Chapter 14

Pathophysiology of Medication Overuse
Headache: Current Status and Future
Directions

Signe Bruun Munksgaard and Frank Porreca

14.1 Introduction

Migraine is thought to be the world’s third most common neurological disorder and
is ranked as seventh among the leading causes of disability [1, 2]. Its economic
impact is measured in billions of dollars [3, 4], and it accounts for 2.9 % of work
time lost due to disability [2]. Notably, these high rankings for the burden of
migraine occur in spite of the fact that treatments are available, clearly suggesting
that current migraine therapeutics are inadequate [2, 5].

The introduction of triptans represented a significant advance in the therapeutic
management of migraine, and triptans as a class are considered the drugs of choice
for management of migraine [6-8]. However, the frequent use of triptans can lead
to the conversion of episodic migraine into a chronic condition, frequently referred
to as medication overuse headache (MOH) [9, 10]. MOH was recognized before the
introduction of triptans from patients overusing ergots, opioids, and other analgesics
[11-13]. The overuse of analgesics in the treatment of cluster headache or tension-
type headache (TTH) [14] can also lead to MOH [15, 16]. Importantly, MOH is
more disabling than episodic headache and much more difficult to treat [15-17].
MOH is a chronic headache, affecting patients mainly between 20 and 50 years of
age and thus in their most productive years [18-21].
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The treatments employed in MOH are primarily a combination of information on
the disease and further detoxification from the overused drug combined with
medical prophylactic treatment and sometimes behavioral therapy. Simple informa-
tion can be sufficient for MOH patients who do not suffer from comorbidities and
who overuse medications that do not cause severe withdrawal symptoms. They are
often able to reduce their medication intake and thus experience a reduction in head-
ache frequency to episodic headache [22, 23]. In many patients, especially those
with comorbidities or previous relapse to MOH, these treatments are not effective in
reducing headache frequency. Current prophylactic migraine treatments arise not
from rational, evidence-based approaches, but from serendipity and presumptions
of efficacy based on the success of related compounds within a pharmacologic class
[18-21]. The limited therapeutic efficacy of currently available prophylactic treat-
ments against chronic migraine and the high relapse rate in MOH underscore a
strong medical need for the understanding of basic mechanisms underlying MOH.

14.2 Clinical Description

The possibility that aggressive analgesic therapy can lead to enhanced pain has long
been recognized in the clinical management of headache and gave rise to terms such
as rebound headache, medication misuse headache, or transformed migraine, later
defined as MOH [24]. MOH is characterized by 15 or more headache days/month
that result from excessive use of antimigraine drugs or analgesics. The current con-
sensus diagnostic criteria for MOH are summarized in Table 14.1. The general
worldwide prevalence of MOH is estimated to be at least 1 % in adults and 0.5 % in
adolescents [25-27], and approximately 33 % of individuals reporting chronic daily
headache meet the criteria for the overuse of medication [25, 28, 29]. Clinical sur-
veys indicate that only patients predisposed to headache will develop MOH when
overusing analgesics [30] and that patients with MOH most commonly have
migraine, followed by TTH [14]. The risk of developing MOH increases with lower
socioeconomic status and female sex [31-33]; the male/female ratio is 1:3.5 [34].
The prevalence of psychiatric disorders such as obsessive-compulsive disorders,
depression, and anxiety is greatly increased in persons with MOH [31, 35-38].
These psychiatric disorders are described as significant risk factors for developing

Table 14.1 The ICHD-3 criteria for medication overuse headache

A. Headache present on 15 or more days/month in a patient with a preexisting headache
disorder

B. Regular overuse for more than 3 months of one or more drugs that can be taken for acute and/
or symptomatic treatment of headache
1. Ergotamine, triptans, opioids, or combination analgesics on 10 or more days/month
2. Simple analgesics on 15 or more days/month
3. Any combination of acute/symptomatic drugs on 10 or more days/month without overuse

of any single class alone
C. Not better accounted for by any other ICHD-3 diagnosis
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MOH but also complicate treatment and increase the relapse rate to MOH after
withdrawal [31, 35-38]. Other risk factors include stressful life events, sleep distur-
bances, obesity, increased caffeine consumption, and elevated baseline headache
frequency (10 or more per month) [39-42].

