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Abstract

Trigeminal neuralgia is a disorder characterized by paroxysmal pain arising in one or more trigeminal branches; it is

commonly reported in multiple sclerosis. In multiple sclerosis patients the ophthalmic branch may be frequently involved

and the risks carried by neurosurgical ablative procedures are higher including major adverse effects such as corneal

reflex impairment and keratitis. The objective of this works is to assess the role of posterior hypothalamus neuromo-

dulation in the treatment of trigeminal neuralgia in multiple sclerosis patients. Five multiple sclerosis patients suffering

from refractory recurrent trigeminal neuralgia involving all three trigeminal branches underwent deep brain stimulation

of the posterior hypothalamus. The rationale of this intervention emerges from our earlier success in treating pain

patients suffering from trigeminal autonomic cephalalgias. After follow-up periods that ranged from 1 to 4 years after

treatment, the paroxysmal pain arising from the first trigeminal branch was controlled, whereas the recurrence of pain in

the second and third trigeminal branches necessitated repeated thermorhizotomies to control in pain in two patients

after 2 years of follow-up. In conclusion, deep brain stimulation may be considered as an adjunctive procedure for

treating refractory paroxysmal pain within the first trigeminal division so as to avoid the complication of corneal reflex

impairment that is known to follow ablative procedures.
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Introduction

The myriad of complex symptoms and signs of multiple
sclerosis (MS) are known to involve numerous neuro-
logical pathways with wide variation in temporal and
severity patterns. From 20% to 80% of people suffering
from MS are known to experience pain, with neuro-
pathic pain (central limb neuropathic pain and trigem-
inal neuralgia (TN)) being commonly associated with
the disease.1–5 TN is a disorder that is characterized by
brief electric shock-like pains that are abrupt in both
onset and termination and are limited to the distribu-
tion of one or more divisions of the trigeminal nerve.

TN usually commences in the second or third divi-
sions, affecting the cheek or chin, and involves the first
division in less than 5% of MS patients. Although this
variety of pain is usually evoked by trivial stimuli such
as washing, shaving, smoking, talking and/or brushing
the teeth (trigger factors), it is also known to occur

spontaneously. Small areas in the nasolabial fold and/
or the chin seem to be particularly susceptible to the
precipitation of pain and are thus thought of as ‘trigger
areas’. This particular variety of pain is also known to
go into remission for variable periods of time.6

TN is known to affect 2–5% of MS patients and
this usually begins many years after the disease
onset and noticeably later than the occurrence of
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non-trigeminal pain.5,7,8 Although the clinical charac-
teristics of TN-MS are indistinguishable from the idio-
pathic form (with an absence of sensory loss and the
presence of trigger points), the onset of TN-MS does
tend to occur at a younger age9 and the involvement of
the first branch is more common. MRI investigations
have shown a variety of different kinds of lesions: vas-
cular compression by an artery in the root entry zone,10

demyelinating lesions affecting pontine trigeminal path-
ways,11 and an enlargement of the trigeminal nerve
at the root entry zone.12,13 Furthermore, TN-MS does
not seem to be related to activity of the disease revealed
by MRI.12

It is known that treating MS patients with anti-
epileptic medications may cause an elevated incidence
of adverse effects, even at low dosages, mimicking
clinical worsening suggestive of MS relapse.14–16

Several neurosurgical techniques were aimed at con-
trolling TN in MS patients, including radiofrequency
(RF) lesions,17 stereotactic radiosurgery,18 and micro-
vascular decompression (MVD).19 With that said, how-
ever, and in spite of surgical interventions, most of the
patients continue to report recurrent pain and demon-
strate a need for further neurosurgical interventions. In
other words, at present there seems to be no surgical
treatment that should be considered as ‘definitive’ in the
control of TN-MS pain. Ablative neurosurgical proce-
dures carry the risk of causing nerve damage and a
resulting hypoesthesia/hyperesthesia with the possibil-
ity of secondary deafferentation and corneal reflex
impairment, corneal anesthesia, neurotrophic keratitis,
transitory masticatory weakness and hearing loss.20

