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Prevention

Background: Migraine headache is a debilitating disorder that produces high
costs and compromises patient quality of life. This study aimed to evaluate sur-
gery success and the longevity of the surgical benefit by trigger site.

Methods: A systematic literature review was performed by querying the
PubMed, Embase, Scopus, and Web of Science databases. The keywords “sur-
gery,” “migraine,” “outcomes,” “headache index,” and synonyms in titles and
abstracts were used to perform the search.

Results: A total of 17 articles published between 2009 and 2019 met the inclu-
sion criteria. Six studies were prospective and 11 were retrospective. Most of
the studies (77.8%, 77.8%, and 80%, respectively) reported success of migraine
surgery at 12-month follow-up for trigger sites I, II, and III, respectively. For
trigger site IV, the greatest Migraine Headache Index reduction (93.4%) was
observed at 12-month follow-up, and the earliest Migraine Headache Index
reductions (80.3% and 74.6%) were observed at 6-month follow-up. All stud-
ies that evaluated trigger sites V and VI identified surgery success at 12-month
follow-up. Migraine surgery was found to remain beneficial at 22 months for
trigger sites I, II, III, and IV.

Conclusions: The symptomatic improvement may initially be evident at 6
months for trigger site IV and at 12 months for trigger sites I, II, III, V, and
VI. Surgical benefit in trigger sites I, II, III, and IV can persist after 22 months.

” «

Further studies are required to evaluate results at longer follow-up.  (Plast.
Reconstr. Surg. 151: 120e, 2023.)
vasoactive peptides inducing local inflamma-

igraine headache is a debilitating dis-
order that causes considerable suffer-
ing."” It has an overall prevalence of
15.9% (10.7% in men and 20.6% in women) in
the United States.” Disability directly related to
migraine headache produces costs of more than
$13 billion each year in the United States. In
addition, admissions to the emergency depart-
ment for migraine headaches refractory to medi-
cal treatment carry a significant economic burden
up to a total of $1.2 billion per year.®
The definitive pathogenesis of migraine head-
ache remains unclear. It is suspected to be a con-
sequence of the activation and sensitization of
firstorder trigeminovascular neurons that release
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tion.’ This supports the use of medical treatment.
However, approximately 5% of patients present
refractory symptoms.” As a result, other therapies
such as botulinum toxin injections, selective nerve
blocks, and peripheral neurolysis have been tried
to improve symptoms with positive results.” These
findings have provided clinical evidence toward a
potential peripheral origin of some headaches: the
compression of sensory branches of trigeminal and
occipital nerves that supply the face and back of the
head.” Extracranial trigger sites have been identi-
fied as site I (frontal), site II (zygomaticotemporal),
site III (rhinogenic), site IV (greater occipital), site
V' (auriculotemporal), site VI (lesser occipital),
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and site VII (nummular).'*!! Deactivation of these
peripheral trigger sites has been shown to improve
symptoms.'**" Despite significant results after sur-
gery, the differences in success rates and the sub-
jective report of surgical outcomes in some studies
have limited evaluation of its efficacy. Many of these
patients undergo deactivation of nerves in multiple
trigger sites; thus, determination of surgery success
by specific trigger site has been difficult to report.
In addition, there is no strong evidence yet to deter-
mine the time after surgery of significant improve-
ment by trigger site. By evaluating the time in which
surgery success occurs, we might predict surgical
outcomes more accurately. The purpose of this
study was to summarize the current evidence, evalu-
ate migraine surgery success by trigger site, and give
an approximation of the surgical benefit over time.

Study Selection

Our systematic review included all studies
evaluating the efficacy of migraine surgery over

Table 1. Population, Intervention, Control, Outcome,
Study Design Inclusion Criteria

Population  Adult patients diagnosed with migraine
headache

Intervention Migraine surgery at one or more trigger points

Control No need for control group

Outcomes Surgical outcomes (MHI and/or MH reduc-
tion success rate) by trigger site

Study design  All retrospective and prospective studies

MHI, Migraine Headache Index; MH, migraine headache.

time by trigger site following the Population,
Intervention, Control, Outcome, Study Design/
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses®* guidelines for
article identification and final selection (Table 1
and Fig. 1).

