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Using GON block as a diagnostic block: Investigation
of clinical efficacy of GON radiofrequency treatment
for migraine patients
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Abstract

Objective: This retrospective study aimed to investigate the clinical efficacy of GON pulsed
radiofrequency (PRF) treatment in migraine patients who did not respond adequately to treatment
with greater occipital nerve (GON) blockade. Method: Twenty-seven patients with recurrent episodic
migraines or chronic migraines were included in the study. GON blockade was performed bilaterally
once a week — four times over a one-month duration. PRF treatment was performed once for those
patients who did not show an adequate response to GON blockade, and the treatment was directed at
the same sites as the GON blockade. The number of migraine attacks in the preceding 30 days, the
total number of triptan tablets taken, the average duration of headache and the highest VAS scores at
the first, third and sixth-month visits were recorded. Results: The number of severe migraine attacks,
total analgesic use and the maximum duration of migraine episodes were recorded in this study. All
these parameters showed a significant decrease from the first month after GON PRF treatment as
compared to both the baseline as well as to treatment one month after GON block. In addition, this
clinical improvement was sustained up to six months after PRF treatment.

Conclusion: Our results suggest that GON PRF treatment is a viable treatment approach in the case
of migraine patients who do not respond adequately to treatment with GON blockade.
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INTRODUCTION the superior sagittal sinus.’ This observation
suggests that a convergence of sensory input from
cervical and trigeminal afferents occurs at the
level of the second neurons in the TNC. Further
supporting this hypothesis, Bartsch and Goadsby'°
demonstrated in a rat model of cranial nociception
that dorsal horn neurons at the C2 level respond
to dural stimulation. In line with these findings, it
has been shown in humans that GON block may
alleviate pain even outside of the skin territory
supplied by the nerve.!" Available data show that
the GON block procedure is effective, safe, easy
to perform and well-tolerated by the majority of
patients."”

Pulsed radiofrequency (PRF) therapy, which
Sluijter first described'® in 1997, is currently used
as an effective and safe treatment in chronic pain
syndromes.'* PRF therapy works by delivering an
electrical current and bursts of heat to the targeted
tissues without damaging them. On the other hand,
conventional radiofrequency (RF) exposes the

Migraine is a common neurological disorder
that is prone to becoming chronic.' It greatly
impairs a patient’s quality of life. Antidepressants,
antiepileptics, beta-blockers, calcium channel
blockers, cognitive behavioural therapy
and botulinum toxin are generally used in
management.>®

The rationale for using GON block as a
treatment for headaches is derived from the
proximity of the sensory neurons in the upper
cervical spinal cord to the trigeminal nucleus
caudalis (TNC) and the convergence of sensory
input to TNC neurons from both cervical and
trigeminal fibres. The evidence for this has been
shown by several studies.” In an animal study,
stimulation of the GON was shown to increase
metabolic activity in the TNC and the upper
cervical dorsal horn.® The same neural sites are
activated after mechanical or electrical stimulation
of trigeminally innervated structures such as
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target nerves or tissues to continuous electrical
stimulation and causes tissue damage on the target
tissue by increasing the temperature around the
RF needle tip."® Unlike conventional RF, PRF
applies a short electrical stimulation followed by
a long rest phase. Thus, PRF does not generate
enough heat to cause structural damage. The
proposed mechanism of PRF is that the electric
field produced by PRF can alter pain signalling.'®
A few studies on PRF therapy have shown its
efficacy in relieving neuralgia and joint pain —
symptoms that are unresponsive to conventional
treatments.'”' In addition, PRF applied to the
greater occipital nerve has been used to effectively
treat various headache syndromes, including
occipital neuralgia, cervicogenic headache
and intracranial hypotension.?>?* Although the
effectiveness of this treatment has been known
for a long time, its beneficial effects on relieving
migraine pain have not been sufficiently studied.?*