MVD results in MS patients are known to be poor
with a late recurrence of paroxysmal pain being
highly probable.19 Deep brain stimulation (DBS) has
been effective in reducing pain symptoms in trigeminal
autonomic cephalalgias (TACs)21 although there is no
data regarding the efficacy of DBS in TN-MS patients
that are suffering from paroxysmal facial pain.22

Nevertheless chronic stimulation of the thalamus has
been the preferred option in the treatment of essential
TN and other trigeminal neuropathic pain.23–25

Franzini et al.21 have implanted DBS leads in the
posterior nucleus of the hypothalamus (pHyp) to
control pain in TACs, a group of primary headaches
characterized by disabling, short-lasting pain attacks
associated with autonomic phenomena mainly affecting
the eye and nose.6 In subjects suffering from TACs,
such as chronic cluster headache (CCH) and SUNCT
(Short-lasting Unilateral Neuralgiform Headache
attacks with Conjunctival injection and Tearing),
pHyp has been targeted particularly when there is
radiological evidence suggestive of pHyp metabolic
activation and volumetric changes26,27 and pain on
the ipsilateral side. The mid- and long-term clinical

outcomes have been encouraging following this treat-
ment with 60% of the treated patients reporting long
lasting benefits.28–31 Similar results have been reported
by other authors.32–34

Since TN involves the first trigeminal division
and since TACs share the same painful territories
(i.e. orbital region, forehead and eye), this evidence,
the reversibility of the procedure, and the availability
of image-guided surgery tools35 have led us to consider
DBS as an appropriate treatment in selected MS
patients that have been affected by refractory TN
involving the first division of the fifth cranial nerve.
This decision has been further supported because of
the known risks associated with ablative procedures.

Patients and methods

Five TN-MS patients were implanted with pHyp DBS
leads after giving written and signed informed consent
prior to surgery. The characteristics of these patients are
summarized in Table 1. The five patients consisted
of three males and two females with a mean age of
56 years (range 49–65), a mean disease duration
of 23 years (range 13–34), and a mean TN duration of
12 years (range 4–21). The Expanded Disability Status
Scale (EDSS) scores were as follows: P.G., A.O. and
V.M. had 8, while F.D. and P.G. had 7.5 (Table 1).
Two patients (P.G. and V.M.) were suffering from
referred pain in all three trigeminal divisions, while the
pain of the remaining three patients was derived from
the first and second divisions. Two patients (P.G. and
A.O.) had pain in the right side while the pain of the
other three patients was restricted to the left side.

Preoperative MRI scans showed multiple demyelinat-
ing lesions involving the hemispheric white matter, the
internal capsule, the ponto-mesencephalic region, and
trigeminal pathways. Specifically the axial fluid attenu-
ated inversion recovery (FLAIR) images showed a linear
hyperintensity at the pontine trigeminal root entry zone.
All five patients were unresponsive or refractory to either
optimal or maximal pharmacological therapy (carbama-
zepine 1200mg� die, phenytoin 400mg� die, gabapen-
tin 1600mg � die, lamotrigine 100mg � die). Prior to
DBS implantation, all patients had undergone a variety
of neurosurgical procedures. ‘P.G.’ had three percuta-
neous balloon compressions and one MVD; ‘A.O.’
had one percutaneous balloon compression and three
termorizothomies; ‘F.D.’ had three percutaneous bal-
loon compressions and two MVDs; ‘B.G.’ had four
percutaneous balloon compressions; and ‘V.M.’ had
two percutaneous balloon compressions and one termor-
izothomy. All of these surgical procedures either failed
or resulted in only limited pain-free periods (Table 2).
Table 2 summarizes the mean duration of pain relief that
was achieved by these pre-DBS surgical interventions.
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XML Template (2009) [12.8.2009–12:59pm] [1–7]
{SAGE_FPP}MSJ/MSJ 107018.3d (MSJ) [FPP Stage]

Following DBS implantation, patients were evalu-
ated on a daily basis for the first 2 weeks (assessing
neurological evolution and pain severity according to
the Barrow Neurological Institute (BNI) scale (see
below)) and then followed every 3 months by a phone
interview. Clinical follow-ups were made on the basis of
the BNI pain intensity scoring criteria (I: no pain; II:
occasional pain, not requiring medication; IIIa: no pain
but continued medication; IIIb: some pain, controlled
with medication; IV: some pain, not controlled with
medication; V: severe pain/no pain relief).36,37

Preoperatively all patients graded their pain as severe
and not controlled with medication (BNI scale grade
V). Indeed ‘efficacy’ of the procedure and the recur-
rence of pain was defined on the basis of at least two
points reduction in the BNI scale (from grade V to III).

