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Efficacy and Safety of Migraine Surgery

A Systematic Review and Meta-analysis of Outcomes and Complication Rates

Hassan ElHawary, MD, MSc,� Natasha Barone, MSc,y Aslan Baradaran, MD, MSc,�

and Jeffrey E. Janis, MD, FACSzY

Objective: The objectives of this study are to assess the efficacy and safety of

peripheral nerve surgery for migraine headaches and to bibliometrically

analyze all anatomical studies relevant to migraine surgery.

Summary Background Data: Migraines rank as the second leading cause of

disability worldwide. Despite the availability of conservative management

options, individuals suffer from refractive migraines which are associated

with poor quality of life. Migraine surgery, defined as the peripheral nerve

decompression/trigger site deactivation, is a relatively novel treatment strat-

egy for refractory migraines.

Methods: EMBASE and the National Library of Medicine (PubMed) were

systematically searched for relevant articles according to the PRISMA guide-

lines. Data was extracted from studies which met the inclusion criteria. Pooled

analyses were performed to assess complication rates. Meta-analyses were

run using the random effects model for overall effects and within subgroup

fixed-effect models were used.

Results: A total of 68 studies (38 clinical, 30 anatomical) were included

in this review. There was a significant overall reduction in migraine

intensity (P < 0.001, SE ¼ 0.22, I2 ¼ 97.9), frequency (P < 0.001, SE ¼
0.17, I2 ¼ 97.7), duration (P < 0.001, SE ¼ 0.15, I2 ¼ 97), and migraine

headache index (MHI, P < 0.001, SE ¼ 0.19, I2 ¼ 97.2) at follow-up. A

total of 35 studies reported on migraine improvement (range: 68.3%–

100% of participants) and migraine elimination (range: 8.3%–86.5% of

participants). 32.1% of participants in the clinical studies reported com-

plications for which the most commonly reported complications being

paresthesia and numbness, which was mostly transient, (12.11%) and

itching (4.89%).

Conclusion: This study demonstrates improved migraine outcomes and an

overall decrease in MHI as well as strong evidence for the safety profile and

complication rate of migraine surgery.

Keywords: migraine, migraine surgery, peripheral nerve decompression,

trigger site deactivation, migraine treatment outcomes, complication rate,

safety, efficacy

(Ann Surg 2022;275:e315–e323)

M igraines are a common neurovascular disease that affect
approximately 1 in 7 individuals worldwide.1 In the United

States alone, >50 million individuals suffer from migraines.
Migraines have been traditionally perceived as a central neuro-
vascular disease and medically managed by acute analgesic and
abortive medications. However, recent evidence supports peripheral
nerve compression as a possible etiology, and thereby, paves the way
for surgical management of this condition.2

In the early 2000s, surgical approaches were developed to treat
medically refractive migraines. These surgeries typically involve
peripheral sensory neurolysis, decompression of surrounding poten-
tial compressive anatomical structures such as muscle, vessel, fascia,
and/or bone, and possible neurectomy.

Since the original article by Guyuron et al in 2000, the number
of publications that attempt to assess the efficacy and safety of
migraine surgery have been steadily increasing.3,4 Although the
majority of the evidence has demonstrated positive outcomes from
migraine surgery, there is still some concern regarding its efficacy.5,6

Due to the rapidly evolving scientific milieu pertaining to headache
surgery, the authors of this article believe an updated systematic review
and meta-analysis of evidence is warranted to assess the efficacy and
safety of peripheral nerve surgery for migraine headaches.

In addition to a contemporary formal systematic review and
meta-analysis, a pooled analysis of complication rates of migraine
surgery will be presented which will provide further evidence for the
safety profile of this domain of surgery. This can help educate future
physicians and patients with regards to the risks associated with these
surgeries. The secondary aim is to bibliometrically analyze all
anatomical studies relevant to migraine surgery with the goal to
demonstrate the close relationship between understanding anatomy
and improved clinical outcomes.

