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Abstract

Background: Pulsed radiofrequency (PRF) of the occipital nerves has neuromodulative properties and is used for chronic pain
management. However, its role in various types of chronic headaches has not been adequately investigated so far.
Objectives: This was an observational, open-label, prospective study aiming to assess the efficacy of PRF of occipital nerves on
various types of chronic headache management.
Methods: Patients with chronic headaches followed up at the pain management unit were scheduled for PRF of both occipital
nerves after a positive diagnostic nerve block. PRF was applied following a standardized protocol at 42°C, and the number of
headaches per month was assessed as a primary outcome at baseline (before treatment), as well as after 1, 3, and 6 months. Pain
intensity during headache crises was recorded using the Numeric Rating Scale (NRS, 0 - 10),
Results: Fifty-seven patients suffering from chronic migraines, cluster headaches, tension-type headaches, and occipital neuralgia
were studied. PRF significantly improved the number of headache episodes per month, as well as the pain intensity of the crises. The
median number of headache episodes per month was significantly reduced in patients with migraine, from 14.5 to 4 after 1 month,
and to 6.5 after 6 months. The same was seen for patients with clusters, who were also improved. A statistically significant reduction
in NRS values over time was seen for all types of headaches.
Conclusions: PRF of the occipital nerves can lead to a reduction of the number of headache episodes per month, improving the
intensity of pain during each episode.
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1. Background

Pulsed radiofrequency (PRF) of the greater (GON) and
lesser (LON) occipital nerves is a minimally-invasive tech-
nique indicated for the management of chronic pain,
of variable etiology, including headaches (1, 2). It has
been used for chronic migraine, tension-type, and cluster
headaches, as well as for cases of occipital neuralgia (1-4).
The application of the technique follows standardized cri-
teria and a previous positive diagnostic block of the nerves
with local anesthetic (1, 5-8).

PRF exhibits a known neuromodulative effect due to its
non-destructive properties, with a final temperature of the
active tip not exceeding 42°C (9). It acts through an elec-
tric field of low intensity, which leads to a decreased con-
duction through the pathways of pain. Its main effect is
through the unmyelinated C-fibers and not on myelinated
ones (1, 2, 10). Research showed that PRF significantly mod-

ulates synaptic transmission, leading to long-term analge-
sia, and facilitates the inhibitory effect of serotonergic, no-
radrenergic, and endogenous opioid pain pathways (2, 10).

Although PRF has been studied in various types of
chronic pain, its results on chronic headaches has not been
adequately investigated.

2. Objectives

The aim of this study was to assess the efficacy of PRF of
the occipital nerves on chronic headache management.

3. Methods

All subjects were patients of a Pain Management
Unit of a University Hospital, suffering from chronic
headaches (migraine, cluster, and tension type headache)
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as well as occipital neuralgia. The patients signed a writ-
ten informed consent and were scheduled for interven-
tional therapy, following the standard therapeutic pro-
tocol for headache management, including neurologi-
cal examination, pharmacotherapy, and diagnostic nerve
blocks. All patients were on prophylaxis with topira-
mate or amitriptyline, and used triptans for rescue treat-
ment. Inclusion criteria were not adequate response to
pharmacotherapy, pain during crises > 4/10, occipital ten-
derness bilaterally/laterally, and days with headache >
10/month. Exclusion criteria were < 18 years of age, preg-
nancy/lactation, a cardiac pacemaker, previous therapy
with PRF at the same area, severe psychiatric diseases, co-
agulation disorders, and patient refusal. In cases of a posi-
tive response to the diagnostic nerve block with local anes-
thetic, with > 50% pain relief, patients were scheduled for
PRF of GON/LON bilaterally, except for cases of occipital
neuralgia, where treatment was performed unilaterally.

The procedure was performed with Diros RF hybrid
cannula (22G, 54mm, 4mm active tip). At first, the two
GONs were stimulated, and the LONs were stimulated (40
- 60V, 2Hz, impedance 150 - 400Ω, plateau temperature
42°C, 6 min). Nerves were located using the classic anatom-
ical landmarks for the technique, described in literature
(4). The correct position of the needle was confirmed with
mild stimulation and minimal adjustments until the opti-
mum position was reached (optimum stimulation with <
0.4mV). Postoperatively, patients were allowed to recover
for 2 hours and then discharged.