Surgical procedures

Stereotactic implants (Leksell G stereotactic frame;
Elekta, Stockholm, Sweden) were placed under local

anesthesia. When necessary, sedation was induced
with propofol (0.5–1mg/kg). Antibiotic treatment was
administered to all patients during the perioperative
period. Preoperative MRI (brain axial volumetric fast
spin echo inversion recovery) was used to obtain high-
definition anatomic images, which allowed precise
determination of the anterior commissure-posterior
commissure line. MRI scans were fused with 2-mm-
thick computed tomographic slices obtained under
stereotactic conditions, by using an automated tech-
nique based on a mutual-information algorithm
(Frame-link 4.0, StealthStation; Medtronic Sofamor
Danek, Inc., Memphis, TN). The workstation also
provided stereotactic coordinates for the target, 3mm
behind the midcommissural point, 5mm below the mid-
commissural point, and 2mm lateral to the midline. A
rigid cannula was inserted through a precoronal para-
median burr hole and positioned up to 10mm from the
targeted pHyp. This cannula was used as a guide for
placement of the definitive electrode (DBS-3389;
Medtronic). Macrostimulation (1–7V, 60ms, 180Hz)

Table 1. Patients’ clinical data

Patient Sex

DBS

age

(years)

MS

type

MS

duration

(years)

Pre-operative

EDSS

TN

duration

(years)

TN age of

onset

(years)

Painful

Trigeminal

branches Side

P.G. F 56 SP 32 8 21 35 I-II-III Right

A.O. M 65 PP 13 8 13 52 I-II Right

F.D. M 55 PP 14 7.5 9 46 I-II Left

B.G. M 56 SP 34 7.5 14 42 I-II Left

V.M.* F 49 SP 24 8 4 45 I-II-III Left

Mean (range) 56 (49-65) 23 (13-34) 12 (4-21) 44 (35-52)

DBS, deep brain stimulation; MS, multiple sclerosis; EDSS: Expanded Disability Status Scale; TN, trigeminal neuralgia; PP: primary progressive;

SP: secondary progressive.

*Died of causes unrelated to TN or its treatment

Table 2. Clinical outcomes to neurostimulation

Patient

Number of

neurosurgical

procedures

before the

DBS

Mean intervals

between pre-

DBS surgical

procedures

(months)

Pre-DBS

Barrow

scale

Onset of

pain relief

(days)

Post-DBS

Barrow

scale

Time pain

recurrent

(months)

Trigeminal

branch

involved

Surgery

free interval

post-DBS

(months)

Follow up

(months)

P.G. 4 11 V 3 IIIa 12 II-III 20 48

A.O.* 4 3 V 1 IIIa 28 II 48 48

F.D. 5 6 V 1 IIIa 14 II 14 46

B.G. 4 13 V 1 I 12 II 24 51

V.M.** 3 2 V 10 IIIa 11 II-III 11 11

Mean (range) 6 (2-13) 3 (1-10) 15 (11-28) 23 (11-48) 41 (11-51)

*Did not require further surgeries following deep brain stimulation (DBS).

**Died of causes unrelated to trigeminal neuralgia or its treatment
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was used to evaluate potential side effects. If no side
effects were observed using the standard stimulation
parameters (1–2V, 60ms, 180Hz) the guiding cannula
was then removed and the electrode was then secured to
the cranium with microplates. The extension was then
connected to the electrode, tunneled, and brought out
percutaneously, for subsequent trial stimulations. On
the day after surgery an additional MRI study was
performed to confirm the electrode position.

