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phonophobia. Some patients with chronic migraine respond to
extra-cranial botulinum toxin type A injection, although the ben-
Migraine efits observed are temporary. The rationale for surgical trigger site
Migraine surgery deactivation is to achieve lasting symptomatic improvement or per-
Chronic migraine manent relief from migraine.

Methods: We performed a PRISMA-compliant systematic review
of clinical studies evaluating surgical intervention for migraine
by searching Ovid MEDLINE and EMBASE databases from in-
ception to June 2017. Studies were independently screened by
two authors. Data were extracted on study characteristics, mi-
graine outcomes, adverse events and recurrence. The quality of
evidence was assessed using the GRADE approach. The review
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protocol was prospectively registered on the PROSPERO database
(CRD42017068577).
Results: The search strategy identified 789 articles; of them, 18
studies (4 RCTs and 14 case series) were eligible for analysis. Surgi-
cal interventions were heterogeneous and variably involved periph-
eral nerve decompression by myectomy or foraminotomy, nerve ex-
cision, artery resection and/or nasal surgery. All studies reported
significant reductions in migraine intensity, frequency, duration and
composite headache scores following surgery. Study heterogene-
ity precluded formal meta-analysis. Where reported, adverse event
rates varied markedly between studies. The quality of included
studies was consistently low or very low.
Conclusion: There is insufficient evidence to support the effec-
tiveness of any specific surgical intervention for chronic migraine,
especially with regard to permanent relief; however, all included
studies report improvements in key outcomes following migraine
surgery. A definitive, well-powered RCT with objective surgical and
patient-reported outcome measures and robust adverse event re-
porting is required.
Crown Copyright © 2019 Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Migraine headache is a global phenomenon and affects more than 10% of the world’s population.!
It is the most common brain disorder and is characterised by moderate to severe unilateral headache
that may be accompanied by vomiting, nausea, photophobia and phonophobia.'? It is more common
than both diabetes mellitus and asthma.>* Women are more than twice as likely to suffer with mi-
graine than men, and it is more common in students and urban residents.! Approximately one third
of migraine sufferers are not helped by standard therapies.”® The economic effect of migraine is sig-
nificant, surpassing $13 billion per year in the United States alone, predominantly through the cost of
medicines and time off work.”

Patients experiencing headache on more than 15 days per month - where at least eight of these
headache days meet the criteria for migraine or respond to migraine-specific therapy - may be diag-
nosed with chronic migraine.® It is estimated that between 1.3% and 2.4% of the general population
suffers from chronic migraine and its additional socioeconomic and disability sequelae.”~?

A cohort of chronic migraine patients responded to a botulinum toxin type A injection adminis-
tered into specific anatomic extra-cranial locations. In the standard paradigm, the majority of these
injection sites are agnostic to the specific headache location in any one patient - although up to eight
further injections may then be given using a ‘follow the pain’ strategy. The PREEMPT studies provide
evidence supporting the effectiveness of both botulinum toxin and placebo injections for chronic mi-
graine, with greater improvement in the intervention group, in terms of headache days per month
and improved health-related quality of life.!3-16

The extra-cranial migraine trigger site concept differs from traditional concepts of migraine patho-
genesis, in that it describes the mechanical compression of an extra-cranial peripheral nerve by lo-
calised muscle activity, which usually corresponds to the area of onset of the headache. Numerous
extra-cranial trigger sites have been described in the literature around the cranio-facial regions, pos-
terior head and neck and nose.'”2! Consistent aberrant peripheral signalling through intermittent
nerve compression is thought to initiate centrally mediated migraine activity.?223 Botulinum toxin
injections at extra-cranial trigger sites cause paralysis of the surrounding muscle tissue and hence
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temporarily de-activate that specific trigger site. It is associated with low complication rates, but it
can only provide temporary relief.> Patients with chronic migraine responsive to botulinum toxin at
certain trigger sites may therefore be candidates for surgical intervention - especially if botulinum
toxin therapy becomes less effective over time or is associated with unwanted side effects.

A variety of surgical options for chronic migraine have been proposed, including peripheral nerve
decompression by myectomy or foraminotomy, nerve excision, artery resection and/or nasal surgery.
The premise of surgical deactivation of trigger sites through these methods is to ameliorate migraine
symptoms and achieve permanent deactivation of the trigger site.!7-24-26

Rationale

The effectiveness of surgical intervention for chronic migraine has been asserted by a number of
primary clinical studies.?6-2° However, to date, there has been no critical evaluation of the quality
of the evidence for migraine surgery or whether the available evidence supports its effectiveness.
Furthermore, the risk of adverse events is unclear. This systematic review of surgical interventions for
chronic migraine provides an objective assessment of the evidence and a descriptive analysis of its
effectiveness and adverse outcome rates.

Objectives

1. To evaluate the quality of evidence for the efficacy of surgical intervention for chronic migraine.

2. To determine the effect of surgical intervention on migraine intensity, frequency, duration and mi-
graine headache index (MHI) outcomes through pooled descriptive analysis.

3. To determine the risk of adverse events and migraine recurrence following surgical intervention
for chronic migraine.

Methods

The objective of this review was to assess the literature on surgical intervention for migraine with
a focus on identifying and evaluating outcome measures and adverse events in accordance using the
methodology described in the Cochrane Handbook of Systematic Reviews of Interventions, where ap-
plicable.?% This review has been performed in accordance with the PRISMA statement.?! A compre-
hensive review protocol was prospectively registered on the PROSPERO database (CRD42017068577).

Search methods

Studies were identified thorough a systematic literature search of all records in Ovid MEDLINE and
Ovid EMBASE from database inception to June 2017. The primary author (JCRW) completed both ‘free-
text term’ and ‘MeSH term’ searches by combining variations of the keywords ‘migraine’ and ‘surgery’
using Boolean operators.”® Only English language articles were considered. The search results were
merged, and duplicate citations were discarded. Titles and abstracts were screened in duplicate, and
studies unrelated to the research objective were discarded. The full text of each shortlisted paper was
read in full by each author independently to assess its eligibility for inclusion. The final list of included
studies was compared and discussed between all authors. The bibliographies of included papers and
previous reviews were examined to ensure all relevant studies had been considered. Any disparities
regarding inclusion of articles were resolved by consensus with reference to the pre-specified inclu-
sion criteria. Published data from included studies were scrutinised for reporting of outcomes. If rel-
evant data were not available for extraction, authors were contacted by email with a specific data
request.

