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Abstract
Background: Migraine surgery at 1 of 6 identified “trigger sites” of a target cranial sensory nerve has rapidly grown in popularity since
2000. This study summarizes the effect of migraine surgery on headache severity, headache frequency, and the migraine headache index
score which is derived by multiplying migraine severity, frequency, and duration.Materials and Methods: This is a PRISMA-compliant
systematic review of 5 databases searched from inception through May 2020 and is registered under the PROSPERO ID:
CRD42020197085. Clinical trials treating headaches with surgery were included. Risk of bias was assessed in randomized controlled
trials. Meta-analyses were performed on outcomes using a random effects model to determine the pooled mean change from baseline
and when possible, to compare treatment to control. Results: 18 studies met criteria including 6 randomized controlled trials, 1 con-
trolled clinical trial, and 11 uncontrolled clinical trials treated 1143 patients with pathologies including migraine, occipital migraine, frontal
migraine, occipital nerve triggered headache, frontal headache, occipital neuralgia, and cervicogenic headache. Migraine surgery reduced
headache frequency at 1 year postoperative by 13.0 days per month as compared to baseline (I2=0%), reduced headache severity at 8
weeks to 5 years postoperative by 4.16 points on a 0 to 10 scale as compared to baseline (I2=53%), and reduced migraine headache
index at 1 to 5 years postoperative by 83.1 points as compared to baseline (I2=2%). These meta-analyses are limited by a small number
of studies that could be analyzed, including studies with high risk of bias. Conclusion: Migraine surgery provided a clinically and statisti-
cally significant reduction in headache frequency, severity, and migraine headache index scores. Additional studies, including randomized
controlled trials with low risk-of-bias should be performed to improve the precision of the outcome improvements.

Résumé
Historique: Le traitement de la migraine à l’une des six « zones gâchettes » établies d’un nerf crânien sensoriel cible ont rapide-
ment gagné en popularité depuis 2000. La présente étude résume l’effet du traitement chirurgical de la migraine sur la gravité et la
fréquence des céphalées et sur le score de migraine obtenu par la multiplication de la gravité, de la fréquence et de la durée des
migraines. Matériel et méthodologie: La présente analyse systématique de cinq bases de données fouillées depuis leur
création jusqu’à mai 2020 respecte la liste PRISMA et est enregistrée sous le numéro d’identification CRD42020197085 de
PROSPERO. Les chercheurs ont retenu les études cliniques sur le traitement des céphalées par des interventions chirurgicales.
Ils ont évalué le risque de biais des études aléatoires et contrôlées. Ils ont également effectué des méta-analyses des résultats au
moyen d’un modèle à effets aléatoires pour déterminer le changement moyen regroupé par rapport à l’état de référence et, dans
la mesure du possible, pour comparer des sujets traités à des sujets témoins. Résultats: Au total, 18 études respectaient les
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critères, y compris six études aléatoires et contrôlées, une étude clinique contrôlée, et 11 études non contrôlées auprès de 1 143
patients ayant des pathologies incluant la migraine, la migraine occipitale, la migraine frontale, la céphalée occipitale, la céphalée
frontale, la névralgie occipitale et la céphalée cervicogénique. Par rapport à l’état de départ, le traitement chirurgical de la
migraine avait réduit la fréquence des céphalées de 13,0 jours par mois (I2= 0%) un an après l’opération, la gravité des
céphalées de 4,16 points sur une échelle de 0 à 10 de huit semaines à cinq ans après l’opération (I2= 53%) et le score de migraine
de 83,1 points de un à cinq ans après l’opération (I2= 2%). Ces méta-analyses sont limitées par le petit nombre d’études pouvant
être analysées, y compris des études comportant de forts risques de biais. Conclusion: Le traitement chirurgical de la migraine
assure une diminution cliniquement et statistiquement significative de la fréquence et de la gravité des céphalées, ainsi que des
scores de migraine. D’autres études, y compris des études aléatoires et contrôlées comportant un faible risque de biais, devront
être exécutées pour mieux préciser les améliorations aux résultats cliniques.
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Introduction