Results

All five patients tolerated the surgery well with no signs
of any side effects. Figure 1 shows the results of a post-
operative MRI in which the correct placement of the
DBS leads within the pHyp of one patient was revealed.

As described in Table 2, we observed the onset of
beneficial effects in three out of five patients (A.O.,
F.D., B.G.) within the first 24 hours after the stimula-
tion was begun. All patients described a reduction of
paroxysmal pain attacks within the first trigeminal
branch after neurostimulation. P.G. experienced the
maximal beneficial effects after 1 month of stimulation
(BNI scale grade I), while the four other patients were
found to have ‘improved’ and to have achieved pain
‘control’ (BNI scale grade IIIa) when DBS was com-
bined with analgesic medication. None of the patients
reported any signs of dysesthesia in the territories that
are known to be innervated by the three trigeminal
branches.

Maximal pain relief was observed in pain that was
referred to the ophthalmic branch. None of the patients
felt any paroxysmal pain in the first trigeminal branch
when the stimulator was turned on. Only one patient

(F.D.) experienced a short recurrence of pain in the
treated ophthalmic branch after 23 months post-
implant. However, when the stimulating parameters
were adjusted to slightly higher amplitudes this patient
reported an immediate relief of pain. The same patient
did experience pain in the ophthalmic branch after the
internal pulse generator (IPG) was temporary turned
off, but when stimulation was resumed the pain
remitted. In another patient (A.O.), when a radiological
examination made it necessary to adjust the stimulating
parameters he reported pain in the first trigeminal
branch which then abated after re-programming the
stimulator to the initial parameters. Beneficial effects
on pain in the second or/and third branch were limited
to a duration that ranged from 11 and 28 months (mean
15 months; Table 2).

Following the DBS implant three patients (P.G.,
B.G. and F.D.) complained of recurrent pain (BNI
scale grade V) and underwent selective RF thermori-
zothomies to achieve pain relief in either the second or
third branch (not in the first). This occurred at varying
intervals of time (mean 23 months; range 11–48
months), which are summarized in Table 2. It
should be noted that this time interval is longer than
the interval that was observed after the neurosurgical
procedures that were performed prior to the neurosti-
mulation (mean 6 months; range 2–13 months;
Figure 2).

Two patients (A.O. and V.M.) felt that the pain was
controlled in all of the affected trigeminal branches with
the DBS combined with analgesics (BNI scale grade
IIIa), and it should be noted that no further surgical
procedures were needed. As of this writing, four
patients are still under continued follow-up care

Figure 1. Postoperative MRI scans of a trigeminal neuralgia–multiple sclerosis (TN-MS) patient. (A) MRI T2-weighted axial image

shows the deep brain stimulation (DBS) lead in the posterior hypothalamus (pHyp) of a TN-MS patient. Note the presence of signal

abnormalities in the supratentorial periventricular white matter. (B) MRI T1-weighted coronal scan showing the lead.
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(P.G. 48 months; A.O. 48 months; F.D. 46 months;
B.D. 51 months;) while one patient (V.M.) died of
causes (pneumonia ‘ab ingestis’) unrelated to trigeminal
neuralgia or our treatment (follow-up 11 months;
Table 2).

Discussion

This study describes, for the first time, the successful
application of hypothalamic DBS in the treatment of
TN in MS patients. Five patients with TN-MS had pain
in several trigeminal territories preoperatively. After
pHyp DBS implant they were all free of pain 1–10
days after surgery but four out of five continued to
require medication in the long term. They had a recur-
rence of pain in V2, and/or V3, from 11 to 28 months
postoperatively but all had sustained pain relief in V1.

The data point towards an efficacy of this procedure
in control of paroxysmal pain when it is found to exist
in the ophthalmic branch. All five patients reported
immediate pain relief, a protracted period of long-
term pain control, and a reduced need for analgesic
medication without any signs of side effects. In addition
all of them reported a subjective improvement in
their quality of life. Moreover, when compared with
other neurosurgical procedures, DBS achieves longer
‘surgery-free intervals’.