Both underlying headache type and overused drug appear to contribute to the
pathogenesis of MOH. Most patients with MOH have migraine, and most (>95 %) of
migraine sufferers regularly use acute medications that include analgesics, migraine-
specific medications (triptans, ergot medications), opioids, or a combination thereof
[43]. The choice and frequency of use of acute medications have a major influence
on migraine prognosis [44, 45]. Acute medications, particularly opioids, barbiturate-
containing combination analgesics, as well as triptans and ergots, potentiate the risk
of progression [30, 46-50]. The intensity and frequency of recurrent headaches was
increased with opiate use and diminished when opiate administration was terminated
[11, 12]. Triptans tend to produce MOH over a shorter dosing regimen than either
ergots or analgesics [51]. In a prospective study, it was found that the mean interval
between first dose and MOH for triptans was 1.7 years, whereas the mean interval for
ergots and analgesics was 2.7 years and 4.8 years, respectively [51]. The duration of
withdrawal headache was less severe and shorter in patients overusing triptans
(4.1 days) than in patients overusing ergots (6.7 days) or analgesics (9.5 days) [13].
Additionally, the MOH headache pattern reflected both the underlying headache type
and the medication overused. Triptans were more likely to produce a daily migraine-
like headache or an increase in migraine frequency, whereas simple analgesics and
ergots were more likely to produce a TTH-like headache [13, 51]. Studies on sub-
groups of MOH patients overusing different types of drugs [13, 52-54] show differ-
ent responses in neuroimaging and cortical potentials.

MOH across different medications appears to share some common neurobiological
pathways, including those that modulate motivation, reward, and behavioral control
[55]. A large proportion of patients with chronic daily headache with concomitant med-
ication overuse fulfilled the diagnostic criteria for substance dependence [56].
Dependence-like behavior is more frequently observed in patients with chronic head-
aches without MOH who smoke, who are obese, and who use sleep medications and
tranquilizers [31]. Approximately two-thirds of MOH patients were considered to be
dependent on acute treatments of headaches, and many of these individuals had migraine
as preexisting primary headache, and most of them overused opioid analgesics. The
severity of dependence predicted a poorer outcome of treatment for MOH [22, 57-59].
A correlation has been observed between high severity of dependence scale (SDS) score
before treatment and a poor outcome of treatment for MOH [58, 57, 60].

14.3 Neurophysiological Mechanisms of MOH

The mechanisms behind the development of MOH are largely unknown, but both
human and animal studies indicate drug-induced modifications of peripheral and
central pain transmission and modulatory pathways. Cutaneous allodynia, espe-
cially when present at extracephalic sites in premonitory phases of migraine, during
a migraine attack, and in the post-drome period, is a clinical sign that suggests the
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occurrence of central sensitization in humans [61-64]. Individuals with migraine
present a greater prevalence of cutaneous allodynia than do those with nonmigraine
headaches, and patients with MOH are more likely to develop allodynia than indi-
viduals with episodic migraine [15, 63, 65-67]. The mechanisms that trigger a
migraine attack are largely unknown but are thought to reflect a disorder of the brain
[68, 69]. Evaluating mechanisms that lead to pain in migraine headache is difficult
as the pain is intermittent and there is no tissue injury to serve as an obvious trigger
[69]. Increasing evidence points ultimately to engagement and sensitization of the
trigeminovascular system in the genesis of pain resulting from a migraine episode.
Migraine sufferers were found to have increased excitability of the trigeminal noci-
ceptive pathway, both during a migraine episode and during the interictal period
[63, 70-72].