An estimated 1 billion individuals worldwide have migraines.1,2

Affecting more women than men, migraines rank fifth for
Disability-Adjusted Life Years in women and 20th in men.1

Migraines may be accompanied by nausea, vomiting, photopho-
bia, phonophobia, and typically last between 4 and 72 h. Many
migraineurs also meet diagnostic criteria for chronic daily head-
ache, defined as having 15 days with a headache per month for
longer than 3 months.1–6

In 2000, Guyuron et al7 reported that patient’s migraines were
resolved after forehead rejuvenation surgery. A surgical approach
for peripherally triggered migraine has since been developed and
includes 6 extracranial sites for peripheral sensory nerve decom-
pression. Termed trigger sites, these sites are Site I: Frontal
(supraorbital and supratrochlear nerves), Site II: Temporal (zygo-
maticotemporal branch of the trigeminal nerve), Site III:
Endonasal or Rhinogenic (trigeminal end branches), Site IV:
Occipital (greater occipital nerve), Site V: Temporal (auriculotem-
poral nerve), and Site VI: Occipital (lesser occipital nerve).8–12

While lifestyle changes and medical management remain the
mainstay of headache treatment, patients with peripherally trig-
gered migraines refractory to conservative management are
often suitable candidates for surgical decompression.13–17

Several recent systematic reviews and meta-analyses have
concluded that nerve decompression is effective in treating
certain populations of individuals with headaches.15–18 1
review assessed surgical methods, finding that nerve decom-
pression provided greater success rates than nerve stimulation
which was in turn greater than radiofrequency ablation.18

Other meta-analyses have summarized the outcome of head-
ache elimination, reporting that the % of individuals with head-
ache elimination ranges from 8.3% to 76%16 and 8.3% to
83%.17 A third meta-analysis which also assessed the propor-
tion of individuals with headache elimination reported a
pooled proportion of 38% of individuals experience migraine
elimination, although when assessing only randomized

controlled trials the proportion was 21.46%.15 Additionally,
the proportion of individuals who experienced no relief of
symptoms following surgery ranged from 3.9% to 33.3%.16

A meta-analysis has found that headache intensity improves
by 3.97 on a 0 to 10 point scale, and headache frequency
improves by 9.52 days per month, although high heterogeneity
(I2= 94%) in the meta-analyses of headache intensity and head-
ache frequency limit the interpretation of those meta-analyses.
This study systematically reviews all literature for peripheral
nerve surgery performed on individuals with nerve compression-
induced headaches. Meta-analyses were performed to establish
how migraine surgery affects the outcomes of migraine intensity,
migraine frequency, and the migraine headache index score.

Methods

This study complies with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines19 and is
registered on the International Prospective Register of
Systematic Reviews under the ID: CRD42020197085.

Search Strategy

Two reviewers (DSH and AEG) independently performed litera-
ture searches of the following: Cochrane Library, Ovid
MEDLINE, Ovid EMBASE, Web of Science, ClinicalTrials.gov.
Searches were performed from inception of the database through
June 28, 2020, using free text and MeSH term searches includ-
ing the words “neuralgia,” “occipital nerve,” “nerve pain,”
“neuropathy,” “migraine,” “tension-type headache,” “post-
traumatic headache,” “cephalalgia,” “cervicogenic headache,”
as well as word variations and similar words combined with
the Boolean operators “OR” and “AND.” The search strategy
was altered as necessary for each database. The full
search strategy is included in Supplemental Appendix 1.
Bibliographies of included studies were searched.
Disagreement on article inclusion was resolved with a
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discussion with an additional reviewer (AGE). Data extraction
was performed using a piloted form excel spreadsheet by 1
author (DSH) with over 90% of the data being checked by
an additional reviewer (AGE). If multiple publications
described the same cohort, then the study with the longer dura-
tion of follow-up was included.

Inclusion and Exclusion Criteria

Included were: (1) peer-reviewed original research articles, (2)
prospective studies, (3) studies in English only, and (4) studies
including patients over the age of 18 years, (5) studies treating
causes of head pain including migraine, occipital neuralgia, cer-
vicogenic headache, (6) studies of peripheral nerve surgery, and
(7) studies reporting data on at least 8 patients.

