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Obijective: Cervicogenic headache (CEH) is a condition resulting from upper cervical spine dysfunction and associated structural and
soft tissue abnormalities, significantly impacting patients’ quality of life. To acquire better therapeutic results, we presented a novel
ultrasound-guided “three in one” approach plus interfascial plane (IFP) blocks for the treatment of CEH. This approach allows for the
modulation of C2 dorsal root ganglion (DRG), third occipital nerve (TON), and C3 medial branch with one-point puncture.
Additionally, it allows for IFP blocks between the upper neck and occipital muscles within the same scanning plane.

Patients and Methods: We evaluated patients diagnosed with CEH from July 2021 to December 2022 in our pain clinic. We
included those who did not respond to conservative treatment and single occipital nerve block, therefore received nerve block or
pulsed radiofrequency (PRF) using the “Three in One” approach plus IFP blocks. The accuracy of the ultrasound-guided C2 DRG
puncture procedures was confirmed through fluoroscopy with C-arm and the sensory testing of PRF. The therapeutic effect of these
interventions was assessed using the numerical rating scale (NRS) scores during telephone follow-ups at 1, 3, and 6 months.
Results: Utilizing the “Three in One” approach, a total of 5 patients diagnosed with CEH underwent nerve block plus IFP blocks,
while 2 patients underwent PRF plus IFP blocks. Employing ultrasound-guided C2 DRG puncture procedures, the needle tip’s correct
placement was confirmed through both fluoroscopy and sensory testing of PRF. Notably, none of the cases experienced any
complications associated with the approach. Subsequent follow-up assessments revealed an improvement in the NRS scores for
CEH in all patients.

Conclusion: The ultrasound-guided “Three in One” approach plus IFP blocks may be a potential effective method for the treatment of
CEH.
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Introduction
Cervicogenic headache (CEH) is defined as secondary headache disorders originating from upper cervical spine
structures, including cervical facet joints, neurovascular structures and cervical muscles, mainly innervated by the
upper cervical spinal nerves. The prevalence of CEH in the general population has been reported at 4.1%." Its principle
clinical symptom is unilateral or bilateral occipital-distribution pain radiating to frontal regions, aggravated by neck
movement, accompanied by neck pain and cervical muscle stiffness.” It severely affects the quality of patients’ life, and
is often associated with conditions such as depression and anxiety disorder.

Treatment options for CEH should be pursued in a gradual, step-wise fashion, beginning with conservative manage-
ment, including oral/transdermal medication, manual therapy and physical therapy.” If the conservative therapeutics are
not effective, minimally invasive intervention treatment can be chosen, and surgical interventions could be reserved for

select patient populations who have failed all other conservative and minimally invasive options.** Cervical 2 dorsal root
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ganglion (C2 DRQG), third occipital nerve (TON) and C3 medial branch block or pulsed radiofrequency (PRF), are
optional options for minimally invasive treatment.® Traditionally, these interventional procedures are usually carried on
under the guidance of C-arm or Computed Tomography (CT), which cannot directly render real-time vision of the needle
tip for interventionalists during operative procedures, and the risk of spinal cord and vertebral artery injury cannot be
completely avoided. Recent studies have highlighted the use of ultrasound in CEH, for its convenience, without radiation,
guided in real time, the visibility of vertebral artery, the posterior complex (ligamentum flavum and dura mater), and even
the target nerves, such as TON.”® There were few studies reported ultrasound-guided C2 DRG block or PREF, either the
“short axis scanning” or “oblique axial scanning” with an in-plane technique method was selected.”'" However, we
doubt that the ultrasonic beam can always just enter the atlantoaxial joint cavity and find C2 DRG, at this scanning angle.
Moreover, we consider that the risk of spinal cord injury still cannot be completely avoided, by using its puncture target
and needle insertion method. Furthermore, it is worth mentioning that, for the existence of neural interconnections and
multiple nerves involved in CEH,*'? the effect of single nerve modulation was often unsatisfactory, and modulation of
multiple nerves was required.'?

Here, we introduced the technical considerations of an ultrasound-guided “Three in One” approach plus interfascial
plane (IFP) blocks for the treatment of CEH. This approach allows for the modulation of C2 DRG, TON and C3 medial
branch with one-point puncture, and the IFP blocks between the upper neck and occipital muscles can be performed
concurrently within the same scanning plane.

