
Page 1/16

One-day combined botulinum toxin injections and
pulsed radiofrequency of greater occipital nerve for
treatment refractory chronic migraine
Alexey Voloshin  (  voloshin.icu@gmail.com )

CELT https://orcid.org/0000-0001-5821-4296
I.V. Moiseeva 

CELT

Research article

Keywords: refractory chronic migraine, GON pulsed radiofrequency, botulinum toxin injections,
interventional pain treatment, combined interventional procedures

Posted Date: September 9th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-66136/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-66136/v1
mailto:voloshin.icu@gmail.com
https://orcid.org/0000-0001-5821-4296
https://doi.org/10.21203/rs.3.rs-66136/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background. The aim of this study was to evaluate the potential of combined the greater occipital nerve’s
(GON) pulsed radiofrequency (PRF) with botulinum toxin therapy procedures for treatment the refractory
chronic migraine.

Methods. We had 6 patients, all female, from 33 to 57 years old suffering from refractory chronic
migraine (RCM) according to the European Headache proposed criteria. All patients had migraine from 5
to 44 years and refractory migraine from 1 to 10 years. Simultaneous one-day treatments were
undertaken: �rst step - botulinum toxin type A injections in accordance with the PREEMPT protocol.
Second step - the PRF stimulation on the bilateral GONs was performed under the guidance of
ultrasound. The follow-up duration after the procedure was 6 months.

Results. We had a positive response to treatment from all patients. As a result, we observed a dramatic
reduction of pain intensity from 7±1 to 2±2 on NRS scale and, most importantly, a signi�cant decrease in
the number of days with headache from 22±5 to 4±4 during �rst month after treatment, with two patients
(30% of patients) recording a complete regression of migraine attacks. None of the patients had any
adverse effects.

Conclusion. The simultaneous one-day use of PRF GON with botulinum toxin therapy may be a useful
option for the treatment of refractory chronic migraine. The combined interventional procedures are
effective, minimally invasive, inexpensive, safe, well tolerated and can be performed on an outpatient
basis.

Introduction
Clinical practice considers migraine as the most common neurological disease [1]. As Global Burden of
Disease 2016 illustrates, migraine is one of the main causes of disability globally. Chronic migraine is a
subclass of migraine, it prevails in 8% among migraineurs and about 2% of the general population [2].
Chronic migraine substantially deteriorates the patients’ quality of life due to at least 15 headache days
per month (8 out of 15 days with migraine with or without aura) they have for at least three consecutive
months [3].

Some individuals suffering from migraine are resistant to guideline-based treatment despite substantial
advances in migraine therapy [4]. Approximately 4% of the world’s population are exposed to refractory
chronic migraine (RCM) resulting in severe pain, lifestyle limitations, and deterioration in life quality. The
quality and quantity of an individual’s work also deteriorates resulting in signi�cant economic losses.
RCM is still one of the hardest challenges in headache medicine [5,6]. In the US-headache clinic 5.1% of
the migraine patients have been diagnosed with refractory migraine using the criteria proposed by RHSIS
[7].
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Botulinum toxin type A is a protein that holds back the release of acetylcholine from presynaptic nerve
endings and inhibits the release of calcitonin gene-related peptide and substance P. For chronic migraine
there is only one agent which is approved. It is onabotulinumtoxin A (BTA). Currently, BoNT-A is approved
for the prophylactic treatment of migraines in the USA, Australia, India, Brazil, Russia, Canada, and Korea
[8]. Having received the results of the PREEMPT trials the e�cacy of this treatment for chronic migraine
was con�rmed. The e�cacy of OnabotA is proved by this study resulting in decreasing the frequency of
headache days per month. It reduces the medication use and improves the quality of life. The PREEMPT
trials also illustrated the treatment’s safety and tolerability and the low incidence of associated  side
effects [9-11].

The pulsed radiofrequency (PRF) technique was initially described by Sluijter in 1997 (12). The method
delivers an electrical �eld and heat bursts to targeted nerves or tissues without damaging these
structures. As far as pain alleviation is concerned this procedure is known to be safe and effective (13).
PRF applies a brief electrical stimulation with a long resting phase afterwards. In this case PRF does not
produce su�cient heat which might cause structural damage (14). The proposed PRF mechanism
implies that the electrical �eld produced by PRF can alter pain signals (15). PRF reportedly can effectively
manage various types of headaches, including occipital neuralgia, cervicogenic headache, and
intracranial hypotension headache, by applying it to the greater occipital nerve (GON) [16-18].

Objective The aim of this study was to evaluate the potential of combined one-day the GON PRF with
botulinum toxin therapy procedures for treatment the RCM.

