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Background: Chronic headache is common but difficult to treat. Most patients respond

poorly to drugs. Nerve block is an effective treatment but has no continuous effect. The

pulsed radiofrequency (PRF) technique has been shown to be effective in relieving head pain

and extending the effect of nerve block.

Objective: The purpose of this study is to evaluate the long-term efficacy of C2 dorsal root

ganglion after pulsed radiofrequency (PRF) guided by ultrasound for chronic headache.

Setting: The Department of Pain Management, West China Hospital.

Methods: Twenty patients who did not respond to medications and peripheral nerve blocks

underwent ultrasound-guided PRF of the C2 dorsal root ganglion. The patients were fol-

lowed up for 6 months. Visual analog scale (VAS) score was evaluated at 1 week, 1 month, 3

months, and 6 months. The quality of life (QOL) was assessed by Brief Pain Inventory (BPI)

scores which were rated at pre-procedure and 1 month, 3 months, and 6 months after the

procedure. The occurrence of complications was evaluated and reported.

Results: Mean VAS scores were significantly decreased at 1 week, 1 month, 3 months and 6

months compared to the pre-procedure mean VAS score. Mean BPI scores decreased signifi-

cantly at each postoperative time point compared to the preoperative baseline and low scores

remained throughout the follow-up period: 45.05±3.44 at pre-procedure, 10.60 ± 2.37 at 1 weeks,

12.50 ± 2.46 at 1 month, 12.90 ± 2.62 at 3 months, and 11.63 ± 2.98 at 6 months. Mild

complications occurred, including 1 case (4.7%) of transient cervicalgia (lasting for 24 hrs)

and 3 cases (14.2%) of transient dizziness (lasting for 30 mins).

Limitations: Firstly, it included a small sample of patients. Another is the short duration of

the follow-up.

Conclusion: C2 PRF may be considered as an alternative treatment for chronic headache.

Keywords: ultrasound guidance, pulsed radiofrequency, dorsal root ganglion, chronic

intractable headache, translateral approach

Introduction
Headache is the third leading cause of disability in the world. Nearly 95% of people

suffer from headaches during their lifetime.1 Headache was classified into three

major categories by the International Headache Society: primary headache, second-

ary headache, and cranial neuropathies. Primary headache, also known as functional

headache, chronic headache, including migraine, tension-type headache, cluster

headache, is a common clinical headache type. Secondary headache, is always
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due to local organic damage or systemic disease caused by

a symptom, such as cervical spondylosis, intracranial

tumors, infections, and so on.2 Chronic headache is more

likely associated with insomnia, bad mood (such as anxi-

ety and depression). It can also reduce immune function,

and even worsen other chronic diseases related such as

high blood pressure, coronary heart disease, ulcers, and so

on.3 Some of them causes severe burden and quality-of-

life impairment.4 Most patients respond poorly to drugs

and suffered from high recurrence rates. Reasons for the

treatment failure included wrong diagnosis, inadequate

analgesia, intolerable side effects, and the development

of drug tolerance.5 Thus, an innovative treatment with

fewer adverse effects and long-term relief was necessary

for Chronic headache.

Although much efforts are being made to improve the

outcome of chronic headache. The management of head-

ache is still challenging to clinicians. Nerve block is

a commonly used method that can relieve pain attacks,

prolong the remission period and reduce the use of med-

ications, but often without continuous effect6. In recent

years, as an alternative treatment method, neuromodula-

tion has been developed more and more widely.

Neuromodulation procedures can target central or periph-

eral nerves or dorsal root ganglion (DRG).7 Pulsed radio-

frequency (PRF) is a neuromodulation technique that has

been proved to be effective in regulating nerve function.

Occipital nerve regulation is considered to be useful in the

treatment of various types of chronic headache, such as

migraine, tension headache, cluster headache, and cervical

headache.8 Cervical 2 dorsal root ganglion is the best site

for occipital nerve regulation, which is often carried on

under the guidance of C-arm or CT.9 In recent years,

ultrasound guided has been widely used for the treatment

of chronic pain. This article intended to observe the accu-

racy, safety, and efficacy of ultrasound-guided Pulsed

Radiofrequency of C2 dorsal root ganglion.

Methods
Participants
This prospective trial received approval from the Clinical

trial and Biomedical Ethics Committee, West China

Hospital, Sichuan University, Chengdu, China. It was con-

ducted in accordance with the Declaration of Helsinki.

