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Objective: The objective of this study was to summarize the effectiveness and safety of tri-
geminal neuralgia (TN) treatment via different radiofrequency approaches such as continuous
radiofrequency (CRF), pulsed radiofrequency (PRF), and combined CRF and pulsed radiofre-
quency (CCPRF) treatments, thus providing high-quality clinical evidence for TN treatment.
Methods: A series of databases were searched for relevant articles published between January
1998 and April 2018. The modified Jadad scale was referred to evaluate the methodological
quality of the included studies. Data were extracted independently, and the outcome and safety
of different routes, temperatures, and guidance used in CRE, PRF, and CCPRF were compared.
Meta-analysis and publication bias were calculated using Review Manager software.

Results: In total, 34 studies involving 3,558 participants were included. With regard to TN treat-
ment, PRF had no difference in cured rate in comparison with CRF, while CRF was more effective
than CCPRF (P<0.05). The comparison of complication rates showed that PRF and CCPRF were
safer. For puncture guidance via CRE, three-dimensional-printed template was more accurate in
success rate at first puncture than computed tomography guidance (P<0.05). For puncture route,
foramen rotundum (FR) or pterygopalatine fossa (PPF) route had no significance in efficiency
rate via CRF in comparison with foramen oval (FO) route, but PPF and FR routes were safer. For
CREF treatment, low temperature (68°C—70°C) compared with high temperature (71°C-75°C) had
no effect. Moreover, higher temperature (66°C—80°C) had a greater effect compared with lower
temperature (55°C—65°C) on TN treatment (P<0.05), while the safety of which was decreasing.
Conclusion: CCPRF could achieve a greater effect and safety on TN treatment. FR and FO
routes in TN puncture treatment via CRF are safer. Medium temperature range is better for
CREF therapy, and higher temperature is recommended in PRE, especially for the elders. Further
international multicenter trials are needed to confirm the evidence.

Keywords: trigeminal neuralgia, radiofrequency ablation, radiofrequency thermocoagulation,

meta-analysis

Introduction

Neuropathic pain is a kind of painful experience, which is often associated with a
specific condition. There are several types of neuropathic pain, such as postherpetic
neuralgia, trigeminal neuralgia (TN), painful diabetic peripheral neuropathy, and glos-
sopharyngeal neuralgia. Among them, TN is a clinically common painful disease and
was estimated to account for 12.6-28.9/100,000 in the general population per year.!
It is a recurrent intense paroxysmal pain in the facial trigeminal area which is like
knife-cutting, acupuncture, electric shock, or cauterization. Its frequency and degree
of pain increase with the duration of the disease.
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TN can be effectively treated by minimally invasive
techniques such as microvascular decompression,? balloon
compression,’ continuous radiofrequency (CRF) thermocoag-
ulation, and radiosurgery.* In these approaches, CRF is widely
used for the clinical treatment of TN with a pain relief rate of
90-100%.> CRF could produce heat by vibration and friction,
which further leads to thermocoagulation, denaturation, and
necrosis of the target tissue. However, patients accepting CRF
may develop various complications, such as facial numbness,
mouth penetration, eyelash hypoesthesia, forehead numbness,
corneal hypoesthesia, and dysacousis.” These complications
are presumably due to neuronal injury mainly produced by
surgical puncture and heat from radiofrequency temperature
during the thermocoagulation.® Moreover, the higher the
temperature is, the more those complications are. Another
method, pulsed radiofrequency (PRF), an ideal technique for
the treatment of chronic pain, has been proved as a minimally
invasive, safe, and effective interventional treatment choice
for TN patients.®'> PRF uses a lower temperature application
of energy generated by the radiofrequency generator at the tip
of the needle and transmits the energy to the nerve in a pulse
manner. However, its efficacy for pain relief in TN remains
controversial. Besides, different temperatures used in those
radiofrequency therapy might lead to different outcomes.!*!3
Meanwhile, the combined CRF and pulsed radiofrequency
(CCPRF) has been proposed and verified in clinical trials with
pain relief efficiency compared with PRF or CRF treatment
alone in patients with chronic pain.'¢

In order to resolve the abovementioned controversies,
the aim of this study was to summarize the effectiveness and
safety of the treatment of TN via different radiofrequency
approaches such as CRF, PRF, and CCPRF treatments.
Besides, we compared the outcome and safety of different
routes, temperatures, and different kinds of guidance used
in above approaches, thus providing high-quality clinical
evidence for TN treatment.

Methods
Search strategy

We searched the China National Knowledge Infrastructure
(CNKI), Chinese VIP Information (VIP), Wanfang, Web of
Science, and PubMed databases. Searches that are limited
to human studies published between January 1998 and
January 2018 were carried out in parallel by YWG and JZ.
We used the following search terms: “idiopathic trigeminal

EEINT3

neuralgia,” “TN,” “semilunar ganglion,” “gasserian gan-

“radiofrequency ablation,” “CRE” “PRE” “RFT,” “CCPRE”

EENT3 EENT3

“radiofrequency temperature,

EENT3

treatment,” “therapy,” “pain
relief)” “complication®,” “recurrence rate,” and “satisfact®.”
The terms were combined with logical connector AND for
each component such as patient’s condition, intervention,
control, and outcome, while OR was used for all candidate
terms inside each component. In this way, a subset of cita-
tions that address the objective of our research study were
generated. The reference lists of relevant articles were
hand-searched to get potential eligible studies beyond the

electronic searches.

Inclusion criteria

All clinical studies involving radiofrequency interventions
used for the treatment of classical TN were included. The
diagnostic criteria for TN were based on the principle of
International Classification of Headache Disorders (Inter-
national Headache Society [THS])-II (2004)!" and THS-III
(2013).'"® The treatments described were CRF, PRF, and
PRF + CRF/CCPRF. Outcome indices were as follows: 1)
efficiency of treatment: cured rate, determined as the propor-
tions of patients with >50% pain relief, and effective rate,
determined as the proportions of patients with >25% pain
relief; 2) the severity of pain, defined using visual analog
scale (VAS) score (0: no pain; 1-3: mild pain; 4—6: moderate
pain; and 7—10: severe pain) or numerical rating scale (NRS;
0: no pain; 1-3: mild pain; 4-6: moderate pain; 7-9: severe
pain, 10: the most painful); 3) satisfactory, determined as
the assessment of life quality from 0 (lowest) to 22 (highest)
using Life Satisfaction Index B; 4) success rate at the first
puncture, determined as first-quantified puncture of effective
nerve puncture; and 5) safety: complication rate, determined
as the incidence of complications including facial numb-
ness, masticatory muscle weakness, neurological disorder,
hematoma, nausea, and vomiting.

Exclusion criteria

The exclusion criteria were as follows: 1) The subjects of the
study were patients accompanied with other diseases affect-
ing TN; 2) studies without the control group; 3) studies about
secondary TN caused by tumors, intracranial lesions, multiple
sclerosis, herpes zoster, or other severe organ diseases; 4)
insufficient data in outcome index; and 5) the literature with
a reporting language other than English and Chinese.

Selection of studies and data extraction
Three authors (JZ, JLC, and YWG) completed study selec-
tion, data extraction, and cross-checking independently

glion,” “oval foramen,” “pulsed,” “continuous,” “percutane-
ous,” “conventional,” “radiofrequency thermocoagulation,”
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according to the inclusion and exclusion criteria. We read
the titles and abstracts (when available) of all the articles
to identify whether it was related to the theme through the
searches. Then, we obtained the full articles of these studies
and independently judged whether they met the inclusion cri-
teria or not. We resolved any disagreement and difficulties by
discussion or consulting another reviewer. The extracted data
included demographic data of patients (sample size, sex, age,
preoperational pain duration, pain side, and preoperational
drug dosage), treatment protocols (methods, temperature,
lesion time, stimulating voltage, stereotaxis, and surgery
duration), and the efficacy of the treatment including pain
score (VAS and NRS), the quality of life (QoL) as well as
complications.

