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Introduction

Cluster headache (CH) is a kind of extremely se-
vere unilateral headache attacks, accompanied by 
ipsilateral autonomic symptoms [1]. There are two 
types of CH, episodic and chronic. Episodic CH at-
tacks have a duration of 15–180 min, last for several 
weeks to 1 year and are followed by remission pe-
riods of at least 3 months. Chronic CH recurrent at-
tacks occur for longer than 1 year with no pain-free 
periods or with remission periods less than 1 month. 
Medication is the first choice for patients with CH. 

For patients who have persistent pain despite drug 
therapy, or who are unable to tolerate the side ef-
fects of drugs, several alternative surgical modali-
ties of sphenopalatine ganglion (SPG) for CH have 
emerged, including block [2, 3], radiofrequency [4–6] 
and electrical stimulation [7, 8] procedures. Despite 
SPG block obtaining a high efficacy rate, symptom-
atic relief was not permanent, and further radiofre-
quency thermocoagulation (RFT) of SPG to obtain 
permanent pain relief has been suggested [9]. How-
ever, RFT was used to treat CH with unsatisfactory 
results [10]. 
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A b s t r a c t

Introduction: Although the sphenopalatine ganglion (SPG) has been considered a site of therapeutic potential for 
cluster headache (CH), the optimal technique of SPG is still to be determined. Low-temperature plasma radiofre-
quency ablation (LTPRA) has been proposed as an alternative treatment for several neuropathic pain diseases.
Aim: To evaluate the effect of LTPRA of SPG in treating chronic and episodic CH. 
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improvement rate, defined as the percentage of partial and complete pain relief results at 1 day, 12 months, and  
24 months of follow-up after the operation. 
Results: Clinical improvement rates were 92.3%, 92.3% and 73.1% in chronic CH and 73.1%, 84% and 68% in epi-
sodic CH at each follow-up time point, respectively. 3 chronic CH patients and 7 episodic CH patients showed no pain 
relief after the operation. Drooping eyelids were found in 2 cases, one recovered at the 3-month follow-up but an-
other one did not in the 24-month follow-up. No serious complications occurred intraoperatively or postoperatively. 
Conclusions: LTPRA can be considered an effective and alternative surgical modality in treating patients with chronic 
and episodic CH, based on SPG block. 
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We have reported that low-temperature plasma 
radiofrequency ablation (LTPRA) obtained better 
clinical outcomes than RFT in treatment of thoracic 
neuropathic pain [11], phantom limb pain [12] and 
trigeminal neuralgia [13]. The mechanisms of LTPRA 
are based on molecular dissociation rather than heat 
damage as in RFT [10, 14]. Nevertheless, the efficacy 
and safety of SPG LTPRA for CH are still unclear. 

Aim

This study retrospectively evaluated the efficacy 
and safety of patients with CH treated using LTPRA 
in the pain department of our hospital between 
January 2016 and October 2017. Special focus was 
placed on the value of SPG block to choose appro-
priate CH patients to receive SPG LTPRA and to help 
physicians apply better treatment modalities. 

Material and methods

We reviewed the patients with CH treated with 
LTPRA. The study was approved by the Ethics Com-
mittee of our hospital and prior written informed 
consent to LTPRA was obtained in all patients.

A  total of 76 patients were diagnosed with CH 
(50 patients with episodic CH, the remaining 26 pa-
tients with chronic CH) and received LTPRA. All pa-
tients had received conservative medication treat-
ments such as rizatriptan, carbamazepine or other 
available analgesics; when these drugs were ineffec-
tive and the numeric rating scale (NRS) score used to 
assess the pain degree was still higher than 6, it was 
considered intractable and they received SPG block 
during pain attacks. If the SPG block test was posi-
tive, which indicates that the NRS score decreases 
more than 50% in 30 min, the patient was suggest-
ed to receive LTPRA. If the SPG block was negative, 
the patient was suggested to look for other treat-
ment methods. Each episodic CH patient was treat-
ed within 7 days after the onset of the first symptom 
of the cluster period.