Written informed consent was provided by these patients.

From January 2017 to September 2018, 20 patients under-

went Ultrasound-guided PRF of the C2 dorsal root

ganglion (DRG) in our department for the treatment of

chronic headache. These patients did not respond to the

anti-inflammatory analgesics, antidepressants, antiepileptic

drugs, triptans, and other medications guidelines recom-

mended. Stellate ganglion block (SGB) also could not

relieve it. The patients all presented with headache of at

least 5 years, nearly 3 months each year more than 15

days. All patients had visited neurologists and the neurol-

ogists referred them to the pain department. They were

admitted to complete routine examinations, cervical and

cranial MRI. The exclusion criteria were as following:

hypersensitivity to any of the constituents of the drugs

injected, local or general infection, anti-coagulation ther-

apy, those who with severe organ dysfunction, psychiatric

disorders, drug and/or alcohol abuse histories, patients

with puncture contraindications and refusal to perform

invasive treatment. PRF was conducted on the DRG of

the C2 level in cases of which conventional blocks

achieved only temporary pain reduction. The informed

consent must be completed before the procedure.

Clinical characteristics of the patients including age,

gender, and clinical presentation were recorded. Patients

were followed by pain physicians.

Procedure
For PRF procedure, the patient was under local anesthesia

and placed in prone position with the head slightly flexion

facing the puncture site in the especial CT operation room

for interventional procedures with sterilization of the room

(Figure 1). As we have described before,10 under US-

guidance (Philips CX50 ultrasound system), a probe with

a frequency of 12 Mhz was used. The target site was

defined as being the space in the medial of the atlantoaxial

joint (AA joint). After local skin sterilization and a sterile

packaging of the probe, the optimal target site was spotted.

The spinous process of C2 was located in a short-axis

view, then the probe shifted laterally towards the space

between C1 and C2, approximately 1 cm in axial slice,

showing an irregular hypoechoic image in the medial of

atlantoaxial joint (Figure 2). Doppler was used to avoid

inadvertent vascular structure puncture. A step-by-step

progression of the 22 G needle was performed under US-

guidance, tangentially to the probe, until the needle tip was

accurately situated at the target site (Figure 3).

In order to control the technical accuracy of this new

guided technique, the procedures were confirmed on a low

dose CTscan (Siemens Somatom Sensation CT 64-channel)

in order to allow accurate needle location. Stimulation with
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50 Hz of current was applied to determine the correct needle

electrode position. If a tingling sensation was perceived in

the nerve distribution area at less than 0.5 V, the needle

electrode was considered to be in the appropriate position.

After confirming the needle position, PRF was conducted

for 900 s at 42°C with 20-ms current, 2 Hz, 65 V. Diluted

iodinated contrast (0.5 mL) material (Iohexol) was added to

the mixture of fast and slow acting anesthetic (1 mL lido-

caine 0.5% and 1 mL ropivacaine 2 mg/mL) injected in

order to control accurate position and diffusion of the med-

icines after PRF procedure. Then, 1 mL of betamethasone

(2.5 mg) was injected before the needle was removed. The

patient was supervised for 10 mins to observe any early

complication.10

Technical success was defined as the ability to inject anes-

thetics and contrast media in the space in the medial of atlan-

toaxial joint, confirmed by CT scan, and then to do PRF and

inject corticosteroids in the accurate anatomical space

(Figure 3).

Assessment Indices and Pain Evaluation
All patients rated their pain status on a visual analog scale

(VAS) of pain of headache before and after the procedure.

A score of 0 indicated no pain and a score of 10 represented

maximal pain. Pain follow-up was at 1 week, 1 month,

3 months, and 6 month. Nerve Block efficacy was defined

by a decrease of at least 50% of VAS of headache at 24 hrs

following the procedure. The quality of life (QOL) was

assessed by brief pain inventory (BPI) scores which was

rated pre-procedure and 1 month, 3 months, 6 months after

the procedure. The occurrence of complications was eval-

uated and reported.

Statistical Analysis
Results of continuous variables were expressed as mean ±

standard deviation. All block test efficacy were studied.

The results at all of the study time points were analyzed

using ANOVA test with PRISM statistical software, ver-

sion 22.0. P value < 0.05 was considered significant for

the statistical analysis.