Evaluation of methodological quality for

the included studies

The modified Jadad scale'® was referred to evaluate the meth-
odological quality of the included studies according to the
following four items: 1) the generation of random sequences:
1) adequate: random numbers or similar methods generated by
computers or random number table (two points); ii) unclear:
random test without random distribution method (one point);
and iii) inadequate: alternate distribution method, such as odd
and even numbers (zero point); 2) randomization: i) adequate:
center or pharmacy control allocation scheme, or containers
with consistent sequence numbers, onsite computer control,
sealed opaque envelopes, or other methods so that clinicians
and participants cannot predict the allocation sequence (two
points); ii) unclear: only using a random number table or other
random allocation scheme (one point); iii) inadequate: alter-
nate distribution, case number, and any other measures cannot
prevent predictability packets; and iv) unused (zero point); 3)
blindness: i) adequate: using completely consistent placebo
tablets or similar methods (two points); ii) unclear: just hav-
ing the statement of blindness, but without description (one
point); and iii) inadequate: not by double-blindness or way of
blindness is not appropriate, such as the comparison of tablets
and injections (zero point); and 4) follow-up: describing the
number and reasons for withdrawal (one point), without the
number or reasons for withdrawing (zero point). In a word,
1-3 points were considered as low quality, and 4-7 points
were considered to be of high quality.

Statistical analysis

In this study, meta-analysis and publication bias were cal-
culated using Review Manager (RevMan5.3; The Nordic
Cochrane Center, The Cochrane Collaboration, Copenhagen,

Denmark). ORs were used for evaluation, and 95% Cls were
calculated for each estimate. Heterogeneity was considered
low, moderate, or high for I*values <25%, 25-50%, and
>50%, respectively. The analyses were performed using a
random-effects model on those studies with high heterogene-
ity (I >50%) and with fixed-effects model on those studies
with less heterogeneity (I <50%). P<0.05 was considered
statistically significant.

Results

The relevant article search yielded 2,142 references from
PubMed, Web of Science, CNKI, VIP, and Wanfang data-
bases, of which 34 articles'*'*2! were qualified for this
study finally according to the flowchart. Figure 1 presents
the study selection process.

Summary characteristics of the included

studies

All the included studies met inclusion and exclusion criteria.
A total of 34 studies involving 3,558 subjects from different
regions including Turkey, Egypt, Korea, and People’s Republic
of China were finally included in this meta-analysis. The age
of'the included population mainly ranged from 55 to 75 years,
and TN is commonly seen in the middle-aged and elderly
people. Each study recruited both men and women in the case
and control groups. TN occurred at the left and right sides,
and the most suffered areas were on the right side. Meanwhile,
most studies suggested that the pain at the two sides were
often involved two (V2 + V3) branches, while the pain at
one side most commonly involved only one (V2) branch. For
the treatment, all studies reported the way of radiofrequency
ablation (eg, CRFE, PRF, and CCPRF), temperature, surgery
time, and guidance (eg, X-ray, computed tomography [CT],
type-B ultrasonography, and MRI). In these studies, 19 articles
investigated the association between different kinds of guid-
ance and the efficiency of CRE, and six articles reported the
association between different routes of thermocoagulation and
CRE. Six articles compared the efficiency of CRF by differ-
ent temperatures, while three articles analyzed the effect of
different temperatures in PRF treatment. Preoperational pain
duration was partially inconsistent among the involved stud-
ies. The outcome index for efficiency and safety involved in
different articles were pain score (VAS and NRS), QoL, and
complications. The most common complications were facial
hematoma, facial numbness, nausea and vomiting, headache,
masticatory muscle weakness, hearing loss, facial swelling
and congestion, corneal paralysis, and so on. Table 1 lists the
details of the included studies.
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2,142 studies (PubMed: 374, web of
Science: 566, CNKI: 276, VIP: 521,
Wanfang: 405) intially identified

Records after duplicates removal
(n=1,270)

82 full-text articles asserted for
eligibility

34 studies included

Figure | Flowchart of the study selection.

1,188 records excluded after abstract
screening

48 excluded

+ 28 had insufficient data

* Three duplicate publications
* One had the same data

* 14 did not mention diagnostic
criteria or the criteria were not
clear.

« Two based on the general
population survey

Abbreviations: CNKI, China National Knowledge Infrastructure; VIP, Chinese VIP Information.

Quality of the included studies

Most included studies cannot be completely double-blind; as
a result, their Jadad scale scores were less than four points.
Table 2 shows the detailed scores of each study. In total,
79.4% (27 of 34) of the included studies were of low qual-
ity; the scale of two studies was zero point, nine studies one
point, eight studies two points, and eight studies three points.
Only seven clinically randomized trials were of high quality.

Comparison of efficiency and safety
between PRF and CRF

Figure 2 shows the comparison of cured rate and complica-
tion of TN after thermocoagulation treatments (PRF vs CRF).

Six studies??2427283233 in the PRF group compared with the
CRF group patients in cured rate showed great heterogene-
ity (x*=20.66, P=0.0009<0.05, I>=76%); the total effect size
OR in this study was 0.60 (95% CI: 0.19, 1.92), and the Z
value was 0.86 (P=0.39>0.05), indicating that there was no
statistically significant difference in the cured rate between
PRF and CRF in TN treatment. Seven studies?* 2427283233 in
the PRF group compared with the CRF group patients in
complications of mortality showed great heterogeneity of
the studies (%?=28.13, P<0.0001, 1>=79%); the total effect
size OR in this study was 0.04 (95% CI: 0.01, 0.23), and the
Z value was 3.70 (P=0.0002<0.05), indicating that PRF was
safer than CRF in TN treatment.
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Comparison of efficiency and safety
between CRF and CCPRF

Figure 3 shows the comparison of cured rate and compli-
cation of TN after thermocoagulation treatments (CRF vs
CCPRF). Three studies®**? in the CRF group compared
with the CCPRF group patients in cured rate showed
great heterogeneity of the studies (y*=6.92, P=0.03<0.05,
[2.=71%); the total effect size OR in this study was
0.20 (95% CI: 0.08, 0.50), and the Z value was 3.44
(P=0.0006<0.05). Five studies?*?>?723! in the CRF group
compared with the CCPRF group patients in complica-
tion showed less heterogeneity of the studies (y*=6.03,
P=0.20>0.05, 1>=34%); the total effect size OR in this
study was 2.53 (95% CI: 1.51, 4.26), and the Z value was
3.51 (P=0.0005<0.05). All the results suggested that the
CCPRF group had a greater effect and was safer compared
with the CRF group.

Comparison of the cured rate between
three-dimensional (3D) CT guidance vs

manual puncture in CRF treatment

Figure 4 shows the comparison of the cured rate between
different kinds of guidance for RF (between 3D CT vs
manual puncture) in TN treatment. Two studies***! in the
3D CT group compared with the manual puncture group
patients showed great heterogeneity of the studies (?=2.58,
P=0.11<0.05, I>=61%); the total effect size OR in this study
was 0.85 (95% CI: 0.49, 1.48), and the Z value was 0.57
(P=0.57>0.05), suggesting that there was no significance of
the cure rate between 3D CT guidance vs manual puncture
in TN treatment.

Comparison of the success rate at first
puncture between 3D-printed guide plate
vs CT guidance in CRF treatment

Figure 5 shows the comparison of the success rate at
first puncture between different kinds of guidance for RF
(3D-printed guide plate vs CT guide) in TN treatment. Two
studies®**** in the 3D-printed guide group compared with
the CT guide group patients showed no heterogeneity of
the studies (¥*=0.63, P=0.43>0.05, 1’=0%); the total effect
size OR in this study was 55.47 (95% CI: 12.47, 246.69),
and the Z value was 5.27 (P=0.00001<0.05), indicating that
3D-printed guide has a great effect on treatment in success
rate at first puncture.