Criteria for selecting studies

Study selection criteria were defined during the protocol stage and included all clinical studies of
surgical intervention for chronic migraine. Two authors (JCRW and JL) used a pre-specified, bespoke
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inclusion/exclusion Excel sheet to independently assess eligibility of studies. Case reports, letters, ed-
itorials, anatomical studies and literature reviews were excluded. Study participants were adults un-
dergoing surgical intervention for chronic migraine, diagnosed according to the International Classifi-
cation of Headache Disorders (ICHD) criteria or International Headache Society (IHS) guidelines where
possible.233 Studies of patients with headache other than migraine (including familial hemiplegic
migraine, supraorbital rim syndrome and cluster headache) were excluded. Studies were included if
they reported on any outcomes following surgery for migraine surgery, including operative outcomes,
patient-reported outcomes, recurrence rates and adverse outcomes. The quality of evidence was as-
sessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) ap-
proach.?4

Data extraction

Data collection and analysis were performed in accordance with the Cochrane Handbook of Sys-
tematic Reviews of Interventions where applicable.>? Data were extracted onto a pre-designed elec-
tronic form and included location of study, study design, sample size, age of participants, medical
comorbidity, migraine characteristics, presence of aura and length of post-operative follow-up. Out-
come data were extracted for migraine-specific outcomes, composite headache scores, patient-related
outcomes, migraine recurrence and adverse events. Our primary outcome was reduction in migraine
severity, based on continuous interval outcome measures and assessed on a visual analogue scale.
Secondary outcomes included migraine frequency, migraine duration and composite headache index
scores, as well as adverse event and recurrence rates. Two authors (JCRW and ]JL) extracted the data
in duplicate and independently checked the data set for accuracy.

Statistical analysis

We performed simple descriptive statistics for patient demographics. We used a narrative synthe-
sis to summarise the identified surgical and patient-related outcomes with reference to variations in
outcome definitions. Pooled rates were calculated for outcomes described by three or more studies to
give overall descriptive estimates of effects of surgery and adverse events. Formal meta-analysis was
not undertaken because of poor reporting of baseline data, intervention heterogeneity and inconsis-
tent outcome reporting.

Results
Search strategy

Our search strategy identified a total of 789 research articles, 97 of which were potentially rel-
evant to the research question. Of these 97 articles, 46 were read in full and 25 were deemed el-
igible for inclusion.!92425.27-29.35-53 Data were immediately available for extraction from 18 study
reports,!92425,27-29,42-53 The authors of the remaining seven studies were contacted with additional
requests including, as a minimum, baseline demographic data and absolute pre- and post-operative
migraine headache variables.?>~#! None of the authors were able to provide these data; these studies
were excluded and data were extracted from the remaining 18 studies (Figure 1, Table 1). Details of
the excluded studies are shown in Supplementary Table 1. In total, 18 study reports were included
from 17 distinct primary studies.

Study characteristics

The included studies were published between 1962 and 2017. Twelve studies were from re-
search groups in the USA, four from Europe (UK, Italy, Greece and Austria), one from Taiwan and
one from Iran. Thirteen of the studies were published in plastic surgery journals, two in craniofa-
cial/maxillofacial journals, one in a neurology journal and two in general journals. The median sam-
ple size was 35, with a range of 9-229 participants. Fourteen studies were retrospective observational
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Figure 1. PRISMA flowchart of study attrition.



Table 1
Characteristics of included studies.

Primary Number Number of . Follow-up
Author & Title Journal Country :e(:;‘g’; Surgical Intervention** Intervention Type of Patients (SD/rI;?\;e)"' MaIeH.aFtei;nale (mean,
Year* Patients (Subgroup) months)
Proceedings of .
1| Knight 1962 S“’g'caM‘i;::i";‘;“e"‘ of ‘Sh:cg“’ﬁ: UK Sase Unilateral superior cervieal sympathectomy | o/ p";f,::’;‘ omy) 10 43.4 (14.8) 3:1 .
Medicine -
The Therapeutic Result B
of Excision of the Journal of ase
2 Rapidis 1976 Superficial Temporal Maxillo-Facial Greece series Superficial temporal artery excision Artery (excision) 8 35.0 (9.9) 1.6:1 -
Artery in Atypical Surgery -
Migraine
SL{rgica\ treatrr;enl of Decompression of intranasal contact points -
3 Behin 2004 patients with refractory Cephalalgia USA Case using turbinectomy, ethmoidectomy, Nose 21 45 (21-73) 1:1.4 .
migraine headaches and series toplasty and maxill ntrostom -
intranasal contact points septoplasty a axillary antrostomy
Surgical Treatment of "
. Dirmberger Migraine Headaches by | ,Mastic and Avsti Case Glabel Muscl ’ 6 - 197 (13.9 146 128
2004 Corrugator Muscle ecgnstructlve ustria series abellar myectomy uscle (resection) .7 (13.9) 4. .
Resection urgery )
" " . Multiple trigger site deactivation using any -
Corgg;?nﬂgrneg;ii:rgcal Plastic and Case combination of the following: glabellar Muscle (resection)
5 Poggi 2008 R s Reconstructive USA N myectomy with zygomaticotemporal nerve e 18 41.0 (8.6) 1:9 16
elieve Migraine S series tet i and nerve excision .
Headaches urgery excision and/or occipital nerve
decompression
Indications and .
Outcomes for Surgical Plastic and
Treatment of Patients " Case Greater occipital nerve excision with/without . .
6 Ducic 2009 with Chronic Migraine Recgns!ructlve USA series lesser occipital nerve excision Nerve excision 206 i 45.0 (2.9) 1:4.4 -
Headaches Caused by urgery
Occipital Neuralgia
Multiple trigger site deactivation using any
Comprehensive Surgical combination of the following: glabellar
Guyuron 2005 Treatment of Migraine Plastic and myectomy, zygomaticotemporal nerve Muscle (resection) 89
7 Headaches Reconstructive USA RCT excision, occipital nerve decompression nerve (excision) | 108" 43.6 (21-63) 1112 60
Surgery and/or septoplasty with turbinectomy and nose surgery
Five-Year Outcome of
Guyuron 2011 Surgical Treatment of Control - no intervention 19
Migraine Headaches
Validation of the
Peripheral Trigger Point Multiple trigger site deactivation using any -
Theory of Migraine ) combination of the following: glabellar )
Headaches: Single- Plastic and Case myectomy, zygomaticotemporal nerve Muscle (resection),
8 Janis 2011 S - Reconstructive USA . o by " nerve (excision) 24 44.4 (23.2-66.5) 1:23 55
urgeon Experlence Surge series excision, OCCIDI‘a' nerve decompresslon and nose surge ~
Using Botulinum Toxin gery and/or septoplasty (with/without gery
and Surgical turbinectomy)
Decompression
Clinical Outcomes Glabellar myectomy with supraorbital 43 425 (15)
following Supraorbital Plastic and Case foraminotomy Muscle (resection) : )
9 Chepla 2012 Foraminotomy for Reconstructive USA N - 86 1:42 12
series and foraminotomy
Treatment of Frontal Surgery Glabellar myectomy 43 46.5(1.9)
Migraine Headache
10 Chmielewski The Role of Occipital Plastic and USA Case Greater occipital nerve decompression with Nerve 170 55 45.9 18 12
2013 Artery Resection in the Reconstructive series occipital artery resection (decompression) B 3

(continued on next page)
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Table 2

Diagnostic criteria.
Primary author & Diagnostic Length of migraine history Pre-operative migraine trigger Clinician**  No. of trigger
year criteria* (months, SD/range) point identification sites™*