METHODS

Out of 115 patients who were diagnosed with
migraine and treated with GON block at the Ordu
State Hospital Pain Center from October 2020 to
January 2022, 29 patients without an adequate
response were identified. These patients completed
headache diaries recommended by the National
Headache and Pain Study Association before and
after treatment. Migraine was diagnosed according
to the diagnostic criteria of the International
Classification of Headache Disorders 3rd Edition
criteria ICHD-3).!° Bilateral GON blockade was
applied to 115 migraine patients once a week for
one month — a total of four times. A single session
of GON PRF was applied to 29 patient groups
who did not get an adequate response within 30
days after the end of GON blockade treatment.
Following GON PRF, the number of migraine
attacks, the total number of triptan tablets used,
the average duration of headache episodes and
the highest visual analogue scale (VAS) score
of episodes in the preceding 30 days at the first,
third and sixth-month visits following PRF were
recorded.

Sociodemographic data such as age, gender,
and body mass index (BMI) were documented
and recorded. Inclusion criteria were patients aged
between 18 and 70 years, with chronic or episodic
migraine according to the ICHD-3 criteria, no
prophylactic treatment for migraine for at least
one month prior to GON blockade's and who had
at least one migraine attack per week.

GON blockade and GON PRF treatment
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were administered to patients who met the
aforementioned criteria. Written consent was
obtained, exclusion criteria were: no infection
at the injection site, no coagulation disorder, not
pregnant and no history of previous surgery at the
injection site. Although they received GON PRF
treatment, two patients who did not complete the
six-month follow-up were excluded from final
analysis (Figure 1). All GON blockades and GON
PRF were administered by the same physician.

For GON blockade, the external occipital
protuberance was palpated and the area cleaned
with an antiseptic solution while the patient was
in either a sitting or prone position. Bilateral
injections were performed 2 cm lateral and 2
cm inferior to the occipital protuberance. If there
was no hypoesthesia in the area of distribution
of the GON after the application, the procedure
was repeated. This interventional treatment was
applied to both sides once a week — four times
for one month, using 1.5 millilitres (ml) 0.5 per
cent bupivacaine on each side with the help of
a 22-gauge spinal needle. The patients were
hospitalised for 30 minutes for observation after
the procedure.

GON PRF treatment was applied to the patients
who did not obtain an adequate therapeutic
response at the end of one month despite the
GON blockade. For this treatment, the external
occipital protuberance was palpated, and the area
cleaned with an antiseptic solution while the
patient was in a prone or sitting position (Figure 2).
Bilateral treatment was performed 2 cm lateral
and 2 cm inferior to the occipital protuberance
with a 21-gauge 5-millimetre (mm) 50 mm
radiofrequency needle with an active tip. A 50
Hz sensory stimulation was applied to localise the
GON, with which the patient reported dysesthesia
and a tingling sensation at the ipsilateral vertex.
PRF procedure was performed on the GON with45
volts (V) applied for 360 seconds at 5 Hz and a
5 mm pulse width, with the temperature of the
electrode tips not exceeding 42 degrees.** After
the procedure, the patients were hospitalised and
observed for 60 minutes.

The gender, age, BMI, duration of migraine
diagnosis (in years), the number of migraine
attacks, total triptan use (number of tablets taken),
total analgesic use (number of tablets taken),
maximum attack duration and the highest VAS
scores of the subjects were recorded in the 30 days
before treatment. Subsequently, these parameters
were obtained a 1, 2, 3 and 4 weeks after GON
blockade as well as at 1,3 and 6 months after PRF
treatment and compared with the pre-treatment
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Figure 1. Follow-up diagram

Figure 2. GON PRF application
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values. The normality of data distribution was
evaluated using the Shapiro-Wilk test. Age,
BMI, duration of migraine diagnosis (in years),
the number of migraine attacks, total triptan use
(number of tablets taken) and total analgesic use
(number of tablets taken) data showed a parametric
distribution, whereas other data (maximum attack
duration, highest VAS) showed a non-parametric
distribution. The t-test was used for normally
distributed data of related (dependent) groups,
whereas the ‘Wilcoxon’ test was used for non-
parametrically distributed data. All analyses were
evaluated at a 95 per cent confidence interval and
p < 0.05 significance level.