The primary outcome of the study was the difference
in the number of headache episodes per month before and
after treatment. Pain intensity during headache crisis (Nu-
meric Rating Scale; NRS, 0 - 10) was studied secondarily.
Analgesic consumption (number of analgesics per month)
was also recorded. All measurements were performed be-
fore treatment, as well as after 1, 3, and 6 months. Patients
completed the Greek edition of Brief Pain Inventory. All
measurements were accomplished by a blinded researcher
of the Pain Management Unit. All complications and side
effects were recorded.

3.1. Statistical Analysis

The Shapiro-Wilk test was applied to test the nor-
mal distribution of continuous variables. The results are
provided as mean ± standard deviation (SD), or as me-
dian and interquartile range (IQR) according to normal-
ity. All qualitative variables are presented as absolute or
relative frequencies. One-way analysis of variance (ANOVA)
or Kruskal-Wallis test were applied to compare continuous
variables and the Fisher’s comparison of categorical vari-
ables. A repeated measures ANOVA model was performed
to detect differences in mean NRS scores over time. The
Bonferroni correction was used for multiple comparisons;

all tests were two-tailed. Statistical significance was set at
5% (P < 0.05). Data were analyzed using Stata TM (10.1 MP,
Stata Corporation, College Station, TX77845, USA).

4. Results

Fifty-seven patients were studied. Demographic char-
acteristics of patients, as well as the type of headache, are
presented in Table 1. Most of patients suffered from mi-
graine (n = 38), while only nine patients suffered from clus-
ter or other forms of headache (tension-type and occipi-
tal neuralgia). The median number of headache episodes
per month was significantly reduced in patients with mi-
graine, from 14.5 to 4 after 1 month, and to 6.5 after 6
months. The same was seen for patients with clusters, who
were also improved (Tables 2 and 3; Figure 1). The repeated
measures ANOVA model revealed a statistically significant
reduction in pain intensity measured with NRS for all types
of headaches (Table 4). Specifically, for each month, NRS
values were reduced by an average of 0.28 (P < 0.001) (Fig-
ure 2; Table 4). However, NRS comparisons between the
study groups (migraine vs. cluster; migraine vs. other
types of headaches) did not show any statistical signifi-
cance.

Systemic pharmacotherapy was not different in differ-
ent time points. Moreover, rescue treatment was not differ-
ent between the groups (Table 5).

5. Discussion

PRF has been widely used on multiple targets with dif-
ferent outcomes on chronic pain conditions, such as pe-
ripheral neuralgias, trigeminal neuralgia, chronic knee
pain, etc. (2, 3). Its results depend on the type of pain
(aiming mostly on pain of neuropathic origin), type of the
targeted nerves, duration of pain, technical characteristics
of the devices used (such as the length of the active tip),
time of PRF application, and more. However, the effect of
PRF on chronic headaches has not been adequately stud-
ied. Most studies on the subject refer to occipital neuralgia
only or combined with migraine, and there are not large
case series or randomized clinical trials (RCTs) describing
the effect of PRF only on migraines, cluster, or tension-type
headaches. Hence, in this study, we focused on patients
with chronic headaches, mostly migraines. The results
showed that PRF of both occipital nerves had a favorable
impact on patients, leading to a reduction of the number
of episodes per month, with a lesser but positive effect on
the pain intensity. Although the effects on cluster, tension-
type headaches, and on occipital neuralgia were positive,
they cannot be conclusive due to the small number of pa-
tients.
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Table 1. Baseline Characteristics of Study Population according to Type of Headache a , b

Variables Migraine (n = 38) Cluster (n = 9) Other c (n = 10) P-Value

Age (y) 51.79 ± 13.67 57.66 ± 12.52 55.9 ± 12.33 0.405

BMI (kg/m2) 25.48 ± 3.08 27.63 ± 4.43 25.44 ± 3.54 0.226

Duration of headache (y) 20 [10 – 344] 15 [5 – 20] 5 [3 – 36] 0.208

a Values are expressed as mean ± SD or median [IQR].
b Statistical tests: One-way ANOVA.
c Occipital neuralgia, tension-type headache.