Clinical Imaging Interventional

Knight 1962 - 152 (108) Clinical - - - 1-2 (U/L)
Rapidis 1976 - 48 (31) Clinical - LA - 1 (U/L)
Behin 2004 ICDH1 132 (3-480) Clinical CT LA ENT 3-6 (U/L)
Dirnberger 2004  [HS - - - - - 1 (B/L)
Poggi 2008 [HS - Clinical - Botox Neurologist 1-4 (U/L)
Ducic 2009 [HS 204 (111) Clinical - Botox/LA Neurologist 1-2 (B/L)
Guyuron 2005 IHS - Clinical - Botox Neurologist 1-4 (B/L)
Guyuron 2011

Janis 2011 [HS - Clinical - Botox - 1-4 (B/L)
Chepla 2012 - - Clinical - - - 1-4 (B/L)
Chmielewski 2013 - - Clinical - - - 1-4 (B/L)
Lee 2013 - - Clinical - - - 1-4 (B/L)
Gferer 2014 - - Clinical - Botox Neurologist 1-3 (B/L)
Guyuron 2015 ICDH2 - Clinical - Botox Neurologist 1 (B/L)
Lin 2015 - >120 Clinical - - - 1 (B/L)
Edoardo 2015 ICDH2 - Clinical - - Neurologist 1 (B/L)
Omranifard 2016  [HS - Clinical CT Botox Neurologist 1-4 (B/L)
Ascha 2017 - - Clinical - Botox Neurologist 1-4 (B/L)

SD - standard deviation.
ICHD - International Classification of Headache Disorders.
IHS - International Headache Society guidelines (exact criteria not specified).
U/L - unilateral.
B/L - bilateral.
ENT - ear, nose and throat surgeon.
LA - local anaesthetic.
CT - computed tomography scan.
Blank cells (-) indicate not specified by authors.
* Diagnostic criteria provided in as much detail as specified in paper - e.g., specific ICHD criteria vs IHS guidelines vs un-
specified.
** Clinician diagnosing chronic migraine.
** Number of discrete surgical sites listed per side; e.g., 1-4 (B/L) indicates one-to-four sites per hemicranium (i.e., between
two and eight total operative sites); U/L indicates surgery on one side only.

case series and three were prospective RCTs, one of which published two reports of the same trial,
one containing data at one-year follow-up and one at five-year follow-up.??> The follow-up periods
were not reported in five included studies. In the other studies, the follow-up periods ranged from 6
months to 5 years but were most commonly 12 months or longer.

Across all studies, the median age was 44 years (range 35-51 years) with a female preponderance
in all but one study.?* Nine of the included studies reported using an established diagnostic clas-
sification system for migraine: six used IHS guidelines and three used a specific ICHD classification
(Table 2).

The remaining eight studies did not report on whether the diagnosis of migraine was made with
reference to any diagnostic criteria. The clinician making a diagnosis of migraine was specified in 10
studies: in nine of these, this was a board-certified neurologist, and in the remaining one study, this
was an ear, nose and throat surgeon. One study did not report on how the diagnosis of migraine was
made.*® Only five studies reported on the pre-intervention length of migraine history, which ranged
from 48 to 204 months. Only six studies reported on pre-intervention medication usage.

Trigger point identification methods varied between studies. Five studies used clinical assessment
in isolation to guide operative site selection. History and examination findings were further investi-
gated by a trial of local anaesthetic or botulinum toxin injections in 11 studies and adjunct computed
tomography imaging in two.
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Interventions

A number of trigger sites were identified and operated on across the included studies. Four stud-
ies evaluated unilateral trigger site deactivation only; the remaining 13 studies surgically deactivated
identified trigger sites bilaterally. This appears to be a more recent trend, as no studies since 2009
have used a unilateral approach (Table 2). Five studies evaluated a single trigger site, whereas 12 per-
formed between 1 and 6 trigger site deactivations synchronously.

Surgical interventions were extremely heterogeneous both within studies and between studies
(Table 1). Only six of the studies evaluated a single surgical intervention; the other studies involved
more complex surgical interventions, with some including up to six different procedures in the treat-
ment group. In these studies, each patient received a different overall intervention consisting of mul-
tiple synchronous procedures. Four studies focussed solely on extracranial peripheral nerves, with in-
terventions directed at the superior cervical sympathetic chain, the zygomaticotemporal nerve, the
auriculotemporal nerve and the greater and lesser occipital nerves. Two studies looked solely at re-
section of the glabellar muscle group in isolation. One study evaluated the effect of excision of the
superficial temporal artery in isolation. The remaining studies involved, in various combinations, sur-
gical interventions directed at nerves, arteries, muscle groups and nasal structures. Surgery on nasal
structures typically involved a combination of selective turbinectomy and/or septoplasty. One study
included additional sinus surgery (in this case, ethmoidectomy and maxillary antrostomy). The three
RCT study populations each had different intervention and control groups; therefore, the data could
not be synthesised in a meta-analysis.

GRADE assessment

All included studies were evaluated against the validated Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE) standards.>* A summary of the quality of evidence for
each study, with reasons, is detailed in Table 3.

The overwhelming majority of the literature on migraine surgery is based upon ‘low’- or ‘very low’-
quality observational data. Owing to a paucity of high quality evidence, no studies were excluded from
the data set following GRADE assessment.

Most observational studies were based on small cohorts of patients undergoing surgical interven-
tion for migraine in a single centre. Although these studies typically report similar improvements in
the outcome measures assessed, their conclusions are limited by small sample sizes without evidence
of preparatory power calculation, unclear enrolment methods, variability in the surgical intervention
offered and poor follow-up (Table 3). In a number of studies, the diagnostic criteria for migraine are
not specified.2429:4244454950.53 Without a clearly defined patient population, these studies have lim-
ited generalisability and do not explicitly identify patients who may benefit from migraine surgery.
This is confounded by significant between-study variation in the pre-intervention workup: for exam-
ple, a proportion of studies used a positive response to botulinum toxin as part of the eligibility crite-
ria, whereas others did not.242943-46485053 Similarly, surgical intervention for migraine is assumed to
be appropriate only for treatment-refractory cases (i.e. in those patients who fail to respond to multi-
modal best medical therapy or non-invasive options). However, most studies do not report on previous
medication use or length of migraine history.!9:2>.27.2844-4648-52' A number of studies failed to report
on adverse outcomes, raising the possibility of selective outcome reporting.>42829:43-46505153 In gep-
eral, recent studies have typically used nerve decompression approaches - it is unclear as to what
extent this is comparable with older studies using alternative surgical interventions (e.g. superficial
temporal artery excision or cervical sympathectomy).24>3

The three randomised controlled trials (RCTs) were assessed according to GRADE standards with
additional consideration given to CONSORT Statement guidelines.>*>* One of these trials failed to re-
port complete baseline data.2>2’ Another study using a side-specific randomisation protocol failed to
account for correlation in their data set and appeared to apply contradictory statistical tests.?® Two
RCTs did not adequately describe their patient enrolment criteria or randomisation methodology.28>!
In the two studies, where a surgical treatment arm was compared with a no-intervention control arm,
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Table 3
GRADE criteria.
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Primary author & year