Comparison of the success rate at first
puncture between combined guidance
and simple image guidance in CRF

treatment

Figure 6 shows the comparison of the success rate at first punc-
ture between different kinds of guidance for RF (combined with
other means vs simple image-guided like CT or C-arm) in TN
treatment. Three studies®**"* with combined stimulation poten-
tial guide group compared with the simple image-guided group
showed no heterogeneity of the studies (y>=0.37, P=0.83>0.05,
1=0%); the total effect size OR in this study was 7.38 (95% CI:
2.41,22.54), and the Z value was 3.51 (P=0.0005<0.05). Two
studies®®# in the CT combined semiconductor laser locator
compared with the simple CT guide group patients showed no
heterogeneity of the studies ()?=0.02, P=0.89>0.05, I’=0%);
the total effect size OR in this study was 3.18 (95% CI: 1.58,
6.49), and the Z value was 3.19 (P=0.001<0.05). The results
indicated that the guidance combined with other means had a
greater success rate than that of the simple image guidance on
the treatment of TN patients at first puncture.

Comparison of efficiency and safety

between the pterygopalatine fossa
(PPF) vs foramen oval (FO) route in TN

treatment via CRF

Figure 7 shows the comparison of the effective rate and com-
plication of different routes (the PPF group vs the FO group)
in treating TN. Three studies*#**’ in the PPF group compared
with the FO group showed no heterogeneity of the studies
(%*=0.05, P=0.98>0.05, 1>=0%); the total effect size OR in
this study was 0.87 (95% CI: 0.30, 2.55), and the Z value was
0.25 (P=0.81>0.05), suggesting that there was no significant
difference in the therapeutic effect between the PPF route and
the FO route in TN treatment via CRF. Three studies**4647
in the PPF group compared with the FO group showed no
heterogeneity of the studies (y*=0.24, P=0.89>0.05, >=0%));
the total effect size OR in this study was 0.06 (95% CI: 0.01,
0.27), and the Z value was 3.65 (P=0.0003<0.05), suggesting
that the PPF route was safer than the FO route.

Comparison of efficiency and safety
between the foramen rotundum (FR)
route and FO route in TN treatment via
CRF

Figure 8 shows the comparison of treating effective rate and
complication in TN treatment via CRF between the FR group
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Table | Characteristics of the included studies

Study ID Number of Age (years) Number of patients | Preoperational | Preoperational Preoperational
female (%)/ with left (%)/right pain (VAS/ pain duration QoL
male (%) side pain (%) NRS)
patients

Li et al® 37 (61.7)/23 54.4£12.8 25 (41.7)/35 (58.3) NRS: 72.9455.1 m 32.04£7.7
(38.3) 61.1£11.3 8.3%1.0 90.6+68.2 m 28.516.7

55.6£7.5 8.2+1.8 63.5+56.4 m 27.8+5.7
8.7+1.0

Zhou et al'* 24 (40)/36 (60) | 61.2%13.12 VAS:

7.32+1.22
6.99+1.02
7.22+1.15

Ma? 47(52.2)/43 53.6x11.2 (36-85) | 32 (35.5)/56 (62.2); 7m-20y
47.7) bilateral, 2 (2.2)

Wang et al 18 (40)/27 (60) | 62 (46-78) 12 (26.7)/33 (73.3) VAS: 32y (5 m—20y)

7.821+0.56
7.56+0.75
7.67+0.77

Erdine et al®? 21 (52.5)/19 60.05+11.89 VAS: 83.15+57.8 (12-196)

(47.5) (42-87) 7-10 m
64.25+12.07 79.70+69.9 (12-300)
(37-85) m

Huibin et al* 28 (56)/22 (44) | 65.0 (38-87) 29 (58)/21 (42) 46y (Il m=30y)

Yao et al® 31 (55.4)/125 55.6+10.4 (32-74) | 29 (51.8)/27 (48.2) VAS: 9.4+6.3 (5-23) m
(44.6) 56.1£12.4 (35-75) 7.6x1.9 10.2+6.8 (4-28) m

7.7£1.7

Yao et al*® 211 (47.31)/235 | 56.35£13.41 (32— | 587 (50.9)/741 (54.7); | VAS: 14.6518.14 (4-28) m
(52.69) 78); 61.13x15.52 bilateral, 26 (1.9) 7.2242.13 15.4319.22 (4-30) m
225 (51.37)1213 | (35-82); 7.46x1.71 14.61+£9.73 (3-28) m
(48.63) 59.24+14.53 7.29+2.04
246 (52.34)1224 | (33-84)

(47.66)
Elawamy et al” | 6 (50)/6 (50) 55.75%11.23 40 (93)/3 (7) VAS:
5 (45)/6 (55) 56.00£10.68 (unilateral/bilateral) 8.67+2.53
13 (65)/7 (35) | 52.60+9.78 9.00+0.89
9.15£1.13
Kim et al®® 36 (66.7)/18 50.0£15.9 17 (65.4%)/6 (23.1%); VAS:
(33.3) 56.2+15.8 11 (39.3%)/17 (60.7%) | 7.2+2.0
7.612.0

Zhao et al?® 46 (57.5)/34 38-81 (59.3) 5.9y (0.5-30y)
(42.5)

Yao et al*® 35 (56.5)/27 53.2£11.3 (33-78) VAS: 10.5+£6.2(4-22) m
(43.5) 7.5%1.8

Zhai et al"® 22 (59.5)/15 60.9£15.3 VAS:

(40.5) 10.0 (7.0-10.0)
9.0 (7.0-10.0)
10.0 (7.0-10.0)
428 submit your manuscript Journal of Pain Research 2019:12
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VI +V3, 2 (5.4%)
VI +V2+V3, 2 (54%)

Treatment (sample size; Division of the Guidance Postoperational Complications, n(%)
°C): time (seconds trigeminal nerve, n (%) pain VAS/NRS
times)
SCRF (20; 75): 120-180 V2, 16 (26.7) CT NRS at 12 m: Facial dysesthesia, 60 (100)
LCRF (20; 75): 240-300 V3, 22 (36.7) 0.4+0.8 Paresthesias and dry eye, 3 (5)
CCPRF (20; 75+42): 120+600 | V2 + V3, 22 (36.7) 0.3+0.7
0.2+0.4
PRF (60; 38, 42, 48): 240 VAS at 12 w:
3.25+1.10
3.49+1.21
3.55+1.31
CRF (30, 30, 30; 80, 86, 90): C-arm Corneitis, | (I.11)
60x3 Recurrence, 23 (25.5)
Facial numbness, 51 (56.7)
PRF (15; 42): 120 VI, 1 (2.2) 3D image; CT | VASat | m: Nausea and vomiting, 2 (4.4)
CRF (15, 15; 80, 55): 120 V2, 18 (40.0) 1.1240.95 Dizziness and headache, 2 (4.4)
V3, 13 (28.9) 2.79+1.26 Facial hematoma, 2 (4.4)
VI +V2, 3 (6.7) 3.15+1.37 Facial numbness, 27 (60)
V2 +V3,10(22.2) Masticatory muscle weakness, 8 (17.8)
Corneal reflex weakness, | (2.2)
PRF (20; 42): 60 VAS at | d: Moderate headache, 8 (20)
CRF (20; 70): 120 0-5 Anesthesia dolorosa, | (2.5)
2-9 Mild hypoesthesia and paresthesia, 20 (50)
PRF (30; 80): 60x3-5 V1,19 (38) CT Ipsilateral numbness,
CRF (20; 75): 60x2-3 VI +V2, 28 (56) CRF, 5 (25)
VI +V2+V3, 3 (6) PRF, 6 (20)
CREF (28, 28; 50, 62): 180; V1, 56 (100) CT Facial hematoma, 6 (21.4); 5 (17.9)
240-360; Mouth penetration, 4 (14.3); 3 (10.7)
CCPRF (28; 50+42): 180, 480 Facial numbness, 3 (10.7); 2 (7.1)
Nausea and vomiting, 2 (7.1); 3 (10.7)
CRF (446, 438, 470; 62, 65, V2, 436 (32.2) CT Nausea and vomiting, 45 (10.09); 53
68): 180 V3, 428 (31.6) (12.10); 48 (10.21)
V2 +V3, 490 (36.2) Headache, 30 (6.73); 37 (8.45); 35 (7.45)
PRF (12; 42):600 V2,2 (4.65) C-arm VAS at 12 m: No complications, 9 (75%); 7 (63.63%); 15
CRF (11; 75): 270 V3, 2 (4.65) 0.833+0.28 (75%)
CCPRF (20, 42+60): 600, 270 | V2 + V3, 36 (83.7) 1.18+0.17 Bleeding, 0, | (9.1%), 0 Fits | (8.3%) 0 0
VI +V2+V3, 3 (7.0) 0 Hematoma | (8.3%), 0, 0
PRF (26; 42) V2/V3, 20 (76.9%) C-arm VAS at | y: RFTC (13, 46.4%)
CRF (28; 60-80) V2/V3, 17 (60.7%) 7.2£2.0 PRF group (I, 3.8%)
4.8+2.2
CREF (40; 70, 75) CT Masticatory muscle weakness and the
CCPRF (40; 42) decreased corneal reflex
CRF (62; 68, 75) V2, 16 (25.8)/14 (22.6) CT Facial hematoma, || (17.7), 13 (21.0)
V3, 18 (29.0)/23 (37.1) Facial numbness, 8 (12.9), 49 (79.0)
V2 + V3, 28 (45.2)/25 Corneal hypoesthesia, | (1.6), 12 (19.4)
(40.3)
PRF (37; 38, 42, 45) VI, | (2.7%) VAS at 12 w: Facial numbness, 2 (5.4)
V2, 14 (37.8%) 4.0 (1.0-8.0) Hematoma, | (2.7)
V3, 16 (43.2%) 2.0 (1.0-6.5)
VI+V2, | (2.7%) 3.0 (0-5.0)