Patients and Methods

Patient Selection
The patients met the following selection criteria were considered for the nerve block or PRF with the “Three in One” approach
plus IFP blocks: 1) Patients present with occipital-distribution pain meet the diagnosis of CEH according to the International
Classification of Headache Disorders, 3rd Edition (ICHD-3).'* 2) Failed with conservative therapy, including oral/transdermal
medication, manual therapy, physical therapy.™'> 3) Magnetic Resonance Imaging (MRI) and/or CT of the cervical spine
should be performed in order to exclude cervical myelopathy, fracture, and tumors, and which is more important, to evaluate
the upper cervical nerve roots and facet joints. Demonstration of a lateral atlanto-axial (AA) joint disorder on imaging may
suggest the lateral AA joint as the pain generator, and support the indication of C2 DRG block or/and radiofrequency ablation.
Classically, the imaging manifestations of lateral AA joint osteoarthrosis are cartilage loss, subchondral sclerosis and
subarticular bone marrow edema. Posterior osteophyte formation may further narrow the C1-C2 foramen and impinge on
the C2 DRG, resulting in CEH.'®*'” In some cases, C2-C3 facet joint disorders can also be shown in the imaging. 4) Failed
with empirical ultrasound-guided single occipital nerve block using a 2 mL solution (a mixture of 0.5% lidocaine, Img/mL
dexamethasone, and 0.9% normal saline). This included the greater occipital nerve (GON) block between the inferior oblique
muscle (IOM) and the semispinalis capitis (SSC), the lesser occipital nerve (LON) block between the sternocleidomastoid
muscle, the trapezius muscle (TZ) and the splenius capitis muscle (SC), or the TON block above the C2-C3 facet joint.
A block failure was defined as a reduction of less than 20% in characteristic pain at 1 week following a single occipital nerve
block. 5) No signs of infection at the systemic and local puncture points.

This study was approved by the Institutional Review Board (IRB) of Beijing Chaoyang Hospital and the study was conducted
in accordance with the Helsinki Declaration. Written informed consent was obtained from all patients included in this study.

Technique

Patients should be placed in the prone position on the procedure table with a chest cushion, the forehead positioned on
a contoured foam pillow to ensure a constant position and neck flexion. The surgical procedure can be performed under
conscious sedation for patient comfort and for PRF sensory testing. The posterior midline of cervical spine was marked on the
patients’ skin (Figure 1B). All ultrasound scans were performed using an ultrasound system (Sonimage HSI Plus, Konica
Minolta, Tokyo, Japan) and a curved array probe (C5-2 MHz frequency). Ultrasound gel was applied between the probe and
the skin of the upper cervical region for optimal coupling and the scout scan was performed. The transducer was held in the
non-dominant hand of the operator and was positioned 1-2 cm lateral to the spine midline (Figure 1 A, blue rectangle), with its
orientation marker directed cranially (paramedian sagittal scanning), and the ultrasound beam was insonated into the spinal
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Figure | Transducer position and corresponding ultrasound image of C2 DRG. (A) Anatomical diagram of ultrasonic probe placement. (B) Patient’s position and
performance of the C2 DRG puncture using longitudinal scanning with needle in-plane approach. (C) Ultrasound images of upper cervical spinal canal structure. (D)
Ultrasound images for the C2 DRG puncture. (Red arrow, posterior and anterior complex; White arrow, needle; Yellow arrow, needle tip; OB, Occipital bone; Cl, the
posterior arch of atlas; C2, lamina of axis; CI-C2, lateral AA joint; OCI, obliquus capitis inferior muscle).

canal through the interlaminar space. On the sonogram, the important structures such as posterior and anterior complex, C1
arch, the upper cervical laminae, occipital bone, and muscles group could be identified (Figure 1C). Then, the transducer was
shifted laterally (Figure 1A, red rectangle) until the hyperechoic posterior and anterior complex just disappeared and the lateral
AA joint appeared on the sonogram (Figure 1D). The transducer was finally positioned over the lateral AA joint, and the
position of the transducer was marked on the patient’s back using a skin-marking pen.