Study design

Methodological limitations

Grade score

Knight 1962

Rapidis 1976

Behin 2004

Dirnberger 2004

Poggi 2008

Ducic 2009

Guyuron 2005
Guyuron 2011

Janis 2011

Chepla 2012

Chmielewski 2013

Lee 2013

Gferer 2014

Guyuron 2015

Lin 2015

Edoardo 2015

Omranifard 2016

Ascha 2017

Observational - Retrospective

Observational - Retrospective

Observational - Retrospective

Observational - Retrospective

Observational - Retrospective

Observational - Retrospective

RCT

Observational - Retrospective

Observational - Retrospective

Observational - Retrospective

Observational - Retrospective

Observational - Retrospective

RCT

Observational - Retrospective

Observational - Retrospective

RCT

Observational - Retrospective

Very small study size no statistical data migraine
diagnosis unclear no description of surgical
methods variable surgical intervention variable
length of follow-up subjective outcome
assessment no adverse outcome reporting

Very small study size no statistical data migraine
diagnosis unclear subjective outcome
assessment no adverse outcome reporting

Migraine diagnosis unclear unclear patient
enrolment non-validated outcome measures
loss to follow-up no adverse outcome reporting

Leading outcome measure questions post-hoc
sub-group analysis selective outcome reporting
non-validated outcome measures incomplete
reporting of absolute data inadequate length of
follow-up no adverse outcome reporting

Small study size non-validated outcome
measures inadequate methodological detail
variable surgical intervention risk of
participant recall bias

Migraine diagnosis unclear variable surgical
intervention

Randomisation not described no power
calculation unspecified control group medical
therapy loss to follow-up selective participant
exclusion from statistical analysis significant
improvements in control group (regression to
the mean)

Small study size selective patient enrolment loss
to follow-up non-validated outcome measures
Variable anatomy between control and treatment
groups unspecified method for control group

inclusion no adverse outcome reporting

Unbalanced baseline migraine symptoms
unspecified method for control group inclusion
heterogeneous results multiple retrospective
analyses no adverse outcome reporting

Selective outcome reporting no adverse outcome
reporting

Small study size selective outcome reporting
inclusion of re-interventions in statistical
analysis conflicting results compared with
external study control

Selective patient enrolment outcomes analysed
per site rather than per patient unclear
application of statistical tests

Small study size unclear patient enrolment
sparse data inadequate length of follow-up
inadequate description of diagnostic work-up
no adverse outcome reporting

Small study size sparse data unclear migraine
diagnosis - variable headache syndromes loss
to follow-up selective outcome reporting
statistical comparison to unrelated study

Small study size no power calculation unclear
patient enrolment randomisation not described
unblinded results significant improvements in
control group (regression to the mean)

Unclear patient enrolment loss to follow-up
variable pre-operative work up lack of
site-specific data

Very low

Very low

Very low

Very low

Very low

Low

Low

Very low

Low

Very low

Low

Low

Low

Very low

Very low

Low

Low
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Table 4
Migraine intensity.
Primary author & year Baseline migraine intensity Post-intervention migraine intensity
VAS score SD VAS score SD
Knight 1962 - - 50% experienced less intense MH symptoms** -
Rapidis 1976 - - 87.5% experienced complete resolution of MH -
symptoms**
Behin 2004 7.8 1.5 3.6 3.7
Dirnberger 2004 - - 63% experienced reduction or resolution of MH -
symptoms**
Poggi 2008 8.0 79 6.0 438
Ducic 2009 7.9 14 19 1.8
Guyuron 2005* 8.5 12 4.5 3.2
Guyuron 2011*
Janis 2011 73 21 33 2.5
Chepla 2012 83 0.2 5.0 0.3
Chmielewski 2013 8.0 2.9 4.7 3.1
8.2 1.9 41 3.7
Lee 2013 8.0 - 4.6 -
8.3 - 4.5 -
Gferer 2014 9.2 1.0 33 33
Guyuron 2015 6.8 0.3 2.6 0.8
7.0 0.3 2.9 0.8
Lin 2015 8.2 1.8 2.7 25
Edoardo 2015 - - - -
Omranifard 2016 83 0.3 4.1 0.2
Ascha 2017 - - - -

MH - migraine headache.
SD - standard deviation.
VAS - visual analogue scale, scored 0-10, where higher numbers indicate more severe symptoms.
Blank cells (-) indicate data not collected by authors.
All scores given to 1 dp (where appropriate).
* Migraine parameters provided at baseline and five-year follow-up.
** Detail as specified in paper.

statistically significant improvements were also noted in the control group, raising the possibility of
regression to the mean.2>"!

Migraine headache outcomes

Outcome reporting was variable, although pre- and post-operative migraine intensity, frequency,
duration and MHI scores were relatively consistently reported. In general, surgical intervention im-
proved scores across these outcomes. Migraine intensity, as measured on a visual analogue scale
(range 0-10), was reported in 13 studies and improved from a pooled average of 8.0 to 3.9 follow-
ing surgical intervention (Table 4).

Migraine frequency was measured in 11 studies and reduced from an average of 15.6 migraine
headaches per month to 5.1 (Table 5).

Migraine duration (days) was reported in eight studies, with an average pre-operative duration of
0.9 and an average post-operative duration of 0.4 (Table 6).

Eight studies calculated a composite migraine headache index (MHI) by multiplying frequency, in-
tensity and duration scores; this improved from a pooled average of 115.2 preoperatively to 14.5 post-
operatively (Table 7).

Adverse outcomes and recurrence rates

Only 10 of the 18 included studies commented on adverse events (Table 8).
Of these, seven described variable rates of post-operative complications and three studies reported
no adverse events. The overall rate of adverse events was 11.6%, ranging from 0 to 38%. In the 14
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Table 5
Migraine frequency.
Primary author & year Baseline migraine frequency Post-intervention migraine frequency
MH/month SD MH/month SD
Knight 1962 >5 - - -
Rapidis 1976 - - - -
Behin 2004 17.7 11.2 7.7 7.6
Dirnberger 2004 45% >15, 40% 5-14, 15% 1-4** - 58.4% experienced >50% -
headache per day
reduction™*
Poggi 2008 119 9.3 13 29
Ducic 2009 - - - -
Guyuron 2005* 10.9 75 4 53
Guyuron 2011*
Janis 2011 16.5 111 3.8 6.5
Chepla 2012 139 0.9 5.9 0.8
Chmielewski 2013 19.3 8.4 9.9 9.8
14.6 9.4 51 76
Lee 2013 18.1 - 72 -
16.1 - 7.1 -
Gferer 2014 18.5 104 3.7
Guyuron 2015 14.2 1.8 19 0.7
14.6 18 22 0.8
Lin 2015 - - - -
Edoardo 2015 >15 - - -
Omranifard 2016 15.9 33 6.4 23
Ascha 2017 - - - -

MH - migraine headache.