(Continued)
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Table | Continued

Study ID Number of Age (years) Number of patients | Preoperational | Preoperational Preoperational
female (%)/ with left (%)/right pain (VAS/ pain duration QoL
male (%) side pain (%) NRS)
patients

Li et al®! 53 (58.9)/37 CRF: 62.1£10.2 36 (40)/54 (60) VAS: 94.4+66.5 m 28.9+6.11
(41.1) CRF + PRF: 7.90%1.37 95.2497.7 m 28.0+6.25

60.9+10.4 8.18+1.34

Hu and Wang* | 35 (58.3)/25 PRF: 67.2 (43-76) | 23 (38.3)/37 (61.7) 2-13y
41.7) CRF: 68.7 (56-75) 1.5-14y

Meng et al*® 48 (48)/52 (52) | PRF: 66.18+11.66 43 (43)/57 (57) NRS: 7.18+1.69

CRF: 63.29+8.87 7.11£1.82

Han et al* 17 (39.5)/26 3D: NRS: 3.1£1.7 6.3138y

(60.5) 68.1£10.1 3.1£1.5 59436y
CT:
68.6x1 1.1
Lu et al*® 36/24 3D: NRS: 54127y
61.9+12.1 9 5.183.1y
CT: 9
62.4+11.9
Nie et al* 36 (60)/24 (40) | 62 (42-84) 31 (51.7)/29 (48.3) VAS: 24+183 m
8.1£1.92 28+20.5 m
8.0+1.94
Nie et al*’ 58+6.8 VAS: 28+183 m
60£9.6 8.9+0.92 32+16.8 m
57472 9.0+0.78 274205 m
8.710.94

Qu et al®

Yang et al*’ 75 (59.1)/52 57.0 (38-64) 44 (34.6)/83 (65.4) VAS: 17.145.8 m
(40.9) 9.2+0.4 15.246.7 m

9.1£0.5

Chang et al* 107 (66.9)/53 66 (37-94) 62 (38.75)/95 (59.4); 67.2 (1-360) m
(33.1) bilateral, 3 (1.9)

Wang et al*! 49 (61.25)/31 71.1+2.6 (60-80) 33 (41.25)/47 (58.75) VAS: 37.2£2.4 (1-96) m
(38.75) 71.2+2.5 (60-80) 72103 38.41£2.4 (1-96) m

7.2+0.4
Fu et al® 28 (33.3)/56 56+5 (41-68)
(66.7)
Cao et al 58 (64.4)/32 53.69+12.45 VAS:
(35-6) 53.38+12.02 8.27£1.02
8.20+1.08
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Treatment (sample size; Division of the Guidance Postoperational Complications, n(%)
°C): time (seconds trigeminal nerve, n (%) pain VAS/NRS
times)
CRF (45; 75): 120x5 V2 CcT VAS at | y: Numbness, |1 (24.4), 4 (8.9)
CCPRF (45; 75+42): V3 0.20+0.65 Masticatory muscle weakness, 2 (4.4),1
120x3+600 0.43£1.20 (2.2)
PRF (30; 38—42): 240 V2, 15 (2.5) CcT Facial numbness, 4 (11.4), 0 (0)
CRF (30; 70-80): 90x2-90x3 | V3, 16 (26.7) Facial swelling, | (3.3), 0 (0)
V2 + V3, 24 (40) Recrudescence, 2 (6.7), 7 (23.3)
VI +V2+V3,5(83)
PRF (44; 42): 120x6 V3, 26 (26) CT NRS at 12 m: Facial numbness, 6 (13.64), 52 (92.86)
CRF (56; 80): 75x6 VI +V3, 30 (30) 2.05+2.66 Skin swelling, 2 (4.55), 6 (10.71)
V2 + V3, 44 (44) 1.46+2.45
CRF (43; 60, 65, 70): 60x3 3D plate; NRS: Hypoesthesia and numbness, 38, (88.4)
CT 8.5+0.7 Facial swelling, | (4.8), 8 (36.4)
8.5+0.7
3D plate; Ecchymoma, 0 (0), 10 (33.3)
CT Cerebrospinal fluid leakage, 0 (0) , 2 (6.7)
CREF (60; 60, 90): 60+90x2 V2, 15 (25) Skin VAS at | y: Dizziness,5(16.7),18(60)
V3, 17 (28.3) stimulation 3.4+0.78 Nausea,5(16.7),10(33.3)
V2 +V3,9 (15) potential 4.310.91 Vomiting,2(6.7),8(26.7)
VI +V2+V3, 19 (31.7) Diplopia,0(0),1(3.3)
Skin numbness,28(93.3),26(86.7)
Masticatory muscle
weakness, | 4(46.7),12(40)
CRF (50; 60, 72): 60+90x3 VI, 2 (4) C-arm; Dizziness, 5 (25), 8 (53.3), 8 (53.3)
V2, 13 (26) stimulation Nausea, 8 (40), 12 (80), 10 (66.7)
V3, 22 (44) potential; Vomit, 2 (10), 7 (46.7), 5 (33.3)
V2 +V3, 13 (26) Diplopia, 0 (0), | (6.7), | (6.7)
CRF (67; 75-78): 60 CT; Facial numbness
semiconductor
laser locator
CRF (127; 65-75): 60x3 VI, 7 (5.5) Functional Decreased corneal reflex, 4 (6.5), 8 (12.3)
V2, 11 (8.7) positioning; CT Facial hyposensation, 8 (12.9), 13 (20)
V3, 15 (11.8) Masticatory muscle weakness, 0 (0), 2 (3.1)
VI +V2,10(7.9)
V2 + V3, 60 (47.2)
VI +V2+V3,24(189)
CRF (160; 80-85): 180-300 Vi, 34 CT; 3D Swelling/congestion/discomfort, 65 (40.6)
V2, 128 imaging Tinnitus, | (0.6)
V3, 119 Recurrence, 25 (15.6), 38 (23.75)
CRF (80; 70): 30-60x6 VI/V2/V3, 51 (63.75) CT; manual VAS at 3 m: Masticatory muscle weakness, | (2.5), 9
22 branches, 29 (36.25) puncture 2.610.1 (22.5)
4.310.2 Hearing loss, | (2.5), 10 (25)
Facial swelling and congestion, | (2.5), 11
(27.5)
Corneal paralysis, | (2.5), 10 (25)
CT;
semiconductor
laser locator
CRF (90; 60, 70, 80): 240 DSA VAS at2y: Facial numbness, 42 (93.3%), 44 (97.8%)
2.13+0.99
1.80+0.94