Inclusion Criteria

® Adult patients diagnosed with migraine

headache.
¢ Studies reported preoperative and post-
operative  Migraine Headache Index

(MHI) and/or migraine headache (MH)

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

[ Identification of studies via other methods ]

Reports excluded:
Do not report MHI and/or
MH reduction by trigger
site (n =12)

v

[ Identification of studies via datab and reg| s
o
Records identified from*: Records removed before
c Databases: screening: : "
2 « PubMed (n=401) Duplicate records removed Recﬂ::;.‘::;?g:g;mm'
8 « EMBASE (n=545) o  (=817) Grganisations (1<0)
= « Scopus (n=23) i Records marked as ineligible Cltgllon searching (n=21)
_§ « Web of Science (n=1257) by automation tools (n=0) ke 9
- Records removed for other 3
Registers (n=0) reasons (n=0)
S
— l
Records screened »| Records excluded**
(n=1409) 1 (n=1374)
l Reports not retrieved v
-Systematic reviews (n=8)
Reports sought for retrieval -Case series (n=1) Reports sought for retrieval
@ (ni%S) v > -Study in adolescents (n=1) (n=l?|3) 9
= -Patients underwent nerve
E decompression before (n=1)
: I !
n
Reports assessed for eligibility _ Re"_‘l’}'lsni’;"r':g:::w, — Reports assessed for eligibility
(n=24) MH reduclion by trigger site (n=13)
(n=8)
v
b3
§ Studies included in review
E (n=17)

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers)
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021:372:n71.

doi: 10.1136/bmj.n71. For more information, visit: hitp://www prisma-statement org/

Fig. 1. Inclusion and exclusion criteria following Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines.

MHI, Migraine Headache Index; MH, migraine headache.
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reduction, or success rates by trigger site.
MHI was calculated by multiplying fre-
quency (days per month) by intensity (pain
visual analogue scale of 0 to 10) by duration
(as a fraction of 24 hours). MH reduction
was defined as a 50% or greater improve-
ment in migraine headache frequency,
duration, or severity. Migraine surgery suc-
cess was defined as a minimum 50% or
more reduction in the frequency, severity,
duration, or MHI.

¢ Studies looked for at least one of the follow-
ing peripheral trigger points for migraine:
sites I, 1T, III, IV, V, and VL.

* Patients were treated medically without sig-
nificant improvement of the pain.

® Primary data from prospective/retrospec-
tive observational studies and randomized
clinical trials.

Exclusion Criteria

¢ Patients who had undergone any other surgi-
cal procedures to treat migraine previously.

¢ Studies that evaluated the use of botulinum
toxin injection without surgery, narcotics
before surgery, intraoperative corticoste-
roids, radiosurgery, or nerve stimulation.

¢ Studies that did not report surgical out-
comes in terms of MHI and/or MH reduc-
tion or success rates.

® Review or systematic reviews of the litera-
ture, case reports, or case series.

Data Sources and Search Strategy

This systematic review was conducted
on June 7, 2021, by querying the PubMed,
Embase, Scopus, and Web of Science data-

bases. A search strategy was generated
using the following terms: (“surgery”[Title/
Abstract] OR “Nerve decompression”[Title/
Abstract] OR “Nerve release”[Title/Abstract]
OR “Muscle resection”[Title/Abstract])
AND (“Migraine”[Title/Abstract] OR
“Migraine Headache”[Title/Abstract] OR

“Neuralgia”[Title/Abstract]) AND (“outcomes”
[Title/Abstract] OR “headache index” [Title/
Abstract]). Identified studies were uploaded into
EndNote (Clarivate, London, United Kingdom).
References of reviews and systematic review arti-
cles on surgical outcomes were further reviewed
for eligibility. Articles were first screened manually
by one author (M.T.H.) and selected according to
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inclusion and exclusion criteria. First, studies were
reviewed based on the title and abstract. Second,
the full texts of the selected studies were screened
for the final selection. If there were question-
able articles to include, a second reviewer (J.E.].)
reviewed these articles according to selection cri-
teria, and both reviewers came to an agreement
for the final decision.