Results
Patients
A total of 20 consecutive patients were included and all

of them completed the trial with a mean age of 46.5 ±

8.5 (27–66) years old. Patients suffered from chronic

headache in 16 cases, cervicogenic headache in 2 cases,

tension-type headache in 1 case, and cluster headache in

1 case.

Disinfector 

Figure 1 CT operation room for interventional procedures with sterilization of the room.
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Technical Success
Ultrasound-guided C2 PRF via a translateral approach was

successfully performed in 20 patients. Technical success, as

defined, was 100%. The rate in (18/20) with single puncture

was 90%. All procedures were completed within 30–40 mins.

Pain Evaluation
The mean VAS decreased from 7.1 to 1.75 from one week to 6

months after the procedures. The VAS scores remained low

throughout the follow-up period: 2.75 ± 0.27 at 1 week, 2.25 ±

0.45 at 1 month, 1.95 ± 0.47 at 3 months, 1.75 ± 0.48 at

6 months. Mean VAS was significantly decreased at 1 week,

1month, 3months, and 6months compared to the VAS of pre-

procedure. All P values were < 0.05 (Figure 4).

Block test efficacy, as defined, was obtained in 93.4%

cases (P < 0.0009). In one case of clinical failure after

infiltration, the pain was not relieved after the injection.

No headache occurred in 19 patients within 2 hrs and less

than 24 hrs after puncture. VAS score was 0/10 point. In

the following 1 week, 5 patients had 1–2 short episodes.

The VAS was below 3 points. A month later, 2 patients

had recurrent pain with a VAS score greater than 7 and

they were admitted to hospital again.

Mean BPI scores decreased significantly at each post-

operative time point compared to the preoperative base-

line (45.05 ± 3.437) at each post-procedure time point

which remained low throughout the follow-up period:

10.06 ± 2.37 at 1 week, 12.50 ± 2.46 at 1 month, 12.90

± 2.62 at 3 months, 11.63 ± 2.98 at 6 months. All

P values were <0.05 (Figure 5).

No major complications occurred, such as local anes-

thetic poisoning, total spinal anesthesia, infection, and so

Figure 2 Short-axis sonogram at the level of AA joint (top left and top right). The white arrows show the atlantoaxial joint (top left and top right). Technique of how to do

the US on the patient (bottom). Reproduced from Li J, Yin Y, Ye L, Zuo Y. Pulsed radiofrequency of C2 dorsal root ganglion under ultrasound guidance for chronic migraine:

a case report. Journal of Pain Research. 2018;11:1915–1919. Copyright © 2018 Li et al.10

Abbreviations: VA, vertebral artery; N, C2 nerve root and dorsal root ganglion; AA, atlantoaxial joint; SC, spinal cord; IOM, inferior oblique muscle.
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on. In 4 procedures, minor Grade I side effects occurred as

follows: One case of transient cervicalgia (lasting for 24

hrs) and 3 cases of transient dizziness (lasting for 30 mins).

Discussion
Chronic headache is a more challenging and troublesome clin-

ical condition. There are few therapeutic options for the treat-

ment. Peripheral nerve blocks have been performed in

headache treatment for a long time.11 The occipital nerve

block, sphenoidal ganglion (SPG) block, and SGB are most

widely used. Occipital nerve block showed the relief of chronic

headache in 70–80% of occipital headache patients.12

According to the anatomical location, occipital nerve block

can be divided into C2 dorsal root ganglion block, great occi-

pital nerve block, lesser occipital nerve block, and sometimes

also the greater auricular nerve block.13 Among them, cervical

2 DRG block can affect primary sensory neurons located in

dorsal root ganglion. Some drugs may also enter the higher

Figure 3 Needle was placed under US-guidance and confirmed by CT-slice. Red arrow: C2 in the CT scan. White arrow: puncture needle in the US fig. Reproduced from Li J,

Yin Y, Ye L, Zuo Y. Pulsed radiofrequency of C2 dorsal root ganglion under ultrasound guidance for chronic migraine: a case report. Journal of Pain Research. 2018;11:1915–1919.
Copyright © 2018 Li et al.10

