[ Downloaded from intjmi.com on 2025-05-09 ]

Int J Med Invest 2022; Volume 11; Number 2; 1-5 http://intjimi.com

Review Article

A Review of Deep Brain Stimulation Effect on Cluster Headaches

Mahdieh Salehi ", Sedigheh Hannani

1. Department of Operating Room, School of Allied Medical Sciences, Iran University of
Medical Sciences, Iran.

*Corresponding Author: Mahdieh Salehi, Department of Operating Room, School of Allied
Medical Sciences, Iran University of Medical Sciences, Iran. https://orcid.org/0000-0002-
9169-6247

Abstract:

Background: Cluster headache affects patients’ quality of life significantly. This condition
being characterized as a primary headache disorder which affects up 124 in 100,000
individuals during their lifetime while there are current therapeutic modalities for cluster
headaches, recent advances showed the beneficial role of Deep Brain Stimulation in
treatment of chronic refractory cluster headaches.

Methods: This was a narriative review of literature.

Results: Deep brain stimulation procedure has been used for various neurological condition
such as Parkinson’s disease, essential tremor and dystonia. This procedure is being done
while patients is being awake with the help of stereotactic localizing system. After penetrating
the skull, lead extension and pulse generator are implanted with the help of magnetic
resonance imaging and programmed using a transdermal implant Deep brain stimulation of
hypothalamus and midbrain area could be the possible solution for chronic refractory cluster
headache patients to relief and improve their quality of lives. Deep brain stimulation could
provide relief for patients suffering from chronic refractory cluster headaches.

Conclusion: By using the targeted neuromodulation of a network around hypothalamic and
midbrain neural substrates, Deep brain stimulation is able to generate short- and long-term
pain-relief in a large majority of patients. With minimum side effects being reported until now,
Deep brain stimulation could be applied in selected cases.
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Introduction

The cluster headaches is defined as “unilateral,
excruciatingly severe attacks of pain
principally in the ocular, frontal and temporal
areas recurring in separate bouts with daily or
almost daily attacks for weeks to months
usually  with  ipsilateral  lacrimation,
conjunctival injection, photophobia and nasal
stuffiness and/or rhinorrhea” by the
International Association for Study of Pain
(IASP) (1).

Cluster headaches is being characterized as a
primary headache disorder which affects up
124 in 100,000 individuals during their lifetime
(2). This condition has been considered to have
male predominance, with high female-male
ratio with its highest where the age of onset
was 20 to 49 years old (3). The phenotype of
cluster headaches is similar in both genders
however females experience more nausea and
vomiting during their attack (4-6). There has
been different therapeutics suggested for
cluster headaches as sumatriptan subcutaneous,
zolmitriptan nasal spray, high flow oxygen and
Deep Brain Stimulation (DBS) (7).

DBS is an effective surgical treatment for
various neurological and psychiatric disorders
(8). The use of DBS in treatment of headaches
was started with observing provoked
neurovascular headaches when specific brain
areas are being stimulated, as Raskin et al.
described 9% of patients underwent DBS for
low back pain developed severe headaches (9).
In another study by Veloso ef al. (10) 23.4% of
patients developed chronic headache following
DBS in periaqueductal gray, sensory thalamus,
and internal capsule.

Pathophysiology of cluster headaches

The etiology and pathophysiology of cluster
headaches is yet unknown.

Neuroimaging studies revealed ipsilateral
inferior hypothalamic gray matter activation
(11), along with structural changes (12) in
cluster headaches. The posterior hypothalamic

area was hypothesized to be the cluster
generator (11).

In addition to neuroimaging studies found the
role of hypothalamus in cluster headaches, a
study by Leone et al. (13) on 32 patients with
cluster headaches and 16 in remission phase,
200 pg thyrotropin releasing hormone (TRH)
was administered. The study found that thyroid
stimulating hormone (TSH) response was
significantly lower in patients with cluster
headaches during the attack which can show
the role of hypothalamus in cluster headaches.
A similar pattern was also observed in total,
free and carrier protein-bound testosterone
levels and luteinizing hormone (LH) peak
values after intravenous administration of
luteinizing hormone releasing hormone
(LHRH) (14). In a study by Barlosse et al. (15)
on 275 cluster headaches patients, showed that
sleep quality is being disturbed during the
attacks. As hypothalamus is being involved in
sleep regulation, the hypothesis that it is being
involved in cluster headaches could become
clearer.