METHODS

Search Strategy
A systematic search of both EMBASE and the National

Library of Medicine (PubMed) was performed to retrieve all the
available literature pertaining to migraine surgery. One of the
limitations of previous studies is the general, and often vague term,
of migraine surgery. Therefore, for this review, we defined migraine
surgery as a surgery that involves trigger site decompression or
resection of peripheral sensory nerves with the end goal of addressing
headache pain. The search strategy was performed using a combina-
tion of keywords and MeSH terms including the terms (‘‘migraine
surgery’’ OR ‘‘headache surgery’’ OR ‘‘OR ‘‘peripheral nerve
decompression surgery’’ OR ‘‘migraine surgery anatomy’’ OR
‘‘extracranial nerve anatomy’’).

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines was followed.7 Two authors
(N.B. and H.E.) independently reviewed the search entries using
strict inclusion and exclusion criteria. Non-duplicate articles were
first screened using titles and abstracts for relevance. Relevant
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articles then underwent a full-text review for inclusion/exclusion.
Any discrepancies between reviewers were resolved through con-
sensus.

Inclusion criteria for this review were any clinical study
reporting on the efficacy or safety of migraine surgery (defined
above). Studies were only included if they reported on at least one of
the following factors: headache intensity, duration, frequency, elimi-
nation or improvement rates, or complications. Moreover, anatomy
studies with clinically applied relevance to migraine surgery were
included and presented as a separate secondary analysis. Biomechan-
ical studies were excluded. Studies reported in a language other than
English were excluded.

Data Collection and Extraction
Data extracted included, study title, authors, year of publica-

tion, study design, country of publication. For each study, the trigger
site addressed for each study was extracted. In addition, patient
demographics including number of patients in each study, number of
females in each study, mean age, and average follow-up time was
also reported. Anatomy studies relevant to migraine surgery were
included in a bibliometric analysis.

Patient Outcomes
The main outcomes extracted from each clinical study was

migraine intensity (on a scale from 1 to 10), migraine frequency
(number of headaches/month), migraine duration (as a proportion of
a 24-hour period), and migraine headache index (MHI), defined as
the multiplication of migraine intensity, frequency, and duration.
Migraine elimination is defined as an MHI score of zero at minimum
of three months follow up. For the meta-analyses, means, standards
deviations, changes in mean, rates, and P values from each study
were extracted.

Quantitative Analysis of Outcomes and Pooled
Analysis of Complications

Any complications reported by the included studies were
extracted and a pooled analysis of complications was performed.

We performed a subgroup meta-analysis using the Compre-
hensive Meta-Analysis Version 3 (CMA) software. For effect meas-
urements, we used standardized mean difference with a confidence
interval of 95%. The overall effects of all studies were computed
with a random-effects model. For studies that reported multiple
subgroups, we combined within-study subgroups into 1 entry by the
fixed-effect model. The results of the analyses are demonstrated
with forest plots. Each study is illustrated with a square that is
relative in size to the study’s weight and the confidence interval as a
line passing through the square. The calculated overall mean and
confidence interval for each outcome is demonstrated with a
red rhombus.

To measure heterogeneity, we calculated Cochran Q, I2, and P
value of heterogeneity. I2 values <40%, 60%, 90%, and 100% were
considered minimal, moderate, substantial, and considerable, respec-
tively.

RESULTS

Search Outcome
A total of 2435 articles were identified (Fig. 1). Following

deduplication of the library, 2137 articles underwent title and abstract
screening. Of these, 234 articles were eligible for full-text review. A
total of 38 clinical studies,3,8–44 and 30 anatomical studies45–74 met
our selection criteria and were included in the review.