Numerous surgical procedures have been used to
achieve the control of pain, including MVD, thermal
rhizotomy, RF lesions, and gamma-knife radiosurgery.
However, all of these surgical procedures report only
‘limited’ pain-free intervals, in addition to the require-
ment of further neurosurgical interventions. We believe
that any indication of these surgical approaches to the

treatment of MS-TN should be based upon an analysis
of the risk–benefit profile. There is clear evidence that
MS-TN requires significantly more treatments com-
pared with all other non-MS-TN patients38 and there
is also evidence of demyelination in both intra- and
extra-mid brain portions of the trigeminal nerve that
justifies the chronic and refractory pain.5

Broggi et al.39 have described that only 7 out of 15
MS-TN patients achieved an excellent result following
MVD. A similar ‘poor’ level of efficacy has been also
reported by other authors.40–42 Beneficial effects were
reported in 59% of the treated MS patients after per-
cutaneous glycerol rhizotomy.43 Kanpolat et al.44

report ‘satisfactory’ results and ‘good’ long-term pain
control after single or multiple thermorhizotomies.
These authors claim they have done ‘well’ in all 17 of
the patients they treated with 80% of their patients
reporting as having achieved ‘satisfactory’ pain control
at 5 years.

Gamma-knife radiosurgery has been effective in
80% of cases with 33% of the patients so-treated
requiring multiple treatments.37 Interestingly, the
authors of this study have also reported that the
mean onset of the beneficial effects is 13 days (range
1–61 days) which is a noticeably longer period of time
when compared with our series, where the mean is 3
days. Even more telling, we believe, is the observation
that their maximal effect on pain was obtained after a
mean of 56 days while DBS, in our study, finds maxi-
mal pain relief as occurring just after stimulation is
turned on.

However, it does need to be emphasized that all
ablative procedures, including with radiosurgery,
carry high risks of causing dysesthesia, facial numbness
and neuro-ophthalmic adverse effects such as corneal
reflex impairment, corneal anesthesia, keratitis and the
so-called ‘dry eye’.20,45 The risks of neuro-ophthalmic
adverse effects are even higher when the trigeminal pain
involves the ophthalmic trigeminal branch. In this
regard, it is worth mentioning that none of the patients
in our series experienced any neuro-ophthalmic compli-
cations after DBS implantation.

Although they arise from different etiologies, TN
and TACs involve the first trigeminal division and
share the same painful territories such as orbital, fore-
head and eye. Posterior hypothalamic DBS was begun
in the last decade to treat trigeminal autonomic cepha-
lagias21 when neuroimaging evidence displays an
activation of the posterior–inferior nucleus of the
hypothalamus during the cluster bouts in patients
suffering from CCH.26,27 For this reason, neurostimu-
lating leads have been subsequently implanted in the
posterior hypothalamus, ipsilaterally to the painful
side21 in CCH patients, and in a patients with a differ-
ent type of TACs, the so-called SUNCT.46 Both CCH
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and SUNCT patients referred pain in the area sur-
rounding the eye which is innervated by the first
branch of the trigeminal nerve, but in both of these
pathologies thermorhizotomy has been shown to be
ineffective.28,47

Thermocoagulation of the posterior medial hypotha-
lamus in the treatment of facial cancer pain was first
applied by the Japanese neurosurgeon Sano48 in 1977.
Subsequent studies, using experimental models, have
described the following: analgesia following the electri-
cal stimulation of the hypothalamus;49 a monosynaptic
pathway connecting the hypothalamus and the trigem-
inal nucleus;50 and a differential modulation by
hypothalamic neurons on trigeminal nucleus caudalis
nociceptors.51 Interestingly, in 10 CCH patients
whom have received beneficial effects by pHyp DBS,
a recent PET study has investigated the potential differ-
ences in the cerebral metabolic activity when the stim-
ulator was on or off.52 These results reveal stimulator-
induced activations in the ipsilateral pHyp (site of the
DBS tip), ipsilateral thalamus, somatosensory cortex,
praecuneus, anterior cingulate cortex, and the ipsilat-
eral trigeminal nucleus and ganglion. They also reveal a
reduced metabolism in the middle temporal gyrus, pos-
terior cingulate cortex, bilateral inferior temporal
gyrus, and contralateral anterior insula.52 Excluding
the possibility of a pure inhibition of hypothalamic
activity these data may be suggesting that the efficacy
of the DBS in TN may be secondary to a direct mod-
ulating effect by hypothalamic neurons on the complex
neuronal networks mediating pain transmission as
opposed to some kind of local effect.