RESULTS

In total, 23 women and 4 men totalling 27 patients
participated in the study, and the mean age of the
participating patients was 35.70 years, (range
=- 24-43). The mean BMI of the patients was
24.57kg/m*(range = 19-31). The mean duration of
migraine was 8.37 years (range = 3-15) (Table 1).

Table 2 shows data at 1 month after GON blocks
well as at 1 month, 3 months and 6 months after
GON PRF. There was a statistically significant
difference between the number of migraine attacks
before treatment and at the first month after GON
block (p < 0.01). Z values showed a statistically
significant difference in the number of attacks
in at the first, third and sixth months after GON
PRF application as compared to the number of
attacks before treatment (p < 0.01). Furthermore,
this difference was greater than the difference
after treatment with GON blockade.

There was no statistically significant difference
between the number of mild attacks pre-treatment
and one month after GON block (p > 0.05).
However, the number of mild attacks at the first,
third and sixth months after GON PRF showed
significant improvement compared to before
treatment (p < 0.01).

The number of severe attacks before treatment
and at a month after GON block were also not
statistically different (p>0.05). However, the first,
third and sixth-month values of severe attacks

Table 1: Demographic data
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after GON PRF were significantly decreased when
compared to both pre-treatment and first-month
GON block values (p < 0.01).

There was a significant difference in total
triptan use before treatment and at a month
after GON block (p < 0,01). Z values showed a
significant decrease was observed in total triptan
use in the first, third and sixth months after GON
PRF administration as compared to total triptan
use before treatment (p < 0,01). This decrease
was greater than that following GON block.

The total analgesic use of the patients before
treatment and at the end of the first month after
GON block was not statistically significant
(p > 0.05). However, a statistically significant
decrease was observed in total analgesic use
values at the first, third and sixth months after
GON PRF. (p < 0.01).

The maximum headache duration before and
at a month after GON block was not statistically
different (p > 0.05). However, headache duration
at the first, third and sixth months after GON PRF
showed a significant decrease when compared to
before and at the first month after GON block
(p <0.01).

The highest VAS score in patients showed a
significant difference before and one month after
GON block treatment (p <0.01). Z values showed
reduced VAS scores in the first, third and sixth
months after GON PRF as compared to VAS
scores before and one month after GON block
(p <0.01).

Table 3.1 shows the descriptive data of the
27 study subjects, recorded every week at GON
block application. The number of severe attacks
decreased significantly in the first and second
weeks after GON block as compared to the third
and fourth weeks after treatment (p < 0.01). A
significant decrease was observed in the fourth
week when compared to the third week (p <0.01).
The number of severe attacks in the fourth week
showed a significant decrease as compared to the
first week (p < 0.01; Figure 3).

No complications were observed with all
procedures performed.

N Average SD Median Lowest Highest
Age 27 35.70 445 36.00 24 43
BMI 27 24.57 3.26 24.60 19 31
Duration of 27 8.37 358 9.00 3 15

migraine (years)
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Table 2: Before the treatment of the patients; Values after GON block application and after GON