Clinical Studies

Characteristics of Included Studies and Participants
Six randomized controlled trials (RCTs),11,14,16,30,33,38 7 pro-

spective studies,3,8,26,31,36,40,42 and 25 retrospective stud-
ies9,10,12,13,15,17–25,27–29,32,34,35,37,39,41,43,44 were included in this
systematic review. Characteristics of the included studies and par-
ticipants are presented in Table 1. The trigger sites addressed during
surgery included frontal, temporal, greater occipital, nasal, lesser
occipital, and auriculotemporal nerves. Single trigger site surgery
was performed in 12 studies3,9–11,15,22,24,27,30–32,37 of which 5
studies9–11,15,31 addressed only the frontal trigger site, 4 stud-
ies11,27,30,32 addressed only the temporal site, 2 studies22,24 addressed
the occipital trigger site, and 1 study37 looked at the nasal trigger site.
Multiple trigger site surgery alone was reported in five stud-
ies8,13,34,36,40 and a combination of single and multiple trigger site
surgery was discussed in twenty studies12,14,16–

21,23,25,26,28,29,33,35,38,39,41–44. The percentage of females included
in the studies ranged from 70% to 100% and the mean age of
participants ranged from 16 to 51 years’ old. The mean follow-up
ranged from 6 months to 60 months (Supplemental Table 1, http://
links.lww.com/SLA/D278).

Migraine Intensity
Twenty-three studies10–12,15,16,18–22,24,25,28–30,33–35,38,39,41,42

reported on migraine intensity among patients who underwent
migraine surgery. All studies evaluated migraine intensity on a
10-point scale. The vast majority of the studies (21/23) reported
reductions in migraine intensity post-surgery10–12,15,16,18–22,24,25,28–

30,33–35,39,40,42. Reduction in migraine intensity ranged from 22.4%
to 82.3% with a weighted average reduction of 48.9%. Only 1 study
reported an increase of 0.7 (9.3%) in migraine intensity post-sur-
gery38; however, the change was not statistically significant (Sup-
plemental Table 2, http://links.lww.com/SLA/D278). Eighteen
studies met criteria for inclusion in the meta-analysis. The overall
reduction in migraine intensity effect was significant (P < 0.001, SE
¼ 0.22, I2 ¼ 97.9) (Fig. 2).

Migraine Frequency
Twenty-two studies11,12,14,16–22,24,25,28–30,33,35,38–42 reported

on migraine frequency. All 22 studies reported reductions in migraine
frequency post-operatively. The reductions varied from as low as
19.3% to as high as 84.9%, with a weighted average reduction of
64.7% (Supplemental Table 3, http://links.lww.com/SLA/D278).
Eighteen studies met criteria for inclusion in the meta-analysis.
The overall effect was significant (P < 0.001, SE ¼ 0.17, I2 ¼
97.7) (Fig. 3).

Migraine Duration
Nineteen studies11,14,16,17,19–22,24,25,28–30,33,35,38,39,41,42

reported on migraine duration. Migraine durations were reported
primarily in days or hours. The percent reduction in migraine
duration ranged from 13.1% to 95.6% with a weighted average
reduction of 61.9% (Supplemental Table 4, http://links.lww.com/
SLA/D278). Sixteen studies met criteria for inclusion in the meta-
analysis. The overall effect was significant (P< 0.001, SE¼ 0.15, I2

¼ 97) (Fig. 4).

Migraine Headache Index
Twenty studies11,14,16,17,19–23,25,28–30,32,33,35,38,39,41,42

reported on MHI. The vast majority (19/20)11,14,16,17,19–23,25,28–

30,32,33,35,39,41,42 reported decreases in MHI post-operatively,
whereas only 1 study reported an increase. The percent reductions
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ranged from as low as 26.3% to as high as 93.1% with an average
weighted reduction of 75.5% (Supplemental Table 5, http://link-
s.lww.com/SLA/D278). Fourteen studies met criteria for inclusion in
the meta-analysis which demonstrated a significant reduction in
migraine headache index (P < 0.001, SE ¼ 0.19, I2 ¼ 97.2) (Fig. 5).

