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Introduction

Currently, 11.1% of episodic and 34.3% of chronic
migraine patients routinely use opioids according to the
American Migraine Prevalence and Prevention Study.'
The numbers of opioid-users can even skyrocket to even
72% when derived from migraineurs admitted to tertiary
care pain clinics.” Although the endogenous opioid sys-
tem has long been implicated in regulating pain nocicep-
tive signals,” frequent use of opioids increases the risk of
chronification of the migraine attacks and even allodynia.*

We evaluated in vivo the p-opioid system during spontaneous episodic
migraine headaches. Seven patients were scanned at different phases of their
migraine using positron emission tomography with the selective p-opioid recep-
tor (LOR) radiotracer [11C]carfentanil. In the ictal phase, there was uOR acti-
vation in the medial prefrontal cortex, which was strongly associated with the
UOR availability level during the interictal phase. Furthermore, u-opioid bind-
ing changes showed moderate negative correlation with the combined extension
and severity of the attacks. These results indicate for the first time that there is
high uOR activation in the migraineurs’ brains during headache attacks in
response to their pain.

Hence, the status quo of the endogenous u-opioid release
and p-opioid receptor (#tOR) concentrations during head-
aches are critical elements for the understanding of the
neurobiology of migraine and, most importantly, its clini-
cal alleviation or aggravation.

Recent advances in positron emission tomography
(PET) with [11C]carfentanil (CFN), a selective radio-
tracer for {tORs, have demonstrated that there is a faulty
UOR availability (nondisplaceable binding potential,
BPND) in chronic trigeminal pain patients in vivo,” but
information is still lacking regarding migraine. In this
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study, notwithstanding the PET-radiotracer complex
logistics, cost, radiation limits, and the spontaneous nat-
ure of the attacks, we examined for the first time in vivo
changes in pOR activity in the brains of episodic
migraine patients at baseline and during nondrug-

induced headaches.

Patients and Methods

The University of Michigan Institutional Review Board
and the Radioactive Drug Research Committee approved
the study. After initial screening by phone, the patients
were thoroughly examined by a pain specialist to con-
firm the episodic migraine diagnosis following the Inter-
national Headache Society classification® (Table 1).
Subjects were excluded in cases of opioid and hormonal

Table 1. Clinical profile of episodic migraine participants enrolled in
right.
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contraceptive use during the past 6 months, pregnancy,
and concomitant chronic pain conditions. The protocol
was divided into one screening appointment, one mag-
netic resonance imaging (MRI) session, and two PET
sessions: one during headache (ictal) and another during
nonheadache (interictal) phases of their migraine. Inte-
rictal phase also required participants to be headache
free for at least 48 h prior to the scan, and to have
abstained from the use of any migraine medication dur-
ing the same period. Both PET scans were scheduled a
priori, and the patients had to confirm in the early
morning of those days the occurrence, or not, of the
attacks. For females, the PET sessions were arranged
during separate mid-late follicular phases (5-10 days
after menstrual bleeding) with the assistance of a
gynecologist.

this study. Sequence of subjects follows figure 1, left image, from left to

Pain Pain Pain duration Chronicity Usual abortive
Subjects Gender Age Diagnosis' intensity? frequency? (h) in years medication®
1 Male 21 With aura 6 2 12 7 Ibuprofen
2 Female 21 Without aura 8 4 12 5 None
3 Female 26 Without aura 6 8 12 15 Acetaminophen
4 Female 38 With aura 6.2 6 72 20 Acetaminophen
5 Male 22 With aura 6.7 8 24 6 Acetaminophen
6 Male 26 With aura 5 2 5 2 None
7 Female 36 With aura 8.6 12 72 20 Acetaminophen

'Based on ICHD-3 beta (However, none of the participants reported visual aura preceding or during the ictal PET scan).

2Pain intensity during ictal PET scan.
3Average days per month.

“Preventive medication was an exclusion criteria, and abortive medication was not allowed 48hr prior to interictal and ictal PET scans.
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Figure 1. Migraine headache severity and p-opioid ictal activation during PET. Left: Headache and facial pain intensity and area were recorded
and analyzed from the seven migraine patients at the ictal PET sessions. We used a free and interactive Apple mobile application developed in-
house (PainTrek, University of Michigan). Center: The 3D image represents the average rating of the pain intensity and location of the migraine
headache attacks of all patients at the time of the ictal PET sessions. The average pain intensity was moderate (6.6 + 1.6; VAS [1-10]) and pain
extension was 39 + 26.7 square units for the headache attacks. Right: u-Opioid activation during spontaneous migraine headache attack. The
image shows decrease in the uOR BPND of the medial prefrontal cortex region of the seven migraine patients during attack as compared with the
interictal phase (P = 0.000).
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Ictal and interictal PET sessions

PET sessions with CFN, a selective and specific ptOR
radioligand” were performed for 90 min. PET scans were
acquired with a Siemens HR+ scanner in 3D mode
(reconstructed FWHM resolution 5.5 mm in-plane and
5.0 mm axially) with septa retracted and scatter correc-
tion. Subjects were positioned in the PET scanner gantry
and two intravenous (antecubital) lines were placed. CFN
was produced using a cycloton in the vicinity,® and each
dose (15 £ 1 mCi, <0.03 ug/kg) was administered 50%
as a bolus with the remainder continuously infused over
the course of the scan to achieve steady-state tracer levels
~35 min after tracer administration.