Perivascular stimulation of the dura results in pain referred to the head [73, 74].
Activation of trigeminal afferent fibers terminating in the dura can release excitatory
mediators accompanied by neurogenic vasodilation of dural blood vessels, further
release of pronociceptive mediators, degranulation of mast cells, and extravasation
of plasma proteins, thus sensitizing the peripheral terminals of trigeminal nocicep-
tors [74-76]. This cascade of events can also result in enhanced nociceptive trans-
mission into the trigeminal nucleus caudalis and promoting central sensitization of
second-order neurons in this brainstem nucleus [71, 72]. Consequently, nocicep-
tive inputs are transmitted to higher brain centers including the thalamus, hypo-
thalamus, and cortical sites, manifesting as migraine pain [62, 71, 72, 77]. Because
migraineurs are most vulnerable to develop MOH, and MOH commonly resembles
migraine in quality, it is likely that migraine and MOH might share some neural
mechanisms. Extrapolation of potential mechanisms of MOH from animal models
of migraine-related pain thus seems reasonable.

The application of inflammatory mediators to the dura mater of rodents and the
resulting trigeminal sensitization have been used as an animal model of migraine
pain [78-80]. Dural inflammation has resulted in electrophysiologic, neurochemi-
cal, and behavioral evidence of central sensitization [61, 81, 82]. The development
and progression of central sensitization has been shown by the progressive spread
of cutaneous allodynia, i.e., enhanced neuronal responses from stimuli applied at
cephalic and extracephalic sites [71, 81, 83, 84]. Additionally, dural inflammation
was accompanied by enhanced descending facilitation demonstrated by increased
discharge of “ON” cells in the rostral ventromedial medulla (RVM). Inactivation of
this area with microinjection of local anesthetics abolishes cutaneous allodynia [81].
The generalized spread, and delayed appearance, of cutaneous allodynia implicated
a role for central modulation in this preclinical migraine model that is reminiscent
of cutaneous allodynia observed in many humans during a migraine attack [61].

Exposure of rats to either opioids or triptans over a period of days produced per-
sistent biochemical changes that appear relevant to promoting a sensitized state of
nociceptive transmission [81, 85-88]. During the 7-day period of triptan or opioid
infusion, the stimulus required to elicit the orbital and paw withdrawal reflex was
shown to decrease gradually, demonstrating cutaneous allodynia that showed a
time-dependent reversal toward predrug baseline levels after the infusion was
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discontinued. These observations suggested that the pain system can be modulated
by acute medication and that it can normalize after detoxification [88]. Following
recovery to baseline sensory thresholds, animals with prior triptan treatment have
increased sensitivity to provocative triggers including environmental stimuli [88—
91]. The persistent hypersensitivity to provocative triggers observed following pre-
treatment of animals with triptans or opioids was termed “latent sensitization” [88,
92]. Challenge of rats with either opioid or triptan-induced latent sensitization with
either bright light stress or a nitric oxide donor was shown to produce a delayed and
generalized cutaneous allodynia that is detected in the periorbital region as well as
in the hind paw [88, 92]. The delayed and generalized cutaneous allodynia was
blocked by inactivation of the RVM with local anesthetics supporting a role of
descending pain modulatory systems in promoting central sensitization in this
model of MOH, similar to that observed with acute activation of dural nociceptors
with inflammatory mediators [80]. Evidence supports a persistent sensitization as
these animals previously treated with either triptans or opioids maintain increased
sensitivity to human migraine triggers such as stress and nitric oxide donors long
after discontinuation of drug administration [88, 92-94].