(Continued)
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Table | Continued

Study ID Number of Age (years) Number of patients | Preoperational | Preoperational Preoperational
female (%)/ with left (%)/right pain (VAS/ pain duration QoL
male (%) side pain (%) NRS)
patients

Huang et al* 24 (60%)/16 68.1 (52-78) 13 (32.5)/27 (67.5) Sy (@ m-l4y)

(40%)

Chen et al® 45 (65.2)/24 70.33 (43-87) >ly
(34.8) 67.39 (30-83)

Jiang et al* 31 (62)/19 (38) | 6325 (36-86) VAS: Sm-I18y

8.2+1.0
7.9£1.5

Liao et al’ 16 (38.1)/26 722424 VAS: 33107 y 26+5
(69.1) 744134 8.4+0.9 45408y 26+4

8.6+0.7

Yao et al®® 19 (55.88)/15 55.81+15.33 7.5315.24 (4-18) m
(44.12) (30-74)

Zhao and 34 (56.7)/26 62.5 (42-80) VAS: 3m-10y

Song® (43.3) 8.87+0.86

8.80+0.85

Jiang et al® 43 (53.75)/37 65.748.5 32 (40)/48 (60) 23y (5m-10y)
(46.25) 66.618.7

Wu et al®! 28 (34.6)/53 I:51-8I 41 (50.6)/40 (49.4) :4m-9y
(65.4) (64.64+10.22); (47.95£7.58) m;

11: 50— II:5m-8y
82(64.97+10.43); (47.06+7.95) m;
1lI: 52-80 l: 6 m—9y
(64.02+10.36) (47.12+7.04) m

Notes: Data described as mean + SD or mean (range) (except for the VAS score in Zhai et al'® which was described as M(P25, P75)), VI-V3: branches of cranial nerve V
(the trigeminal nerve). Those items could not be extracted from the original articles are left empty.

Abbreviations: 3D, three-dimensional; CCPRF, pulsed radiofrequency + continuous radiofrequency group; CRF, continuous radiofrequency group; CT, computed
tomography; d, day; DSA, digital subtraction angiography; LCRF, long-time CRF; m, month; NRS, numerical rating scale; PRF, pulsed radiofrequency group; QolL, quality of
life; RFTC, conventional radiofrequency thermocoagulation; SCRF, short-time CRF; VAS, visual analog scale; w, week; y, year.

29,4445

and FO group. Three studies in the FR group compared
with FO study showed acceptable heterogeneity of the stud-
ies (3*=2.97, P=0.23>0.05, 1>=33%); the total effect size
OR in this study was 2.86 (95% CI: 0.75, 10.96), and the
Z value was 1.53 (P=0.13), indicating that FR and FO were
not associated with an effective rate of TN treatment. Three
studies?*** in FR compared with FO patients showed less
heterogeneity of the studies (%*=2.28, P=0.32>0.05, 1>=12%);
the total effect size OR in this study was 0.01 (95% CI: 0.00,
0.07), and the Z value was 4.92 (P<0.00001), indicating that

the FR route was safer.

Comeparison of efficiency between
different temperatures in TN treatment
via PRF

Figure 9 shows the effect of different temperatures of PRF
thermocoagulation on TN treatment. Three studies'*'>° in
the low-temperature group (38°C—44°C) compared with the

high-temperature group (45°C-50°C) patients showed less
heterogeneity of the studies (%*=3.14, P=0.21>0.05, 1>=36%);
the total effect size OR in this study was 0.32 (95% CI: 0.14,
0.73), and the Z value was 2.71 (P=0.007<0.05), indicating
that the higher temperature group (45°C—50°C) has a greater
effect on the treatment.

Subgroup analysis of efficiency and safety
between different temperatures in TN

treatment via CRF

Figure 10 shows the comparison of the effect and complica-
tion of different temperatures (68°C—70°Cvs 71°C-75°C)
in TN treatment. Two studies*** in the lower temperature
group (68°C—70°C) compared with the higher temperature
group (71°C=75°C) patients showed no heterogeneity of the
studies (both P>0.05, I’=0 %), the total effect size OR in this
study was 1.79 (95% CI: 0.94, 3.42), and the Z value was
1.77 (P=0.08>0.05), suggesting that there was no signifi-
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Treatment (sample size; Division of the Guidance Postoperational Complications, n(%)
°C): time (seconds trigeminal nerve, n (%) pain VAS/NRS
times)
CRF (40; 60, 65, 70, 75): 60x4 | V2, 40 (100%) CcT Branch injury of trigeminal nerve, 17 (85%)
CRF (69; 60—-84): 240-300 CcT V3 hypoesthesia, 25 (75.76%)
CRF (50; 60, 70, 80): 240 V2, 50 (100%) DSA VAS: Branch injury of trigeminal nerve, VI, |
3.9£1.3 (2%); V3, 3 (6%)
4.2+1.2
CRF (42; 60, 70, 75, 80): 360 | V2, 42 (100%) DSA VAS at | y: Corneal reflexes, | (4.5%)
1.2+0.2 Masticatory atonia, 2 (9.1%)
1.2£0.2 Numbness, 6 (27.3%)
CRF (34; 70, 75) V2, 18 CcT NRS: Facial numbness, 5 (14.7), 27 (79.4)
V3, 20 7.61£1.73 Masticatory atonia, 2 (5.9), 15 (44.1)
V2 +V3, 30 Corneal reflex weakness, | (2.9), 9 (26.5)
CRF (60; 72): 75x3 CT VAS: Trigeminal nerve injury, VI, | (3.3%); V3,
1.17+£0.87 4 (13.3%),
1.27+0.74 Nausea and vomiting, 10 (33.3%)
PRF (80; 42, 50): 120x4 C-arm
CRF (81; 80, 85, 90): 90 CT Facial numbness
| 10 (37.04%)
114 (14.81%)
11 (40.74%)

cance of the effect of different temperatures (68°C—70°C vs
71°C-75°C) of CRF in TN treatment. The total effect size OR
in this study was 0.04 (95% CI: 0.02, 0.09), and the Z value
was 8.17 (P<0.00001), indicating that lower temperature
therapy (68°C—70°C) was safer.

Figure 11 shows the effect and complications of different
temperatures (66°C—80°C vs 55°C-65°C). Two studies?*? in
the higher temperature group (66°C—80°C) compared with
lower temperature group (55°C—65°C) patients showed no
heterogeneity of the studies (x*=0.64, P=0.42>0.05, 1>=0
%). The total effect size OR in this study was 2.77 (95%
CI: 2.02, 3.80), and the Z value was 6.33 (P<0.00001). Two
studies??% (66°C—80°C vs 55°C-65°C) showed no hetero-
geneity (%*=0.17, P=0.68>0.05, 1>=0%); the total effect size
OR in this study was 4.58 (95% CI: 3.21, 6.54), and the Z
value was 8.40 (P<0.00001), indicating that relatively higher
temperature group (66°C—80°C) has a greater effect on TN
treatment, while the safety of which is decreasing.