SD - standard deviation.

Blank cells (-) indicate data not collected by authors.

All scores given to 1 dp (where appropriate).
* Migraine parameters provided at baseline and five-year follow-up.
** Detail as specified in paper.

studies, where complete elimination of migraine headache was reported, the average percentage of
patients with recurrence of migraine following surgery was 57% (range 13-92%). No studies reported
complete migraine elimination in all patients following surgery. A greater than 50% reduction in the
MHI score was a commonly reported indicator of surgery success; in the 10 studies where this was
reported, an average of 83.3% of participants achieved this threshold (range 71-95%).

Quality of life outcome measures

Assessment of additional generic and/or disease-specific patient-reported outcome measures was
beyond the scope of this review. However, only 5 included studies reported on patient outcomes
not directly related to the surgical intervention.!?2>2746:47.52 One study reported statistically signifi-
cant improvements using a previously validated migraine-specific disability assessment tool.2>2” The
remaining four studies described qualitative benefits using non-validated questionnaires.'?464752 No
included study used a generic quality of life or depression tool. Where reported, migraine surgery ap-
pears to be associated with quality of life improvements, although these findings must be interpreted
in the context of the quality of evidence provided.

Discussion

This paper describes the first PRISMA-compliant systematic review of surgical intervention for
chronic migraine. It provides a descriptive, critical synthesis of the literature with particular atten-
tion to migraine-specific outcome measures and adverse event rates. Overall, our review suggests
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Table 6
Migraine duration.
Primary author & year  Baseline migraine duration Post-intervention migraine duration
Days SD Days SD
Knight 1962 - - - -
Rapidis 1976 - - - -
Behin 2004 - - - -
Dirnberger 2004 - - - -
Poggi 2008 50% <24 h, 44% - - -
2 h-1 wk, 6% >1 wk**
Ducic 2009 - - - -
Guyuron 2005* 14 14 0.3 0.9
Guyuron 2011*
Janis 2011 1 09 05 0.4
Chepla 2012 11 0.1 0.4 0.5
Chmielewski 2013 0.7 07 04 0.7
12 14 0.4 0.9
Lee 2013 09 - 0.5 -
11 - 0.5 -
Gferer 2014 0.7 05 02 0.4
Guyuron 2015 04 0.1 0.2 0.04
0.4 0.1 0.1 0.04
Lin 2015 - - - -
Edoardo 2015 - - - -
Omranifard 2016 11 05 05 0.3
Ascha 2017 - - - -

MH - migraine headache

SD - standard deviation

hr - hour

wk - week

Blank cells (-) indicate data not collected by authors

All scores given to 1 dp (where appropriate)
* Migraine parameters provided at baseline and five-year follow-up.
** Detail as specified in paper.

that surgical trigger site deactivation leads to symptomatic benefits in appropriately selected patients
with chronic migraine, in that across all included studies, a positive intervention effect was observed.
Nonetheless, flawed research methodology throughout the literature prevents this review from defini-
tively supporting or refuting the hypothesis that surgical intervention is effective for chronic migraine.

All included studies reported an improvement in post-operative migraine intensity, with an average
reduction of nearly 50% - a figure consistent with that given in the three included RCTs. Similar im-
provements were seen across other disease-specific endpoints including migraine duration, frequency
and composite headache scores, although this should be interpreted in the context of the benefits of
placebo as seen in the PREEMPT trials.!3-16

Fourteen of the included studies were based on observational data. Significant methodological
flaws in nine of these studies meant that their evidence quality assessment was downgraded to ‘very
low’ according to GRADE criteria. Despite using a randomised trial design, the three prospective clin-
ical trials did not provide enough reliable data to allow us to conclusively achieve our second and
third review objectives, largely owing to flaws in trial methodology and intervention heterogeneity.
For example, Guyuron et al. randomised patients to a complex intervention (including facial muscle
resection, cranial nerve excision and/or nasal surgery - where each patient received a different com-
bination based on trigger sites) versus no intervention.2>2’ Each participant in the treatment group
therefore received an essentially different intervention, furthering the intra-group heterogeneity. A
number of other methodological flaws in the trial design are detailed in Table 2. The second RCT, also
conducted by Guyuron et al. was a quasi-randomised trial where the same patient received one treat-
ment on one hemi-cranium and the alternative intervention on the opposite side.28 There are issues
with this trial design, including difficulties when interpreting results and the importance of the unit
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Table 7
Migraine headache index scores.

Primary author & year  Baseline MHI Post-intervetion MHI

Score SD Score SD

Knight 1962 - - - -
Rapidis 1976 - - - -

Behin 2004 - - - -
Dirnberger 2004 - - - -
Poggi 2008 - - - -
Ducic 2009 287.0 14.9 24.0 11.8
Guyuron 2005 90.3 80.1 114 29.9
Guyuron 2011*

Janis 2011 106.6 89.7 103 28.2

Chepla 2012 114.0 133 18.8 3.6
Chmielewski 2013 - - _

Lee 2013 1303 - 25.6 -

107.7 - 274 -
Gferer 2014 99.4 95.7 101 18.0
Guyuron 2015 41.0 9.6 25 0.9

42.0 9.5 2.9 0.9
Lin 2015 - - - -
Edoardo 2015 - - - -
Omranifard 2016 1340 417 11.8 9.0
Ascha 2017 111.8 - 45.4 -

MHI - migraine headache index (calculated by frequency x intensity
x duration).
SD - standard deviation.
All scores provided to 1 dp.
* MHI scores provided at baseline and five-year follow-up.

of analysis.”>> Similar issues were encountered in the third RCT: here, Omranifard et al. evaluated a
complex intervention versus non-standardised medical therapy, again reducing the reliability of the
observed effects due to intra- and inter-group heterogeneity.”! These issues meant that the quality of
evidence provided by these RCTs was downgraded to low, using the GRADE approach.

Adverse event reporting was inconsistent and ranged from 0% to 38% in 10 studies. Inconsistent ad-
verse event reporting complicates interpreting this variability; indeed, the other seven studies did not
report on adverse events at all. Such inconsistency is concerning, particularly when considering the
proposed benefits of migraine surgery versus botulinum toxin regimens, which has consistently low
rates of adverse events. This must be considered a standard outcome in future research on migraine
surgery.

Extracranial migraine trigger site deactivation is based on the theoretical mechanism that surgical
intervention is able to make permanent the temporary effects of botulinum toxin. This is the rationale
for our evaluation of the ‘permanence’ of the surgical intervention, in terms of both migraine recur-
rence and complete elimination. Interestingly, there was a pooled average of 60% of study participants
who had recurrence of migraine after surgical intervention - i.e., only 40% of patients who underwent
surgical intervention achieved permanent symptomatic relief. In one paper, 92% of patients had re-
currence of symptoms following multiple trigger site deactivation.'® This was also seen in a similar
study involving multiple trigger site deactivation, where an 83% recurrence rate was observed.”> Only
in four studies was the rate of recurrence less than 50% during the follow-up period.28495153 How-
ever, some consider migraine to be a largely genetically determined disorder of brain biology that
cannot be cured, and therefore, modulatory interventions are required. Considering this concept, the
recurrence of symptoms may be unavoidable.