Excluded were: (1) duplicate studies or cohorts, (2) incom-
plete trials, (3) abstracts or conference proceedings, (4) letters
to the editor, (5) therapeutic nerve stimulation or non-
denervating radiofrequency procedures, (6) retrospective
studies, reviews, meta-analyses, case reports, animal studies,
non-peer-reviewed “grey” literature, (7) studies with data on
fewer than 8 patients, (8) studies not in English, and (9)
studies treating vestibular migraine.

Risk of Bias

Risk of bias assessment was performed for randomized con-
trolled clinical trials (RCTs) at study and outcome levels accord-
ing to the Cochrane Collaboration Handbook Version 6.1.20

Non-randomized clinical trials, or observational studies, all
meet criteria for having high risk-of-bias according to this assess-
ment and did not have a formal classification of risk-of-bias.

Outcome Measures

The primary outcome measure assessed by our study was the
frequency of migraines experienced by patients. Secondary
outcome measures were the severity of migraine, migraine
headache index (MHI), and adverse effects. The MHI is a
score that multiplies the migraine severity from 0 to 10, head-
ache frequency in days per month, and the number of hours
that the migraine is present.21

Statistical Analysis

All statistical analyses were performed using RevMan 5.4.1
(Cochrane Collaboration). Only prospective studies were
included in the meta-analyses. To incorporate the heterogeneity
between studies, I2 was calculated to reflect the extent of varia-
tion that is primarily due to the different trials rather than sam-
pling error. I2 values over 75% were considered highly
heterogeneous and warranted investigation of study details
that may contribute to heterogeneity.22 All meta-analyses were
performed using a random-effects model to account for
increased variability between studies.23 Continuous data were
presented as mean differences and standard deviations. Data

on headache frequency were converted to headache days per
month for meta-analysis if a study reported data as headache
days per week. Pain scores were converted to a 0 to 10 scale
for meta-analyses if a study reported pain data on a 1 to 100
scale. Data used in analysis of studies reporting on multiple
types of pain were overall, migraine pain, and pain in the oper-
ative trigger site. For analyses of score change from baseline,
only studies reporting preoperative and postoperative outcome
values were included. One study reported data only in subgroups
of % improvement, and so the overall cohort’s means and stan-
dard deviations were algebraically derived by combining the
subgroups.10 Standard error of the mean were calculated from
standard deviation as follows: “SD= SEM * √(sample size).”
AP-value <.05was considered statistically significant. To estab-
lish a clinical context for the change in outcomes, a minimum
clinically important difference (MCID) for pain severity was
set as being between the range of 0.8 and 4 on a 0 to 10
scale,24 and the MCID for headache frequency was set as 1
day per month.25

Results

Article Selection

Application of the search strategy produced 3512 records, and 4
other studies were identified from review of bibliographies.
After de-duplication, a title and abstract screen of 2829
unique records led to the exclusion of 2706 records. A full-text
screen of the remaining 122 records led to the exclusion of 103
studies for the following reasons: retrospective study (n= 36),
fewer than 8 patients (n= 24), abstract only (n= 17), review
(n= 19), off-topic (n= 2), nonclinical study (n= 2), book
chapter (n= 1), duplicate cohort (n= 1), not in English (n=
1), and radiofrequency treatment (n= 1). Therefore, 18
studies met criteria for qualitative synthesis and 9 studies had
comparable data to allow for use in quantitative synthesis
(Figure 1).