Figure 12 shows the effect and complications of different
temperatures (80°C—85°C vs 86°C-90°C). Two studies?'*! in
the lower temperature group (80°C—85°C) compared with
higher temperature group (86°C—90°C) patients showed no

heterogeneity of the studies (y?>=0.01, P=0.94>0.05, ’=0%));
the total effect size OR in this study was 0.91 (95% CI: 0.43,
1.93), and the Z value was 0.26 (P=0.80>0.05). Two stud-
ies?5! (80°C—85°C vs 86°C-90°C) showed no heterogeneity
(%*=0.49, P=0.48>0.05, 12=0%); the total effect size OR in
this study was 0.66 (95% CI: 0.34, 1.28), and the Z value was
1.23 (P=0.22>0.05), indicating that the change in temperature
>80°C had no significant difference in the efficiency and
safety during the TN treatment.

Discussion

TN is a clinically common painful disease, and a variety
of drugs or surgical procedures are available for its treat-
ment. Medications such as carbamazepine oxcarbazepine,
baclofen, lamotrigine, phenytoin, and topiramate could
be administered to control pain. Intravenous infusion of
a combination of magnesium and lidocaine can be very
effective in some patients. However, different extents of side
effects could occur after drug treatment. Procedures such as
radiosurgery, percutaneous balloon compression, glycerol
rhizotomy, radiofrequency thermocoagulation, peripheral
nerve dissection, partial sensory nerve root dissection, and
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Table 2 Methodological quality assessment of the included studies via modified Jadad scale

Included study Random sequence

production

Allocation
concealment

Blind method Withdraw/quit Total score

Li et al®
Zhou et al'*
Mall

Wang et al?
Edrine et al®
Qin et al*
Yao et al®
Yao et al*
Elawamy et al¥
Kim et al®®
Zhao et al?
Yao et al®®
Zhai et al'®
Li et al®!

Hu and Wang®
Meng et al*®
Han et al*
Lu et al*
Nie et al’*®
Nie et al*’
Qu etal®
Yang et al*®®
Chang et al*
Wang et al*!
Fu et al®?
Cao et al®
Huang et al*
Chen et al®
Jiang et al*
Liao et al
Yao et al®®
Zhao and Song®
Jiang et al®
Wau et al®!
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microvascular decompression could be utilized. Similarly,

partial sensory nerve root dissection and microvascular

decompression may not have persistent curative effect, while

peripheral nerve dissection could lead to a loss of partial

facial sensation.?

CREF, as a less invasive and effective treatment, has been

widely applied to the treatment of TN patients who are refrac-

tory to medical therapy since 1974.% The heat produced by

the radiofrequency needle is thought to selectively destroy the

A and C pain fibers by thermocoagulation at temperatures
>65°C, while the medullary fibers (A fibers) that conduct
the tactile sensation can tolerate higher temperature. Some

results showed that there was a significant difference in the

efficacy of PRF with less postoperative complications, but
the recurrence time was shorter than that of CRF.??> PRF

achieves an analgesic purpose by stimulating the nerve

instead of damaging it; therefore, the effect duration turns

to be shorter.**** The idea of combined application of CRF
and PRE sometimes named as CCPRE, could not only reduce
the excessive damage of the CRF to the nerve tissue but also
decrease the occurrence of the complications to some extent.
Although PRF and CRF had no statistical difference in cured
rate, CCPRF had a greater effect on treatment than CREF,
while PRF and CCPRF had no difference.?” Furthermore,
some studies suggested that its long-term efficacy was not as
good as the simple CRE.*' The advantage of CCPREF is still
in need of further investigation.

As our results showed, there is a big lift in the success rate
at first puncture when combining extra guidance techniques
such as semiconductor laser locator and stimulation potential
guidance other than simple image guidance approach. Inter-
estingly, the recent 3D-printed template guidance achieved a
greater success rate at first puncture than that of simple image
guidance approach, indicating that 3D-printed template might
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PRF CRF OR OR
Study or subgroup Events Total Events Total Weight M-H, random, 95% ClI M-H, random, 95% Cl
1.1.1 Cured rate
Elawamy 2017 9 12 1 1 11.7%  30.00 (2.63-342.73)
Hu 2008 22 30 25 30 18.9% 0.55 (0.16-1.93)
Kim 2013 0 26 19 28 9.6% 0.01 (0.00-0.17)
Meng 2009 18 44 32 56 21.7% 0.52 (0.23-1.16)
Qin 2009 16 30 10 20 19.7% 1.14 (0.37-3.55)
Wang 2015 8 15 24 30 18.3% 0.29 (0.07-1.10)
Subtotal (95% Cl) 157 175 100.0% 0.60 (0.19-1.92)
Total events 73 111

Heterogeneity: 12=1.45; z2=20.66, df=5 (P=0.009); >=76%
Test for overall effect: Z=0.86 (P=0.39)

1.1.2 Complication

Elawamy 2017 3 12 5 11 16.2% 0.40 (0.07-2.34)
Erdine 2007 0 20 20 20 9.4% 0.00 (0.00-0.03)
Hu 2008 0 30 4 30 12.2% 0.10 (0.00-1.88)
Kim 2013 1 26 13 28 15.0% 0.05 (0.01-0.39)
Meng 2009 6 44 52 56 17.6% 0.01 (0.00-0.05)
Qin 2009 6 30 7 20 17.7% 0.46 (0.13-1.67)
Wang 2015 0 15 27 30 12.0% 0.00 (0.00-0.08)
Subtotal (95% CI) 117 195 100.0% 0.04 (0.01-0.23)
Total events 16 128

Heterogeneity: 12=3.68; 42=28.13, df=6 (P<0.0001); ’=79%
Test for overall effect: Z=3.70 (P=0.0002)

0.002

Figure 2 Comparison of the effect and safety of PRF and CRF in the treatment of TN patients.
Abbreviations: CRF, continuous radiofrequency; M-H, Mantel-Haenszel method; PRF, pulsed radiofrequency group; TN, trigeminal neuralgia.

0.1 1 10

PRF CRF

CRF PRF+CRF OR OR
Study or subgroup Events Total Events Total Weight M-H, random, 95% ClI M-H, random, 95% Cl
2.1.1 Cured rate
Elawamy 2017 1 1 17 20 46.0% 0.02 (0.00-0.19)
Li 2012 32 40 17 20 19.0% 0.71(0.17-3.01)
Yao 2016 19 28 26 28 35.0% 0.16 (0.03-0.84)
Subtotal (95% CI) 79 68 100.0% 0.20 (0.08-0.50)
Total events 52 60
Heterogeneity: x2=6.92, df=2 (P=0.03); ’=71%
Test for overall effect: Z=3.44 (P=0.0006)
2.1.2 Complication
Elawamy 2017 5 1 4 20 8.6% 0.33(0.66-16.76)
Li 2011 1m 45 4 45 16.8% 3.32(0.97-11.36)
Li 2012 27 40 15 20 36.1% 0.69 (0.21-2.32)
Yao 2016 1 28 3 28 10.1% 5.39 (1.31-22.25)
Zhao 2015 23 40 12 40 28.3% 3.16 (1.26-7.94)
Subtotal (95% CI) 164 153 100.0% 2.53 (1.51-4.26)

Total events 77 38
Heterogeneity: 42=6.03, df=4 (P=0.20); ’=34%
Test for overall effect: Z=3.51 (P=0.0005)

0.002 0.1 1 10 500
CRF PRF+CRF

Figure 3 Comparison of the effect and safety of CRF and CCPRF in the treatment of TN patients.
Abbreviations: CCPRF, pulsed radiofrequency + continuous radiofrequency group; CRF, continuous radiofrequency; PRF, pulsed radiofrequency group; TN, trigeminal
neuralgia.

be a potential guidance for TN treatment. We thought that  on the experience of the surgeon and the recognition of the

3D-printed template might provide benefits for making an  anatomical structure near the FO mostly, and it is sometimes
evaluation and the best puncture plan, including puncture  in need of repetitive punctures due to the individual differ-

point, angle, and depth. Traditional puncturing methods rely  ences, while 3D-printed template can avoid this.
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3D CT Manual puncture OR OR
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Chang 2008 54 80 62 80 74.6% 0.60 (0.30-1.22)
Wang 2017 15 40 1 40 254% 1.58 (0.62-4.07)
Total (95% Cl) 120 120 100.0% 0.85 (0.49-1.48)
Total events 69 73

Heterogeneity: x2=2.58, df=1 (P=0.11); *=61%
Test for overall effect: Z=0.57 (P=0.57)

0.1 1 10
3D CT Manual puncture

100

Figure 4 Comparison of the effect of guidance (3D CT vs manual puncture) in CRF treatment.
Abbreviations: CRF, continuous radiofrequency; CT, computed tomography; 3D, three-dimensional.

