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Abstract
Background: This study aimed to compare the clinical efficacy of C2-level and distal
greater occipital nerve (GON) blockade in the management of cluster headache (CH),
focusing on pain relief onset and overall treatment outcomes. Methods: In this
retrospective study, 48 patients diagnosed with CH were divided into two equal groups:
one receiving bilateral C2 GON blocks and the other undergoing bilateral distal GON
blocks. Both groups were treated with dexamethasone as the steroid and bupivacaine
as the local anaesthetic. Pain relief and treatment duration were assessed, and adverse
events were monitored. Results: Both GON blockade techniques were effective in
reducing CH symptoms. Patients treated with C2 GON blocks achieved complete pain
relief by the third week, allowing for treatment cessation. In contrast, the distal GON
block group required up to six injections for similar levels of relief. Rapid pain control
was more pronounced in the C2GON group, with no significant adverse effects observed
in either group. Conclusions: C2 GON blockade demonstrated greater efficacy for early
pain relief in CH patients compared with distal GON blockade. These findings suggest
that C2 GON blockademay be amore suitable option for both transitional and preventive
therapy in CH. Further studies are recommended to confirm these results and to explore
the long-term benefits of C2 GON blockade in CH management.
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1. Introduction

Cluster headache (CH) is a rare but significant type of pri-
mary headache, classified under trigeminal-autonomic cepha-
lalgias (TACs) according to the International Classification of
Headache Disorders, 3rd edition (ICHD-3) [1, 2]. While it is
less common than conditions such as migraine or tension-type
headache, CH still affects approximately one in 500 people
globally, a prevalence similar to that of multiple sclerosis [3].
Those who suffer from CH endure excruciating, unilateral
headache attacks that can last between 15 and 180 minutes,
occurring up to eight times per day. These attacks are often
accompanied by ipsilateral cranial autonomic symptoms or
feelings of restlessness, or both.
CH generally manifests in two clinical forms:
Episodic CH, with cluster periods typically lasting weeks

or months and remission periods of at least three months, and
Chronic CH, with attacks persisting for more than 12 weeks
without remission or with remissions lasting less than three
months [3].
Despite its relatively low prevalence, CH poses a serious

health concern due to the extreme pain it causes and its as-
sociation with elevated suicidal risk [4].
Medical treatment strategies for CH focus on three main

approaches: abortive (acute) therapies, designed to quickly
alleviate symptoms during an attack; preventive therapies,
aimed at reducing the frequency and severity of attacks over
time; and transitional therapies, which serve as a temporary or
bridging solution to manage attacks while waiting for preven-
tive treatments to take full effect [5]. Acute treatments, such
as subcutaneous sumatriptan or high-flow oxygen, are admin-
istered at the onset of an attack to terminate an acute episode,
whereas preventive therapies, such as verapamil or lithium,
aim to decrease the intensity, duration, or frequency of future
attacks. Transitional therapy most commonly involves oral
corticosteroids [5], though their prolonged use is associated
with significant adverse effects, and abrupt discontinuation
may trigger a rebound of headache attacks.
A viable alternative transitional therapy is the greater oc-

cipital nerve block (GONB), involving suboccipital injections
of steroids, local anesthetics, or both. The effectiveness of a
single GONB for episodic CH has been demonstrated in both
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open-label and placebo-controlled studies [6].
The C2 GON block is a more proximal fascial block that

allows the administration of a larger volume of solution. Stud-
ies in chronic migraine have compared this technique with
the distal approach, reporting potential advantages such as
prolonged duration of effect and reduced cosmetic side effects
[7]. However, to date, no studies have directly compared C2
GON and distal GON blocks in the treatment of CH. In this
study, we hypothesized that the C2 GON block, due to its
proximal application, might avoid the cosmetic side effects
potentially associated with the distal approach when using
steroid solutions and may provide enhanced efficacy through
the use of a greater injectate volume.