Those patients with tumors, infection, coagula-
tion disorders, pregnancy, lactation, severe organ 
disease, and mental disorders were excluded. 

SPG block 

The patient was placed in the supine position. 
Each patient’s vital signs were monitored. The bilat-
eral pterygopalatine fossa overlaps under standard 

lateral fluoroscopy vision. After 1% lidocaine local 
anesthesia, a needle (22-gauge, 15 cm) was inserted 
under the zygomatic arch and advanced superiorly 
and medially to the middle of the pterygopalatine 
fossa under fluoroscopy guidance (Photo 1 A). Then 
under anteroposterior view, the needle tip was later-
al to the middle turbinate (Photo 1 B). We injected 
1 ml of 1% lidocaine slowly and recorded the NRS.

SPG LTPRA procedure 

The LTPRA procedure was performed another 
day after the block and under computed tomogra-
phy (CT) guidance. Patients were placed in supine 
position and vital signs were monitored. In brief, the 
puncture channel to the pterygopalatine fossa was 
planned on the CT scan. An 18-gauge, 15-cm Tuohy 
needle was inserted through the designed puncture 
channel to the pterygopalatine fossa (Photo 1 C). 
The correct position of the needle was verified by 
CT scan. After inserting the cryogenic plasma abla-
tion needle, sensory stimulation was started as we 
reported before [13] (Photo 1 D). The positive elec-
trode of the nerve stimulator was connected with 
the anode of the tail end of the cryogenic plasma 
ablation needle and the negative electrode was con-
nected to the patient’s skin. The stimulus intensity 
was gradually increased by 2 Hz and 0.1 ms. If the 
position is correct, the paresthesia will be perceived 
at the endonasal level under 0.5 V. After that, intra-
venous anesthesia with propofol was administered, 
and the cryogenic plasma ablation needle was con-
nected to the low-temperature plasma multi-func-
tion operating system (SM-D380C, Xi’an Surgical 
Medical Technology Co., Ltd., China). Low-tempera-
ture plasma radiofrequency ablation was then 
performed in mode 2 (45  W) for 30 s twice, with  
a 30 s interval.

Data collection and follow-up

Follow-up was performed via telephone inter-
views. The medical records of all patients were re-
viewed and follow-up data were gathered on the 
demographics, including age, sex, pain location 
(right or left), duration of headache, duration of 
cluster periods (months), number of clusters per 
year, attack duration (hours), pain intensity during 
attack before surgery, number of attacks per day 
and remission period duration, side affected, pain 
intensity at follow-up day. Adverse effects and 
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complications related to the procedure were also 
recorded. 

The primary outcomes were clinical improve-
ment rate, defined as the percentage of partial and 
complete pain relief results at 1 day, 12 months and  
24 months after the operation. NRS was used to 
measure pain intensity. To perform statistical anal-
ysis of pain intensity, the results were grouped as 
follows: complete pain relief was indicated if the 
patient stopped experiencing pain and parasympa-
thetic symptoms and the pharmacologic treatment 
was then terminated; partial pain relief was defined 
as a  decrease in the number of attacks or the in-
tensity of the attacks resulting in a  reduced phar-
macologic need; no pain relief was indicated if the 
post-operative pain condition was at the same level 
as the pre-operative condition [3]. 

Statistical analysis

The statistical analysis was carried out using SPSS 
22.0 (SPSS Inc. United States). The measurement data 
were presented as mean ± standard deviation. The 
NRS score, cluster period and remission period of pa-
tients before and after the treatment were compared 
using Student’s paired t-test. A p-value < 0.05 indicat-
ed statistical significance.

Results

In the study, after testing positive for SPG block, 
76 patients suffering from CH underwent a CT-guid-
ed LTPRA operation. The basic characteristics of the 
patients are shown in Table I. The most common 
parasympathetic symptoms of CH patients are lac-
rimation and conjunctival injection.