Electronic mobile pain data entry

Headache and facial pain intensity and area were analyzed
using a free and interactive Apple mobile application
developed in-house, PainTrek (University of Michigan)
(Fig. 1 — left). PainTrek provides a 3D head and facial
map based on a squared grid system with vertical and
horizontal coordinates using anatomical landmarks. Each
quadrangle frames well-detailed craniofacial and cervical
areas and was filled out by the patients to express his or
her exact migraine headache location and intensity, as
well as other pain characteristics. Entries in the facial map
were then translated into appropriately colored regions
on the 3D head for viewing. In addition, the application
allowed us to calculate and display the rating of average
pain intensity and extension for all patients together,
which consisted of the total sum of patient(s)’ pain sever-
ity in each anatomical location, divided by the number of
responses in the area (Mild:1/Moderate:2/Severe:3). Ana-
tomical regions without pain were considered null
responses and not counted in the rating average. We also
accounted the overall pain for each participant by calcu-
lating the Pain Area and Intensity Number Summation
(P.ALLN.S) of all rated squares together. This approach
showed the precise anatomical distribution and intensity
of the migraine attacks studied across all our patients or
individually, providing a more objective and detailed sen-
sory-discriminative information of the attacks.

MRI acquisition

MRI scans were acquired on a 3T scanner (General Elec-
tric, Milwaukee, WI). These images provide anatomical
information for structure identification and were utilized
for the anatomical standardization to the ICBM/MNI
atlas coordinate system. This established the linear and
nonlinear warping transformation matrices applied to the
coregistered receptor binding PET maps. The acquisition

uOR Activation in PFC in Migraine Attacks

sequence was axial T1 FAST SPGR MR (TE = 3.4,
TR = 10.5, TI = 200, flip angle 25°, FOV 24 c¢m, 1.5-mm
thick slices, NEX = 1), acquisition matrix 256 X 256, 60
slices.

Neuroimaging analysis

T1-weighted MR and PET images of each subject were
coregistered to each other using a mutual information
algorithm.’ For this purpose, K1 ratio images were first
aligned to the MR, and the transformation matrix applied
to the coregistered BPND scans of the same image set.
The MR scans were then anatomically standardized to
ICBM brain atlas stereotactic coordinates by nonlinear
warping, and the resulting transformation matrix applied
to both K1 ratio and BPND image sets.'""

Subsequently, dynamic image data for each of the
receptor scans were transformed on a voxel-by-voxel basis
into three sets of parametric maps, which were coregis-
tered to each other. These were (1) a tracer transport
measure (K1 ratio, proportional to cerebral blood flow;
tracer transport = blood flow x tracer extraction) and
(2) receptor-related measures (BPND), encompassing data
from 10-40 min (baselines). These parametric images
were calculated using a modified Logan graphical analy-
sis'> with the occipital cortex (a region devoid of uORs)
as the reference region.
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Figure 2. Baseline medial prefrontal cortex receptor density is
associated with p-opioid system activation at the time of the migraine
headache attack. The uOR BPND in the mPFC cluster during the ictal
migraine phase was positively correlated with the uOR BPND levels
during interictal phase (r = 0.74). This result indicates that u-opioid
system activity during spontaneous chronic pain attacks (migraine
headaches) is forecasted by the opioid-receptor availability in the
nonheadache phase.
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Results

Of the 12 episodic migraine patients scanned during their
interictal phase, seven patients (four females/three males)
confirmed by phone, upon awakening, the occurrence of
their spontaneous migraine when scheduled a priori for
their potential ictal PET scans. Clinical characteristics of
the migraine headache are summarized in Table 1. Partic-
ipants managed to tolerate the headache attacks until the
end of the scan sessions without any abortive pharmaco-
therapy. The average intensity of the headache attacks was
moderate (6.6 & 1.6; VAS [1-10]) and pain extension
was 39 + 26.7 square units (Fig. 1 — center). With the
exception of patient 1, all other patients had migraine
predominantly on the right side. For clinical and neuroi-
maging analysis, patient 1’s data were flipped. No addi-
tional migraine attacks were reported by the patients
during the 3 days that preceding or following the ictal
phase scanned. Their average frequency of attacks was
6 £+ 3.6 per month, and history of 11.1 £ 7.1 years of
migraine suffering.