2. Materials and methods

2.1 Participants and methods
This retrospective study was conducted at the Pain Center
of Ordu State Hospital, Ordu, Turkey, using data from
headache diaries collected between September 2021 and
August 2024. Diagnoses of CH were confirmed according to
the International Classification of Headache Disorders, 3rd
Edition (ICHD-3) criteria [2]. The episodic nature of CH
in these patients, characterized by cluster periods typically
lasting 1–3 months, was consistent with the diagnostic
definition.
Inclusion criteria were:
• Age between 18 and 70 years;
• Symptom onset within the preceding month;
• Diagnosis of episodic CH per ICHD-3 criteria;
• Completion of either bilateral C2 greater occipital nerve

(C2 GON) blocks or bilateral distal occipital GON (DOGON)
blocks as part of treatment;
• Availability of complete headache diary data before and

after treatment.
Exclusion criteria were:
• Incomplete headache diaries or missing treatment records;
• Refusal to allow pseudonymized data to be used for re-

search purposes;
• Contraindications to injection therapy (infection at the in-

jection site, coagulation disorders, pregnancy, or prior surgery
in the occipital region).
Patients were categorized based on the treatment received:

24 underwent bilateral C2 GON blocks and 24 received bilat-
eral DOGON blocks.
Treatment outcomes were self-reported and classified as:
• Clinical relief: reduction in headache severity to a Visual

Analog Scale (VAS) score <4 and at least a 50% reduction
from baseline pain intensity;
• Complete painlessness: total absence of headache (VAS =

0).

2.2 Procedure and intervention
2.2.1 Distal occipital GON block (DOGON)
The DOGON protocol was performed as previously described
[8]. Patients were positioned sitting or prone, and the external
occipital protuberance was palpated. Bilateral injections were
made 2 cm lateral and 2 cm inferior to the protuberance after

antiseptic preparation. Each injection consisted of 1.5 mL per
side prepared with 1 mL 0.5% bupivacaine plus 0.5 mL (2
mg dexamethasone), for a total bilateral volume of 3 mL per
session. A 22-gauge spinal needle was used. Treatment was
administered weekly for up to four weeks, with a 30-minute
post-procedure observation period.

2.2.2 C2 GON block
The C2 GON block was performed according to the
ultrasound-guided method described in [9]. Patients were
positioned prone with the neck flexed. A 12–18 MHz linear
probe was placed transversely over the occipital prominence
and moved caudally to visualize C1 and C2 landmarks,
including the obliquus capitis inferior (OCI) and semispinalis
capitis (SSC) muscles. The target was identified between the
OCI and SSC, avoiding the occipital artery (Fig. 1).
Due to the close proximity to the vertebral artery, 0.5%

bupivacaine was diluted with normal saline to obtain a final
concentration of 0.025%, in order to minimize the risk of
local anesthetic toxicity while maintaining adequate injectate
volume for nerve coverage. Under ultrasound guidance, 4 mL
per side (final concentration 0.025% bupivacaine combined
with 2 mg dexamethasone) was injected, for a total bilateral
volume of 8 mL per session.
All injections in both groups were performed by the same

pain specialist to ensure procedural consistency.

2.3 Statistical analysis
Baseline demographic and clinical characteristics were sum-
marized using descriptive statistics. Categorical variables were
expressed as counts and percentages; continuous variables as
mean± standard deviation (SD); and non-normally distributed
variables as median (interquartile range (IQR)).
Between-group comparisons for categorical variables were

conducted using Chi-square or Fisher’s exact tests. For contin-
uous variables, independent-sample t-tests or Mann-Whitney
U tests were applied depending on normality. Statistical com-
parisons were performed both for the primary tables (Tables 1
and 2) and for Supplementary Tables 1,2 and Table 3 contain-
ing additional pain intensity change data, as requested by the
reviewer.
A p-value < 0.05 was considered statistically significant.

3. Results

A total of 48 patients were included in the analysis. In this
study, 24 patients received C2 GON injections, while 24 pa-
tients underwent distal GON injections. Baseline demographic
and clinical characteristics, including sex distribution, mean
age, weekly attack frequency, prophylactic medication use,
and acute medication use, are presented in Table 1. No sta-
tistically significant differences were found between the two
groups for these variables, as shown in Supplementary Table
1, which reports the inferential statistics and effect sizes for
each baseline comparison. These results indicate that the
treatment groups were comparable and that any observed dif-
ferences in outcomes are unlikely to be attributable to baseline
imbalances.
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FIGURE 1. Greater occipital nerve block at the level of C2 with ultrasound guided. (A) Anatomical illustration of GON
block performed at the C2 level. (B) Corresponding ultrasound image of the same view. GON: Greater occipital nerve; TON:
Third occipital nerve; OCI: Obliquis capitis inferior muscle; C2 SP: Spinal process of C2.