The mechanisms underlying enhanced sensitivity to innocuous and provocative
stimuli are not fully known but may be related to medication-induced adaptations in
both primary afferents and central pain transmission pathways. Persistent increased
labeling for both CGRP and neuronal NOS (nNOS) in identified dural afferents of
the trigeminal ganglia has been observed following pretreatment with either mor-
phine or triptans [90, 92]. Notably, however, the apparent expression of CGRP and
nNOS in trigeminal ganglion cells persists long after discontinuation of either opi-
ate or triptan exposure (for at least 2 weeks) and resolution of cutaneous allodynia
[88]. These persistent changes in CGRP and nNOS could underlie the sensitization
to provocative triggers [90]. Treatment with selective inhibitors of nNOS was dem-
onstrated to be capable of blocking stress-induced cutaneous allodynia [88]. Rats
with latent sensitization resulting from either morphine or triptans also showed
increased release of CGRP following challenge with provocative triggers [88] con-
sistent with observations during migraine attack in humans [95, 96]; but see [97].
These observations are consistent with provocative studies in migraineurs where
nitroglycerin elicits attacks that are indistinguishable from spontaneous migraine
that are accompanied by increased blood levels of CGRP [95, 96, 98]. These obser-
vations are also consistent with the suggestion that MOH may be associated with a
state of central sensitization in afflicted individuals.

Evidence also exists supporting medication-induced changes in cortical excit-
ability. While prophylactic treatments for migraine, such as topiramate and valpro-
ate, reduce the frequency of cortical spreading depression (CSD) events [19],
sustained exposure to paracetamol has recently been shown to increase the fre-
quency of CSD events induced by cortical potassium chloride as well as c-fos
expression in trigeminal nucleus caudalis [99, 100]. Likewise, pretreatment of rats
with sumatriptan was shown to significantly decrease the threshold for electrically
induced CSD [93]. Topiramate normalized the decreased CSD threshold as well as
stress-induced behavioral withdrawal thresholds in sumatriptan-treated rats
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compared to saline-treated animals. Additionally, both CSD and environmental
stress increased c-fos expression in trigeminal nucleus caudalis (TNC) of sumatrip-
tan- but not saline-treated rats, and these effects were blocked by topiramate.
Sumatriptan exposure thus produces long-lasting increased susceptibility to stimuli
that could be associated with migraine attack that includes both lowered CSD
threshold and enhanced consequences of CSD events (increased activation of TNC)
and may represent an underlying biological mechanism of medication overuse
headache related to triptans.

Other studies have also implicated medication-induced changes in brain neu-
rotransmitter systems. Exposure to paracetamol and triptans for 15-30 days alters
the serotonin system in the rat brain [89, 101-103], and this may also be the case in
patients with MOH. In MOH patients, a lower serotonin level than controls and a
more rapid uptake in platelets have been reported [104, 105]. Serotonin is important
for cortical pain processing and plays a pivotal role in affective disorders that are
often found in patients with MOH [31, 35]. A lower endocannabinoid level [23] and
a faster degradation of endocannabinoids [106, 107] have been demonstrated in
MOH patients with migraine as primary headache. A role of endocannabinoids may
be to inhibit transmission from nociceptive afferents [108] suggesting a possible
impaired pain inhibition in MOH patients.

14.4 Pain Perception in MOH

Different methods have been used to evaluate pain sensitivity in patients with MOH,
generally showing an increase in sensitivity with higher headache frequency [109,
110]. Alterations in pain perception between MOH patients and healthy controls
support the presence of a sensitized state in patients with MOH [52, 107, 109, 111,
112]. One study found that patients with MOH are more sensitive to pressure pain
than patients with chronic TTH and chronic migraine without medication overuse
[109]. Perrotta et al. have demonstrated decreased thresholds for eliciting nocicep-
tive withdrawal reflexes in MOH patients before detoxification compared with
healthy volunteers and found that the stimulation needed to elicit these reflexes
increased toward baseline after detoxification both after 10 days and after 2 months
indicating decreased sensitization after withdrawal [107, 112]. An additional study
on pain perception in MOH patients showed that the intensity of pressure pain
above the pain threshold continued to decrease during the first year after detoxifica-
tion [113].

