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The trigeminal autonomic cephalgias (TACs) and
hemicrania continua are primary headache disor-
ders characterized by pain in a unilateral trigeminal
distribution that occurs in conjunction with promi-
nent ipsilateral cranial autonomic features (1).
Cluster headache, paroxysmal hemicrania and
short-lasting unilateral neuralgiform headache
attacks with conjunctival injection and tearing
(SUNCT) are classified as TACs, while hemicrania
continua is considered a separate primary headache
disorder. The autonomic features and first (oph-
thalmic) division pain have been assumed to be
interdependent. Autonomic features have been con-
sidered the result of activation of first-division
nociceptive afferents, which, through a functional
brainstem connection between the trigeminal
nucleus caudalis and superior salivatory nucleus,
leads to activation of parasympathetic efferents (2).
However, this interdependence has been challenged
by reports of patients with typical cluster headache
without autonomic features, patients with auto-
nomic features without cephalgia, patients with
continuing autonomic features without pain after
trigeminal root section and patients who report the
appearance  of  autonomic  features  prior  to  onset
of pain (3–6). Herein we report one patient with
chronic cluster and one with hemicrania continua
who experienced persistence of autonomic features
in the absence of head pain after placement of an
occipital nerve stimulator.

 

Case reports

 

Case 1

 

A 35-year-old man was referred to our institution for
evaluation of a 5-year history of chronic cluster

headaches. The patient reported episodes of severe,
exclusively right-sided, retroorbital and frontal pain
associated with agitated behaviour and prominent
autonomic features including periorbital oedema,
ptosis, lacrimation, conjunctival injection, rhinor-
rhoea and nasal stuffiness. The pain was said to peak
rapidly and last between 30 min and 120 min.
Attacks occurred with a variable frequency, but up
to three times per day. Episodes most often occurred
between 12.00 h and 02.00 h. Headaches and medi-
cation side-effects had resulted in disability from
work, financial difficulties and deficits in concentra-
tion and memory. He had no family history of cluster
or migraine headaches.

He had tried multiple preventative medications
including indomethacin, verapamil, topiramate,
gabapentin, lithium, prednisone and valproic acid.
Abortive medications had included high-flow oxy-
gen, triptans and dihydroergotamine. Subcutaneous
sumatriptan had caused intolerable side-effects and
high-flow oxygen was ineffective. Intramuscular
injections of dihydroergotamine were effective in
reducing severe pain. At the time of evaluation, he
was taking daily oxycodone, as well as benzodiaz-
epines and dihydroergotamine as needed. None of
these medications had altered his headache fre-
quency. The patient’s neurological and imaging eval-
uations, including magnetic resonance imaging of
the brain and magnetic resonance angiography, were
normal.

A right-sided greater occipital nerve stimulator
(Bion; Advanced Bionics, Sylmar, CA, USA) was
implanted in an attempt to ameliorate this patient’s
long-standing disabling and medically refractory
cluster headaches. He was placed on continuous
mode stimulation with a pulse width of 200 

 

µ

 

s and
frequency of 45 Hz. The patient stimulated at an
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average of 3.6 mA, although he would increase it to
4.6 mA with severe headaches. He reported a 100%
improvement in quality of life, a 70% improvement
in headache frequency, duration and intensity, and a
significant reduction in usage of acute pain medica-
tions. However, he was frequently suffering from
episodes of right-sided lacrimation, conjunctival
injection and rhinorrhoea in the absence of both head
pain and agitated behaviour. He considered these
symptoms and signs to be identical to those that
had occurred with his usual preoperative cluster
headaches.