“Three-in-One” Block

The skin of the occipital and the upper cervical region was disinfected with iodophor and draped with sterile towel. The
gel was then applied to the ultrasound transducer, and then the transducer and cable were covered with a sterile plastic
sleeve. lodophor served as the coupling agent. Then, the transducer was placed on the marked position. The lateral AA
joint was visualized under the US scan and was kept in the center of the US image. The C2 DRG can be visualized in the
axial plane just dorsal to the lateral AA joint. One percent lidocaine 2 mL was injected at 1 cm caudal to the transducer
for local infiltration. A 22-gauge, 3.5-inch Quincke-type spinal needle (TuoRen Medical Instrument Finty, Zhengzhou,
China) was next inserted in the plane of the transducer such that its tip was oriented towards the C2 DRG (Figure 1B).
The needle angle was optimized while in the trapezius muscle, and the needle was then slowly advanced into the target
DRG along the C2 laminae and inferior aspect of OCI muscle until the needle tip reached the target (Figure 1D).
Fluoroscopy with a C-arm was performed to confirm the position of the needle tip in the anteroposterior (Figure 2A), and

lateral view (Figure 2B). Then, the syringe was withdrawn to ensure that no blood return occurred, and 2 mL solution
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Figure 2 Radiographs showing the correct placement of the needle tip for C2 DRG. (A) Anteroposterior fluoroscopy view shows that the needle tip is located at middle of
the lateral AA joint. (B) Lateral fluoroscopy view shows that the needle is located on the surface of the lateral AA joint.

(mixture of 0.5% lidocaine + 1mg/mL dexamethasone + 0.9% normal saline) was slowly instilled through the needle.
Care should be taken to avoid advancing the needle medial to the DRG, given the close proximity to the dura. If blood is
seen in the hub, the needle may be carefully repositioned, since there is a rich venous plexus surrounding the C2 DRG.

On the sonogram, C2-C3 facet joint could be identified, and TON was founded as a hypoechoic oval shape encircled
by a hyperechoic halo above the articulation of C2-C3. And the C3 medial branch was just at the deepest point between
the articulations of C2-C3 and C3-C4 (Figure 3A). Therefore, the TON and C3 medial branch could be blocked after
completing the C2 DRG block, without changing the puncture site.

-s Cranial Caudal N Cranial Caudal

Figure 3 Ultrasound image for the TON block, C3 deep medial branch block and interfascial plane(IFP) blocks of upper cervical muscles. (A) Ultrasound image for the TON
(White arrow) block and C3 deep medial branch block (Yellow arrow). (B) Ultrasound images for IFP blocks between the OCIl and SSC (White arrow), the SSC and TZ
(Yellow arrow), the SSC and SC (Red arrow), the SC and TZ (Blue arrow). OB, Occipital bone; Cl, the posterior arch of atlas; C2-C3, C2-3 facet joint; C3-C4, C3-4 facet
joint; OCI, Obliquus capitis inferior muscle; SSC, Semispinalis capitis muscle; SC, Splenius capitis muscle; TZ, trapezius muscle.
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“Three-in-One” Pulsed Radiofrequency (PRF)

For PRF, the authors recommend a 22-gauge, 10-cm-length cannula with a 5-mm uninsulated tip. Following the steps
described above, the spinal needle was substituted by the PRF cannula (Beijing Neo Science Co., Ltd). Once the
appropriate position was confirmed on the sonogram, the style was removed and the radiofrequency probe was inserted.
Impedance levels should be checked and are typically <300 Q. Sensory testing was then performed at 50 Hz, a tingling or
prickling sensation should be elicited in the occipital region similar to the regular pain location with voltage 0.3-0.5
V. Motor testing was performed at 2 Hz, mild local contraction of the paraspinous musculature would be evoked with
voltage 0.6 ~ 0.8V. Then, a fluoroscopy was obtained with the PRF probe in place for final confirmation of positioning.
PRF was then performed at 42°C for 600 seconds. Following PRF, the probe was removed and 2 mL solution as
described above could be injected through the cannula to decrease post-procedural inflammation and discomfort.
Similarly, the PRF of TON and C3 medial branch could be performed, without changing the puncture site.

Interfascial Plane (IFP) Blocks

Finally, all patients received IFP blocks, the solutions as described above were injected into the interfascial plane between the OCI
and SSC, the SSC and TZ, the SSC and SC, or the SC and TZ, sequentially, with a dosage of 1-2 mL per fascia plane (Figure 3B).