Preclinical evidence suggests that enhanced pain perception of migraineurs
could be linked to alterations in descending pain modulatory mechanisms. In rats
with opiate- or triptan-induced latent sensitization, inactivation of the RVM with
local anesthetics blocks cutaneous allodynia associated with provocative stimuli
[88, 90, 92]. An impairment of the diffuse noxious inhibitory controls (i.e., “DNIC”)
known in humans as conditioned pain modulation (CPM) has also been noted [114].
The loss of DNIC is consistent with many clinical observations made with patients



14 Pathophysiology of Medication Overuse Headache 265

with functional pain conditions, including migraine [115, 116], TTH [115, 117],
and MOH [112]. Patients with MOH show heightened sensitivity to electrically
evoked reflexes, accompanied by increased pain rating and diminished CPM [112].
Studies with rodents showed that persistent morphine exposure reduced the activa-
tion threshold of TNC neurons while expanding their receptive fields, indicating the
presence of central sensitization [91]. In control animals, activation of these neurons
by application of stimuli to their receptive fields in the ophthalmic region was inhib-
ited by placing the tail of control rats in hot water, demonstrating the DNIC response
[91]. In contrast, the DNIC response was lost in animals treated with morphine [91].
Importantly, the apparent loss of DNIC in animals treated with morphine could be
reinstated by inactivation of the RVM [91]. This suggests that enhanced descending
facilitation could present as a loss of inhibition. Distinguishing loss of inhibition
from enhanced facilitation has been difficult to dissect in humans. Collectively,
however, such studies suggest that an abnormality of pain modulatory circuits
results in a net loss of inhibition, possibly due to decreased inhibition or increased
facilitation or both, and this loss is likely to be important in the development
of MOH.

The possibility of dysfunction of descending pain modulatory pathways as con-
tributing factors to MOH is also supported by imaging studies. In patients with
MOH and migraine as the primary headache, changes in both cortical and midbrain
pain-related areas have been observed [118—121]. One study using functional mag-
netic resonance imaging (fMRI) found reduced activity in the right supramarginal
gyrus and in the superior and inferior parietal cortex, which normalized 6 months
after detoxification [118], implying a reversible change in the pain system caused by
the medication overuse. Another study showed increased gray matter volume in the
periaqueductal gray (PAG), a structure highly important in the descending pain
response, and reduced gray matter volume in several cortical pain-related structures
in migraine patients with MOH [121]. In patients with a significant reduction in
headache frequency after treatment, the PAG returned to normal [121].

14.5 Future Perspectives

The mechanisms that underlie MOH are just beginning to be uncovered. Future
work may begin to explore mechanisms behind MOH with TTH as the underlying
headache; TTH is the most common primary headache type and is an important
target for future studies. The development of central sensitization in MOH and the
differences in MOH patients according to the effect of detoxification could be a
target for future studies assessing pain perception. Work from animal models show-
ing increased effectiveness of headache triggers following induction of latent sensi-
tization [94] has yet to determine numerous variables of relevance to patients. It
remains unknown whether sensitization is completely reversible, whether the
threshold for developing MOH after withdrawal of medication is decreased, and if
the critical frequency of medication intake could be reduced. This is supported by
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the high relapse rate in MOH patients after treatment. Future clinical strategies of
MOH prevention should take these into account. Treatment with onabotulinumtox-
inA has proven superior to placebo in reducing headache frequency in a post hoc
subgroup analysis on patients with MOH [122]. The mechanisms behind the effect
on chronic migraine with and without MOH are still unknown and should be target
for further investigation as the use of onabotulinumtoxinA for chronic migraine
with MOH is increasing. The development in brain imaging will undoubtedly be
valuable for further assessing alterations in pain-processing structures in MOH
patients and the possible changes from before to after withdrawal. Research in the
pathophysiology behind chronic migraine and TTH without medication overuse
will aid the investigation into the relationship and differences between chronic
headache with and without medication overuse.
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