Quality Assessment

The reviewers assessed the level of evidence
of the included studies using the Oxford Center
for Evidence-Based Medicine. The quality of each
study was evaluated with the Newcastle-Ottawa
Scale. All articles were cohort studies, and most
of them (nine of 17) had a Newcastle-Ottawa
Scale score of 5 of 9 (Table 2).5'"%-%" These nine
studies lost 4 points (1 pointin selection, 2 points
in comparability, and 1 point in outcome), and
the remaining eight lost 3 points (1 point in out-
come and 2 points in comparability). The loss of
points in selection was attribtutable to the lack
of comparative group, whereas the loss of points
in comparability was attribtutable to the lack of
adjustment for confounders. All the studies were
found to be at risk of bias in outcomes given
the subjective report of pain improvement after

surgery.

Data Pooling and Data Analysis

All the data from the selected studies were
pooled. General description of the studies
included author, year, study design, number of
patients, age, trigger points addressed, type of
surgery, and complications (Table 2). Further
description considered number of trigger points
addressed, preoperative and postoperative MHI,
MHI or MH reduction, success rates, and follow-
up (Table 3).5'"*=7 MHI/MH reduction rates
were presented over time by trigger sites (Figs. 2
and 3). This evaluated the time when MHI and/
or MH reduction occurred.

A total of 2226 articles were identified from
the PubMed, Embase, Scopus, and Web of Science
databases, with 21 records from other sources.
From all these, only 17 articles met the inclu-
sion criteria (Fig. 1). All included studies were
published between 2009 and 2019 (Table 2). Six
studies'"**" were prospective and 11%*7 were
retrospective. The number of patients included in
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Table 2. Continued

Quality

OCEBM (Newcastle-

Level of
Evidence

Trigger Points

Age of
Patients

No. of

Ottawa

Study
Design

Complications

Addressed Surgery
Multiple sites

(yr)

Surgery:
45.1

Patients Sex

75 (surgery:

Scale)

Reference

All experienced paresthesia in the

Site I: removal of

Site I:

49, sham
surgery:
26)

6

Prospective

etal.
2009

Guyuron

immediate postoperative period
Numbness 1 yr postoperatively (n

the glabellar

muscles
Site II: endoscopic

1)

Temporal hollowing (7

Surgery: 19
Sham: 10

Site II:

range:
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Neck stiffness 1 yr postoperatively
(n=1)

muscle medial
to the GON was

removed

OCEBM, Oxford Center for Evidence-Based Medicine; F, female; M, male; LON, lesser occipital nerve; ND, not determined; ZT, zygomaticotemporal; BTA, botulinum toxin type A; TON-R,
third occipital nerve resected; TON-NR, third occipital nerve not resected; OAR, occipital artery resection; GON, greater occipital nerve; SON, supraorbital nerve; STN, supratrochlear nerve;

ZTN, zygomaticotemporal nerve.
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each study ranged from 13* to 335,% with a mean
age ranging from 38.2% to 47** years. Nine stud-
ies™!12327:29.30.5456 eyaluated surgical outcomes for
trigger site I; nine,*!"*=*703L54% for trigger site I1;
ﬁve’8,11,28,34,36 f‘or trigger Site III; 10’8,1l,2-’1,‘27,30,32—34,3(3,37
for trigger site IV; two,'* for trigger site V; and
two,'"" for trigger site VI (Table 3).

Trigger Site I

For trigger site I, all studies identified that
migraine surgery was successful (had 250%
of MHI/MH reduction) (Fig. 2, above). Seven
studies (77.8%) reported a MHI/MH reduc-
tion at 12-month follow-up.'-*#*"#=%6 When
outcomes were assessed in a long-term study,
Gatherwright et al.”” observed the greatest MHI
reduction of 91% at a mean follow-up of 21.6
months, and Janis et al.® reported a MH reduc-
tion of 50% or more at a mean follow-up of
22 months.

