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Abstract

Migraine is one of the main causes of disability in modern world. Treatment of chronic refractory migraine (RCM) would be a
challenge even for experienced physician. The aim of this study was to analyze the effect of combination therapy for RCM:
greater occipital nerve’s (GON) pulsed radiofrequency (PRF) and botulinum toxin injections. We observed 6 female patients,
suffering from RCM according to the European Headache Federation criteria. All patients had long history of migraine (5-44
years) with conservative treatment failure (at least three medication groups). Their migraine could be classified as refractory for
long period of time (1-10 years). All of our patients passed a combination of PRF and BTA injection as consecutive 1-day
treatments. Botulinum toxin type A injections were done in accordance to the PREEMPT protocol, followed by ultrasound-
guided PRF of GONs bilateral. The observation period was 6 months after the procedure. We observed a positive response to
treatment in all patients with dramatic reduction of pain intensity (from 7 + 1 to 2 + 2 on NRS scale) and significant decrease in the
number of headache days (from 22 £ 5 to 4 £ 4) during first month after treatment. Two patients (30%) were pain free after the
treatment until the end of the observation. No adverse effects were registered. Bilateral GON’s PRF followed by botulinum toxin
therapy as 1-day treatment may be a useful option for the treatment of refractory chronic migraine. These interventional
procedures are effective, minimally invasive, inexpensive, safe, and well-tolerated and can be performed on an outpatient basis.
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Introduction

Migraine is one of the most common neurological diseases in
clinical practice [1]. According to the Global Burden of Disease
2016, migraine is one of the leading causes of disability world-
wide. Chronic migraine is one of the most severe forms of
migraine and occurs in 8% of migraineurs [2]. Chronic mi-
graine significantly reduces the quality of life of patients, as
they experience at least 15 days with headache per month (8
out of 15 days with migraine (with or without aura) for at least
three consecutive months [3]. Some individuals suffering from
migraine are resistant to guideline-based treatment despite sub-
stantial advances in migraine therapy [4]. Refractory chronic
migraine (RCM) remains one of the most challenging problems

This article is part of the Topical Collection on Medicine

24 Alexey G. Voloshin
voloshin.icu@gmail.com

' Pain Clinic Department, Center of Endosurgery and Lithotripsy

(CELT), Moscow, Russia

SN Comprehensive Clinical Medicine
A SPRINGER NATURE journal

in headache medicine [5, 6]. In the US headache clinic, 5.1% of
patients with migraine was diagnosed with refractory migraine
according to the RHSIS criteria [7].

Botulinum toxin type A is a protein that inhibits the release
of acetylcholine from presynaptic nerve endings and inhibits
the release of the calcitonin gene-related peptide and sub-
stance P [8—-10].

The use of onabotulinotoxin A (BTA) for migraine head-
ache has been approved. BoNT-A is currently used for mi-
graine prevention in the USA, Australia, India, Brazil, Russia,
Canada, and Korea [11]. The effectiveness of BT A for chronic
migraine treatment was confirmed in the PREEMPT study.
BTA treatment has been shown to reduce the number of head-
ache days per month, reduce the amount of medication con-
sumed, and improve the quality of life. PREEMPT study has
demonstrated the safety and good tolerability of the treatment,
as well as a low incidence of side effects [12—14].

Pulsed radiofrequency ablation (PRF) was first described
by Sluijter in 1997 [15]. This method is based on delivering an
electric field and heat impulses to nerves or tissues without
damaging these structures. In PRF, short electrical stimulation
is used, followed by a long pause phase. In this case, the PRF
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does not produce enough heat to cause structural damage [16].
The proposed PRF mechanism implies that the electric field
generated by the PRF can alter pain signals [17]. As far as pain
alleviation is concerned, this procedure is known to be effec-
tive and safe [18]. PRF has been reported to be effective for
various types of headaches, including occipital neuralgia,
cervicogenic headache, and intracranial hypotension head-
ache, applied to the great occipital nerve (GON) [19-21].