Materials And Methods
Patients. We had 6 patients, all female, from 33 to 57 years old suffering from refractory chronic
migraine (RCM) according to the European Headache proposed criteria [19]. They also had
contraindications or no effect of the preventive medication with at least 3 drugs. All patients had
migraine from 5 to 44 years. RCM duration was from 1 to10 years. Patient's demographic and
pretreatment data are shown in table 1. Prior to the procedure, all patients were informed that the
procedure was experimental and did not promise guaranteed bene�ts, and informed consents were
obtained from each patient. RCM was diagnosed with no previous medication overuse.

Procedures. Simultaneous one-day treatment was  undertaken: �rst step - botulinum toxin type A
injections (Onabotulinum A, Botox®, Allergan). We used the  total  dosage of 195 Units as in the
PREEMPT trials. All patients were given injections at: two corrugators, one procerus, four frontalis, eight
temporalis, six occipitalis sites. All of them received additional injections at 2 temporalis muscle, 2
occipitalis muscle and 4 in the trapezium according to the Follow-The-Pain method. The last botulinum
toxin injections were given to each patient more than 6 months before our interventional treatment.

Second step -  PRF stimulation on the bilateral GONs was performed under the guidance of ultrasound to
manage the headache.  The aseptic technique was applied during the PRF procedure. The patients were
maintained in the prone position. We searched the GON using a 6 to 15 MHz linear probe (LOGIQ P6,
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General Electric, Seoul, Korea) following the method by Greher et al [20]. We located the ultrasound probe
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 super�cial to the obliquus capitis inferior muscle at this
level (Fig 1.) After identifying the GON, the catheter needle (22-gauge 5 mm active tip electrode) was
inserted, and the sensory stimulation test was carried out using an RF generator (RFG4, Cosman Medical,
Burlington, Massachusetts). Under ultrasound guidance, the catheter needles were placed close to the
right and left GONs, and the patient indicated dysesthesia and a tingling sensation at the occipital area
with less than 0,3 V (Fig 2.) The PRF treatment was administered at 5 Hz and 5 milliseconds pulsed width
for 360 seconds at 65 V under the constraint that the temperature of the electrode tips did not exceed
42°C (Fig 3).

 

Patients remained in the hospital for at least 2 hours upon expiration of the control period, and in the
absence of  warning signs, they were discharged home.

Outcome measures:

The follow-up duration after the procedure was 6 months. During the research period our patients were
monitored during their visits to the clinic. In case visits were not possible we followed up our patients by
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 deviation (SD). Within the group, differences were veri�ed using  the Wilcoxon rank sum
test. The level of statistical signi�cance was P<0.05.

Results
We had a positive response to treatment from all patients. As a result, we observed a dramatic reduction
of pain intensity from 7±1 to 2±2 on NRS scale (Fig 4) and, most importantly, a signi�cant decrease in the
number of days with headache from 22±5 to 4±4 during �rst month after treatment, with two patients
(30% of patients) recording a complete regression of migraine attacks (Fig 5). Effect one-day treatment
lasted at least 6 months. In addition, some patients halved the dose of daily medication and noticed the
appearance of the effect of abortive therapy of triptans and NSAIDs (Table 2.)

Discussion
The pathophysiology of migraine is complex and is still a focus of research. The main mechanisms of
migraine are hypothalamic activation, alteration in thalamo-cortical circuits, altered brain connectivity,
brainstem activation, cortical spreading depolarization, release of CGRP and PACAP [21].
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A pool of analysis of the data from two programmes of Phase 3 Research Evaluating Migraine
Prophylaxis Therapy (PREEMPT 1 and 2) [22] with BoNT-A in chronic migraine demonstrated signi�cant
bene�t of BoNT-A over placebo with regard to the numbers of headache days and migraine episodes.
However, the effectiveness of botulinum therapy in the treatment of refractory migraine leaves much to
be desired. Thus, the effectiveness of botulinum therapy in the treatment of refractory chronic migraine is
about 37-50% [23-25]. With the exception of the reasons associated with the diagnosis, dose of the drug
and the execution of the procedure, the main problem may be low individual  susceptibility and
neutralizing antibodies [26,27].

Cases of PRF GON have been described in two young women suffering from refractory migraine. They
underwent botulinum therapy according to the PREEEMPT protocol at a dose of 155 units and at the
same time a block of GON, then after a negative response, performed PRF GON with success in reducing
pain intensity by twice for at least 3 months  [28]. Another case of a young 34-year-old woman who
suffered from a complex headache of the type of chronic migraine, autonomic cephalgia, and occipital
neuralgia. She was treated PRF DRG C2 with excellent effect throughout the year [29]. Unfortunately, it is
still unclear, whether she suffered mainly from migraines or whether the effectiveness of C2 RFA was
associated with the successful treatment of occipital neuralgia.