Trigger Site II

Seven studies (77.8%)':26:27:30:31.3436 ghserved
a greater than or equal to 50% MHI/MH
reduction in trigger site II at 12 months after
surgery (Fig. 2, center). At long-term follow-up
(mean, 22 and 23 months), two studies®* iden-
tified a 50% or greater MHI/MH reduction in
site II.

Trigger Site III

All studies evaluating trigger site III reported
a successful operation at 12 months or more of
follow-up (Fig. 2, below). Gfrerer et al."' observed
the greatest benefit (MHI reduction, 63.4%) at 12
months after surgery.

Trigger Site IV

At 12-month follow-up, Guyuron et al.*’
observed the greatest MHI reduction (93.4%).
The earliest MHI reductions (80.3% and 74.6%)
after deactivation of trigger site IV were reported
at 6-month follow-up® (Fig. 3, above). All stud-
ies reported 50% or more MHI/MH reduction
at 6_’32 8_’37 12_’11,24,27,3(),32,34 18_’33 and 22_m0nth8
follow-up.

Trigger Site V

The two studies that evaluated trigger site
V found that migraine surgery was successful at
12-month follow-up (Fig. 3, center). Gfrerer et al."!
reported a MHI reduction of 68.6% at 12-month
follow-up.
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Fig. 2. Percentages of MHI or MH reduction over time for trigger points |, II, and llI.

Trigger Site VI

Similar to trigger site V, surgery success was iden-
tified at 12-month follow-up (Fig. 3, below). Gfrerer et
al.'' observed a MHI reduction of 84% at 12 months
when evaluating surgery on trigger site VI.
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DISCUSSION

Migraine surgery resembles any peripheral
nerve decompression. For instance, in carpal tun-
nel syndrome release, immediate symptomatic
relief is often achieved. However, failure has been
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Fig. 3. Percentages of MHI or MH reduction over time for trigger points IV, V, and VI.

reported in 7% to 25% of patients in cases where
the median nerve has been compressed for many
years.” The possible causes of this treatment
failure include incomplete release, recurrent

compression because of new scar tissue formation
or edema, and incorrect diagnosis.”* Similarly,
these causes may explain the different rates of
success after migraine surgery.
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Follow-Up (mo)
Mean: 12.3
12
Mean: 12.3
12

Success Rate
80%
100%

MHI and/or MH
Reduction (%)
68.6%
250%

84%

250%

MHI Reduction
102.1 (SD:
128.38)
132.4 (SD:
115.78)

Postoperative
MHI

46.8 (SD: 76.9)

27.1 (SD: 35.5)

Preoperative
MHI
148.9 (SD:

102.8)
159.5 (SD:
110.2)

No. of Trigger Sites
13
12

al., 2019"

Gfrerer et
al., 2014%

Site VI: lesser
occipital
nerve

Gfrerer et
al., 2019"

Gfrerer et

al., 2014%
BTA, botulinum toxin type A; TON-R, third occipital nerve resected; TON-NR, third occipital nerve not resected; OAR, occipital artery resection.

Table 3. Continued
Gfrerer et

Trigger Site

and Reference

o
Qo
N
a
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Despite the efforts to determine the trigger site
before surgery,” =" the rates of migraine surgery
success vary between studies.” Possible reasons
for incomplete headache migraine elimination
are the unmasking of untreated trigger sites, the
incorrect selection of the trigger site, the clinical
presentation of multiple trigger sites at the same
time and, as a consequence, the lack of specific-
ity of outcomes for each trigger site and the time
when these outcomes were evaluated. We discuss
below the differences on MHI/MH reduction and
surgery success by trigger site and over time.

Trigger site I

Chepla et al.” observed the greatest MHI reduc-
tion of 90% in the frontal site at 12 months after sur-
gery. They reported this MHI reduction in patients
who underwent glabellar myectomy and supraorbital
foraminotomy. In contrast, they observed a lower
but significant MHI reduction of 78% in patients
who underwent traditional resection of the glabellar
myectomy without foraminotomy at 12 months.”