Study Characteristics and Treatment Protocols

Study details and demographics are summarized in Table 1.
Included were 6 RCTs,26–31 1 controlled clinical trial
(CCT),32 and 11 uncontrolled clinical trials (UCT).8,10,33–41

Studies treated 1143 patients with pathologies including
migraine,10,26,27,30,40 occipital migraine,41 frontal migraine,31

occipital nerve triggered headache,8 frontal headache,39 occip-
ital neuralgia,32–35,37,38 and cervicogenic headache.28,29,36 In
the 13 studies reporting on patient gender, 141 patients were
male and 319 were female. Seven studies were in North
America,10,26,27,31,34,35,38 6 were in Europe,8,28,29,36,39,40 and
5 were in Asia.30,32,33,37,41

Outcomes

Headache frequency was reported as episodes of pain per
month10,26,27,30,33 or per week.28 Headache severity was

194 Plastic Surgery 31(2)



recorded on a visual analog scale from 0 to
1026,27,30,32,33,37,39,42 or 0 to 100,28,29 numeric rating scale
from 0 to 10,10,31,41 Likert scale,34 or by reporting symptom res-
olution or recurrence.36,37 Study outcomes are summarized in
Table 2.

Risk of Bias Assessment

Cochrane risk of bias for the 6 RCTs is included in Figure 2.
Three RCTs had a low risk of bias, 2 had a high risk of bias,
and 1 study had an unclear risk of bias. The 11 UCTs and 1
CCT have a risk of bias due to their study designs not having
randomized controls.

Meta-Analyses

Meta-analyses were performed included only clinical trials (ie,
RCTs, CCTs, UCTs).

Meta-Analysis of Headache Frequency

Two UCTs10,33 had comparable data for analysis of the change
in headache frequency from baseline to 12 months postopera-
tive follow-up. Patients who underwent surgery had a pooled
mean reduction of 13.02 headache days per month (I2= 0%),
as shown in Figure 3.

Meta-Analysis of Headache Pain Severity

Comparable data were present in 8 studies including 3
RCTs,26,29,30 1 CCT,32 and 4 UCTs10,33,39,41 for analysis of
the change in headache severity from baseline to postsurgical
follow-ups from 8 weeks to 5 years. As shown in Figure 4,
surgery provided a 4.16 pooled mean reduction in headache
pain severity on a 0 to 10 scale as compared to baseline (I2=
53%).

Comparable data were present in 2 RCTs27,28 and 1 CCT32

for analysis of the net change in headache severity between

Figure 1. Application of our search strategy identified 3516 records. After removal of duplicates, 2829 records were screened by title and
abstract, leading to the exclusion of 2706 records. Full-text screen of 123 records led to the exclusion of 105 articles for reasons. Therefore, 18
articles were included in the systematic review and 9 articles in the meta-analyses.
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treatment and control groups at 1 to 12 month follow-ups.
Compared to control groups, headache severity in the treatment
groups was significantly lower (P< .00001, I2= 39%), as
shown in Figure 5.

Meta-Analysis of Migraine Headache Index

Comparable data were present in 1 RCT26 and 1 UCT10 for anal-
ysis of the change from baseline to 1 to 5 year postoperative
follow-ups. As shown in Figure 6, patients who underwent
surgery had a pooled mean reduction in of 83.1 points (I2= 2%).

Discussion

Surgical Procedures and Outcomes

The meta-analyses for pain severity, headache frequency, and
MHI each support migraine surgery as a method of treatingT
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Figure 2. Risk of bias assessment for randomized controlled trials
resulted in 3 studies having low risk-of-bias, 1 study having unclear
risk-of-bias, and 2 studies having high risk-of-bias. Red = high
risk-of-bias. Yellow = unclear risk-of-bias. Green = low risk-of-bias.
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Figure 3. Meta-analysis shows that following migraine surgery, the pooled mean reduction in migraine frequency at 1-year postoperative
follow-up compared to baseline was 13.02 headache days per month.

Figure 4. Meta-analysis shows that following migraine surgery, the pooled mean reduction in migraine pain severity at 8 weeks to 5 years
postoperative follow-ups compared to baseline was 4.16 points on a scale from 0 to 10.

Figure 5. Meta-analysis shows that at 1 month to 1 year, the treatment groups provided a greater reduction to headache intensity than the
control groups.

200 Plastic Surgery 31(2)



individuals with migraine headaches. Each meta-analysis
resulted in low or moderate heterogeneity between the
included studies, despite including all types of migraine sur-
geries and postoperative follow-up times ranging from 1
month to 5 years. This suggests that the outcomes were com-
parable at short and long-term duration, and that surgery at
the spinal nerve root and peripheral cranial nerve are also
comparable.