Migraine Improvement and Elimination
Of the 38 studies included in this review, 35 studies3,8–14,16–

18,20–28,30–44 reported on migraine improvement (standardly defined
as improvement by >50% in outcome) and 35 studies reported on
elimination (standardly defined as MHI of 0 at follow-up). The
lowest rate of migraine improvement was 68.3% of participants.9

In 3 studies,11,17,20 100% of patients achieved migraine improvement
(Supplemental Table 6, http://links.lww.com/SLA/D278). The trig-
ger sites at which patients reported 100% migraine improvement
following nerve decompression surgery were the frontal, occipital,

and nasal sites. All other studies reported migraine improvement
within the 68.3% to 100%. Among the studies which reported on
elimination, the percentage of patients which reported elimination
varied from as low as 8.3% to as high as 86.5%17,43 (Fig. 6).

Complications
Of the included studies, 7 studies reported no complica-

tions,9,29–33,44 15 studies3,10,19–27,34,37,38,43 did not discuss compli-
cations, and 16 studies8,11–18,28,35,36,39–42 reported complications
following migraine surgery. Among the 23 studies 8,9,11–18,28–

33,35,36,39–42,44 which reported on complications (complications or
no complications), there was a total of 1635 participants of which 525
(32.1%) experienced complications. The most commonly reported
complication was paresthesia and numbness (mostly tran-
sient)8,12,14–16,28,35,40,42 (n ¼ 198), the complication rate was
12.11% (Table 2). Other important complications included

FIGURE 1. PRISMA flowchart.
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TABLE 1. Overall Complications Associated With Migraine Surgery

Complications
No. of
Studies

No. of Participants
With Complications

Complication
Rate (%)

Numbness or paresthesia8,12,14–16,28,35,40,42 9 198 12.11%
Itching11,12,14,16,28,35,36,39 8 80 4.89%
Hair loss or thinning 11,12,14,16,17,35 6 29 1.77%
Hematoma11,15,42 3 5 0.31%
Hyposensitivity16,35,39,40 4 19 1.16%
Hypersensitivity16,28,35,39 4 30 1.83%
Infection (including cellulitis)11,13,41 3 6 0.37%
Neck stiffness11,14,16,39 4 28 1.71%
Hypertrophic scarring28,35,39 3 5 0.31%
Bleeding9,11 2 7 0.43%
Dryness11 1 12 0.73%
Temporal hollowing14 1 10 0.61%
Septal deviation11 1 8 0.49%
Rhinorrhea11 1 11 0.67%
Ecchymosis17,40 2 31 1.90%
Seroma42 1 20 1.22%
Wound dehiscence39,42 1 2 0.12%
Dry/irritated eyes35 1 2 0.12%
Epistaxis11 1 3 0.18%
Unilateral airway reduction11 1 1 0.06%
Eyelid ptosis35 1 13 0.80%
Scar deformity35 1 2 0.12%
Strabismus35 1 1 0.06%
Uneven brow movement14 1 1 0.06%
Temporal nerve injury16 1 1 0.06%

FIGURE 2. Forest plot of migraine intensity using random-effects model. (Q ¼ 772, P < 0.001, I2 ¼ 97.8).
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FIGURE 3. Forest plot of migraine frequency using random-effects model. (Q ¼ 752, P < 0.001, I2 ¼ 97.7).

FIGURE 4. Forest plot of migraine duration using random-effects model. (Q ¼ 505, P < 0.001, I2 ¼ 97).
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FIGURE 5. Forest plot of migraine headache index using random-effects model (Q ¼ 460, P < 0.001, I2 ¼ 97).