PREF application
95% CI
N Average IS)ZZ:II;:;Z:]] Lower Upper Z P Value
Number of migraine attacks
Before Treatment 27 12.04 2.83
First month post-GON block 27 10.89 3.07 0.005 0.008  -2.682 0.007
First month post-GON PRF 27 1.96 4.56 0.000 0.000  -4.527 0.000
Third month post-GON PRF 27 2.48 4.09 0.000 0.000 -4.528 0.000
Sixth month post-GON PRF 24 2.00 1.00 0.000 0.000 -4.302 0.000
VAS < 4 (Mild) Attack
Before Treatment 27 2.48 2.26
First month post-GON 27 1.85 1.26 0.216 0233  -1.235 0217
First month post-GON PRF 27 0.81 1.49 0.001 0.002  -2.960 0.003
Third month post-GON 27 1.26 1.23 0.012 0.017  -2.380 0.017
Sixth month post-GON PRF 24 1.00 1.00 0.015 0.020 -2.385 0.017
VAS < 4 (severe to moderate) attack
Before Treatment 27 944 1.87
First month post-GON block 27 9.07 2.54 0.358 0377 -0.935 0.350
First month post-GON PRF 27 1.22 3.38 0.000 0.000 -4.568 0.000
Third month post-GON PRF 27 1.26 3.19 0.000 0.000  -4.492 0.000
Sixth month post-GON PRF 24 1.00 1.00 0.000 0.000 -4.308 0.000
Total triptan use (Total number of tablets)
Before Treatment 27 6.74 1.75
First month post-GON block 27 8.26 2.54 0.001 0.003 -2.819 0.005
First month post-GON PRF 27 0.96 2.85 0.000 0.000 -4516 0.000
Third month post-GON PRF 27 1.00 2.84 0.000 0.000  -4.477 0.000
Sixth month post-GON PRF 24 0.00 1.00 0.000 0.000  -4.355 0.000
Total analgesic use (Total number of tablets)
Before Treatment 27 11.00 4.10
First month post-GON block 27 11.56 3.90 0.569 0.588  -0.577 0.564
First month post-GON PRF 27 248 6.36 0.000 0.000 -4.297 0.000
Third month post-GON PRF 27 2.30 3.81 0.000 0.000  -4.549 0.000
fi‘;‘ ;n;if POSLGONPRE 5y 200 100 0000 0000 -4294  0.000
Maximum attack duration (Hours)
Before treatment 27 49.33 19.78
First month post-GON block 27 47.56 19.82 0.498 0.517 -0.973 0.330
First month post-GON PRF 27 7.74 20.72 0.000 0.000 -4.311 0.000
Third month post-GON PRF 27 9.93 17.72 0.000 0.000 -4.377 0.000
Sixth month post-GON PRF 24 6.00 6.00 0.000 0.000 -4.288 0.000
Highest VAS score
Before Treatment 27 8.89 0.75
First month post-GON block 27 8.63 0.49 0.012 0016  -2.646 0.008
First month post-GON RF 27 1.44 3.24 0.000 0.000 -4.342 0.000
Third month post-GON RF 27 2.56 3.24 0.000 0.000 -4.226 0.000
Sixth month post-GON RF 24 4.00 2.00 0.000 0.000 -4.128 0.000
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Table 3.1: Weekly values after GON block application

N Average SS Median Lowest Highest
Number of migraine sttacks
First week post-GON block 27 2,00 1,27 2 0 4
Second week post-GON block 27 1,56 1,01 2 0 3
Third week post-GON block 27 3,89 1,05 4 2 7
Fourth week post-GON block 27 3,59 1,19 4 2 6
VAS <4 (Mild) attack
First week post-GON block 27 0.48 0.64 0 0 2
Second week post-GON block 27 0.63 0.56 1 0 2
Third week post-GON block 27 0.11 0.32 0 0 1
Fourth week post-GON block 27 0.63 0.84 0 0 3
VAS> 4 (Moderate to severe) attack
First week post-GON block 27 1.52 1.16 | 0 4
Second week post-GON block 27 0.96 0.76 1 0 2
Third week post-GON block 27 3.78 0.97 4 2 6
Fourth week post-GON block 27 293 092 3 2 5

Table 3.2: Comparisons between weeks after GON block application

95% CI
Lower Upper V/ P Value

Number of migraine attacks
First week and second week post-GON block 0.060 0.070 -1.955 0.051
First week and third week post-GON block 0.000 0.000 -4.061 0.000
First week and fourth week post-GON block 0.000 0.000 -3.963 0.000
Second week and third week post-GON block 0.000 0.000 -4.578 0.000
Second week and fourth week post-GON block 0.000 0.000 -4.413 0.000
Third week and fourth week post-GON block 0.236 0.252 -1.199 0.231
VAS <4 (Mild) attack
First week and second week post-GON block 0.478 0.498 -0.943 0.346
First week and third week post-GON block 0.024 0.030 -2.352 0.019
First week and fourth week post-GON block 0.532 0.552 -0.691 0.490
Second week and third week post-GON block 0.000 0.001 -3.300 0.001
Second week and fourth week post-GON block 1.000 1.000 -0.025 0.980
Third week and fourth week post-GON block 0.006 0.010 -2.658 0.008
VAS >4 (Moderate to severe) attack
First week and second week post-GON block 0.021 0.027 -2.299 0.021
First week and third week post-GON block 0.000 0.000 -4.371 0.000
First week and fourth week post-GON block 0.000 0.000 -3.747 0.000
Second week and third week post-GON block 0.000 0.000 -4.604 0.000
Second week and fourth week post-GON block 0.000 0.000 -4.512 0.000
Second week and fourth week post-GON block 0.000 0.001 -3.273 0.001
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Figure 3. Number of moderate to severe attacks (VAS > 4) after GON block