Abbreviations: VA, vertebral artery; N, C2 nerve root and dorsal root ganglion.
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spinal cord through the root sheath (including some trigeminal

nuclei) and play a role in regulating the head sensory conduc-

tion (14). Based on the above principles, it can be used to

alleviate the symptoms of painful attack, prevent epileptic

seizures (abnormal discharge of nerves), prolong the intermis-

sion period and reduce the use of drugs, but the effect often can

not be sustained. The recent studies have shown that PRF

regulation of C2 dorsal root ganglion is an effective

treatment.15 Unlike radio frequency (RF) nerve thermocoagula-

tion, PRF is a non-neurodestructive regulation procedure with

temperature not higher than 42°C. Recent experimental studies

have shown that pulsed radiofrequency may increase c-fos

expression16,17 and synaptic changes in transmission, as well

as minimize the neuritis and lessen the neural damage.18,19 C2

PRF will be more effective on occipital migraine involving

sensitive neurons of the posterior fossa while SPG PRF will

be more effective in migraine involving the anterior two-thirds

of the head. In our study, the patients suffered from occipital

headache involving sensitive pain. However, the exact mechan-

ism of analgesia is yet to be known. PRF has been shown to get

long-term pain relief in various chronic pain conditions.20

Appropriate guidance can improve the accuracy and safety of

radiofrequency therapy. The PRF procedures were usually per-

formed under the guidance of C-arm or CT. In recent years,

ultrasound-guided therapy has been widely used in the treat-

ment of chronic pain without radiation.

Due to the anatomic characteristics of the cervical dorsal

root ganglion, ultrasound may be suitable for this interven-

tional treatment. Unlike other dorsal root ganglions, C2DRG

locates on coverage of bones. It passes through the middle

part of the atlantoaxial joint, and then it travels between

obliquus capitis inferior muscle and semispinalis capitis

muscle, continuing as the Great occipital nerve. Through

ultrasound, the target nerve can be visualized, so the needle

electrode can be introduced directly onto the nerve in real-

time, the clinician can also avoid the damage to important

structures and tissues. Therefore, multiple puncture can be

reduced, and related complications can be minimized, such

as bleeding, tissue injury, and infections. Compared to other

traditional methods, ultrasound-guidance can greatly com-

pensate the shortcomings, and improve the safety and effec-

tiveness of neuro-interventional therapy. Study has shown

that ultrasound can be used for the posterior branch of the

cervical 2 spinal nerve block and electrode implantation,21–23

but there are no reports on ultrasound-guided C2 DRG radio-

frequency. Under the guidance of X-ray or CT, the target is

the atlantoaxial joint. Ultrasound guidance can not only see

the C2 dorsal root nerve and atlantoaxial joints but also can

identify the blood vessels accompanying the nerve and the

vertebral artery that runs along the lateral side of the atlan-

toaxial joint by color Doppler.24 This new method can avoid

vascular injury, especially vertebral artery injury. In addition,

the intervertebral space between the C1 and C2 is wider and

there is no skeletal protection in the spinal cord. Ultrasound

can identify the dural sac to avoid the puncture injury.

This present study is the first to assess C2 DRG PRF with

US-guidance. Results show a high technical success rate of

100% (20/20) with a high block efficacy rate of 93.4%, and

with a good efficacy rate of 80%. Indeed, the predefined target

site (in the medial of atlantoaxial joint) was accurately visua-

lized in all cases. This procedure appears to be safe, as nomajor

complication occurred and only four minor side effects were

Figure 4 VAS of patients at pre-procedure and each post-procedure time of the

follow-up period. ***P < 0.05.

Figure 5 BPI scores of patients at pre- procedure and each post- procedure time of

follow-up. ***P < 0.05.
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noted,which does not appear to be higher than other techniques.

Theoretical risk of injury to the vertebral artery is known, but it

may be avoided by the use of color Doppler, allowing detecting

surrounding vascular structures present near the atlantoaxial

joint.

We observed a gradual decrease up in the VAS scores

throughout the follow-up period. The decrease in pain on

the injected side was statistically significant (P < 0.05).

Similarly, the BPI score also showed a significant decrease

after C2 DRG PRF.

This is a new report to describe ultrasound-guided PRF

regulation of the C2 DRG with chronic headache. The

study shows a significant pain relief without serious

adverse events in a 6 months follow-up period.

This trial has some limitations. First, it included a small

sample of patients. Another is the short duration of the follow-

up. The patients were followed for only 6 months after the

injection. We hope further studies with larger samples of

patients and a more extended observation period should be

performed.

Conclusion
Our report demonstrated a new method of PRF on C2

dorsal root ganglion under ultrasound guidance for chronic

intractable headache, which might be considered as an

alternative method. More studies may be carried out to

confirm the new method.
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