3D-printed guide plate CT
Study or subgroup Events Total Events Total Weight
Han 2017 19 21 5 22 73.3%
Lu 2015 30 30 10 30 26.7%
Total (95% CI) 51 52 100.0%
Total events 49 15

Heterogeneity: x2=0.63, df=1 (P=0.43); ’=0%
Test for overall effect: Z=5.27 (P<0.00001)

OR
M-H, fixed, 95% CI

32.30 (5.53-188.79)
119.10 (6.61-2146.63)

OR
M-H, fixed, 95% CI

55.47 (12.47-246.69)

0.005 0.1 1 10 200

3D-printed guide plate CT

Figure 5 Comparison of the effect of guidance (3D-printed guide plate vs CT guide) in CRF treatment.
Abbreviations: CRF, continuous radiofrequency; CT, computed tomography; 3D, three-dimensional.

Combined with other means Simple image-guided

Study or subgroup Events Total Events Total Weight
1.1.1 Stimulation potential guide

Nie 2008 18 20 8 15 7.9%
Nie 2014 28 30 22 30 12.7%
Yang 2011 62 62 59 65 4.0%
Subtotal (95% Cl) 112 110 24.7%
Total events 108 89

Heterogeneity: 42=0.37, df=2 (P=0.83); P=0%

Test for overall effect: Z=3.51 (P=0.0005)

1.1.2 Semiconductor laser locator

Fu 2011 33 42 22 42 40.9%
Qu 2009 25 32 19 35 34.4%
Subtotal (95% Cl) 74 77 75.3%
Total events 58 41

Heterogeneity: 12=0.02, df=1 (P=0.89); =0%

Test for overall effect: Z=3.19 (P=0.001)

Total (95% Cl) 186 187 100.0%
Total events 166 130

Heterogeneity: 2=1.77, df=4 (P=0.78); ’=0%
Test for overall effect: Z=4.77 (P<0.00001)
Test for overall effect: x2=1.55, df=1 (P=0.21); ’=35.3%

OR
M-H, fixed, 95% CI

OR
M-H, fixed, 95% CI

7.88 (1.33-46.63)
5.09 (0.98-26.43)
13.66 (0.75-247.75)
7.38 (2.41-22.54)

3.33 (1.28-8.65)
3.01(1.03-8.77)
3.18 (1.56-6.49)

4.22 (2.33-7.62)

0.01 0.1 1 10

Combined with other means  Simple image-guided

100

Figure 6 Comparison of the effect of different guidance (combined with other means vs simple image guidance) in CRF treatment.

Abbreviation: CRF, continuous radiofrequency.

At present, the selection of CRF temperatures in TN
treatment has no specific standards. Various studies used
temperatures ranging from 55°C to 90°C. Temperature >65°C
was known to destroy nerve fibers, which could further result
in severe complications such as blindness, deafness, ptosis,
and permanent facioplegia. Hence, how to ensure pain relief
and reduce complications is the focus of clinical attention

of temperature selection. Therefore, a lower temperature
was recommended not only to ensure the therapeutic effects
but also to reduce complications. In this study, we analyzed
all studies on the selection of radiofrequency treatments at
different temperatures and studied the patients’ satisfaction
degree of postoperative efficiency. We found that the tempera-
ture range of 68°C—70°C was better in patients’ satisfaction
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PPF FO
Study or subgroup Events Total Events  Total Weight
1.1.1 Effective rate
Cao 2013 39 45 40 45 741%
Jiang 2012 24 25 24 25 13.3%
Liao 2012 21 22 19 20 12.6%
Subtotal (95% CI) 92 90 100.0%
Total events 84 83

Heterogeneity: 2=0.06, df=2 (P=0.98); ’=0%
Test for overall effect: Z=0.25 (P=0.81)

1.1.2 Complication

Cao 2013 0 45 6 45  29.4%
Jiang 2012 0 25 4 25 20.2%
Liao 2012 1 22 " 20 50.4%
Subtotal (95% CI) 92 90 100.0%
Total events 1 21

Heterogeneity: x2=0.24, df=2 (P=0.89); ’=0%
Test for overall effect: Z=3.65 (P=0.0003)

Test for subgroup differences: x2=8.10, df=1 (P=0.004); P=87.7%

OR OR
M-H, fixed, 95% ClI M-H, fixed, 95% ClI

0.81(0.23-2.88)
1.00 (0.06-16.93)
1.1 (0.06-18.93)

0.87 (0.30-2.55)

0.07 (0.00-1.22)
0.09 (0.00-1.84)
0.04 (0.00-0.35)
0.06 (0.01-0.27)

0.002 0.1 1 10 500
PPF FO

Figure 7 Comparison of the efficiency and safety between the PPF and FO routes in TN treatment via CRF.
Abbreviations: CRF, continuous radiofrequency; FO, foramen oval; PPF, pterygopalatine fossa; TN, trigeminal neuralgia.

FR route FO route OR OR
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
2.1.1 Effective rate
Chen 2017 28 30 29 30 69.6% 0.48 (0.04-5.63)
Huang 2015 20 20 17 20 15.0% 8.20 (0.40-169.90)
Zhao 2015 36 36 30 33 15.5% 8.38 (0.42-168.59)
Subtotal (95% Cl) 86 83 100.0%  2.86 (0.75-10.96)
Total events 84 76

Heterogeneity: x2=2.97, df=2 (P=0.23); ’=33%
Test for overall effect: Z=1.53 (P=0.13)

2.1.2 Complication

Chen 2017 0 30 5 30
Huang 2015 0 20 17 20
Zhao 2015 0 36 25 33
Subtotal (95% Cl) 86 83

Total events 0] 47
Heterogeneity: y?=2.28, df=2 (P=0.32); P=12%
Test for overall effect: Z=4.92 (P<0.00001)

Test for overall effect: y2=23.33, df=1 (P<0.00001); />=95.7%

111%  0.08 (0.00-1.44)
351% 0.0 (0.00-0.10)
53.8%  0.00 (0.00-0.08)

100.0%  0.01(0.00-0.07)

0.001 0.1 1 10 1000
FRroute FO route

Figure 8 Comparison of the efficiency and safety between the FR route and FO route in TN treatment via CRF.
Abbreviations: CRF, continuous radiofrequency; FO, foramen oval; FR, foramen rotundum; TN, trigeminal neuralgia.

Low-temperature group High-temperature group
(38°C—44°C) (45°C-50°C)
Study or subgroup Events Total Events Total Weight
Jiang 2013 27 40 40 38 40 552%
Zhai 2009 17 24 24 1" 13 18.6%
Zhou 2014 29 40 40 16 20 26.2%
Total (95% CI) 104 73 100.0%
Total events 73 65

Heterogeneity: 7°=3.14, df=2 (P=0.21); P=36%
Test for overall effect: Z=2.71 (P=0.007)

OR OR
M-H, fixed, 95% Cl M-H, fixed, 95% CI
0.11 (0.02-0.52)

0.11 (0.08-2.53)

0.66 (0.18-2.41)

0.32(0.14-0.73)

0.01 0.1 1 10 100
Low temperature group (38°C—44°C) High temperature group (45°C-50°C)

Figure 9 Comparison of the efficiency between different temperatures in TN treatment via PRF.