An interesting question is whether it is possible to change PRF GON with a simpler and cheaper block of
the GON, albeit performed repeatedly. There is evidence that a single injection of a local anesthetic can
reduce the intensity of pain in chronic migraines, however, a low pain intensity in the study group should
be noted - the decrease was from 3.93±1.8 to 1.55±1.42 mm VAS, also in this the study did not indicate
whether the effect of a single block on the number of pain attacks or days with a headache [30]. In a
prospective multicenter study of 84 patients suffering from chronic migraine diagnosed according to the
criteria of the IHS 2004 HCCC patients received 4 blocks of GON weekly. Researchers got a good effect in
the form of reducing the number of days with a headache from 18 to 9 days a month, as well as reducing
the intensity of pain during an attack. It is noteworthy that in the group of patients receiving placebo,
there was also a decrease in the number of days with headache per month from 17 to 13, and a slight
decrease in pain intensity. Nevertheless, it has been su�ciently 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, and the treatment group patients received several more GON
injections with bupivacaine, it is di�cult to estimate how long-term this treatment is [31]. Attempts have
been described to treat chronic migraine with chronic neuromodulation of the GON. 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 days with a headache was 27%. However, even such a good result, the best
among the study groups 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 stimulation in the best group by adaptive stimulation was 39% [32].
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The main hypothesis of our study is that botulinum toxin reduces peripheral nociceptive afferentation
and interrupts the release of in�ammatory neuropeptides in the trigeminal complex with a further
decrease in neurogenic in�ammation of the vessels of the dura mater, which affects the
trigeminovascular complex, and PRF affects the non-myelinated (C-�bers) and thinly myelinated (Aδ-
�bers) axons, participating in the suppression of cortical depolarization through the system of
trigeminocervical complex. Therefore, we associate the effectiveness of joint interventional treatment
with the simultaneous impact on two main centers of regulation of mechanisms that ensure the
emergence and maintenance of neurogenic in�ammation and cortical depression - the trigeminovascular
and trigeminocervical systems.

Limitations. The main limitation of this study is the small sample size of heterogeneous patients, short
follow-up 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 distortion. Also we wish we
had a larger sample size to strengthen our conclusions.

Conclusion
The simultaneous one-day use of PRF GON with botulinum toxin therapy may be a useful option for the
treatment of refractory chronic migraine. The combined interventional procedures are effective, minimally
invasive, inexpensive, safe, well tolerated and can be performed on an outpatient basis.

List Of Abbreviations
BTA, BoNT-A - onabotulinumtoxin A

GON - greater occipital nerve

NRS - numeric rating scale

PRF - pulsed radiofrequency

RCM - refractory chronic migraine
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№ Age Migraine
duration,
y

Refractory
migraine
duration, y

Number of
headache days
per month

Pain
intensity,
NRS

Therapy Previous
BTA
injection

1 51 44 3 18 9 Triptane, TCA,
AED, MR

2
injections

2 39 22 10 30 7 Triptane, TCA,
AED,  AB, SNRI,
NSAID, SD

4
injections

3 33 16 6 25 8 Triptane, AED, 
AB, SNRI, SSRI,
SD

1
injection

4 48 30 1 20 6 AED,  AB, SD 1
injection

5 44 29 2,5 22 8 Triptane,  TCA ,
AB, NSAID,
COMB

1
injection

6 57 19 2 18 5 Triptane, NSAID,
AED, COMB

1
injection

Table 1. Patient demographic and clinical characteristics. (TCA – tricyclic antidepressants, SNRI -
serotonin and norepinephrine reuptake inhibitor, SSRI – selective serotonine reuptake inhibitor, AED –
antiepileptic drugs, MR – muscle relaxant, NSAID – nonsteroidal antiin�ammatory drug, AB – beta-
adrenoblockers, SD – sartan drugs, COMB – combined analgetics).
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№ Age Previous BTA
injection

Therapy before Therapy after

1 44 1 injections - Metoprolol100 mg

-Sumatriptan 200 mg

-Amitriptyline 100 mg

- NSAID

-Amitriptyline 25 mg

 

2 39 4 injections - Sertraline 50 mg/   Duloxetine 60 mg

- Topiromate 100 mg

- Metoprolol 75 mg

- Candesartan 16 mg

-Sumatriptan 200 mg

-NSAID

-Amitriptyline 100
mg

-Tizanidin 6 mg

3 33 1 injection - Topiromate 200 mg

- Candesartan 16 mg

-Sumatriptan 200 mg

- Sertraline 100 mg/   Duloxetine 60
mg

NSAID

-Amitriptyline 50 mg

 

Table 2. Prophylactic and abortive daily therapy changes.
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Figure 1

Transverse ultrasound image of the GON at C2 level. GON arrow = great occipital nerve, OCI = oblique
capitis inferior muscle, SC = splenius capitis



Page 13/16

Figure 2

Canulla insertion process, transverse ultrasound image. GON arrow = great occipital nerve, OCI = oblique
capitis inferior muscle, SC = splenius capitis. Arrowheads – canulla.
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Figure 3

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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Figure 4

Number of headache days per month (mean ± SD, * - p 0,05)
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Figure 5

Pain attack intensity (numeric rating scale, mean±SD, * - p 0,05).