TABLE 1. Demographic characteristics and medication use of patients receiving C2 GON and distal GON blocks.

Parameter Total
(n = 48)

C2 GON
(n = 24)

Distal GON
(n = 24)

Number of injections 137 37 100
Initial injections 48 24 24
Repeated injections (total) 89 13 76

Male, n (%) 37 (77.1%) 19 (79.2%) 18 (75.0%)
Age, mean ± SD (yr) 37.23 ± 5.20 38.17 ± 5.41 36.29 ± 5.02
Weekly attack frequency, median (IQR) 20.5 (18.0–26.5) 20.0 (16.5–27.3) 20.5 (18.3–26.5)
Prophylactic medication, n (%)

None 4 (8.3%) 3 (12.5%) 1 (4.2%)
At least one medication 44 (91.7%) 21 (87.5%) 23 (95.8%)
-Verapamil 13 (27.1%) 6 (25.0%) 7 (29.2%)
-Topiramate 32 (66.7%) 15 (62.5%) 17 (70.8%)
-Prednisolone 0 (0%) 0 (0%) 0 (0%)
-Lithium 0 (0%) 0 (0%) 0 (0%)

Acute medication, n (%)
Frovatriptan 20 (41.7%) 10 (41.7%) 10 (41.7%)
Rizatriptan 28 (58.3%) 14 (58.3%) 14 (58.3%)
Oxygen 16 (33.3%) 7 (29.2%) 9 (37.5%)

GON: greater occipital nerve; SD: standard deviation; IQR: interquartile range.

Over the treatment period, a total of 137 injections were ad-
ministered: 48 initial and 89 repeated injections. The C2 GON
group received fewer total injections (n = 37) compared to the
distal GON group (n = 100), reflecting the faster achievement
of pain control in the former (Table 2). The between-group
statistical comparison, presented in Supplementary Table 2,
confirmed that this difference was statistically significant with
a large effect size.

Weekly treatment outcomes in terms of clinical relief and

complete painlessness rates for each group are detailed in
Table 3. During the first two weeks, the C2 GON group
demonstrated significantly higher rates of both clinical relief
and complete painlessness compared to the distal GON group.
By week 3, the difference in clinical relief was no longer
statistically significant, although complete painlessness re-
mained significantly higher in the C2 GON group. Only distal
GON patients required injections beyond week 3, with gradual
improvement observed until all patients achieved complete
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TABLE 2. C2 GON and distal GON weekly application numbers and distribution of clinical relief and complete
painlessness data with statistical comparison.

Week Total C2 GON (n) Distal GON (n) p-value (test)
Complete
Painlessness

n (%)
p-value (test)

First GON Blockage 48 24 24

Clinical Relief 28 20 (83%) 8 (33%) 0.0013
(Chi-square)

15 (62%) 0.0003
(Chi-square)

Complete Painlessness 17 15 (62%) 2 (8%)

Second GON Blockage 31 9 22

Clinical Relief 15 9 (100%) 6 (27%) 0.0002 (Fisher’s
Exact)

5 (55%) 0.0039 (Fisher’s
Exact)

Complete Painlessness 6 5 (55%) 1 (4%)

Third GON Blockage 27 4 23

Clinical Relief 14 4 (100%) 10 (43%) 0.0978 (Fisher’s
Exact)

4 (100%) 0.0040 (Fisher’s
Exact)

Complete Painlessness 8 4 (100%) 4 (17%)

Fourth GON Blockage 19 - 19 10 (52%)

Clinical Relief 10 - 10 (52%)

Complete Painlessness 9 - 9 (47%)

Fifth GON Blockage 10 - 10 8 (80%)

Clinical Relief 8 - 8 (80%)

Complete Painlessness 8 - 8 (80%)

Sixth GON Blockage 2 - 2 2 (100%)

Clinical Relief 2 - 2 (100%)

Complete Painlessness 2 - 2 (100%)

GON: Greater Occipital Nerve.

