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Implanted Auriculotemporal Nerve Stimulator for the
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Objective.—To report a case of improved pain control and function in a patient with chronic migraine after treatment with

auriculotemporal nerve stimulation.

Methods.—The patient is a 52-year-old woman with refractory pain in the bilateral temporal distribution and marked

phonophobia as a result of chronic migraine.

Results.—After a successful trial period, the patient underwent implantation of bilateral peripheral nerve stimulators

targeting the auriculotemporal nerves. At 16 months of follow up, her average pain intensity declined from 8-9/10 on the

numeric rating scale to 5/10. Her function improved as assessed by the Migraine Disability Assessment, from total disability

(grade IV) to mild disability (grade II). Her phonophobia became far less debilitating.

Conclusion.—Auriculotemporal nerve stimulation may be useful tool in the treatment of refractory pain in the temporal

distribution due to chronic migraine.

Key words: headache, trigeminal, pain, nociceptor, CGRP, calcitonin gene-related protein

Chronic daily headache (CDH) afflicts 4-5% of

the population and represents a significant public

health and economic burden.1 CDH is defined as head-

ache of at least 4 hours duration,with a frequency of 15

days or more per month for more than 3 months.2 A

gradual transformation of migraine from paroxysmal

headache in childhood to daily headache during the

most productive years of adulthood is a leading cause

of disabling CDH.3 In fact, 94% of patients with CDH

experience additional severe paroxysmal exacerba-

tions. Chronic migraines (CM) are the root of inca-

pacitating CDH and are often associated with abortive

medication overuse as well as neuropsychiatric mor-

bidities such as depression and anxiety.4

Current strategies for CM treatment include hos-

pitalization, disruption of abortive medications with

the use of corticosteroids, ergot alkaloids such as

dihydroergotamine, and enhancement of prophylac-

tic agents such as amitriptyline.5 To date, only topira-

mate and botulinum toxin type A have shown efficacy

for CM in several randomized controlled trials.6,7

Outpatient management may further involve behav-

ioral modification and biofeedback therapies. Never-

theless, success rates are generally low and relapses

are common.8 For these reasons, patients often resort

to opioid therapy, which is beneficial in about 25% of

all refractory CDH patients.9 The implementation

of opioids in refractory migraine may reduce the

response to nonsteroidal anti-inflammatory drugs.10
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A recently introduced treatment option for

chronic refractory headache involves the use of sub-

cutaneous implanted neurostimulator leads. Non-

painful stimulation of peripheral nerves has been well

known to render analgesia. In 1999, Weiner and Reed

applied this concept of nerve stimulation for medi-

cally intractable headache to the peripheral afferents

of C1-C3.11 Since then many investigators have

reported success using occipital nerve stimulation

(ONS) in CM, chronic cluster headache and hemicra-

nia continua.12 However, temporal distributions of

pain are common in CM, and occipital stimulation

does not reliably provide paresthesias in trigeminal

nerve distributions.13 Here we describe peripheral

neurostimulation of bilateral auriculotemporal

nerves that rendered significant reduction in base-line

pain intensity and frequency of CM exacerbations

confined to the bitemporal regions.

CASE REPORT

The patient is a 52-year-old woman with history

of migraine headaches since childhood and who pre-

sented for treatment of her CM in 2005. Her past

medical history was significant only for sinus surgery

and depression that was well managed on fluoxetine.

She suffered daily bitemporal headache at an inten-

sity of 8-9/10 on a numeric rating scale. She perceived

her headache as a vise-like tension or pressure on the

outside of her calvaria and she testified to extreme

phonophobia. She worked part time as an instruc-

tional learning assistant because she could not endure

her former job as a full-time schoolteacher. She used

earplugs daily because usual school noises (eg,

whistles, fire alarm, and shouting) triggered severe

migraines. The patient became totally disabled, and

even withdrew from most social and leisure activities.