Results

Between July 2021 and December 2022, A total of 7 patients with CEH who came to our hospital pain clinic were
enrolled into this study, and the patients’ characteristics are shown in Table 1. Utilizing the “Three in One” approach,
with 5 cases underwent nerve blocks plus IFP blocks, while 2 patients underwent PRF plus IFP blocks.

After ultrasound-guided C2 DRG puncture, radiographs demonstrated the accurate positioning of the needle tip for
C2 DRG. The anteroposterior fluoroscopy view indicated that the needle tip was situated in the middle of the lateral AA
joint (Figure 2A), while the lateral fluoroscopy view revealed that the needle was positioned on the surface of the lateral
AA joint (Figure 2B). During the process of PRF, the placement of the needle tip was further validated through sensory
testing of PRF, which elicited a tingling or prickling sensation in the occipital region of these two patients, resembling the
typical pain location at a voltage of 0.3-0.5 V.

All the procedures went well, and there were no complication associated with the “Three in One” approach in any of
the cases. Except for Case 4, no patients underwent invasive treatment subsequent to the treatment procedure. The
additional treatment modalities administered to these patients are detailed in Table 1. Telephone follow-up assessments
conducted at 1, 3, and 6 months indicated a noteworthy improvement in the numeric rating scale (NRS) scores of all
patients, which are also provided in Table 1.

Discussion
The multitude of pain generators makes the diagnosis and treatment of CEH difficult, and the application of the “three in one”
approach plus IFP blocks for the treatment of CEH is based on a “full coverage” treatment concept. This study substantiates
the practicability of the aforementioned method, 7 patients received this treatment method without any notable adverse effects.
All patients have experienced an uneventful clinical course after the procedure and reported a discernible alleviation of pain.
It is known that the most common pain generators of CEH are the lateral AA joint, C2-C3 and C3-4 facet joint.®'® Thus,
their corresponding innervation nerves, such as C2 DRG, TON and C3 medial branch, are often selected as the target of
interventional therapy. Among them, ultrasound-guided C2 DRG puncture has the highest difficulty and risk coefficient. Wu
et al and Fadayomi et al”'! believed that C2 DRG is just located below the OCI muscle, and an oblique axis scanning was
adopted, the probe was placed along the OCI muscle. Li et al®'°
of C2 was first located, then the probe shifted laterally to find the space between C1 and C2. After the location, they all use the
in-plane technique to advance the needle. However, we think that although ultrasound allows real-time needle visualisation, it

introduced a short-axis scanning method, the spinous process

does not guarantee that the tip of the needle is strictly in the plane, and there is still a risk of spinal cord injury. The “Three in
One” approach proposed by us choose the long-axis scanning, the transducer was shifted laterally until the hyperechoic
posterior and anterior dura maters just disappeared and the lateral AA joint appeared on the sonogram, so as to avoid spinal
cord injury during puncture. Moreover, it can be seen from Figure 1D that the lateral AA joint occlusion presents with certain
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Table | Patient Basic Information and Clinical Parameters

Case Gender / Pain Occupation | Concomitant Diseases Treatment Methods Pre-Treatment Post- Post- Post-
No. Age(Year) | Duration Treatment | Treatment | Treatment
(Months) I Month 3 Month 6 Month
| F/69 36 Retiree Diabetes “Three-in-one” block and Treatment | Sodium Diclofenate None None None
IFP blocks 75mg.po.qd
NRS 5 | | 3
scores
2 M/62 60 Retiree Post-Lumbar Fixation “Three-in-one” block and Treatment | Oxycodone 5mg- None None Loxoprofen
Surgery; Post-right femoral | IFP blocks acetaminophen 325mg sodium
head replacement surgery Tablets.po.tid 60 mg.po.bid
NRS 7 3 3 5
scores
3 F/58 6 Baby sitter Mild thoracic scoliosis “Three-in-one” block and Treatment | Loxoprofen sodium Hot Hot Hot
IFP blocks 60 mg.po.bid Compress Compress Compress
NRS 6 2 3 4
scores
4 M/66 18 Farmer None “Three-in-one” block and Treatment | Sodium Diclofenate None None None
IFP blocks, the injection was 75mg.po.qd
repeated after 2 weeks.
NRS 7 2 3 3
scores
5 M/45 2 Office None “Three-in-one” block and Treatment | Loxoprofen sodium Physical Physical Physical
worker IFP blocks 60 mg.po.bid exercise exercise exercise
NRS 5 | | 2
scores
6 M/28 24 Computer None “Three-in-one” PRF and IFP | Treatment | Loxoprofen sodium None None Perisone
engineer blocks 60mg.po.tid; Perisone 50mg.po.tid
50mg.po.tid
NRS 6 2 3 4
scores
7 F/53 30 Teacher Hypertension “Three-in-one” PRF, and IFP | Treatment | Loxoprofen sodium Physical Physical Physical
blocks 60mg. po.tid exercise exercise exercise
NRS 5 | 2 3
scores