Photo 1. The correct placement of the tip of the block (A, B) or Tuohy (C, D) needle in the pterygopalatine 
fossa. Lateral view (A) and anteroposterior view (B) guided by fluoroscopy. (C) and (D) guided by CT scans. 
The black arrow indicates the tip of the cryogenic plasma ablation needle

A

C

B

D
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Treatment effects 

Clinical improvement was observed in 24 (92.3%) 
chronic CH patients and 48 (96%) episodic CH pa-
tients, with no improvement in 4 patients at 1 day 
after the operation. These 4 patients with recalci-
trant symptoms refused an additional operation. 

In patients with chronic CH, the clinical im-
provement rate was 92.3% and 73.1% at 12 and 
24 months after the operation, with 3 patients hav-
ing pain relapse at 13, 15, 16 months, respective-
ly. These 3 patients, who had pain recurrence after 
the first operation, received the second LTPRA. Then  
2 patients had partial pain relief and 1 patient had 
no pain relief during the follow-up. Particularly,  
6 patients achieved complete pain relief, experi-
enced pain and parasympathetic symptoms stopped 
and the drug was terminated after the first opera-
tion at 24 months (Table II).

In patients with episodic CH, the clinical improve-
ment rate was 84% and 68% at 12 and 24 months 
after the operation, with 6 patients and 8 patients 
having pain relapse within 12 and 24 months, re-
spectively. Of these 14 patients obtained clinical 
improvement after the first operation, 11 patients 
received the second LTPRA and 3 patients sought 
additional treatment in a different hospital. Of these 
11 patients after the second operation, 9 patients 
had partial pain relief and 2 patients had no pain 
relief during the follow-up. Particularly, 18 patients 
had complete pain relief, experienced pain and para-
sympathetic symptoms stopped and the drug was 
terminated after the first operation at 24 months 
(Table III).

In all, 3 chronic CH patients and 7 episodic CH 
patients were not responsive to the SPG LTPRA 
during follow-up, who were treated with increasing 
doses of analgesic drugs and looked for treatment in 
a different hospital.

The NRS decreased from 7.25 (pre-operation) 
to 2.5, 3.63 and 3.23 in chronic CH patients and  

Table II. Pain relief rate of patients with chronic CH after LTPRA at each follow-up time point

Follow-up time point 1 day 12 months 24 months

Complete pain relief % (no. of patients) 42.3% (11) 30.8% (8) 23.1% (6)

Partial pain relief % (no. of patients) 50% (13) 61.5% (16) 57.7% (15)

No pain relief % (no. of patients) 7.7% (2) 7.7% (2) 19.2% (5)

CH – cluster headache, LTPRA – low-temperature plasma radiofrequency ablation.

Table I. Clinical characteristics of CH patients  
(n = 76)

Characteristics Episodic 
CH

Chronic  
CH

Patient no. 50 26

Gender (male/female) 22/28 15/11

Age [years] 48.4 ±13.3 48.5 ±18.7

location side (left/right) 24/26 11/15

Duration of headache [years] 11.7 ±9.3 6.8 ±9.9

Duration of cluster periods [months] 3.4 ±1.7 –

No. of clusters [per year] 1.8 ±0.6 –

Attack duration [h] 2.3 ±0.7 2.1 ±1.2

No. of attacks [per day] 3.2 ±1.1 2.2 ±1.6

Pre-operation NRS 7.13 ±0.65 7.25 ±0.60

Parasympathetic symptoms  
(no. of patients) %:

Lacrimation (46) 92% (25) 96.2%

Conjunctival injection (40) 80% (25) 96.2%

Nasal congestion (33) 66% (19) 73.1%

Rhinorrhea (31) 62% (18) 69.2%

Periorbital edema (15) 30% (2) 7.7%

Forehead sweating (3) 6% 0

Ptosis (3) 6% 0

Miosis 0 0

– not applicable, CH – cluster headache, NRS – numeric rating scale.