Over the years, the patient had received numer-

ous abortive medications with declining success that

included: acetaminophen with codeine, multiple

triptans (almotriptan, frovatriptan, eletriptan),

acetaminophen/butalbital/caffeine, multiple nonste-

roidal anti-inflammatory drugs, atenolol, amitrip-

tyline, prednisone, caffeine/ergotamine, and

metaxalone. She had tried multiple prophylactic

agents with declining benefit that included valproate,

topiramate, verapamil, doxepin, gabapentin, amitrip-

tyline, and atenolol. Finally a trial of oxycodone

(sustained and immediate release) was without

success.

Magnetic resonance imaging of the brain and

arteries was negative. The cervical spine was signifi-

cant only for arthrosis of the C5/6 and C6/7 facet

joints. Interventional procedures included bilateral

C2 dorsal root ganglion steroid, cervical epidural

steroid injections, trigger point injections, greater

occipital nerve blocks, medial branch blocks of C5/6

and C6/7 facets and third occipital nerve cervical

blocks, all of which failed to offer relief. Infusion

therapies with IV lidocaine as well as auriculo-

temporal nerve blocks followed by botulinum

toxin-A injections did not alleviate the patient’s con-

dition even transiently.

By early 2008, the patient was completely

incapacitated by her CM. Her functional status as

evaluated by the Migraine Disability Assessment

(MIDAS) Questionnaire was 225, indicating severe

disability (Grade IV). Given the patient’s lack of

response to numerous treatments, absence of analge-

sic abuse, and favorable psychological profile, we felt

she was a candidate for peripheral nerve stimulation.

In May 2008, the patient underwent a temporary

3-week trial of a percutaneously placed peripheral

nerve stimulator trial targeting the auriculo-temporal

nerves bilaterally. During the trial the patient

reported at least a 50% reduction in headache inten-

sity and improvement in daily function. A permanent

bilateral auriculo-temporal nerve stimulator system

using two 8 contact leads was implanted the subse-

quent month (Figs. 1 and 2). This did not require

approval from the institutional review board. The

leads were tunneled to the base of the neck and con-

nected to a rechargeable pulse generator system

(EONTM, St. Jude Medical Neuromodulation Divi-

sion, Plano, TX, USA). We report here the result of a

16-month period of bilateral auriculo-temporal nerve

stimulation. During this period, the MIDAS scores

ranged from 6-10 (Grade II) with an average pain

intensity of 5/10 on the numeric rating scale. She was

able to attend musical concerts, an activity she had

avoided for years. She also reported isolated bouts

of intense headaches that last about 6 days at an

intensity of 8-9/10. She continues on topiramate
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600 mg/day and uses tramadol 50 mg tablets (4-5

days) when she has exacerbations.

DISCUSSION

Migraine headaches beginning in childhood as in

the case of our patient can be progressive and evolve

into severe CDH that can have deleterious effects on

function during the most productive years.3 Gradual

development of CDH from paroxysmal headache

over a time period of a decade is the most common

clinical course.5 Patients often report declining

benefit from abortive and prophylactic medication

treatments. While elimination of abortive medication

overuse has in general a high success rate in improv-

ing CDH, it may account for only as little as 31% in

CM. CM is now believed to be a form of primary

neurovascular headache that is likely to result from

brain dysfunction.14

Over the past decade, ONS has been reported to

relieve the pain and improve function in CDH as a

result of migraine. In a prospective case series of 25

patients with CM followed on average 18.3 months,

Popeney and Alo reported that all patients had a 50%

decrease in pain intensity using ONS.15 All patients

had severe disability (grade 4) as assessed by MIDAS

prior to implantation of an ONS. On follow up after

implantation of an ONS, 75% achieved mild or no

disability. Oh et al reported similar high success rates

in 10 patients with CM treated with ONS that were

followed for 6 months.16 Finally, Martharu et al retro-

spectively reported 8 patients with CM who were

followed between 1 and 4 years with excellent pain

relief.17

However, in our experience, regional head pain

from CM in distributions other than the occiput is not

reliably relieved by ONS. This observation holds true

despite the convergence of cervical afferents and

trigeminal afferents in the trigeminocervical complex.