 

Case 2

 

A 44-year-old woman was referred to our institution
for evaluation of medically intractable hemicrania
continua. Twelve years previously she fell to the
ground  suffering  head  trauma  and  brief  loss of
consciousness. When she awoke, she instanta-
neously noted head pain in the left occiput with
radiation up and over the left ear, terminating in the
preauricular region. The pain, which she described
as ‘drill-like’, was constant and continuous. Four to
five times per week she developed painful exacerba-
tions lasting 30 min to 4 days with an average
duration of several hours. With severe pain she
developed ipsilateral ptosis, lacrimation and nasal
congestion. Severe pain was often preceded by a
feeling of sand in her left eye. The patient’s past
medical history was significant for infrequent non-
disabling headaches since the age of 19. There was
no family history of headache.

Previous preventative medications had included
indomethacin, verapamil, nortriptyline, lamotrigine,
duloxetine,  fluoxetine  and  bupropion.  Indometha-
cin 225 mg/day decreased the intensity of her
background  headache  from  a  7/10  to  a  2/10  and
the frequency of severe exacerbations. However,
indomethacin was discontinued secondary to
abdominal pain, dizziness and nausea. Otherwise,
she was unresponsive to preventative medications.
Her current medications included daily gabapentin,
as well as p.r.n. tramadol, oxycodone/acetami-
nophen and frovatriptan. Neurological examination
and brain imaging studies were normal.

A left occipital nerve stimulator was placed (Bion;
Advanced Bionics). The stimulator was set to contin-
uous mode, pulse width of 300 

 

µ

 

s and frequency of
45 Hz. She stimulated over an amplitude range from
3 mA to 7 mA. The patient had significant improve-
ment postoperatively in terms of the frequency and
severity  of  her  headaches.  She  became  pain  free
at baseline with superimposed severe headaches

occurring only five times over a 3-month period. She
was able to discontinue gabapentin and significantly
decrease the use of acute pain medications. How-
ever, on six occasions she had episodes of lacrima-
tion, nasal stuffiness and a feeling of sand in her left
eye without the development of head pain. These
symptoms were identical to those associated with
her usual prestimulator pain exacerbations.

 

Discussion

 

These cases illustrate and reinforce two important
points. Occipital nerve stimulation (ONS) may be an
effective treatment modality for a variety of refrac-
tory primary headache disorders. In addition, the
expression  of  cranial  autonomic  features  is  likely
to be under the control of a rostral diencephalic
pacemaker  and,  therefore,  may  be  an  accompany-
ing rather than simply a secondary feature of
ophthalmic-division pain.

ONS has been reported to be an effective treat-
ment modality for chronic migraine (7). In a previ-
ous report, it was suggested that ONS may also be
effective for a variety of other refractory primary
headache disorders, including hemicrania continua
and chronic cluster headache (8). While the mecha-
nism underlying the analgesic effect of ONS is not
clear, mobilization of central pain-modulating cen-
tres has been suggested by functional imaging stud-
ies (7). In addition, ONS may also have a direct effect
on activity of nociceptive neurons within the trigem-
inal nucleus caudalis. Stimulation of the greater
occipital nerve results in increased metabolic activity
in the trigeminal nucleus caudalis and cervical dor-
sal horn at the C1 and C2 levels (9). There is clear
evidence of coupling between meningeal nocicep-
tive afferents and sensory afferents in the greater
occipital nerve (10). Individual stimulation of both
the dura and the greater occipital nerve results in
activation of neurons in the C2 spinal dorsal horn.
These neurons have receptive fields corresponding
to the ophthalmic division of the trigeminal nerve as
well as skin and muscle from C2 (10).

The pathophysiological mechanisms underlying
the genesis, pain and cranial autonomic features of
cluster headache and hemicrania continua may be
similar (11) The hypothalamus has been implicated
as the central generator of both cluster headache and
hemicrania continua, while the pain and autonomic
features are felt to be secondary to activation of cra-
nial parasympathetic efferents and first-division
nociceptors (12–14). However, dependence on noci-
ceptive activation of the trigeminal nerve for para-
sympathetic activation has been questioned by
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reports of typical autonomic features without head
pain, autonomic features that precede pain, and con-
tinuation of autonomic features after trigeminal root
sectioning. The patients presented in this report
serve as further evidence for dysfunctional control
of superior salivatory nucleus (SSN) activity from a
diencephalic pacemaker. The SSN, located dorsolat-
eral to the facial nucleus in the brain stem, partici-
pates in the control of a number of physiological
functions including lacrimation, cerebrovascular
tone, nasal blood flow and nasal secretion. Activity
of SSN neurons themselves is regulated by afferent
inputs from many areas of the brain, including the
dorsomedial and paraventricular hypothalamic area
(15, 16).