In contrast to the high rates of migraine recurrence, all studies reported symptomatic improve-
ment, with a pooled average of 83% of study participants achieving a greater than 50% reduction
in MHI scores. The migraine headache index (MHI) is a widely used tool that combines migraine
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Table 8
Recurrence of migraine and adverse outcomes.

Primary author & year Incomplete MH >50% Reduction in Adverse outcomes Adverse outcomes (type)
elimination® (% of patients) MHI (% of patients) (% of patients)

Knight 1962 - - - -

Rapidis 1976 13 - - -

Behin 2004 - - - -

Dirnberger 2004 72 - - -

Poggi 2008 83 - 28 Itching, numbness,
alopecia, asymmetric brow
elevation, corrugator
muscle contraction, ptosis,
frontalis contracture

Ducic 2009 57 81 1 Incisional cellulitis

Guyuron 2005 75 88 13 Nerve injury, neck

stiffness/weakness,
numbness, altered
sensation, haematoma
Guyuron 2011+
Janis 2011 92 71 38 Haematoma, paraesthesia,
alopecia, altered sensation

Chepla 2012 - - - -
Chmielewski 2013 62 80 - -
36 91 - -
Lee 2013 74 80 - -
71 81 - -
Gferer 2014 49 91 1 Numbness, itching
Guyuron 2015 42 95 0 -
47 84 0 -
Lin 2015 - - - -
Edoardo 2015 61 - 0 -
Omranifard 2016 36 76 0 -
Ascha 2017 48 82 25 Neck discomfort, itching,

altered sensation,
hypertrophic scar,
dehiscence

MHI - migraine headache index.

MH - migraine headache.

Blank cells (-) indicate not reported by authors.

All figures rounded to the nearest integer.
* Incomplete MH elimination defined as persistent migraine symptoms (i.e., <100% relief).
** Data at five-year follow-up.

duration, migraine intensity and migraine frequency to generate a composite outcome. The MHI
was initially developed to ensure compatibility of outcome measures between studies, including key
migraine-specific variables of interest. However, MHI scores from separate studies are very difficult to
compare statistically because of differences in the collection of baseline data and the inherent vari-
ability of each component of the MHI. In addition, extrinsic factors affecting one or more of these
subjectively assessed components are not accounted for. For example, if a patient used an abortive
medication, reducing the duration of the migraine attack, but not affecting its frequency or severity,
there will be an unrepresentative change in the overall MHI. This may act as a confounding factor
when measuring the effect of surgical intervention. The authors feel that the individual components
of the MHI, along with more objective measures of intervention effect, are best employed in the mi-
graine population.

Despite the methodological issues already described, the consistent improvement in migraine-
related outcomes demonstrates that, while surgery may not achieve permanence of the ‘Botox effect’,
it may be associated with symptomatic improvement for a period of time. The actual difference in
effectiveness at improving symptoms between botulinum toxin alone versus surgery remains to be
proven in an adequately powered clinical trial.”® Of note, of the 15 studies using an extracranial nerve
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deactivation strategy, only nine employed preoperative response to botulinum toxin or local anaes-
thetic as part of their trigger site identification algorithm.

This systematic review draws two key conclusions: 1. There is insubstantial evidence supporting
the effectiveness of surgical intervention for chronic migraine primarily due to flaws; 2. An analysis
of the current primary clinical research data suggests that surgical intervention may benefit appropri-
ately selected chronic migraine patients. Considering these findings, the authors believe that an ade-
quately powered, randomised clinical trial of a well-defined surgical intervention for migraine com-
pared to botulinum toxin and/or placebo is needed. It should include a variety of outcome measures
including objective measures of effect, validated generic and migraine-specific patient-reported out-
come measures and comprehensive reporting of adverse event and recurrence rates. Follow-up will
need to be of sufficient length to compare the longevity of surgical intervention versus botulinum
toxin. This proposed trial could provide definitive evidence for clinicians and patients alike, ensuring
best practice and fully informed consent.

Strengths and limitations

This systematic review is the first PRISMA-compliant, prospectively registered, critical assessment
of the evidence base for migraine surgery. Throughout, we have focused on sound systematic review
methodology to present an unbiased and scientific assessment of the body of knowledge for migraine
surgery. Our search strategy included a broad range of study types to capture all relevant reports
of primary clinical research, enabling a global evaluation of the topic. Although we were unable to
perform statistical meta-analysis, our descriptive analysis allows an overview of the likely effect of a
variety of surgical interventions, with a snapshot of the rates of recurrence and adverse events. This
review also identifies specific flaws that have affected the reliability of migraine surgery research to
date, with a view to providing direction towards definitive, clinically meaningful research.

This review was limited by a paucity of methodological quality in included studies, heterogeneous
interventions and inconsistent outcome reporting. Variability in baseline data, intervention data and
outcome data precluded formal meta-analysis. The authors of 7 studies eligible for inclusion were
contacted with requests for additional data to enable data extraction. The data requested from these
7 studies included baseline demographics, preoperative migraine data and post-operative outcome
data. Unfortunately, none of the authors of these papers were able to provide data, which signifi-
cantly reduced our final cohort of included studies. These limitations prevent the authors from pro-
viding definitive clinical recommendations either for or against migraine surgery, based on the current
evidence.

Conclusion

The current literature supporting surgical intervention for chronic migraine is insufficient to pro-
vide reliable guidance for clinicians. All 18 of the studies included in our review suggest a benefi-
cial effect of surgical intervention for migraine in selected patients; however, methodological flaws
throughout the literature reduce the reliability of these findings. According to the GRADE approach,
we cannot definitively state that surgery for migraine is effective for relief of symptoms. Migraine
surgery is an evolving field and future research should build on deficiencies in the current literature.
A definitive, multicentre trial of migraine surgery will provide substantive evidence to guide patients
and clinicians.

Funding

JCRW is an NIHR Academic Clinical Fellow. This research is supported by the National Institute for
Health Research (NIHR) infrastructure at NDORMS. The views expressed are those of the author(s) and
not necessarily those of the NHS, the NIHR or the Department of Health and Social Care. No funding
was directly received for the development of this manuscript.



J.CR. Wormald, J. Luck and B. Athwal et al./JPRAS Open 20 (2019) 1-18 17

Conflict of interest

Thomas Muehlberger is founder of the Migraine Surgery Centre, London, UK.

Contributor’s statement

All authors named above actively contributed to the production and completion of this manuscript

in the following roles, as pre-defined in the protocol stage:

Mr. Justin C R Wormald
Roles: review protocol design and registration, search strategy design and execution, study screen-

ing, data extraction, data analysis, manuscript drafting and completion, primary author.