Paresthesia induced by ONS is primarily confined to

the posterior scalp as reported by Trentman et al.13

We therefore chose to stimulate the distribution of

the auriculotemporal nerve that corresponds to the

distribution of the patient’s chronic pain complaints.

Recent animal data suggest that pain of intracranial

origin can spread to extracranial structures through

meningeal pain fibers that cross the calvaria by fol-

lowing the different suture lines (Fig. 3).18 The tem-

poral bone that corresponds to a common site of

headache in CM has sutures with parietal, sphenoid,

occipital, and zygomatic bones that may carry many

nociceptive fibers. If this anatomy holds true in

humans, it is not unreasonable to propose that ONS is

in a position to modulate the activity of meningeal

nociceptors that traverse the sutures. It may also

explain why ONS works in complete occipital nerve

transection.19 It is very well known that non-painful

Fig 1.—Patient image (AP view) after octrode placement over

sutures.

Fig 2.—Patient image (lateral view) after octrode placement

over sutures.
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Fig 3.—(A) Extracranial origin of intracranial pain – action potentials generated at extracranial collaterals of meningeal pain fibers

(1) spread antidromically to collaterals that terminate inside the cranium (2). Result: local release of proinflammatory neuropep-

tides and activation of neighboring meningeal nociceptors (2). (B) Intracranial origin of extracranial pain – action potentials

generated at intracranial meningeal pain fibers (1) spread antidromically to collaterals that terminate outside the cranium (2).

Result: local release of proinflammatory neuropeptides in the scalp and activation of neighboring somatic nociceptors (3). *Original

site of activation. Red dots represent local release of inflammatory neuropeptides (eg, calcitonin gene-related protein [CGRP],

substance P).

Fig 4.—Patient descriptors of (A) exploding headache, (B) imploding headache, and (C) ocular headache.
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stimulation of peripheral nerves can exert analgesic

effects and have been used for multiple intractable

neuropathic pain states.20,21 The mechanisms of anal-

gesic benefit are likely to be multiple sites in the

nervous system, but so far little is known on the exact

mode of action(s). The most often cited mechanism is

the “gate-control theory,” whereby the activation of

large myelinated A-beta fibers leads to inhibition of

small diameter nociceptive fibers.22,23

Interestingly, our patient derived marked

improvement in phonophobia that affects up to 73%

of patients with CM.24 She also derived sustained

improvement in function as evaluated by MIDAS.

Aside from our patient having failed multiple modali-

ties, absence of medication overuse, and a favorable

psychological profile, there is no specific guide(s) for

patient selection when considering peripheral nerve

stimulation in CM. Nerve blocks when used as a

screening criterion for ONS have failed to consis-

tently predict outcome, as did auriculotemporal nerve

blocks for our patient.12 Interestingly, the use of botu-

linum toxin A in migraine prophylaxis was reported

to be more efficacious in patients with headaches per-

ceived predominantly as crushing or clamped

(imploding headache) than those who experience

pressure buildup inside the head only (exploding

headache) (Fig. 4).25 Patients with migraines

described as imploding type, as in the case of our

patient, are thought to have a significant extracranial

sensory component that may be more amenable to

neuromodulation. Clearly, more studies are necessary

to delineate the CM population that is more likely to

respond to peripheral nerve stimulation in order to

guide treating physicians and design future random-

ized controlled trials.

CONCLUSION

Peripheral nerve stimulation of the auriculotem-

poral nerves seems to be a potential therapeutic

option for patients with CM suffering with pain in the

temporal region. Neuromodulation is an attractive

option because of the lack of side effects and medi-

cation habituation in chronic pain states. Additional

research is needed to define basic neuroanatomy and

mechanisms of pain relief as well as selection criteria

for patients with CM.
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