decreased from 7.13 (pre-operation) to 3.26, 4.36 
and 4.84 in episodic CH patients at 1 day, 12 months 
and 24 months after LTPRA, respectively. The mean 
value of pain intensity shows a significant reduction 
at each follow-up time point compared to pre-opera-
tion (p < 0.05) in these two groups of patients, which 
indicates that LTPRA is an effective treatment for 
CH. All the episodic CH patients with improvement 
in results have presented a  significant decrease of 
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post-operative cluster and remission duration at  
12 and 24 months compared to pre-operation (p < 0.05, 
Table IV).

Complications

Palate or teeth numbness after the LTPRA op-
eration occurred in 20 (40%) patients with epi-
sodic CH and 10 (38.5%) patients with chronic CH. 
Fortunately, the intensity in all these patients was 
mild to moderate and all cases lasted less than  
12 months with complete resolution. Ptosis was 
found in 2 cases with episodic CH, 1 recovered in 
3-month but another 1 did not during 24-month fol-
low-up. No serious complications occurred intraop-
eratively or postoperatively. 

Discussion

Our results showed that LTPRA is an effective 
and safe treatment for chronic and episode CH pa-
tients. Presence of ipsilateral autonomic symptoms 
is a key factor to diagnose CH. We first analyzed the 
presence of autonomic symptoms and found that 
lacrimation and conjunctival injection are the most 
common symptoms. This analysis is beneficial for 
CH diagnosis in clinical practice. SPG is one of the 
potential therapeutic targets for CH. We demon-
strated that SPG block performed before LTPRA sur-
gery to choose adaptive SPG-dominated CH patients 
is an effective method to achieve better results. 
Additionally, the variation in duration of cluster and 
remission of episodic CH patients also means that 
there is excellent pain control after the procedure. 
Episodic cluster headaches occur over periods from 

7 days to 1 year separated by pain-free periods last-
ing at least 1 month. In episodic CH patients, the 
average cluster period before the operation was 3.4 
±1.7 months and the duration between the onset of 
symptoms and the operation was less than 7 days, 
indicating that the cluster period could not end be-
fore the treatment. 

Salgado-Lopez et al. [10] observed 13 patients 
with CH and reported that only 8 (61.5%) patients 
obtained clinical improvement after SPG RFT. Inter-
estingly, Narouze et al. [15] conducted a  study to 
examine the treatment effects of SPG RFT in 15 CH 
patients, who had positive responses to SPG block 
before RFT. They noted remarkable improvement in 
the pain disability index, attack intensity and fre-
quency at a  mean follow-up period of 18 months. 
Our study agrees with Narouze’s report; an SPG block 
should be performed for patients with CH before the 
operation to obtain better clinical outcomes. Maybe 
this is the reason that the results of Narouze and our 
study are better than those of Salgado-Lopez L.

The pathophysiology of CH is not fully elucidat-
ed [16]. The traditional mechanism [17] of cluster 
headache arises from the reflex activation of the 
trigeminal-autonomic reflex pathway through para-
sympathetic outflow through the sphenopalatine 
ganglion (SPG), resulting in vasodilatation and para-
sympathetic activation. Costa et al. [2] conducted 
a double-blind placebo-controlled study to compare 
the SPG block effects of cocaine and lidocaine for 
nitroglycerin-induced cluster headache which found 
that most patients responded to pain relief. In recent 
years, there has emerged evidence for the involve-
ment of the hypothalamus in CH, and this evidence 

Table III. Pain relief rate of patients with episodic CH after LTPRA at each follow-up time point

Follow-up time point 1 day 12 months 24 months

Complete pain relief % (no. of patients) 48% (24) 44% (22) 36% (18)

Partial pain relief % (no. of patients) 48% (24) 40% (20) 32% (16)

No pain relief % (no. of patients) 4% (2) 16% (8) 32% (16)

CH – cluster headache, LTPRA – low-temperature plasma radiofrequency ablation.