Dr. Joshua Luck

Roles: study screening, data extraction, data analysis, manuscript drafting and completion.

Dr. Bal Athwal

Roles: review protocol design, specialist neurology input, manuscript drafting and completion.

Mr. Thomas Muehlberger

Roles: review protocol design, specialist migraine surgery input, manuscript drafting and comple-

tion.

Prof. Afshin Mosahebi
Roles: review protocol design, manuscript drafting and completion, senior author and project over-

seer.

Supplementary materials

Supplementary material associated with this article can be found, in the online version, at

doi:10.1016/j.jpra.2019.01.002.

References

1

2.

PN 0

[<=}

10.

11.

12.
13.

14.

15.

16.

17.

18.
19.

Woldeamanuel YW, Cowan RP. Migraine affects 1 in 10 people worldwide featuring recent rise: A systematic review and
meta-analysis of community-based studies involving 6 million participants. ] Neurol Sci. 2017;372:307-315.

Akerman S, Romero-Reyes M, Holland PR. Current and novel insights into the neurophysiology of migraine and its implica-
tions for therapeutics. Pharmacol Ther. 2017;172:151-170.

3. Wild S, Roglic G, Green A, et al. Global prevalence of diabetes. Diabetes Care. 2004;27(5):1047.
4.

World Health Organisation (WHO): Chronic respiratory diseases - Asthma. Secondary WHO: Chronic respiratory diseases -
Asthma 2016. http://www.who.int/respiratory/asthma/en/

. D’Amico DLM, Grazzi L, Bussone G. When should “chronic migraine” patients be considered “refractory” to pharmacological

prophylaxis? Neurol Sci. 2008;29:55-58.

Dodick DW. Triptan nonresponder studies: Implications for clinical practice. Headache. 2005;45:156-162.

Goldberg LD. The cost of migraine and its treatment. Am | Manag Care. 2005;11:62-67.

Olesen ] BM, Diener HC, et al. New appendix criteria open for a broader concept of chronic migraine. Cephalalgia.
2006;26:742-746.

. Lantéri-Minet M, Auray JP, El Hasnaoui A, et al. Prevalence and description of chronic daily headache in the general popu-

lation in France. Pain. 2003;102:143-149.

Buse D, Manack A, Serrano D, et al. Sociodemographic and comorbidity profiles of chronic migraine and episodic migraine
sufferers. J Neurol Neurosurg Psychiatry. 2010 Apr;81(4):428-432.

Bigal ME, Serrano D, Reed M, Lipton RB. Chronic migraine in the population: burden, diagnosis, and satisfaction with treat-
ment. Neurology. 2008;71:559-566.

Dodick DW. Clinical practice: chronic daily headache. N Engl ] Med. 2006;354:158-165.

Whitcup SM, Turkel CC, DeGryse RE, Brin MF. Development of onabotulinumtoxinA for chronic migraine. Ann N Y Acad Sci.
2014 Nov;1329:67-80.

Aurora SK, Dodick DW, Turkel CC, et al. OnabotulinumtoxinA for treatment of chronic migraine: Results from the dou-
ble-blind, randomized, placebo-controlled phase of the PREEMPT 1 trial. Cephalalgia. 2010;30(7):793-803.

Diener HC, Dodick DW, Aurora SK, et al. OnabotulinumtoxinA for treatment of chronic migraine: Results from the dou-
ble-blind, randomized, placebo-controlled phase of the PREEMPT 2 trial. Cephalalgia. 2010;30(7):804-814.

Dodick DW, Turkel CC, DeGryse RE, et al. OnabotulinumtoxinA for treatment of chronic migraine: pooled results from the
double-blind, randomized, placebo-controlled phases of the PREEMPT clinical program. Headache. 2010;50(6):921-936.
Guyuron B, Varghai A, Michelow B]J, et al. Corrug ator supercilii muscle resection and migraine headaches. Plast Reconstr
Surg. 2000;106(2):429-434.

Behin F, Behin B, Behin D, Baredes S. Surgical management of contact point headaches. Headache. 2005;45(3):204-210.
Janis JE, Dhanik A, Howard JH. Validation of the peripheral trigger point theory of migraine headaches: single-surgeon
experience using botulinum toxin and surgical decompression. Plast Reconstr Surg. 2011;128(1):123-131.


https://doi.org/10.1016/j.jpra.2019.01.002
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0001
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0001
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0001
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0002
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0002
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0002
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0002
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0003
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0003
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0003
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0003
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0003
http://www.who.int/respiratory/asthma/en/
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0004
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0004
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0004
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0004
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0005
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0005
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0006
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0006
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0007
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0007
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0007
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0007
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0008
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0008
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0008
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0008
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0008
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0009
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0009
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0009
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0009
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0009
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0010
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0010
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0010
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0010
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0010
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0011
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0011
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0012
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0012
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0012
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0012
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0012
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0013
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0013
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0013
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0013
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0013
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0014
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0014
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0014
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0014
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0014
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0015
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0015
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0015
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0015
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0015
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0016
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0016
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0016
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0016
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0016
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0017
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0017
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0017
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0017
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0017
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0018
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0018
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0018
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0018

18

20.
21.

22.
23.

24.
. Guyuron B, Kriegler JS, Davis ], et al. Comprehensive surgical treatment of migraine headaches. Plast Reconstr Surg.

26.
27.

28.

29.
30.

31

35,
36.
37.
38.
39,
40.
4.
42,
43,
44,
45,
46.
47,

48.
. Gfrerer L, Maman DY, Tessler O, et al. Nonendoscopic deactivation of nerve triggers in migraine headache patients: surgical

50.
51.
52.
53.
54.
55.

56.

J.CR. Wormald, J. Luck and B. Athwal et al./JPRAS Open 20 (2019) 1-18

Mathew PG. A critical evaluation of migraine trigger site deactivation surgery. Headache. 2014 Jan;54(1):142-152.

Punjabi A, Brown M, Guyuron B. Emergence of secondary trigger sites after primary migraine surgery. Plast Reconstr Surg.
2016;137(4).

Gazerani P, Staahl C, Drewes AM, Arendt-Nielsen L. The effects of botulinum toxin type A on capsaicin-evoked pain, flare,
and secondary hyperalgesia in an experimental human model of trigeminal sensitization. Pain. 2006;122:315-325.

Aoki KR. Review of a proposed mechanism for the anti-nociceptive action of botulinum toxin type A. Neurotoxicology.
2005;26(5):785-793.

Knight G. Surgical treatment of migraine. Proc R Soc Med. 1962;55:172-176.

2005;115(1):1-9.

Janis JE. Confirmation of surgical decompression to relieve migraine headaches. Plast Reconstr Surg. 2008;122(1):123-124.
Guyuron B, Kriegler ]S, Davis ], et al. Five-year outcome of surgical treatment of migraine headaches. Plast Reconstr Surg.
2011;127(2):603-608.