Interestingly, the benefit of pHyp DBS in CCH
patients has been found to occur gradually, over 42
days (range 1–86 days),29 which is considerably longer
than the rapid efficacy we report in our MS patients.

In conclusion, this study provides the first evidence
of the efficacy of posterior hypothalamic DBS for the
treatment of paroxysmal ophthalmic pain in MS. We
therefore conclude that DBS may be a safe (avoiding
potentially adverse effects on the eye) and efficacious
option in the treatment of recurrent TN-MS when the
pain is localized in the area innervated by the first
trigeminal branch.

Acknowledgment

The authors thank Dr Allen Fertziger for his help in revising

the manuscript.

References

1. Archibald CJ, McGrath PJ, Ritvo PG, et al.. Pain preva-
lence, severity and impact in a clinic sample of multiple

sclerosis patients. Pain 1994; 58: 89–93.
2. Clifford DB, Trotter JL. Pain in multiple sclerosis. Arch

Neurol 1984; 41: 1270–1272.

3. Stenager E, Knudsen L, Jensen K. Acute and chronic
pain syndromes in multiple sclerosis. Acta Neurol Scand
1991; 84: 197–200.

4. Svendsen KB, Jensen TS, Overvad K, Hansen HJ, Koch-
Henriksen N, Bach FW. Pain in patients with multiple
sclerosis: a population-based study. Arch Neurol 2003; 60:
1089–1094.

5. Solaro C, Brichetto G, Amato MP, et al.. PaIMS Study
Group. The prevalence of pain in multiple sclerosis: a
multicenter cross-sectional study. Neurology 2004; 63:

919–921.
6. The international classification of headache disorders.

(2004). Second edition. Cephalalgia 2004; 24 (Suppl 1):

8–160.
7. Osterberg A, Boivie J, Thuomas KA. Central pain in

multiple sclerosis – prevalence and clinical characteristics.

Eur J Pain 2005; 9: 531–542.
8. Hooge JP, Redekop WK. Trigeminal neuralgia in multi-

ple sclerosis. Neurology 1995; 45: 1294–1296.
9. De Simone R, Marano E, Brescia Morra V, et al.. A

clinical comparison of trigeminal neuralgic pain in
patients with and without underlying multiple sclerosis.
Neurol Sci 2005; 26 (Suppl 2): s150–s151.

10. Meaney JF, Watt JW, Eldridge PR, Whitehouse GH,
Wells JC, Miles JB. Association between trigeminal neu-
ralgia and multiple sclerosis: Role of magnetic resonance

imaging. J Neurol Neurosurg Psychiatry 1995; 59: 253–259.
11. Gass A, Kitchen N, MacManus DG, Moseley IF,

Hennerici MG,Miller DH. Trigeminal neuralgia in patients
with multiple sclerosis: lesion localization with magnetic

resonance imaging. Neurology 1997; 49: 1142–1144.
12. da Silva CJ, da Rocha AJ, Mendes MF, Maia Jr AC,

Braga FT, Tilbery CP. Trigeminal involvement in multi-

ple sclerosis: magnetic resonance imaging findings with
clinical correlation in a series of patients. Mult Scler
2005; 11: 282–285.

13. Pichiecchio A, Bergamaschi R, Tavazzi E, Romani A,
Todeschini A, Bastianello S. Bilateral trigeminal enhance-
ment on magnetic resonance imaging in a patient with

multiple sclerosis and trigeminal neuralgia. Mult Scler
2007; 13(6): 814–6.

14. Ramsaransing G, Zwanikken C, De Keyser J. Worsening
of symptoms of multiple sclerosis associated with carba-

mazepine. BMJ 2000; 320: 1113.
15. Solaro C, Brichetto G, Battaglia MA, Messmer Uccelli

M, Mancardi GL. Antiepileptic medications in multiple

sclerosis: adverse effects in a three-year follow-up study.
Neurol Sci 2005; 25: 307–310.