Table IV. Variation in cluster and remission periods of episodic CH patients’ response to LTPRA at follow-up.

Follow-up time point Pre-operation Post-operation  
(12 months)

Post-operation  
(24 months)

Duration of clusters [months] 3.4 ±1.7 0.4 ±0.6* 0.9 ±0.7*

Duration of remission [months] 7.2 ±2.4 11.8 ±1.9* 10.7 ±2.1*

CH –  cluster headache, LTPRA – low-temperature plasma radiofrequency ablation. *P < 0.05 vs. pre-operation.
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was supported by the therapeutic effect of targeting 
the hypothalamus gray through deep brain stimula-
tion [7, 8]. So, SPG and the hypothalamus may be 
two potential therapeutic targets for CH. SPG block 
is an effective and safe way to evaluate the clinical 
symptoms related to SPG and can be used to ensure 
effectiveness of SPG surgery. In our study, 10 pa-
tients were not responsive to the SPG LTPRA during 
follow-up; their symptoms may be partly related to 
hypothalamus. Further deep brain stimulation may 
benefit them.

LTPRA is an innovative method for the treatment 
of neuralgia, which is a  different RFT because it is 
responsible for dissociation of intercellular bonds in 
tissues, not coagulation at high temperature [18]. 
In trigeminal neuralgia treatment [13], LTPRA has 
obtained a  similar pain relief rate; however, facial 
numbness is much less common than RFT. A similar 
result was also reported for thoracic nerve pain [11]; 
it was found that 80% of patients achieved obvious 
pain relief with slight numbness. Permanent hypoes-
thesia or numbness of the palate, cheek, and teeth 
was also reported after SPG RFT for treating CH [15, 
19]. However, no permanent numbness occurred in 
our study; 30 patients had temporary mild numb-
ness of the teeth or palate and in all it disappeared 
gradually in 12 months, which indicated that this 
side effect could be avoided or mitigated through the  
LTPRA procedure. Unfortunately, 1 patient had ptosis 
after a 24-month follow-up, which may be related to 
sympathetic disruption. A multi-center clinical study 
is strongly recommended in the future to perform 
a  randomized controlled study and better evaluate 
the effectiveness and safety of LTPRA and RFT for CH. 

Our department reported the effectiveness and 
safety of LTPRA in the treatment of refractory cluster 
headache a few months ago [20]. However, we made 
some innovations which are unique and valuable in 
this report. Firstly, we fully described parasympathet-
ic symptoms in chronic and episodic patients. CH is 
a rare severe headache accompanied by parasympa-
thetic symptoms. These results may be beneficial for 
diagnosis of CH in the clinic. Secondly, we thoroughly 
reported the effectiveness and safety of both chronic 
CH and episodic CH, which may be valuable for doc-
tors in treating different types of patients. Thirdly, we 
chose appropriate patients with CH for LTPRA tech-
nique based on SPG block. SPG block was used to 
choose appropriate CH patients to receive SPG LTPRA 
and to help physicians make wise treatment modali-

ty choices. Patients negative for SPG block may have 
other pathophysiological mechanisms. Interestingly, 
our results are similar to a previous study, which did 
not use SPG block before surgery. This phenomenon 
would be addressed in a further control study (with 
or without SPG block on effectiveness of LTPRA).

The present study has several limitations. It 
was a  single-center retrospective study, and it 
lacks a control group. The results derived from this 
24-months follow-up study may not be generaliz-
able to different patient populations. A longer-term 
follow-up should be performed to further evaluate 
its benefits and complications.

Conclusions

In short, we concluded from the current study 
that LTPRA had satisfactory effectiveness and safe-
ty in the treatment of chronic and episodic CH. SPG 
block, which is the best way to choose adaptive 
SPG-dominated CH patients, should be performed 
before SPG LTPRA. 
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