FIGURE 6. Forest plot of elimination rates using random-effects model. (Q ¼ 278, P < 0.001, I2 ¼ 87).
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itching11,12,14,16,28,35,36,39 (n ¼ 80, 4.89%), hyposensitivity16,35,39,40

(n¼ 19, 1.16%), hair loss or thinning11,12,14,16,17,35 (n¼ 29, 1.77%),
hypersensitivity16,28,35,39 (n ¼ 30, 1.83%), neck stiffness11,14,16,39

(n¼ 28, 1.71%), ecchymosis17,40 (n¼ 31, 1.90%), and seroma42 (n¼
20, 1.22%) (Table 1). Several other complications were reported
including; hematoma,11,15,42 infection (including cellulitis),11,13,41

eyelid ptosis,35 scar deformity,35 strabismus,35 hypertrophic scar-
ring,28,35,39 dryness,11 bleeding,9,11 temporal hollowing,14 septal
deviation,11 rhinorrhea,11 wound dehiscence,42 dry/irritated eyes,35

epistaxis11 and unilateral airway reduction,11 uneven brow move-
ment,14 nerve injury to the temporal branch of the facial nerve16 of
which the complication rates were all under 1% (Table 1).

Anatomical Studies
A total of 30 anatomical studies were included and published

in this bibliometric analysis.45–74 The vast majority of these papers (n
¼ 24; 77.4%) are published in plastic surgery journals. Approxi-
mately half (n ¼ 14; 45.2%) of the anatomical studies addressed
the occipital nerve (including the greater and lesser occipital
nerve)45,46,48,50,54,56,58,60–62,65,69,73,75 followed by the frontal47,51,

52,55,64,66,71 and temporal (includes auriculotemporal and zygomati-
cotemporal)49,53,57,70,74 trigger sites (Supplemental Table 7, http://
links.lww.com/SLA/D278).

DISCUSSION

The results of this systematic review and meta-analysis high-
light several interesting findings. Our results are in line with previous
reviews showing that migraine surgery is associated with signifi-
cantly improved migraine outcomes (duration, intensity, and fre-
quency) and an overall decrease in migraine headache index.
However, our systematic review is the first to demonstrate strong
evidence regarding the safety profile and complication rate of
migraine surgery.

Migraine surgery, consisting of extracranial peripheral nerve
decompression and trigger site deactivation, has reemerged as a
potential method to treat refractory migraines 2 decades ago.
Guyuron et al’s seminal article in 2000 demonstrated that corrugator
muscle excision leads to significant improvement and a high rate of
elimination of migraine headaches.3 This was followed by a plethora
of publications and research efforts to better understand migraine
surgery and how we can improve outcomes. Although clinical studies
are extremely important in assessing the efficacy of migraine surgery,
anatomical studies played a critical role in improving our under-
standing of anatomy and cementing the knowledge needed to
improve outcomes. This is evident in our analysis that shows >30
anatomical studies dedicated to improving our knowledge of anat-
omy of peripheral extracranial nerves associated with nerve migraine
trigger sites.

Although both our qualitative systematic review and the
quantitative meta-analysis show overall improved outcomes post
migraine surgery, there is a wide variability in the results. The first
factor that is probably contributing to this wide variability in out-
comes is the fact that we included different trigger site decompres-
sion/deactivation surgeries. It is quite possible that some surgeries
are more effective than others which would contribute to this wide
variability. Furthermore, although some studies only included
patients who received 1 trigger site deactivation, others included
those who underwent all trigger site releases. This evidently
increased the results’ heterogeneity. Moreover, it is important to
understand that since migraine surgery is a young and rapidly
evolving field, different surgeries have been performed with different
variations, which may contribute to this wide variability in outcomes.
For example, the greater occipital nerve has been identified as a

trigger site for patients suffering from occipital neuralgia. Although
this surgery usually entails a 6-point decompression of the greater
occipital nerve that includes segmental muscle resection and nerve
release to free any associated entrapment, the effects of concurrent
occipital artery resection has been debated. Although some prelimi-
nary evidence shows that the dissection and ligation of occipital
artery (OA) has no effect on migraine outcomes,24 there is still wide
variability in practice mainly due to the lack of consensus coupled
with our anatomical and pathophysiological understanding of this
disease that support OA resection.54,69,75