The longestfollow-up atwhich migraine surgery
outcomes were evaluated was 5 years.** Although
outcomes by trigger site were not reported, 88%
of the patients who underwent migraine surgery
expressed 50% or more reduction of frequency,
intensity, or duration of migraine.* Gatherwright et
al.”” and Janis et al.® reported the longest mean fol-
low-up (21.6 months and 22 months, respectively)
at which surgery has been proven to be success-
ful for site I. Gatherwright et al.* found a higher
MHI reduction compared with the other studies.
This study included patients who underwent myec-
tomy and arterectomy, fasciotomy/foraminotomy
in addition to myectomy and arterectomy, and
myectomy and fasciotomy/foraminotomy but no
arterectomy.” Most of these patients had a concom-
itant migraine operation on sites II (z=9) and III
(n=12) at the time of surgery.

We believe that the surgical approach (type of
surgery and trigger sites operated on) may likely be
the origin of the differences in surgical outcomes
between studies. For instance, the study by Chepla
et al. did not include patients who underwent
arterectomy. Moreover, the smaller sample size and
the number of trigger sites per patient in the study
by Gatherwright et al. may be another factor that
could explain the differences in MHI reduction
compared with the study by Chepla et al.

Trigger Site II

The greatest MHI reduction (93.9%) was
reported at 12 months after surgery for trigger site
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IL*° At this follow-up, the study by Guyuron et al.
in 2009 observed a significant MHI reduction of
66.5% after surgery of site I1.*" In this study, partici-
pants underwent surgery of a single predominant
trigger site, which means that other trigger sites may
have also been present at the time of surgery.”” This
may have limited their surgical outcomes. In a more
recent prospective study, Guyuron et al.*® found the
greatest MHI reductions (93.9% and 93%) for trig-
ger site II at 12 months after surgery. In this recent
study, the authors compared the MHI reduction in
20 patients who underwent avulsion of the zygomat-
icotemporal branch of the trigeminal nerve on one
side (avulsion group), and decompression by means
of fasciotomy and removal of the zygomaticotempo-
ral artery on the other side (decompression group).
They did not find any statistical difference between
groups in terms of MHI reduction, suggesting that
both procedures were appropriate to deactivate the
temporal trigger site.”

When evaluating the surgery success in the
long term, Janis et al.” observed that the surgery
success remained after 22 months. Similarly,
Peled” observed a 60.5% reduction in MHI at
23-month follow-up.

Trigger Site III

Other studies have documented surgical suc-
cess for trigger site III. At almost 10 years after
surgery, Welge-Luessen et al.”” reported that from
20 patients who were followed up, 30% remained
free of pain, 35% had significant improvement
of symptoms, and 35% did not have any benefit
from surgery. Furthermore, Novak and Makek™
evaluated 229 patients with migraines, cluster
headaches, and idiopathic headaches with nasal
pathology who underwent surgery of trigger
site III. They found that 78.5% of these patients
remained asymptomatic postoperatively, whereas
11.5% had a sensation of pressure in the head on
rare occasions but no migraines.”” Even though
these studies suggest a long-term benefit of
migraine surgery in this trigger site, these studies
lack a more specific instrument to measure surgi-
cal outcomes such as the MHI and did not use a
standard definition for surgery success.

This systematic review found that all stud-
ies reported a significant MHI/MH reduction
(=50%) at 12 months. Lee et al.*® evaluated
patients who underwent migraine surgery in mul-
tiple trigger sites. Only six patients who under-
went surgery exclusively of trigger site III were
included in this review. The surgery success of
this study accounted for 50%, which means that
only three of six patients had a greater than or

equal to 50% MHI reduction after surgery at 12
months.” Likewise, Lee et al.” performed a more
recent study evaluating the intranasal abnormality
in migraine surgery. Interestingly, they found that
patients who failed surgery (<560% MHI reduc-
tion) had significantly higher contact points com-
pared with successful patients. This highlighted
the correlation of the nasal abnormality with
migraine episodes.

Trigger Site IV

Our results agree with previous systematic
reviews that support the effectiveness of migraine
surgery for site IV."*" In particular, our study
observed that migraine surgery can be successful
as early as 6 months compared to other trigger
sites. Lee et al.”” conducted a retrospective study
to evaluate whether removing the third occipital
nerve, which is often encountered during the
dissection for greater occipital nerve decom-
pression, offers any additional benefit in surgi-
cal outcomes. Results of this study did not find
any statistical difference in overall MH reduc-
tion and elimination between those in which the
third occipital nerve was removed and those in
which this nerve was not removed. However, both
groups demonstrated to have the greatest MHI
reduction at 6-month follow-up, considered the
earliest when compared with the other studies
included in this systematic review.