Abbreviations: M, male; F, female; NRS, numeric rating scale; PRF, Pulsed radiofrequency; po, per os; qd quaque die; bid, both in die; tid, third in die.
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angle, the long-axis scanning is benefit for the ultrasonic beam entering the joint cavity. Additionally, we found that some
patients with CEH have severe tension spasms of the OCI muscle, and there might be a sharp pain caused by the needle
penetrating the OCI muscle. In our “Three in One” approach, the needle was advanced along the C2 laminae and the inferior
aspect of OCI muscle, so as to minimise the patient’s discomfort.

The next problem to be solved is that the modulation of single nerve in CEH patients is often not favorable. For
example, Lee et al'’ carried out a retrospective analysis of 45 patients with CEH who received PRF at the C2 DRG, only
18/45 (40.0%) of patients had pain reduction effects of more than 50% at 6 months after the procedure. Govind et al*°
performed radiofrequency neurotomy of TON on 49 patients with third occipital headache, 43 (88%) achieved complete
relief of pain for at least 90 days. A potential cause of failed pain interventions for CEH was the existence of Cruveilhier
plexus, the communicating neural loops between the upper cervical dorsal rami.'*?! A previous anatomical study
demonstrated interconnections between C1-C2-C3 (54-65.4%) are more frequently observed, and 36.4% articular
branches to the C2-3 facet joint could arise from communicating branches between the TON and C2 dorsal ramus.'”
For this reason, multiple upper cervical nerves need to be modulated in CEH treatment. Undoubtedly, our “Three in One”
method provides a convenient approach for the modulation of multiple upper cervical nerves.

Interfascial plane (IFP) blocks have been a research hotspot in recent years, due to its safety, simplicity, and
effectiveness. Conveniently, patients with CEH are often accompanied by muscle tension of OCI, SSC, TZ and SC.
Thus, it is possible for these muscular investments could serve as a source of compression or irritation of the GON and
TON.*** Therefore, decompression of GON and TON with IFP blocks is effective for some patients, and may result in
enduring pain relief.?* 2 With this treatment modalities, we injected the solution into the interfascial plane between the
OCI and SSC, the SSC and TZ, the SSC and SC, or the SC and TZ concurrently (Figure 3B), to relieve the muscle
tension, to release the entrapment place of the peripheral nerve, in order to achieve better therapeutic effect.

Absolutely, the aggravation and relief of CEH are influenced by multiple factors,”” including age, psychopathology,
genetics, sleep problems, obesity, sedentary lifestyle, trauma, back pain, and poor general health. For example, Case 6 was
a computer engineer and spent most of his time in front of the screen. Case 3 was a baby sitter, and she had difficulty in
sleeping at night. Case 2 had undergone lumbar spine surgery and femoral head replacement surgery in the past, and Case 3
had mild thoracic scoliosis, they all experienced back pain. The above factors exacerbate the pain of CEH and may have
impact the long-term effects of our treatment. However, paying attention to posture and lifestyle habits, as well as engaging in
physical training, such as Case 5 and 7, can alleviate CEH.” Anyway, both from the NRS scores and the use of analgesics, all of
our cases have shown some degree of pain reduction, which demonstrates the effectiveness of our treatment.

Conclusions

In conclusion, this initial study demonstrated that the “Three in One” plus IFP blocks is a potential effective method for
the treatment of CEH. However, additional randomized controlled clinical studies are necessary to compare the
effectiveness of this approach with other interventional treatments for CEH.
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