The relief of pain in these cases illustrates the
potential for ONS as an effective treatment modality
for medically recalcitrant cluster headache and
hemicrania continua. The persistence of cranial auto-
nomic features in the absence of pain also reinforces
previous suggestions that the underlying generator
for the TACs and hemicrania continua may be
similar.

 

References

 

1 Goadsby PJ, Lipton RB. A review of paroxysmal hemicra-
nias, SUNCT syndrome and other short-lasting headaches
with autonomic features, including new cases. Brain 1997;
120:193–209.

2 May A, Goadsby PJ. The trigeminovascular system in
humans: pathophysiologic implications for primary head-
ache syndromes of the neural influences on the cerebral
circulation. J Cereb Blood Flow Metab 1999; 19:115–27.

3 Vigl M, Zebenholzer K, Wessely P. Cluster headache with-
out autonomic symptoms? Cephalalgia 2001; 21:926–7.

4 Salvesen R. Cluster headache sine headache: a case report.
Neurology 2000; 55:451.

5 Leone M, Rigamonti A, Bussone G. Cluster headache sine
headache: two new cases in one family. Cephalalgia 2001;
21:926–7.

6 Lin H, Dodick DW. Tearing without pain after trigeminal
root section for cluster headache: pathogenetic implica-
tions. Neurology 2005; 65:1650–1.

7 Matharu MS, Bartsch T, Ward N, Frackowiak RSJ, Weiner
R, Goadsby PJ. Central neuromodulation in chronic
migraine patients with suboccipital stimulators: a PET
study. Brain 2004; 127:220–30.

8 Dodick DW, Trentman T, Zimmerman R, Eross E. Occipi-
tal nerve stimulation for intractable chronic primary head-
ache disorders. Cephalalgia 2003; 23:701.

9 Goadsby PJ, Knight YE, Hoskin KL. Stimulation of the
greater  occipital  nerve  increases  metabolic  activity  in
the trigeminal nucleus caudalis and cervical dorsal horn
of the cat. Pain 1997; 73:23–8.

10 Bartsch T, Goadsby PJ. Stimulation of the greater occipital
nerve induces increased central excitability of dural affer-
ent input. Brain 2002; 125:1496–509.

11 Malick A, Burstein R. Cells of origin of the trigeminohy-
pothalamic tract in the rat. J Comp Neurol 1988; 400:125–
44.

12 Leone M, Patruno G, Vescovi A, Bussone G. Neuroendo-
crine dysfunction in cluster headache. Cephalalgia 1990;
10:235–9.

13 May A, Bahra A, Buchel C, Frackowiak RS, Goadsby PJ.
Hypothalamic activation in cluster headache. Lancet 1998;
352:275–8.

14 Matharu MS, Cohen AS, McGonigle DJ, Ward N, Frackow-
iak RS, Goadsby PJ. Posterior hypothalamic and brainstem
activation in hemicrania continua. Headache 2004; 44:747–
61.

15 Spencer SE, Sawyer WB, Wada H, Platt KB, Loewy AD.
CNS projections to the pterygopalatine parasympathetic
preganglionic neurons in the rat: a retrograde transneu-
ronal viral cell body labeling study. Brain Res 1990;
534:149–69.

16 Hosoya Y, Sugiura R, Ito R, Kohno K. Descending projec-
tions from the hypothalamic paraventricular nucleus to
the A5 area, including the superior salivatory nucleus, in
the rat. Exp Brain Res 1990; 82:513–8.