TABLE 3. Weekly clinical relief and complete painlessness rates with statistical comparisons.

Week Outcome C2 GON %
(n/N)

Distal GON %
(n/N) Test statistic p-value Effect size (φ)

1 Clinical relief 83% (20/24) 33% (8/24) χ2 (1, N = 48) = 10.49 0.0013 0.47

1 Complete painlessness 62% (15/24) 8% (2/24) χ2 (1, N = 48) = 13.17 0.0003 0.52

2 Clinical relief 100% (9/9) 27% (6/22) Fisher’s exact 0.0002 0.74

2 Complete painlessness 55% (5/9) 4% (1/22) Fisher’s exact 0.0039 0.52

3 Clinical relief 100% (4/4) 43% (10/23) Fisher’s exact 0.0978 0.37

3 Complete painlessness 100% (4/4) 17% (4/23) Fisher’s exact 0.0040 0.53

4 Clinical relief - 52% (10/19) NA NA NA

4 Complete painlessness - 47% (9/19) NA NA NA

5 Clinical relief - 80.0% (8/10) NA NA NA

5 Complete painlessness - 80.0% (8/10) NA NA NA

6 Clinical relief - 100% (2/2) NA NA NA

6 Complete painlessness - 100% (2/2) NA NA NA

GON: Greater Occipital Nerve.
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painlessness by week 6.
These findings demonstrate that C2 GON blocks offer su-

perior early clinical efficacy compared to distal GON blocks,
achieving rapid pain control with fewer injections. Distal GON
blocks eventually reached comparable pain control rates, but
only after repeated weekly applications extending to the sixth
week (Fig. 2).

4. Discussion

In our study, a cohort of 48 patients diagnosed with CH re-
ported significant relief by the end of the sixth week following
GON block treatment (Fig. 3). In the group of 24 patients
who received distal level GON block, rapid control of attack
frequency and severity was not sufficiently achieved; however,
significant improvement occurred after the third injection, and
complete relief was achieved by the sixth injection. In contrast,
in the other group of 24 patients treated with C2 GON block,
relief began earlier, and all patients achieved complete relief
by the end of the third week, at which point treatment was
discontinued. Although previous studies have documented the
efficacy of C2 level GON block in patients with chronic mi-
graine, we could not find any literature specifically addressing
its application in the treatment of CH [10–12].
The distal GON block technique has been well-documented

in the literature; however, there has been variability in the
local anaesthetics and steroids employed. Due to the arterial
proximity and close association with direct cranial vessels in
the C2 GON block, the use of dexamethasone, a particulate-
free steroid, was deemed necessary to prevent serious compli-
cations. The use of particulate steroids in such cases carries a
risk of inadvertent intravascular injection, which could lead to

vertebral artery occlusion and result in severe outcomes such as
stroke or paralysis [13]. Therefore, in our study, we adminis-
tered bupivacaine as themost commonly used local anaesthetic
alongside dexamethasone as the steroid. We utilized the same
local anaesthetic and steroid for the distal GON block to ensure
there were no differences for this study [9].
We identified several distinctions in our findings compared

with other studies in the literature involving patients with CH
treated with distal GON blockade. Although the responder
rate in the distal GON group was initially 33.33% at the end
of the first week, this early finding should not be directly
compared to the efficacy rates reported in the literature without
considering the timing and total duration of treatment. In our
study, the rate of clinically relevant improvement in the distal
GON group rose to 43.48% by the end of the fourth week. This
value approaches the lower bound (47.8%) of response rates
typically reported in previous reviews [14, 15]. Most published
studies recommend a GON block regimen lasting 3 to 4 weeks,
and their efficacy evaluations are generally based on follow-
ups conducted between 10 and 30 days post-treatment [15, 16].
Although our study continued GONB treatment up to six

weeks in some patients, we chose to focus on the fourth-
week outcomes for comparison purposes, as this time point
represents the most reported endpoint in the literature and
reflects a standardized evaluation window. Both our study
and prior reviews emphasize that the fourth week serves as
a practical and clinically relevant benchmark for assessing
treatment response [14, 15]. The relatively lower response
observed in our study for the distal GON group compared to
some prior reports for patients with CH may be a result of
variability in headache severity and natural fluctuations inher-
ent to the episodic cluster headache population. Nevertheless,

FIGURE 2. Clinical relief and complete painlessness percentages by week. GON: greater occipital nerve.