Migraine surgery, a once denounced field, which has even
been called a pure placebo,5 has been able to proliferate, backed up
by the present existing literature supporting its efficacy (as summa-
rized in this systematic review). However, there is still some concern
regarding its safety profile. In fact, the American Headache Society,
published a statement expressing their concern on the lack of
evidence supporting its safety.6 Although many individual studies
have reported on their complications since then, no systematic review
has reported on a pooled analysis of complication rates to date. Our
study is the first to compile all published complication rates and
perform a pooled analysis to show the safety profile of this surgery.
We conservatively included all complications to demonstrate any
safety concerns, if they exist. Of 1645patients, over one-third expe-
rienced some sort of complication. However, the vast majority of
these complications were quite minor such as transient numbness and
hyposensitivity. Major complications such as bleeding and nerve
damage were very rare (<1%). Moreover, although the former
overall number might seem high at first glance, we believe it is
an overestimate of the real complication rate as a considerable
number of articles have the same author groups and therefore patients
might have been counted more than once, hence overexaggerating
the pooled complication rate.

Thus far we have been able to show that migraine decompres-
sion surgery works and is safe, however what remains to be discussed
is the impact of these procedures on patients’ lives. As previously
mentioned, migraines rank second among the world’s causes of
disability.76 When a patient experiences a migraine, a plethora of
events can occur starting with a premonitory phase (prodrome) or an
aura.77 Patients can then experience pulsating, throbbing or pounding
head pain, which can be further aggravated by movement and is
associated with symptoms such as photophobia, sonophobia, osmo-
phobia, nausea, and vomiting.78 If left untreated the symptoms can
remain for hours and even days.78 Although medical management is
effective in managing a lot of these symptoms, there remains a
significant number of patients that are refractory to medical treat-
ment, and thereby constantly suffering.79 For this subset of patients,
migraine surgery offers an opportunity to ameliorate their symptoms,
improve their function, and increase their quality of life.

This review has several limitations. The first of which is that
we included varying levels of evidence (1–4) in our analysis.
Although we acknowledge that this introduces a limitation to our
analysis, due to the relative novelty of the field and in an attempt to be
as exhaustive as possible, we believe the benefit in including all the
outcome studies outweighs the limitation introduced due to the
varying levels of evidence. As mentioned earlier, several of the
included studies have the same senior authors and so, it is possible
that the same database was used several times. Therefore, we need to
interpret the meta-analyses with caution given the fact that some
participants could have been included in several studies and this may
overexaggerate the actual number of participants. Nevertheless, we
believe a meta-analysis provides higher level evidence that is impor-
tant for physicians and patients to base their clinical decisions. In
addition, as was discussed earlier, many of the studies addressed
multiple trigger sites in the same surgery which limits our ability to

Annals of Surgery � Volume 275, Number 2, February 2022 Efficacy and Safety of Migraine Surgery

� 2021 Wolters Kluwer Health, Inc. All rights reserved. www.annalsofsurgery.com | e321

http://links.lww.com/SLA/D278
http://links.lww.com/SLA/D278


 Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

assess the effectiveness of a specific trigger site deactivation. As
more evidence gets published on individual trigger sites, we believe
future reviews of specific trigger site deactivations will be warranted
to further improve our understanding of this promising domain.

CONCLUSIONS

Migraine surgery is a rapidly evolving field supported by a
plethora of clinical and anatomical research. The present systematic
review and meta-analysis demonstrates the overall effectiveness of
migraine surgery, defined as trigger site deactivation/decompression.
Although previous reviews on this topic have been published, this is
the first to perform a pooled analysis of complication rates, demon-
strating the overall safety of this procedure. Moreover, in addition to
reviewing clinical studies, this is the first review to encompass a
bibliometric analysis of anatomical studies that serves as a reference
for surgeons in training/junior surgeons in the field. In the absence of
large robust clinical, we believe meta-analyses such as this one can
inform clinical guidelines and provide practitioners with an evi-
dence-based reference to improve informed consent.
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