Table 2. Treatment Parameters at Distinct Time Points a , b

Variables Migraine (n = 38) Cluster (n = 9) Other c (n = 10) P-Value

Baseline

Number of episodes per month 14.5 [8 – 25] 15 [15 – 30] 16.5 [15 – 30] 0.282

NRS 8.45 ± 1.28 8.55 ± 0.88 8 ± 1.41 0.554

Prevention treatment (amitriptyline vs topiramate) 30 (78.95) vs 8 (21.05) 7 (77.78) vs 2 (22.22) 7 (70) vs 3 (30) 0.892

Rescue treatment (yes) 38 (100) 8 (88.89) 10 (100) -

1st month

Number of episodes per month 4 [2 – 15] 2 [0 – 15] 12 [5 – 30] 0.244

NRS 7 [5 – 8] 8 [0 – 8] 7 [3 – 8] 0.892

Prevention treatment (amitriptyline vs topiramate) No change compared to baseline.

Rescue treatment (yes) 35 (92.11) 6 (66.67) 9 (90) -

3rd month

Number of episodes per month 6.5 [2 – 12] 2 [0 – 15] 4.5 [1 – 14] 0.393

NRS 6.29 ± 2.69 4.55 ± 4.09 5 ± 3.39 0.217

Prevention treatment (amitriptyline vs topiramate) No change compared to baseline.

Rescue treatment (yes) 35 (92.11) 4 (44.44) 9 (90) -

6th month

Number of episodes per month 6.5 [3 – 12] 2 [1 – 15] 4 [1 – 15] 0.774

NRS 6 [5 – 8] 8 [4 – 8] 5.5 [2 – 8] 0.564

Prevention treatment (amitriptyline vs topiramate) No change compared to baseline.

Rescue treatment (yes) 31 (83.78) 6 (66.67) 9 (90) 0.51

a Values are expressed as mean ± SD or median [IQR] or absolute and relative frequencies.
b Statistical tests: One-way ANOVA, Kruskal-Wallis H test, Fisher’s exact.
c Occipital neuralgia, tension-type headache.

PRF acts through energy released around an active
electrode tip. The active tip creates a large electrical cur-
rent density, producing heat of 42 - 44°C (1-3) around the
nerves, modulating the synaptic signaling of the anal-
gesic pathways, exerting its action especially on the C, non-
myelinated pain fibers (7, 10). Research suggests that PRF
also modulates the early gene c-Fos (7, 11-17), which is re-
sponsible for the development of the second m-RNA, “pre-
prodinorphin”, of the endogenous opioid system (1, 2, 11,
13). Research proposes proposed that PRFs analgesic prop-
erties are also mediated through the noradrenergic, sero-

tonergic, and endogenous opioid inhibitory pain path-
ways. This suggests not only peripheral but also a central
modulating action (1).

The efficacy of PRF on migraines frequency was sig-
nificant. Migraine is one of the most common causes of
headaches, with an incidence rate of 18% in men and 43% in
women (8). Although various medications have been used
for its management, it often ends up refractory. Our re-
sults showed that, after PRF, the patients had less episodes
of migraine per month and less intensity; and the effect
lasted after 6 months post-treatment. Literature is very
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Table 3. Paired Comparisons of Headache Frequency (Episodes Per Month) at Each Time Point from Baseline (Comparisons are Made for Each Study Group Separately) a , b

Headache Frequency at Each Time Point Compared to Baseline Baseline Values Headache Frequency at Distinct Time Points P-Value

Migraine (n = 38) 14.5 [8 – 25]

Headache frequency at baseline – 1st month 2 [4 – 15] 0.0001

Headache frequency at baseline – 3rd month 6.5 [2 – 12] 0.0001

Headache frequency at baseline – 6th month 6.5 [3 – 12] 0.0001

Cluster (n = 9) 15 [15 – 30]