240

FIGURE 3. Follow-up diagram of study. GON: greater occipital nerve.

the observed difference remains consistent with the range of
outcomes reported in the existing literature.
Even in primary headaches like chronic migraine, where

pain intensity is generally lower than in CH, complete relief
was rarely achieved with a single distal GON blockade. De-
spite differing pathogenesis, repeated injections were gener-
ally essential for effective pain management with distal GON
blockade [17]. Although comparative studies between C2
and distal GON blockade for chronic migraine showed no
significant differences in outcomes at the 3-month follow-up,
study reports indicated that C2-level GON blockade provided
a faster onset of pain relief in the short term [7, 18].
In a previous study we conducted comparing C2 GON

blockade with distal GON blockade techniques for the treat-
ment of chronic migraine, we did not observe a significant dif-
ference in efficacy between the two approaches [7]. However,
in this study, we found a significant difference in treatment
effectiveness for patients with CH. Based on our results and
prior literature, it appears that technical modifications to the
GON blockade—such as using a higher injectate volume to
ensure more extensive spread around the nerve, and combin-
ing the procedure with concurrent preventive treatment when
appropriate—may contribute to achieving faster and more ef-
fective pain control in clinical practice [19]. In our series, the
larger injectate volume used in the C2 GON approach, together
with its targeted anatomical location, may explain the earlier
onset of pain relief observed compared to the distal technique.
Moreover, although the same dose of dexamethasone (2 mg)
was used in both groups, the earlier achievement of pain
control in the C2 GON group resulted in fewer total injections
being required. This suggests that the C2 GON technique may
also reduce cumulative steroid exposure and, consequently, the
risk of systemic steroid-related side effects.
No serious side effects were observed in any of the GON

block procedures performed. While local alopecia and subcu-
taneous atrophy, which could occur 1–2 weeks post-procedure
for distal GON blocks, were not encountered in our study,
these effects could have been permanent and might have led
to aesthetic concerns that might have discouraged patients
from pursuing the block [19]. Consequently, this side effect

associated with steroid use was unlikely in C2 GON blocks
due to the anatomical area involved. Therefore, although there
might have been no added benefit of including steroids in
the treatment of chronic migraine, the significance of incor-
porating steroids in managing headache disorders like cluster
headache supported the notion that C2 GON block had an
advantage over distal GON block [14, 19].

5. Limitations

This study had several limitations that should be considered
when interpreting the results. The sample size of 48 pa-
tients, divided evenly between the distal and C2 GON block-
ade groups, was relatively small and might have limited the
generalizability of the findings. Since no formal sample size
calculation was performed, the risk of type II error could not be
excluded. Although the local anesthetic and steroid regimen
was standardized, variations in patient responses might have
influenced the outcomes. The study focused only on short-term
effects up to six weeks, so long-term efficacy and the potential
need for maintenance injections were not assessed. The lack of
blinding might have introduced observer bias. Additionally, as
the C2 GON block is a more invasive and technically sophis-
ticated procedure compared to the distal block, it may have
carried a higher risk of placebo response, as has been described
for interventions perceived asmore advanced. The risk of com-
plications from C2 GON blockade, related to its proximity to
arterial structures, was also not fully evaluated. Nevertheless,
as all eligible patients were included, the findings provided
valuable preliminary insights. Larger, prospective randomized
trials are needed to confirm these results and to further evaluate
the comparative effectiveness of distal versus C2-level GON
blocks.

6. Conclusions

C2 GON block provided earlier and more complete relief in
patients with episodic CH compared to distal GON block,
with fewer total injections required. This technique may offer
advantages in terms of faster clinical response, reduced steroid
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exposure, and lower risk of local cosmetic complications.
While these results are promising, further large-scale, random-
ized studies are necessary to validate the comparative efficacy
and safety of these approaches.
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