Guyuron B, Harvey D, Reed D. A prospective randomized outcomes comparison of two temple migraine trigger site deacti-
vation techniques. Plast Reconstr Surg. 2015;136(1):159-165.

Lin SH, Lin HC, Jeng CH, et al. Experience of surgical treatment for occipital migraine in Taiwan. Ann Plast Surg. 2016;76(1).
Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews of interventions. The Cochrane Collaboration; 2011 Ver-
sion 5.1.0 [updated March 2011]Available from http://handbook.cochrane.org.

Moher D, Liberati A, Tetzlaff ], et al. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. PLoS Med. 2009;6(7).

. Olesen ]. The international classification of headache disorders. (ICHD-II). Rev Neurol (Paris). 2005;161(6-7):689-691.
. Olesen ], Lipton RB. Migraine classification and diagnosis. International Headache Society criteria. Neurology. 1994;44:56-10.
. Guyatt GH, Oxman AD, Vist GE, et al. Rating quality of evidence and strength of recommendations: GRADE: an emerging

consensus on rating quality of evidence and strength of recommendations. BMJ. 2008;336(7650):924.

Ducic I, Felder JM, Khan N, et al. Greater occipital nerve excision for occipital neuralgia refractory to nerve decompression.
Ann Plast Surg. 2014;72(2):184-187.

Guyuron B, Reed D, Kriegler ]S, et al. A placebo-controlled surgical trial of the treatment of migraine headaches. Plast
Reconstr Surg. 2009;124(2):461-468.

Larson K, Lee M, Davis ], et al. Factors contributing to migraine headache surgery failure and success. Plast Reconstr Surg.
2011;128(5):1069-1075.

Lineberry K, Lee M, Monson A, et al. Intraoperative corticosteroid injections in migraine surgery: efficacy in preventing
refractory symptoms. Plast Reconstr Surg. 2015;135(2):393-396.

Liu MT, Armijo BS, Guyuron B. A comparison of outcome of surgical treatment of migraine headaches using a constellation
of symptoms versus botulinum toxin type A to identify the trigger sites. Plast Reconstr Surg. 2012;129(2):413-419.

Liu MT, Chim H, Guyuron B. Outcome comparison of endoscopic and transpalpebral decompression for treatment of frontal
migraine headaches. Plast Reconstr Surg. 2012;129(5):1113-1119.

Punjabi A, Brown M, Guyuron B. Emergence of secondary trigger sites after primary migraine surgery. Plast Reconstr Surg.
2016;137(4):712-716.

Ascha M, Kurlander DE, Sattar A, et al. In-depth review of symptoms, triggers, and treatment of occipital migraine
headaches (Site IV). Plast Reconstr Surg. 2017;139(6):1333-1342.

Behin F, Behin B, Bigal ME, et al. Surgical treatment of patients with refractory migraine headaches and intranasal contact
points. Cephalalgia. 2005;25(6):439-443.

Chepla KJ, Oh E, Guyuron B. Clinical outcomes following supraorbital foraminotomy for treatment of frontal migraine
headache. Plast Reconstr Surg. 2012;129(4):656-662.

Chmielewski L, Liu MT, Guyuron B. The role of occipital artery resection in the surgical treatment of occipital migraine
headaches. Plast Reconstr Surg. 2013:131.

Dirnberger F, Becker K. Surgical treatment of migraine headaches by corrugator muscle resection. Plast Reconstr Surg.
2004;114(3):652-657.

Ducic I, Hartmann EC, Larson EE. Indications and outcomes for surgical treatment of patients with chronic migraine
headaches caused by occipital neuralgia. Plast Reconstr Surg. 2009;123(5):1453-1461.

Edoardo R, Giorgia C. Frontal endoscopic myotomies for chronic headache. J Craniofac Surg. 2015;26(3):201-203.

technique and outcomes. Plast Reconstr Surg. 2014;134(4):771-778.

Lee M, Lineberry K, Reed D, et al. The role of the third occipital nerve in surgical treatment of occipital migraine headaches.
J Plast Reconstr Aesthet Surg. 2013;66(10):1335-1339.

Omranifard M, Abdali H, Ardakani MR, Talebianfar M. A comparison of outcome of medical and surgical treatment of mi-
graine headache: In 1 year follow-up. Adv Biomed Res. 2016;5:121.

Poggi JT, Grizzell BE, Helmer SD. Confirmation of surgical decompression to relieve migraine headaches. Plast Reconstr Surg.
2008;122(1):115-122.

Rapidis AD. The therapeutic result of excision of the superficial temporal artery in atypical migraine. ] Maxillofac Surg.
1976;4(3):182-188.

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: Updated guidelines for reporting parallel group randomised
trials. BMC Med. 2010;8(1):18.

Wade RG, Bland JM, Wormald JCR, et al. The importance of the unit of analysis. | Plast Reconstr Aesthet Surg.
2016;9(69):1299-1300.

Diener HC, Bingel U. Surgical treatment for migraine: Time to fight against the knife. Cephalalgia. 2015;35(6):465-468.


http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0019
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0019
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0020
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0020
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0020
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0020
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0021
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0021
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0021
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0021
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0021
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0022
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0022
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0023
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0023
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0024
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0024
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0024
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0024
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0024
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0025
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0025
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0026
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0026
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0026
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0026
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0026
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0027
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0027
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0027
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0027
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0028
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0028
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0028
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0028
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0028
http://handbook.cochrane.org
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0030
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0030
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0030
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0030
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0030
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0031
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0031
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0032
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0032
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0032
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0033
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0033
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0033
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0033
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0033
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0034
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0034
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0034
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0034
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0034
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0035
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0035
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0035
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0035
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0035
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0036
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0036
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0036
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0036
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0036
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0037
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0037
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0037
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0037
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0037
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0038
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0038
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0038
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0038
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0039
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0039
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0039
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0039
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0040
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0040
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0040
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0040
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0041
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0041
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0041
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0041
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0041
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0042
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0042
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0042
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0042
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0042
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0043
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0043
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0043
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0043
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0044
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0044
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0044
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0044
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0045
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0045
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0045
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0046
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0046
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0046
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0046
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0047
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0047
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0047
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0048
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0048
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0048
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0048
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0048
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0049
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0049
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0049
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0049
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0049
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0050
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0050
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0050
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0050
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0050
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0051
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0051
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0051
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0051
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0052
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0052
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0053
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0053
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0053
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0053
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0054
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0054
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0054
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0054
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0054
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0055
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0055
http://refhub.elsevier.com/S2352-5878(19)30002-6/sbref0055

	Surgical intervention for chronic migraine headache: A systematic review
	Introduction
	Rationale
	Objectives

	Methods
	Search methods
	Criteria for selecting studies
	Data extraction
	Statistical analysis

	Results
	Search strategy
	Study characteristics
	Interventions
	GRADE assessment
	Migraine headache outcomes
	Adverse outcomes and recurrence rates
	Quality of life outcome measures

	Discussion
	Strengths and limitations

	Conclusion
	Funding
	Conflict of interest
	Contributor’s statement
	Supplementary materials
	References