16. Solaro C, Tanganelli P, Messmer Uccelli M.

Pharmacological treatment of pain in multiple sclerosis.
Expert Rev Neurother 2007; 7: 1165–1174.

17. Broggi G, Franzini A. Radiofrequency trigeminal rhizot-
omy in treatment of symptomatic non-neoplastic facial

pain. J Neurosurg 1982; 57: 483–486.
18. Lim M, Villavicencio AT, Burneikiene S, et al..

Cyberknife radiosurgery for idiopathic trigeminal neural-

gia. Neurosurg Focus 2005; 18: E9.
19. Broggi G, Ferroli P, Franzini A, et al.. Operative findings

and outcomes of microvascular decompression for

trigeminal neuralgia in 35 patients affected by multiple

6 Multiple Sclerosis 0(00)



XML Template (2009) [12.8.2009–12:59pm] [1–7]
{SAGE_FPP}MSJ/MSJ 107018.3d (MSJ) [FPP Stage]

sclerosis. Neurosurgery 2004; 55: 830–838, (discussion
838–839).

20. Bhatti TM, Patel R. Neuro-ophthalmic considerations in

trigeminal neuralgia and its surgical treatment. Curr Opin
Ophthalmol 2005; 16: 334–340.

21. Franzini A, Ferroli P, Leone M, Broggi G. Stimulation of
the posterior hypothalamus for treatment of chronic

intractable cluster headaches: first reported series.
Neurosurgery 2003; 52: 1095–1101.

22. Patwardhan RV, Minagar A, Kelley RE, Nanda A.

Neurosurgical treatment of multiple sclerosis. Neurol
Res 2006; 28: 320–325.

23. Hosobuchi Y, Adams JE, Rutkin B. Chronic thalamic

stimulation for the control of facial anesthesia dolorosa.
Arch Neurol 1973; 29: 158–161.

24. Kumar K, Toth C, Nath RK. Deep brain stimulation for

intractable pain: a 15-year experience. Neurosurgery 1997;
40: 736–746.

25. Green AL, Nandi D, Armstrong G, Carter H, Aziz T.
Post-herpetic trigeminal neuralgia treated with deep brain

stimulation. J Clin Neurosci 2003; 10: 512–515.
26. May A, Bahra A, Buchel C, Frackowiak KJ, Goadsby P.

Hypothalamic activation in cluster headache attacks.

Lancet 1998; 352: 275–278.
27. Sprenger T, Boecker H, Toelle TR, Bussone G, May A,

Leone M. Specific hypothalamic activation during a

spontaneous cluster headache attack. Neurology 2004; 3:
516–517.

28. Leone M, Franzini A, Broggi G, May A, Bussone G.
Long-term follow-up of bilateral hypothalamic stimula-

tion for intractable cluster headache. Brain 2004; 127:
2259–2264.

29. Leone M, Franzini A, Broggi G, Bussone G.

Hypothalamic stimulation for intractable cluster head-
ache: long-term experience. Neurology 2006; 67: 150–152.

30. Leone M, Franzini A, Cecchini AP, Broggi G, Bussone

G. Hypothalamic stimulation for cluster headache. J Clin
Neurosci 2008; 15: 334–335.

31. Leone M, Proietti Cecchini A, Franzini A, et al.. Lesson

from 8 years’ experience of hypothalamic stimulation in
cluster headache. Cephalalgia 2008; 28: 789–797.

32. Bartsch T, Pinsker MO, Rasche D, et al.. Hypothalamic
deep brain stimulation for cluster headache: experience

from a new multicase series. Cephalalgia 2008; 28: 285–295.
33. Schoenen J, Di Clemente L, Vandenheede M, et al..

Hypothalamic stimulation in chronic cluster headache:

a pilot study of efficacy and mode of action. Brain
2005; 128: 940–947.

34. Starr PA, Barbaro NM, Raskin NH, Ostrem JL. Chronic

stimulation of the posterior hypothalamic region for clus-
ter headache: technique and 1-year results in four
patients. J Neurosurg 2007; 106: 999–1005.