The meta-analyses show that patients improved by a pooled
mean of 4.16 points out of 10 in headache severity from a
mean baseline severity of 7.86, a 53% improvement. This
change is greater than the range of MCIDs that have been pro-
posed for changes in pain severity, suggesting that migraine
surgery produces clinically significant changes in the pain
severity.24 For headache frequency, patients improved by a
pooled mean of 13.02 headache days per month, a 71%
improvement from their baseline mean of 18.3. The change
in headache frequency is also much greater than the previously
described 1 day MCID of headache frequency which produces
an improvement in a patient’s quality of life.25 Similarly, the
83.1 point pooled mean reduction in a patient’s MHI repre-
sented a 77% reduction from their baseline mean 107.8 point
MHI. An MCID for MHI has yet to be described in literature,
however, because the MHI components of headache severity
and frequency were both significantly improved, it can be
assumed that this MHI improvement represents a clinically
significant improvement.

Future studies may seek to investigate whether surgical
decompression provides superior outcomes to nerve transec-
tions or other axonotmetic or neurotmetic therapies.
Suboptimal outcomes are well documented in the bodies of lit-
erature on therapeutic nerve transections for amputations and
neuromas even with protection or coaptation of the transected
nerve ending to muscular, vascular, or adjacent nerve struc-
tures.43–47 However, for migraine surgery, a ubiquitous fit of
all trigger sites to either decompression or neurolysis may not
be feasible. The well-characterized sites of nerve compression
in Site IV coincide with widespread decompression surgery
being performed at this site. Alternatively, Site II does not
have characterized areas of nerve compression and is often
treated with nerve transection. In 2014, Ducic et al48 surveyed

Site IV patients who did not improve following nerve decom-
pression. These patients were offered a second surgery to
excise the nerve, which was reportedly more helpful than
decompression in 68% of these patients, although adverse
effects of nerve transection such as numbness and hypersensi-
tivity were reported by 31%.

Importance of Trigger Site Identification

In a retrospective review by Forootan et al49 of a Guyuron
cohort, it was reported that patients often underwent simultane-
ous surgery at several trigger sites, for an average of 2.6 trigger
sites per patient. Gfrerer et al10 in a 2019 UCT, also operated on
an average of 2 trigger sites, and reported that their outcomes
followed an “all or nothing” pattern of response. A total of 57
of their 83 patients (69%) showed over an 80% improvement
in MHI, while 17% of the patients showed less than 5%
improvement in MHI. We believe that this highlights the impor-
tance of identifying and treating the trigger sites contributing to
the migraine, whether by patient history stating the origin of the
pain, physical exam eliciting tenderness in a trigger site, or
injected botulinum toxin or anesthetic providing a temporary
resolution to their headaches.

Occipital (Including Sites IV and VI) Surgery

In 1986, Blume and Ungar-Sargon34 described percutaneous
radiofrequency denaturation near the greater occipital nerve
which produced good to excellent results in 85% of patients
who had preoperative neuralgia responsive to GON block.
Surgery at this area was later described as Site IV surgery by
Guyuron et al50 in 2005 and includes release of 6 recognized
sites of occipital nerve compression: (1) between semispinalis
capitis and obliques capitis inferior muscles, (2) as the nerve
enters and (3) exits the semispinalis capitis muscle, (4) as the
nerve enters the trapezius muscle, and (5) exits the trapezius
fascia, and (6) by the occipital artery when it courses adjacent
to the GON.51,52

In a 2009 RCT by Guyuron et al27 a semispinalis capitis
myectomy and subcutaneous flap procedure to protect the
nerve were superior to nerve exposure alone. Most studies

Figure 6. Meta-analysis shows that following migraine surgery, the pooled mean reduction in migraine headache index score at 1 to 5 years
postoperative follow-ups compared to baseline was 83.10 points.
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have reported using Guyuron’s surgical method to Site IV
surgery,27,30,50,52–54 which has been previously described,55

although GON excision or neurolysis have also been reported
as surgical options such as in patients who fail initial GON
decompression.10,48,54