Similarly, Ducic et al.” reported the surgical
outcomes of 206 patients who underwent neu-
rolysis of the greater or excision of the greater
and/or lesser occipital nerves. This study was
not included in our systematic review, given
that the MHI change was not specific for trig-
ger sites IV and VI. However, it is important to
mention that a significant MHI reduction of
91.6% was identified after surgery at 12 or more
months. In addition, a total of 35% of partici-
pants experienced complete relief at the same
follow-up.*

Trigger Site V

Even though site V has been historically con-
sidered a minor site, compression of the auricu-
lotemporal nerve can cause significant pain.”
Our study reported a significant and specific MHI
reduction for this specific trigger site at 12-month
follow-up. These results are supported by Baldelli
et al.,"” who performed a systematic review eval-
uating the effectiveness of site V nerve surgical
decompression. Success rates (>50% improve-
ment) ranged between 79% and 97%.
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Trigger Site VI

The lesser occipital nerve is the ventral ramus
of C2 and sometimes C3, and goes from the extra-
dural segment of C2 to its terminal branches in
the skin.”’ Compression or stretching in multiple
segments along this nerve or from its relationship
with the superior cervical ganglion or the oph-
thalmic branch of the trigeminal nerve may trig-
ger this site.” In the same manner of trigger site
IV, our results observed success after trigger site
VI deactivation only at 12-month follow-up. There
were no other studies that evaluated surgical out-
comes of this trigger site alone.

Strengths and Limitations

This study is not without limitations. The het-
erogeneity and the surgical approach of the stud-
ies limited the combination of results to report a
unique MHI change by trigger site over time. The
report of studies that analyze outcomes at differ-
ent follow-ups would have been more accurate
to compare success rate by trigger site over time;
however, all studies reported outcomes only at the
last follow-up. Regardless, we were able to identify
the surgery success for each study over time and
provided evidence at different follow-ups by trig-
ger site. This systematic review included only stud-
ies that reported MHI/MH reduction or surgery
success to have a uniform unit of measurement
to evaluate surgical outcomes. Migraine surgery
is sometimes performed in more than one trigger
site, limiting the accuracy of surgical outcomes by
trigger site. To address this limitation, we included
the studies that reported trigger site—specific out-
comes. In future studies, we recommend using
the trigger site-specific MHI and other surgical
outcomes to ensure there is no influence of other
concomitant sites. This might have led to a selec-
tion bias. Nevertheless, we compared our findings
with the results from the studies that were relevant
but not included in this systematic review. In addi-
tion, inherent limitations of the review methodol-
ogy attributable to search and publication biases
were present. Migraine surgery has proven to be
not only therapeutically effective, but also cost-
effective. Its cost-effectiveness has been reported at
longer follow-up, such as at 5 years after surgery,”
and in patients who require nonsurgical/medi-
cal treatment for more than 6.75 years™ and 8.25
years.” Even though this systematic review con-
firmed its efficacy in each trigger site with at least
12-month follow-up, based on the evidence, this
procedure will likely remain cost-effective when
each trigger site is independently evaluated at lon-
ger follow-up. We believe these reported data are
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valuable, as they give a first approximation to the
longevity of surgery success for each trigger site.

Migraine surgery can be effective as early as
at 6-month follow-up on trigger site IV and at
12-month follow-up on trigger sites I, II, III, V,
and VI. In addition, we observed that the benefit
of migraine surgery remains at 22 months after
surgery for trigger sites I, II, III, and IV. Further
studies should be conducted to evaluate surgery
success by trigger site at longer follow-up.

Jeffrey E. Janis, MD

915 Olentangy River Road
Columbus, OH 43212
jeffrey,janis@osumc.edu
Instagram: jeffreyjanisMD
Twitter: jjanismd
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