We found reductions in #OR BPND during a sponta-
neous migraine attack compared to the baseline in the
medial prefrontal cortex (mPFC) ipsilateral to the head-
ache (MNI coordinates with a center of mass at right:
x =2; y=43; z=42; P=0.000) (Fig. 1 — right). These
results indicate the acute activation of the endogenous
opioid neurotransmission interacting with pOR due to
the pain of the migraine attack. The pOR BPND in the
mPFC cluster during the ictal migraine phase was posi-
tively correlated with the yOR BPND levels during inte-
rictal phase (r = 0.74) (Fig. 2). No correlations were found
with the averages of attack intensity, extension, or fre-
quency separately. However, when intensity and extension
of the current headache attacks were accounted for
together (P.A.LN.S.) there was a moderate negative corre-
lation with mPFC activation (r = —0.61).

Discussion

Our study demonstrated for the first time in vivo that
there was reduced pOR BPND in the central modulatory
pain system of migraine patients during spontaneous
headache, compared to their nonheadache phase. There
were less (ORs available for binding the specific PET
radiotracer CFN in the ipsilateral mPFC during the ictal
phase, possibly due to the increased endogenous u-opioid
neurotransmission interacting with uORs. This implies
that the migraine headache attack induced the release of
the endogenous p-opioids to fight the ongoing pain.
However, due to the continuation of the migraine
throughout the scan it can be inferred that the higher
endogenous p-opioid activation was ineffective to control
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the barrage of nociceptive inputs associated with the
migraine headache pain. The continuation of pain along
with the decreased BPND of the CFN during the ictal
phase in the mPFC as compared to the interictal head-
ache phase shows an association between endogenous u-
opioid release and migraine headache pain in this area of
the brain.

The mPFC region, including the rostral anterior cingu-
late cortex, had been linked, although indirectly, to
migraine attacks by other animal and human studies. It
processes the cognitive—emotional and spatio-temporal
variables associated with spontaneous clinical pain.'> The
UOR activation of that region increases connectivity with
the periaqueductal gray matter (PAG) in analgesia,'
another region rich in gOR and involved in migraine
pathophysiology.> In migraine, functional activation in
the prefrontal region has been previously noticed in spon-
taneous and triggered migraine attacks.'®'” In addition,
meningeal neurogenic inflammation associated with
migraine can be modulated in animal studies by mor-
phine, and afterward, overturned by naloxone, a u-opioid
antagonist.'® Nevertheless, based on our preliminary find-
ings, the imbalance between the faulty descending inhibi-
tion and the facilitation of the ascending trigeminal
sensory inputs must both be present during the occur-
rence of the migraine symptomatology. Otherwise, only
the acute increase in the release of endogenous p-opioid
we observed at the time of the attacks would be enough
to cease the patients’ suffering, which was not the case.
Furthermore, the level of this p-opioid activation fluctu-
ates depending on the migraine experience, as it weakens
with the progression of the area and severity of the
migraine attack, showing a moderate negative correlation
with the pain summation (P.A.LN.S).

Interestingly, in a study by Maarrawi and colleagues
with eight refractory pain patients, motor cortex stimula-
tion induced decreases in [11C]diprenorphine binding, a
“nonselective” opioid PET radiotracer, in the anterior cin-
gulate cortex and PAG, which were significantly corre-
lated with pain relief.'”” In a subsequent article, the same
authors showed that the treatment efficacy in those
patients was predicted by their preoperative opioid-recep-
tor availability.”® Here, our brief report unravels the role
of p-opioid system activity during spontaneous chronic
pain attacks (migraine headaches), not treatment, as fore-
casted by the opioid-receptor availability in the nonhead-
ache phase. Another difference in our study is that we
used uOR BPND, a “selective” measurement in vivo of
endogenous pOR availability,'” and its immediate reduc-
tion reflects the activation of this neurotransmitter system
during migraine headache suffering.

In summary, there was an ineffective release of endoge-
nous p-opioids acting on pOR in the right mPFC to fight
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the ongoing migraine pain. Conceivably, this crucial
descending inhibition was not able to acutely counteract
the ascending trigeminal sensory inputs in their plenitude,
and the other general symptoms and mechanisms associ-
ated or not with the migraine attack. These preliminary
findings could explain the limitations of abortive opioid
therapy for migraine patients*, since there is already high
brain occupancy of yOR during the headache phase and
the treatment efficacy is also dictated by the patients’
baseline opioid-receptor availability (nonheadache phase).
Further studies should be performed to develop novel
and more effective therapeutic and prophylactic modula-
tion of the endogenous pu-opioid system before the

. . e . 21,22
migraine headache phase initiation.””
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