The role of occipital artery excision remains a topic of
debate. Occipital artery resection has yet to show superiority
to nonremoval,56 but is believed by Guyuron and co-authors31

to be a critical procedural component based on importance dem-
onstrated from site I surgery. Whether routine removal of the
arteries affects patient outcomes should be investigated in
future studies. Despite being thought of as a compressive neu-
ropathy,55 adjunctive use of triamcinolone injections during
surgery has also been described41 and follows the trend of
including corticosteroids in anesthetic injections.29,57–60

Excised occipital arteries did not have histologic evidence of
vasculitis.38

Occipital migraines are hypothesized to arise on occasion
from the lesser occipital nerve (LON),8–12 located in the Site
VI surgical area, or the third occipital nerve (TON) which
may be treated using the same incision as Site IV surgery.55

Patient outcomes are thought to be the same whether the
TON is excised or decompressed.9 The LON has had 3 possible
points of compression identified by Peled et al61 in 2016: (1) as
the LON emerges from deep fascia to be behind the sternoclei-
domastoid, (2) as the LON ascends along with the SCM, (3) and
at the branch point of the LON. The LON may be approached
through an incision on the posterior sternocleidomastoid,41,52

although Ducic et al in 2009 and Afifi et al52,62 in 2019 reported
a transversely oriented incision for occipital surgery, 2.5 cm
caudal to the occipital protuberance, which allows access to
both Sites IV and VI.

Surgery for Non-Occipital Headaches

The auriculotemporal nerve courses alongside the superficial
temporal artery and has since been characterized as the target
in Site V surgery. In 2019, Gfrerer et al10 reported that a Site
V surgery, which consists of nerve excision,55 was undergone
by only 6% of their patients who underwent migraine surgery.

Site I is a common operative site for migraine surgery50 per-
formed in 57% of the migraine surgery patients of Gfrerer
et al.10 Both endoscopic and open techniques have been
described to decompress the supratrochlear and supraorbital
nerve branches of the ophthalmic division of the trigeminal
nerve.55 In a 2012 retrospective matched analysis of a
Guyuron cohort by Chepla et al42 patients who underwent for-
aminectomy with depressor supercilii and corrugator myectomy
were found to have statistically significant superior improve-
ments in forehead pain (P< .05), forehead frequency (P<
.05), and MHI (P< .01) compared myectomy alone.
Arterectomy was shown to be vital to patient outcomes in a
2017 RCT by Gatherwright et al31 although the total study
size of 13 limits the finding that all 4 patients who underwent
surgery without arterectomy required reoperation whereas

none of the patients who initially underwent arterectomy
required revision surgery.

Gfrerer et al10 operated on the zygomaticotemporal nerve of
Site II in 43% of their patients who underwent migraine
surgery, for which excision is the standard procedure.55 In a
2017 retrospective review, Janis et al11 found surgical nerve
decompression had greater improvements in MHI, headache
frequency, severity, and duration than those who continued
long-term botulinum injections.

Limitations

This review is limited by a low number of high-quality random-
ized controlled trials. Likewise, the meta-analyses are limited
by having a small number of studies which increases the risk
of type I error and may result in confidence intervals being
too narrow.23 The meta-analyses included patients with varied
surgical procedures and operative sites as well as criteria for
patient selection. Additionally, the meta-analytic method of
pooling a change score is limited in its ability to account for
baseline differences between studies.63 As a relatively new
field, migraine surgery publications may be at risk for publica-
tion bias whereby negative results are less prevalent, although
the literature currently provides strong support toward the effi-
cacy of migraine surgery in treating migraines.

Conclusion

Our meta-analyses indicate migraine surgery reduces headache
frequency, headache severity, and the migraine headache index.
The reductions in headache frequency and severity are clini-
cally significant, although based on a small number of
studies. The reviewed literature includes many studies that
have high risk-of-bias, so additional RCTs with low risk-of-bias
should be performed to improve the precision of the outcome
improvements. Future research should focus on improving
migraine surgery outcomes and investigating patient factors
that predict surgical outcomes.
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