35. Broggi G, Franzini A, Tringali G, et al.. Deep brain stim-

ulation as a functional scalpel. Acta Neurochir Suppl
2006; 99: 13–19.

36. Rogers LC, Shetter AG, Fielder JA, Smith KA, Han PP,

Speiser BL. Gamma knife radiosurgery for trigeminal
neuralgia: the initial experience of the barrow neurologi-
cal institute. Int J Radiation Oncology Biol Phys 2000; 47:

1013–1019.

37. Rogers LC, Shetter AG, Ponce FA, Fiedler JA, Smith
KA, Speiser BL. Gamma knife radiosurgery for trigem-
inal neuralgia associated with multiple sclerosis.

J Neurosurg 2002; 97 (Suppl 5): 529–532.
38. Cheng JS, Sanchez-Mejia RO, Limbo M, Ward MM,

Barbaro NM. Management of medically refractory tri-
geminal neuralgia in patients with multiple sclerosis.

Neurosurg Focus 2005; 18: e13.
39. Broggi G, Ferroli P, Franzini A, Pluderi M, La Mantia L,

Milanese C. Role of microvascular decompression in tri-

geminal neuralgia and multiple sclerosis. Lancet 1999;
354: 1878–1879.

40. Eldridge PR, Sinha AK, Javadpour M, Littlechild P,

Varma TR. Microvascular decompression for trigeminal
neuralgia in patients with multiple sclerosis. Stereotact
Funct Neurosurg 2003; 81: 57–64.

41. Resnick DK, Jannetta PJ, Lunsford LD, Bissonette DJ.
Microvascular decompression for trigeminal neuralgia in
patients with multiple sclerosis. Surg Neurol 1996; 46:
358–362.

42. Taha JM, Tew JM. Comparison of surgical treatments
for trigeminal neuralgia: reevaluation of radiofrequency
rhizotomy. Neurosurgery 1996; 38: 865–871.

43. Kondziolka D, Lunsford LD, Bissonette DJ. Long-term
results after glycerol rhizotomy for multiple sclerosis-
related trigeminal neuralgia. Can J Neurol Sci 1994; 21:

137–140.
44. Kanpolat Y, Berk C, Savas A, Bekar A. Percutaneous

controlled radiofrequency rhizotomy in the management
of patients with trigeminal neuralgia due to multiple

sclerosis. Acta Neurochir (Wien), 2000; 142: 685–689,
(discussion 689–690).

45. Matsuda S, Serizawa T, Sato M, Ono J. Gamma knife

radiosurgery for trigeminal neuralgia: the dry-eye compli-
cation. J Neurosurg 2002; 97 (Suppl): 525–528.

46. Leone M, Franzini A, D’Andrea G, Broggi G, Casucci G,

Bussone G. Deep brain stimulation to relieve drug-
resistant SUNCT. Ann Neurol 2005; 57: 924–927.

47. Matharu MS, Goadsby PJ. Persistence of attacks of clus-

ter headache after trigeminal nerve root section. Brain
2002; 125: 976–984.

48. Sano K. Intralaminar thalamotomy (thalamolami-
notomy) and postero-medial hypothalamotomy in the

treatment of intractable pain. Prog Neurol Surg 1977; 8:
50–103.

49. Lopez R, Young SL, Cox VC. Analgesia for formalin-

induced pain by lateral hypothalamic stimulation. Brain
Res 1991; 563: 1–6.

50. Malik A, Strassman AM, Burnstein R.

Trigeminohypothalamic and retinohypothalamic tract
neurons in the upper cervical spinal cord and cau-
dal medulla of the rat. J Neurophysiol 2000; 84:
2078–2112.

51. Bartsch T, Levy MJ, Knight YE, Goadsby PJ.
Differential modulation of nociceptive dural input to
[hypocretin] orexin A and B receptor activation in the

posterior hypothalamic area. Pain 2004; 109: 367–378.
52. May A, Leone M, Boecker H, et al.. Hypothalamic deep

brain stimulation in positron emission tomography. J

Neurosci 2006; 26: 3589–3593.

Cordella et al. 7




