traumatic headache. Cephalalgia.
2018;38(2):246-58. https://doi.org/10.1177/0333102416681571.
Daiutolo BV, Tyburski A, Clark SW, Elliott MB. Trigeminal pain
molecules, allodynia, and photosensitivity are pharmacologi-
cally and genetically modulated in a model of traumatic brain
injury. J Neurotrauma. 2016;33(8):748-60. https://doi.org/10.
1089/neu.2015.4087.


https://doi.org/10.1111/ene.15103
https://doi.org/10.1111/ene.15103
https://doi.org/10.1002/14651858.CD009108.pub2
https://doi.org/10.1002/14651858.CD009108.pub2
https://doi.org/10.1016/S0140-6736(20)32342-4
https://doi.org/10.1016/S0140-6736(20)32342-4
https://doi.org/10.1056/NEJMoa1813049
https://doi.org/10.1056/NEJMoa1813049
https://doi.org/10.1016/S0140-6736(19)31606-X
https://doi.org/10.1016/S0140-6736(19)31606-X
https://doi.org/10.1038/s41582-021-00509-5
https://doi.org/10.1016/S1474-4422(19)30146-2
https://doi.org/10.1016/S1474-4422(19)30146-2
https://doi.org/10.1177/0333102420938652
https://doi.org/10.1177/0333102420938652
https://doi.org/10.1177/0333102411402367
https://doi.org/10.1177/0333102411402367
https://doi.org/10.1016/S0140-6736(20)32544-7
https://doi.org/10.1056/NEJMoa2035908
https://doi.org/10.1056/NEJMoa2035908
https://doi.org/10.1016/S1474-4422(19)30185-1
https://doi.org/10.1016/S1474-4422(19)30185-1
https://doi.org/10.1016/s0140-6736(79)92692-8
https://doi.org/10.1016/s0140-6736(79)92692-8
https://doi.org/10.1002/ana.410160202
https://doi.org/10.1002/ana.410160202
https://doi.org/10.1016/S0140-6736(20)32162-0
https://doi.org/10.1016/S0140-6736(20)32162-0
https://doi.org/10.1001/jamaneurol.2018.1675
https://doi.org/10.1001/jamaneurol.2018.1675
https://doi.org/10.1097/j.pain.0000000000000831
https://doi.org/10.1097/j.pain.0000000000000831
https://doi.org/10.1038/s41582-019-0243-8
https://doi.org/10.1038/s41582-019-0243-8
https://doi.org/10.1177/0333102420940681
https://doi.org/10.1097/j.pain.0000000000002238
https://doi.org/10.1097/j.pain.0000000000002238
https://doi.org/10.1093/brain/awz199
https://doi.org/10.1177/0333102420981688
https://doi.org/10.1177/0333102420981688
https://doi.org/10.1177/0333102419877662
https://doi.org/10.1177/0333102419877662
https://doi.org/10.1177/0333102420907597
https://doi.org/10.1177/0333102420907597
https://doi.org/10.1177/0333102416681571
https://doi.org/10.1089/neu.2015.4087
https://doi.org/10.1089/neu.2015.4087

Current Neurology and Neuroscience Reports (2022) 22:105-111

m

51.00

52.00

53.e

Ashina H, Iljazi A, Al-Khazali HM, Christensen CE, Amin
FM, Ashina M, Schytz HW. Hypersensitivity to calcitonin
gene-related peptide in post-traumatic headache. Ann Neurol.
2020;88(6):1220-8. https://doi.org/10.1002/ana.25915. (This
study found that intravenous infusion of CGRP induces
headache with migraine-like features in patients with per-
sistent PTH who reported no pre-existing migraine.)
Ashina H, Iljazi A, Al-Khazali HM, Eigenbrodt AK, Larsen
EL, Andersen AM, Hansen KJ, Brauner KB, Mgrch-Jessen T,
Chaudhry B, Antic S, Christensen CE, Ashina M, Amin FM,
Schytz HW. Efficacy, tolerability, and safety of erenumab for
the preventive treatment of persistent post-traumatic headache
attributed to mild traumatic brain injury: an open-label study. J
Headache Pain. 2020;21(1):62. https://doi.org/10.1186/s10194-
020-01136-z. (This 12-week open-label trial reported that
erenumab provided a >50% reduction in moderate-to-severe
headache days in 28% of patients with persistent PTH.)
Zirovich MD, Pangarkar SS, Manh C, Chen L, Vangala S,
Elashoff DA, Izuchukwu IS. Botulinum toxin type A for the
treatment of post-traumatic headache: a randomized, placebo-
controlled, cross-over study. Mil Med. 2021;186(5-6):493-9.
https://doi.org/10.1093/milmed/usaa391. (A small randomized

54.

55.

56.

placebo-controlled trial that demonstrated the effectiveness
of botulinum toxin type A for prevention of persistent PTH.)
Durham PL, Cady R, Cady R. Regulation of calcitonin gene-
related peptide secretion from trigeminal nerve cells by botuli-
num toxin type A: implications for migraine therapy. Headache.
2004;44(1):35-42; discussion 42-3. doi: https://doi.org/10.
1111/5.1526-4610.2004.04007 .x..

Egilius L.H. Spierings, Stephen Silberstein, Umer Najib, Juline
Bryson, Steve Barash, Jiang Li, Andrew Ahn. A phase 2 study
of fremanezumab as a treatment for posttraumatic headache in
adult patients (1588). Neurology. 2021; 96 (15 Supplement).
Latremoliere A, Woolf CJ. Central sensitization: a generator
of pain hypersensitivity by central neural plasticity. J Pain.
2009;10(9):895-926. https://doi.org/10.1016/].jpain.2009.06.
012.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/ana.25915
https://doi.org/10.1186/s10194-020-01136-z
https://doi.org/10.1186/s10194-020-01136-z
https://doi.org/10.1093/milmed/usaa391
https://doi.org/10.1111/j.1526-4610.2004.04007.x
https://doi.org/10.1111/j.1526-4610.2004.04007.x
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.jpain.2009.06.012

	Post-traumatic Headache: Pharmacologic Management and Targeting CGRP Signaling
	Abstract
	Purpose of Review 
	Recent Findings 

	Introduction
	Pharmacotherapy
	Targeting CGRP Signaling
	Conclusions
	References