Headache frequency at baseline – 1st month 2 [0 – 15] 0.0156

Headache frequency at baseline – 3rd month 2 [0 – 15] 0.0156

Headache frequency at baseline – 6th month 2 [1 – 15] 0.0625

Other c (n = 10) 16.5 [15 – 30]

Headache frequency at baseline – 1st month 12 [5 – 30] 0.0625

Headache frequency at baseline – 3rd month 4.5 [1 – 14] 0.0078

Headache frequency at baseline – 6th month [1 – 15] 0.125

a Values are expressed as absolute and relative frequencies.
b Statistical tests: Wilcoxon signed-rank test.
c Occipital neuralgia, tension-type headache.
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Figure 1. Diagram of headache frequency per month for each group

limited on the subject. Two case reports of PRF applica-
tion for chronic migraine showed that it reduced pain in-
tensity from 8-9 (NRS 0-10) to 3, which was sustained for
3 months postoperatively (18). Unfortunately, the time
frame of follow-up was very limited in these cases, but
it indicated a good short-term result. Cohen et al. (19)
evaluated the effects of the technique on occipital neural-
gia; their results on 45 patients with coexisting migraine
showed that PRF was effective on both, occipital neuralgia
and migraine. The explanation was based on the hypoth-
esis that migraine is associated with the activation of the
trigeminal and the upper cervical nerves. Nociceptive sig-

nals from the fronto-oculotemporal region are transmit-
ted via the trigeminal nerve, while pain from the occipital
region is transferred through the upper cervical nerves. All
these signals project centrally and converge to the trigem-
inal nucleus caudalis. Since GON is branch of the 2nd cervi-
cal root, its connection with the trigeminal nucleus inter-
prets the positive effect of PRF on the control of migraine
crises (18-20).

Regarding cluster, findings were also positive, with re-
duction of the number of episodes per month. There are
no cases described in literature with application of PRF on
the occipital nerves for the management of clusters, but

4 Anesth Pain Med. 2021; 11(5):e112235.



Batistaki C et al.

Migraine

Cluster

Other

95% C.I.

95% C.I.

95% C.I.

Time (months)
0 1 2 3 4 5 6

25
20

15
10

5
0

Figure 2. Diagram of pain intensity over time (numeric rating scale, NRS 0 - 10) for each group

Table 4. Paired Comparisons of NRS Values at Each Time Point from Baseline (Comparisons are Made for Each Study Group Separately) a , b

NRS Values at Each Time Point Compared to Baseline Baseline Values NRS at Distinct Time Points P-Value

Migraine (n = 38) 8.5 [8 – 10]

NRS baseline – NRS 1st month 7 [5 – 8] 0.0005

NRS baseline – NRS 3rd month 6 [5 – 8] 0.0001

NRS baseline – NRS 6th month 6 [5 – 8] 0.0001

Cluster (n = 9) 9 [8 – 9]

NRS baseline – NRS 1st month 8 [0 – 8] 0.2188

NRS baseline – NRS 3rd month 8 [0 – 8] 0.0313

NRS baseline – NRS 6th month 8 [4 – 8] 0.0625

Other c (n = 10) 8 [7 – 9]

NRS baseline – NRS 1st month 7 [3 – 8] 0.125

NRS baseline – NRS 3rd month 4.5 [4 – 8] 0.0156

NRS baseline – NRS 6th month 5.5 [2 – 8] 0.0625

a Values are expressed as absolute and relative frequencies.
b Statistical tests: Wilcoxon signed-rank test.
c Occipital neuralgia, tension-type headache.

only PRF of the sphenopalatine ganglion. However, there
are various published case series indicating that injection
of high-volume local anesthetic with corticosteroid on the
occipital nerves at the side of the cluster may lead to a pre-
ventive effect (18, 20-23). That is the reason we decided to
proceed to PRF of the occipital nerves for a more sustained
result. However, more patients are required to confirm this
effect.