Objective

The aim of this study was to analyze the effect of combination
therapy for RCM: BTA injections followed by greater occip-
ital nerve’s (GON) pulsed radiofrequency (PRF).

Materials and Methods
Patients

We observed 6 female patients aged 33-57 years, suffering
from refractory chronic migraine (RCM) according to the
European Headache Federation criteria [22]. All patients had
5-44 years of migraine history, when RCM duration was 1—
10 years. Patient’s demographic and pretreatment data are
shown in Table 1. All of the patients have gotten an appro-
priate medical treatment without any success. At least three
prophylactic medications were used from different pharmaco-
logic groups, excluding patients with absolute contraindica-
tions. Medication overuse was an exclusion criteria. All pa-
tients received BTA injections in past with limited success.
All previous injections were done according PREEMPT pro-
tocol by different physicians. The last BTA treatment was
given to each patient more than 6 months before the first visit
to our clinic. No other interventional treatment for migraine
was done in past for any patient. Before the treatment, all
patients were informed that the procedure was experimental

with some potential adverse effects and limited potential ben-
efit. Informed consents were obtained from each patient.

Procedures

Consecutive 1-day treatment was undertaken: first step—
BTA injections (onabotulinum A, Botox®, Allergan). Total
dosage of 195 Botox® units was used as it was described in
the PREEMPT trial. All patients were given injections at two
corrugators, one procerus, four frontalis, eight temporalis, and
six occipitalis muscles. All of them received additional injec-
tions at 2 temporalis muscle, 2 occipitalis muscle, and 4 in the
trapezium according to the follow-the-pain method.

It was technically easier to make BTA injections before
PRF treatment. PRF treatment of GONSs bilateral was per-
formed with ultrasound guidance. The procedure was done
in a special room in aseptic conditions. The patients were
maintained in the prone position. We searched the GON using
a 6- to 15-MHz linear probe (Logiq P6, General Electric,
Seoul, Korea) following the method by Greher et al. [23].
The ultrasound probe was located on the spinous process of
C2 and subsequently moved the probe laterally to identify the
obliquus capitis inferior muscle of the neck. The GON was
found superficial to the obliquus capitis inferior muscle (Fig.
1). After identifying the GON, the catheter needle (22-gauge
5-mm active tip electrode) was inserted, and the sensory stim-
ulation test was carried out using an RF generator (RFG4,
Cosman Medical, Burlington, Massachusetts). The catheter
sonographic needles were placed close to the right and left
GON s using ultrasound control. The position of each needle
was verified using sensory stimulation. Dysesthesia and a tin-
gling sensation at the occipital area appeared in all patients
stimulated with voltage less than 0.3. The PRF treatment was
administered at 5-Hz, 5-ms pulse width for 360 s at 65 V
under the constraint that the temperature of the electrode tips
did not exceed 42 °C (Fig. 2) [24]. The procedure was done
without any local anesthetic injection (needle insertion point

Table 1  Patient demographic and clinical characteristics
Ne  Age Migraine Refractory migraine ~ Number of headache  Pain intensity, — Therapy Previous BTA
duration, y  duration, y days per month NRS injection
51 44 3 18 9 Triptans, TCA, AED, MR 2 injections
2 39 22 10 30 7 Triptans, TCA, AED, AB, 4 injections
SNRI, NSAID, SD
3 33 16 6 25 8 Triptans, AED, AB, SNRI, SSRI, SD 1 injection
4 48 30 20 6 AED, AB, SD 1 injection
5 44 29 25 22 8 Triptans, TCA, AB, NSAID, COMB 1 injection
6 57 19 18 5 Triptans, NSAID, AED, COMB 1 injection

TCA tricyclic antidepressants, SNR/ serotonin and norepinephrine reuptake inhibitor, SSR/ selective serotonin reuptake inhibitor, AED antiepileptic
drugs, MR muscle relaxant, NSAID nonsteroidal anti-inflammatory drug, AB beta-adrenoblockers, SD sartan drugs, COMB combined analgetics
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Fig. 1 Transverse ultrasound image of the GON at C2 level. GON arrow
= great occipital nerve, OCI = oblique capitis inferior muscle, SC =
splenius capitis

or treatment point). No other interventional procedures were
done for any patient.