The number of severe migraine attacks, total
analgesic usage and maximum attack duration
were not significantly different before and
one month after GON blockade. However, the
number of migraine attacks, total triptan use and
maximum VAS score improved in the month
after GON block. All these parameters improved
further a month after GON PRF application. This
improvement over pre- and 1-month post-GON
blockade was sustained up to the sixth month
after PRF application.

DISCUSSION

Peripheral nerve blocks have been long been
used in the treatment of headaches. The most
commonly used procedure for this purpose is
GON blockade. Many studies have proven that
GON blockade is an effective treatment method
for migraine.?2%%’ The rationale for using a GON
block in headache treatment is derived from
evidence of the convergence of sensory input
to the trigeminal nucleus caudalis neurons from
both cervical and trigeminal fibres?*°, and its role
in antagonising a putative “wind-up-like effect,”
which may explain the headache improvement.*
Although there is no standard procedure for GON
blockade, the nerve is usually blocked with a
mixture of local anaesthetic and corticosteroid
using a blind technique. The bupivacaine dose
and method used in the double-blind placebo-
controlled study conducted by Inan er al.** on 84
patients were similar to those used in our study.

Our study findings are founded on numerous

pre-clinical studies showing antinociceptive
effects for PRF in various neuropathic pain models,
as well as on placebo-controlled clinical trials in
pain-inducing conditions such as postherpetic
neuralgia and cervical radiculopathy.?'=12 In
these studies, patients were treated with PRF to
the dorsal root ganglia instead of the peripheral
nerves. The researchers found that PRF treatment
provided longer lasting superior analgesia as
compared to nerve blockade.

GON PRF treatment for chronic migraine
treatment is not well-studied. The largest study
of PRF in headache®® was in occipital neuralgia.
In this study of 102 patients, only 51 per cent of
patients benefited from PRF treatment. The PRF
technique was similar to that used in our study.

Several mechanisms may explain the greater
efficacy and longer-term benefit of GON PRF
treatment as compared to GON blockade. Blocks
with steroids or local anaesthetics generally
provide transient benefits for a few weeks, with
their effects rapidly diminishing and disappearing
thereafter.*-3” PRF treatment is a viable option to
prolong the efficacy of a GON block. Our finding
that the number of severe attacks in the first two
weeks after GON blockade was significantly
lower than in the third and fourth weeks indicates
that the effectiveness of the GON blockade may
indeed decrease within a month. Some studies in
the literature?’*#4° also show that although the
effectiveness of GON blockade does not disappear,
its effectiveness gradually decreases over time.

The literature describes occasional side effects
with GON blockade. These include injection
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site infection, hematoma, vertigo, nausea, rare
cardiac arrhythmia, epileptic seizures, respiratory
suppression and a hypersensitivity reaction to local
anaesthetic.* We did not encounter any unusual
side effects in all interventional procedures during
our study.

Although our study supports PRF treatment
of GON as a treatment for chronic migraines, it
also has some limitations. GON PRF treatment
the study was performed on a specific population
that had already failed GON blockade. This was
retrospective study with a limited number of
patients.

In summary, our results suggest that GON PRF
is a viable treatment option in migraine patients
who do not display an adequate therapeutic
response to GON blockade. Future studies should
attempt to identify patients who are more likely
to respond to treatment and consider the use of
a true placebo group in the study design.
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