Tension-type headache and occipital neuralgia were
also treated with PRF with positive results; however, in our
study, the number of patients to prove such an effect was
limited. Literature is conflicting about tension type and
cervicogenic headaches regarding occipital nerve blocks,

while PRF has not been studied. Hascalovici & Robbins (24)
reported a positive effect of 67% of occipital nerve blocks
for tension-type headaches. Gabrhelík et al. (25) performed
PRF of GON in 15 patients leading to a successful outcome
for a period of 9 months, a finding that supports our re-
sults. Also, regarding occipital neuralgia, several previous
studies reported that the PRF stimulation on the occipital
nerves may be effective (26-30). In their review study, Mano-
litsis and Elahi (26) reported promising results, including a
total of three clinical studies and one case report. Improve-
ments in pain, quality of life, and adjuvant pain medica-
tion consumption were demonstrated, a fact that requires
further investigation. Certainly, more studies are required
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Table 5. Rescue Treatment Parameters at Distinct Time Points a , b

Variables Migraine (n = 38) Cluster (n = 9) Other c (n = 10) P-Value

Rescue treatment at baseline

No meds/ < 3/ ≥ 3 meds 0/ 32 (84.21)/ 6 (15.79) 1 (11.11)/ 8 (88.89)/ 0 0/ 8 (80)/ 22(20) 0.21

Paracetamol (yes) 19 (50) 5 (55.55) 9 (90)

NSAIDs (yes) 17 (44.74) 3 (33.33) 4 (40)

Triptans (yes) 25 (65.79) 3 (33.33) 2 (20)

Opioids (yes) 8 (21.05) 1 (11.11) 1 (10)

Rescue treatment at 1st month

No meds/ < 3/ ≥ 3 meds 3 (7.89)/ 31 (81.58)/ 4 (10.53) 3 (33.33)/ 5 (55.56)/ 1 (11.11) 1 (10)/ 7 (70)/ 2 (20) 0.195

Paracetamol (yes) 16 (42.11) 4 (44.44) 8 (80)

NSAIDs (yes) 16 (42.11) 3 (33.33) 4 (40)

Triptans (yes) 20 (52.63) 2 (22.22) 2 (20)

Opioids (yes) 6 (15.79) 1 (11.11) 1 (10)

Rescue treatment at 3rd month

No meds/ < 3/ ≥ 3 meds 4 (10.53)/ 31 (81.58)/ 3 (7.89) 5 (55.56)/ 3 (33.33)/ 1 (11.11) 1 (10)/ 7 (70)/ 2 (20) 0.015

Paracetamol (yes) 15 (39.47) 3 (33.33) 7 (70)

NSAIDs (yes) 15 (39.47) 2 (22.22) 3 (30)

Triptans (yes) 19 (50) 1 (11.11) 2 (20)

Opioids (yes) 6 (15.79) 1 (11.11) 2 (20)

Rescue treatment at 6th month

No meds/ < 3/ ≥ 3 meds 7 (18.42)/ 28 (73.68)/ 3 (7.89) 3 (33.33)/ 5 (55.56)/ 1 (11.11) 1 (10)/ 7 (70)/ 2 (20) 0.521

Paracetamol (yes) 13 (34.21) 4 (44.44) 7 (70)

NSAIDs (yes) 13 (34.21) 3 (33.33) 3 (30)

Triptans (yes) 18 (47.37) 1 (11.11) 3 (30)

Opioids (yes) 6 (15.79) 1 (11.11) 2 (20)

a Values are expressed as absolute and relative frequencies.
b Statistical tests: Fisher’s exact.
c Occipital neuralgia, tension-type headache.

to further assess this effect and possibly relate it to the ex-
act mode of action of PRF.

The main limitation of this study is the absence of ran-
domization of patients with another form of treatment.
However, this could not be performed due to financial
constraints. This is why we chose to perform a case se-
ries study to present our results. Another limitation is
the small sample of cluster headaches and other forms of
headaches; however, these results represent the real statis-
tics of headache clinic prevalence, being mostly patients
with chronic migraine.

The results of this study showed a strong positive ef-
fect of PRF of the occipital nerves on chronic headache
management, mostly reducing the frequency of headache
crises per month. This result should be further evaluated
in future studies with longer follow-up period to assess the

long-term efficacy.
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