Taken together with other clinical findings
suggest the central role of hypothalamus in
developing cluster headaches.

As there are distinct phases for -cluster
headaches, Kudrow (16) suggested impaired
sympathetic activity and chronobiological
aberration leads to  dysfunction of
autoregulatory chemoreceptor activity.
Neurogenic inflammation also contributes to
cluster headache generation as previous studies
showed increased vasoactive peptides in
patients with cluster headaches (17).

Deep Brain Stimulation

DBS procedure has been used for various
neurological condition such as Parkinson’s
disease, essential tremor and dystonia. This
procedure is being done while patients is being
awake with the help of stereotactic localizing
system. After penetrating the skull, lead
extension and pulse generator are implanted
with the help of magnetic resonance imaging
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and programmed using a transdermal implant

(18).

The application of DBS in cluster headaches
The early use of DBS in posterior
hypothalamus area was first chosen by Leon et
al. (19, 20) which resulted decrease in
frequency and severity of attack in cluster
headache patients. Thereafter, a multicenter
case series by Bartsch et al. (21) on six patients
was done. All patients' undergone DBS surgery
and electrodes were implanted in ipsilateral
posterior hypothalamus, having mean 17 Hz
single unit discharge rate. Four patients had
deep relief of pain and frequency of attacks
and also improved visual analogue scale during
the first six month after surgery. According to
their study the stimulation had no side effects
and was well tolerated in long-term. In a
follow-up study by Leon et al. the patients
were pain free up to 3 years with no need for
add-on pharmacological intervention and only
one patients had attacks after 18 months from
therapy (22).

A study by Seijo-Fernandez et al. (23), 15 drug
resistant chronic cluster headaches patients
underwent DBS in coordinates 4 mm lateral to
the III ventricular wall and 2 mm behind and 5
mm below the intercommissural point. All
patients mean attack rate improved from 39 to
2 attacks per week and also decreased pain
intensity and cephalgia.

In another randomized placebo-controlled
double-blind trial followed by a 1-year open
extension by Fontaine et al. (24), 11 patients
with severe refractory chronic cluster headache
and randomized to the DBS and sham surgery.
The severity of cluster headaches was assessed
by the weekly attacks’ frequency (primary
outcome), pain  intensity,  sumatriptan
injections, emotional impact (HAD) and
quality of life (SF12). No significant change
was observed between groups in primary and
secondary outcomes in randomization however
6 patients had relief in open phase. Three serios
adverse events were recorded including

subcutaneous infection, transient loss of
conciseness and micronutrition syncope.

A meta-analysis by Nowacki ef al. (25) on
individuals patients data, among 40 patients
included into meta-analysis, significant 77%
reduction in headache attack rate in the mean
follow-up time of 44 months was found. The
overall response rate was 75% and had no
associations with baseline variables.

The eligibility criteria for DBS of
hypothalamus in chronic cluster headache has
been recommended by Leone et al. (26).
Patients must have had recurrent episodes for
24 months or higher, with attacks being strictly
unilateral for at least 12 months.

The Ventral Tegmental Area (VTA) has been
recently a target for DBS. In a prospective
open-label study, 21 patients with chronic
cluster headache underwent VTA-DBS. With
a median follow-up of 18 months, 60%
decrease in headache frequency and 30% in
pain severity was recorded. The results of this
study suggested VTA-DBS could be safe and
effective in chronic refractory cluster
headaches.

Overall DBS could provide relief for patients
suffering from chronic refractory cluster
headaches. @ By using the  targeted
neuromodulation of a network around
hypothalamic and midbrain neural substrates,
DBS is able to generate short- and long-term
pain-relief in a large majority of patients. In
order to broader the utilization of this treatment
modality, understanding the mechanisms of
CH pathogenesis and DBS action are being
required (27).

Conclusion

Deep brain stimulation of hypothalamus and
midbrain area could be the possible solution
for chronic refractory cluster headache patients
to relief and improve their quality of lives.
With minimum side effects being reported
until now, DBS could be applied in selected
cases.
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