Patients remained in the hospital for at least 2-h observa-
tion. All of them were discharged home after general and
neurological check out.

Outcome Measures

The observation period after the procedure was 6 months.
Every patient reported the outcome monthly (outpatient clinic
or phone calls). Pretreatment means headache days, and pain
attack intensity was measured with a 0—10 numeric rating
scale (NRS) and compared to post-treatment values.
Statistical analysis was performed using StatPlus for Mac.
Continuous variables are presented as mean + standard devi-
ation (SD). Within the group, differences were verified using

Fig. 2 PRF GON process, transverse ultrasound image. GON arrow =
great occipital nerve, OCI = oblique capitis inferior muscle, SC = splenius
capitis. Arrowheads—canulla
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the Wilcoxon rank sum test. The level of statistical signifi-
cance was P < 0.05.

Results

We observed a positive response to treatment in all patients.
Mean pain intensity decreased dramatically from 7+ 1to2 +2
on NRS scale (Fig. 3) with significant decrease in the number
of headache days from 22 + 5 to 4 + 4 during first month after
treatment. Significant positive effect of the treatment was ob-
served up to 6 months after it. Two patients (30%) stayed pain
free after the treatment until the end of observation period
(Fig. 4). Some patients halved the dose of daily medication
and noticed the appearance of the effect of abortive therapy by
triptans and/or NSAIDs (Table 2).
None of the patients had any adverse effects.

Discussion

The pathophysiology of migraine is complex and is still a
focus of research. The main mechanisms of migraine are hy-
pothalamic activation, alteration in thalamo-cortical circuits,
altered brain connectivity, brainstem activation, cortical
spreading depression, release of CGRP, and PACAP [25].

A pool data analysis from two programs of Phase 3
Research Evaluating Migraine Prophylaxis Therapy
(PREEMPT 1 and 2) [14] with BTA in chronic migraine dem-
onstrated significant benefit of BTA over placebo with regard
to the numbers of headache days and migraine episodes.
However, the effectiveness of botulinum therapy in the treat-
ment of refractory migraine leaves much to be desired. Thus,
the effectiveness of botulinum therapy in the treatment of re-
fractory chronic migraine is about 37-50% [26-28]. With the
exception of technical reasons of limited effectiveness (wrong
diagnosis or dose of the medication, inappropriate execution of
the procedure), the main problem may be low individual sus-
ceptibility neutralizing antibody production [29, 30].

There are two described clinical cases of GON’s PRF for
refractory migraine. A young woman in the first report
underwent botulinum therapy according to the PREEEMPT
protocol at a dose of 155 units and, at the same time, a block of
GON. After a negative response, GON’s PRF was done with
success. Half reduction of pain intensity was shown for least 3
months [24]. Another case described a young 34-year-old
woman who suffered from a complex headache, combination
of chronic migraine, autonomic cephalgia, and occipital neu-
ralgia. She was treated by C2 dorsal root ganglion PRF with
excellent effect throughout the year [31]. Unfortunately, it is
still unclear, whether she suffered mainly from migraine or
whether the effectiveness of C2 RFA was associated with its
effect on occipital neuralgia.
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Fig. 3 Number of headache days per month (mean = SD, *p < 0.05)

PRF is nondestructive procedure. So, GON’s PRF could be
comparable with GON’s block as a kind of enhanced technique
[32]. As it was shown by Palamar et al. [33], single injection of a
local anesthetic can reduce intensity of pain attacks in RCM
patients. Nevertheless, low pain intensity in the study group
should be noted (decrease from 3.93 + 1.8 to 1.55 £ 1.42 mm
VAS). The endpoint in the study was not clear, whether the effect
of a single block was change of the number of pain attacks or
headache days [33]. In a prospective multicenter study of 84
migraineurs, diagnosed based on IHS 2004, HCCC patients