Abbreviations: PRF, pulsed radiofrequency; TN, trigeminal neuralgia.

degree, and the efficiency was better at 66°C—-80°C. When
the temperatures were lower between two groups, the effect
was better, which was associated with the previous reports.
Yao et al*® pointed out that during the long-term follow-up,

patients’ satisfaction degree decreased with the occurrence
of pain recurrence and complications. This finding suggests
that postoperative complications and patient satisfaction
should be taken into account during the pursuit of a greater

Journal of Pain Research 2019:12
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68°C—70°C 71°C-75°C OR OR
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
1.1.1 Satisfaction degree
Yao 2016 28 62 21 62 82.9% 1.61 (0.78-3.32)
Yao 2017 31 34 27 34 17.1% 2.68 (0.63-11.39)
Subtotal (95% Cl) 96 96 100.0% 1.79 (0.94-3.42)
Total events 59 48
Heterogeneity: 12=0.38, df=1 (P=0.54); ’=0%
Test for overall effect: Z=1.77 (P=0.08)
1.1.2 Complication
Yao 2016 8 62 49 62 65.0% 0.04 (0.0.2-0.10)
Yao 2017 5 34 27 34 35.0% 0.04 (0.01-0.16)
Subtotal (95% Cl) 96 96 100.0% 0.04 (0.02-0.09)
Total events 13 76

Heterogeneity: 12=0.03, df=1 (P=0.87); ’=0%
Test for overall effect: Z=8.17 (P<0.00001)

0.01 0.1 1 10 100
) L e 68°C-70°C 71°C-75°C
Test for subgroup differences: 12=54.58, df=1 (P<0.00001); *=98.2%
Figure 10 Comparison of the efficiency and safety between different temperatures (68°C-70°C vs 71°C-75°C) in TN treatment via CRF.
Abbreviations: CRF, continuous radiofrequency; TN, trigeminal neuralgia.
66°C-80°C 55°C—-65°C OR OR
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
1.1.1 Effective rate
Wang 2015 14 15 10 15 1.2% 7.00 (0.71-69.49)
Yao 2016 415 470 650 884 98.8% 2.72 (1.98-3.74)
Subtotal (95% CI) 485 899  100.0% 2.77 (2.02-3.80)
Total events 429 660
Heterogeneity: 2=0.64, df=1 (P=0.42); *=0%
Test for overall effect: Z=6.33 (P<0.00001)
1.1.2 Complication
Wang 2015 15 15 12 15 1.4% 8.62 (0.41-184.28)
Yao 2016 102 470 51 884 98.6% 4.53 (3.17-6.47)
Subtotal (95% CI) 485 899  100.0% 4.58 (3.21-6.54)
Total events 117 63
Heterogeneity: t2=0.17, df=1 (P=0.68); P=0%
Test for overall effect: Z=8.40 (P<0.00001)
0.01 0.1 1 10 100

Test for subgroup differences: 12=4.33, df=1 (P=0.04); ’=76.9%

66°C-80°C  55°C-65°C

Figure 11 Comparison of the efficiency and safety between different temperatures (55°C—65°C vs 66°C—80°C) in TN treatment via CRF.

Abbreviations: CRF, continuous radiofrequency; TN, trigeminal neuralgia.

pain relief. In terms of PRF treatment, there were few reports
about the effect of different temperatures on the analgesic
effect. In our study, we found that higher temperature group
(45°C—50°C) has a greater effect on treatment. While Zhou
et al'* and Zhai et al'’ showed that different temperatures
(38°C, 42°C, 45°C, and 48°C) via PRF were all effective in
the patients, but increasing the temperature of PRF did not
improve the analgesic effect and maintenance time. More-
over, Jiang et al® showed that 45°C—50°C was a suggested
temperature range for PRF, especially for the elders.

Different anatomic routes might have different impacts
on RF efficiency. In this study, the RF efficiency between
PPF and FO routes had no significant difference, and they
both had the advantages of simple positioning, opera-
tion, and low recurrence rate in RF treatment. A number
of clinical studies®**® showed that RF thermocoagulation
targeting on V2 branch could affect the ophthalmic and
mandibular nerve function, while the PPF or FR route is
safer with less postoperative complications and the pos-
sible reason is that the PPF or FR route is turning the target
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80°C—85°C 86°C—90°C OR OR
Study or subgroup Events Total Events Total Weight M-H, random, 95% ClI M-H, random, 95% ClI
1.1.1 Effective rate
Ma 2013 20 30 41 60 64.1% 0.93 (0.36-2.36)
Wu 2012 45 54 23 27 35.9% 0.87 (0.24-3.13)
Subtotal (95% CI) 84 87 100.0% 0.91 (0.43-1.93)
Total events 65 64
Heterogeneity: 2=0.01, df=1 (P=0.94); *=0%
Test for overall effect: Z=0.26 (P=0.80)
1.1.2 Complication
Ma 2013 16 30 35 60 50.1% 0.82 (0.34-1.97)
Wu 2012 14 54 11 27 49.9% 0.51 (0.19-1.36)
Subtotal (95% CI) 84 87 100.0% 0.66 (0.34—1.28)
Total events 30 46

Heterogeneity: t2=0.49, df=1 (P=0.48); *=0%
Test for overall effect: Z=1.23 (P=0.22)

Test for subgroup differences: 2=0.38, df=1 (P=0.54); P=0%

0.01 0.1 1 10 100
80°C-85°C 86°C-90°C

Figure 12 Comparison of the efficiency and safety between different temperatures (80°C-85°C vs 86°C-90°C) in TN treatment via CRF.

Abbreviations: CRF, continuous radiofrequency; TN, trigeminal neuralgia.

of RF thermocoagulation from the semilunar ganglion to
the cranial branch of V2, from intracranial operation to
extracranial operation, which obviously reduces the dam-
age to the arteria meningea media, optic nerve, and other
branches of the trigeminal nerve during the process of RF
puncturing and thermocoagulation.**° Ding®’ showed that
the FO route through the mandibular angle approach was
reasonable too, with a higher target selectivity and a lower
long-term pain recurrence rate. Furthermore, Chen et al®®
indicated that the best approach of percutaneous punctur-
ing of RF thermocoagulation for treating V2 in TN was the
upper side against zygomatic and the inner side against the
wall of maxillary sinus.

Despite of the main findings, there are some limita-
tions in this study. First, the number of data samples was
small, and some of the included articles were reported
from the same institutes, which will inevitably result in
a repetition and publication bias. Second, the long-term
follow-up data of therapeutic effect in different studies
were inconsistent. Therefore, we cannot get a uniform
standard in the subgroup analysis. Third, most of the clini-
cal trials included in this study were conducted in People’s
Republic of China, which may restrict the generalization of
our conclusion. Fourth, the quality of the included studies
was relatively low, which might limit the accountability of
our results. Moreover, the evaluation criteria in response
to the treatment effect are heterogeneous among different
studies, some of them adopt patients’ satisfaction degree,

and others used an effective rate. In addition, some data
are missing during the process of data extraction, limiting
the robustness of this analysis.

Conclusion

CCPREF could achieve a greater efficacy and safety on TN
treatment compared with PRF and CRF. Although there was
no remarkable difference among PRF, FR, and FO routes
in TN puncture treatment via CREF, the first two routes are
safer. With regard to the guidance, 3D-printed template
guide was more accurate for RF puncture than for image-
only guidance even with skin stimulation potential and
semiconductor laser locator. Medium temperature range
was better for CRF therapy, and higher temperature was
recommended for PRF, especially for the elders. Further
international multicenter RCTs comparing the effect and
safety between PRF and CCPRF in terms of temperature,
guidance, and routes are needed to confirm the evidence.
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