10

3 months

4 months 5 months 6 months

received 4 blocks of GON weekly. Researchers have observed
a good effect with reducing the number of headache days from
18 to 9 days a month, as well as reducing the intensity of pain
during attacks. It is noteworthy that the decrease in the number of
headache days per month was shown in placebo group also (from
17 to 13), with a slight decrease in pain intensity. However, the
changes were statistically significant. So, it has been sufficiently
convincingly proved that a series of GON blocks with
bupivacaine effectively reduces the number of migraine attacks
and the intensity of pain. As the study design was cross-sectional,

0

Before treatment 1 month 2 months

Fig. 4 Pain attack intensity (numeric rating scale, mean + SD, *p < 0.05)
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Table 2 Prophylactic and

abortive daily therapy changes Ne  Age Previous BTA injection ~ Therapy before Therapy after

1 44 1 injections - Metoprolol 100 mg - NSAID
- Sumatriptan 200 mg - Amitriptyline 25 mg
- Amitriptyline 100 mg

2 39 4 injections - Sertraline 50 mg/duloxetine 60 mg - NSAID
- Topiramate 100 mg - Amitriptyline 100 mg
- Metoprolol 75 mg - Tizanidin 6 mg
- Candesartan 16 mg
- Sumatriptan 200 mg

3 33 1 injection - Topiramate 200 mg - NSAID
- Candesartan 16 mg - Amitriptyline 50 mg

- Sumatriptan 200 mg
- Sertraline 100 mg/duloxetine 60 mg

and the treatment group patients received several more GON
injections with bupivacaine, it is difficult to estimate how long
the treatment effect is [34]. Occipital nerve stimulation is a well-
known kind of neuromodulation for chronic migraine. It is con-
tinued to be an off-label treatment because of controversial re-
search results. In a study of 66 patients whose CM was diagnosed
using the second edition of the ICHD-II after a positive response
to the test block of GON, the best result was obtained in the
group with adjustable neuromodulation. The decrease in the
number of headache days was 27%. However, even such a good
result, the best among the study groups is still chronic
migraine—the decrease was from 22.4 + 6.3 days to 15.7 +
10.0 days. The percentage of respondents-patients in whom the
number of days with a headache decreased by 50% after stimu-
lation in the best group by adaptive stimulation was 39% [35].

The main hypothesis of our study is that botulinum toxin
reduces peripheral nociceptive afferentation and interrupts the
release of inflammatory neuropeptides in the trigeminal com-
plex with a further decrease in neurogenic inflammation of the
vessels of the dura mater, which affects the trigeminovascular
complex. PRF affects the nonmyelinated (C-fibers) and thinly
myelinated (Ad-fibers) axons, participating in the suppression of
cortical depolarization through the system of trigeminocervical
complex. Therefore, we associate the effectiveness of joint in-
terventional treatment with the simultaneous impact on two
main mechanisms of migraine. It can ensure the emergence
and maintenance of neurogenic inflammation and cortical
spreading depression. Such combined treatment would be a kind
of effective neuromodulation of trigeminovascular and
trigeminocervical systems.

Conclusion
The consecutive 1-day use of PRF GON with botulinum

toxin therapy may be a useful option for the treatment of
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refractory chronic migraine. The combined interventional
procedures are effective, minimally invasive, inexpensive,
safe, and well tolerated and can be performed on an out-
patient basis.

Limitations

The main limitation of this study is the small sample size
of heterogeneous patients, short observation period, and
the absence of a comparison group. We should note that
our patients were exposed to two invasive procedures
therefore it might result in some placebo response distor-
tion. Also we wish we had a larger sample size to
strengthen our conclusions.

Abbreviations BTA, BoONT-A—onabotulinumtoxin A; CM, chronic mi-
graine; GON, greater occipital nerve; /CHD-II, International
Classification of Headache Disorders—2nd edition; IHS 2004 HCCC,
International Headache Society 2004 Headache Classification
Committee Criteria; NRS, numeric rating scale; PRF, pulsed radiofre-
quency; RCM, refractory chronic migraine; RHSIS, Refractory
Headache Special Interest Section
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