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

Hassan ElHawary, MD, MSc,* Natasha Barone, MSc,T Aslan Baradaran, MD, MSc,*
and Jeffrey E. Janis, MD, FACS{X

Objective: The objectives of this study are to assess the efficacy and safety of
peripheral nerve surgery for migraine headaches and to bibliometrically
analyze all anatomical studies relevant to migraine surgery.

Summary Background Data: Migraines rank as the second leading cause of
disability worldwide. Despite the availability of conservative management
options, individuals suffer from refractive migraines which are associated
with poor quality of life. Migraine surgery, defined as the peripheral nerve
decompression/trigger site deactivation, is a relatively novel treatment strat-
egy for refractory migraines.

Methods: EMBASE and the National Library of Medicine (PubMed) were
systematically searched for relevant articles according to the PRISMA guide-
lines. Data was extracted from studies which met the inclusion criteria. Pooled
analyses were performed to assess complication rates. Meta-analyses were
run using the random effects model for overall effects and within subgroup
fixed-effect models were used.

Results: A total of 68 studies (38 clinical, 30 anatomical) were included
in this review. There was a significant overall reduction in migraine
intensity (P < 0.001, SE = 0.22, P = 97.9), frequency (P < 0.001, SE =
0.17, I> = 97.7), duration (P < 0.001, SE = 0.15, I* = 97), and migraine
headache index (MHI, P < 0.001, SE = 0.19, P = 97.2) at follow-up. A
total of 35 studies reported on migraine improvement (range: 68.3%—
100% of participants) and migraine elimination (range: 8.3%—86.5% of
participants). 32.1% of participants in the clinical studies reported com-
plications for which the most commonly reported complications being
paresthesia and numbness, which was mostly transient, (12.11%) and
itching (4.89%).

Conclusion: This study demonstrates improved migraine outcomes and an
overall decrease in MHI as well as strong evidence for the safety profile and
complication rate of migraine surgery.

Keywords: migraine, migraine surgery, peripheral nerve decompression,
trigger site deactivation, migraine treatment outcomes, complication rate,
safety, efficacy
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M igraines are a common neurovascular disease that affect
approximately 1 in 7 individuals worldwide.! In the United
States alone, >50 million individuals suffer from migraines.
Migraines have been traditionally perceived as a central neuro-
vascular disease and medically managed by acute analgesic and
abortive medications. However, recent evidence supports peripheral
nerve compression as a possible etiology, and thereby, paves the way
for surgical management of this condition.?

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

Since the original article by Guyuron et al in 2000, the number
of publications that attempt to assess the efficacy and safety of
migraine surgery have been steadily increasing.>* Although the
majority of the evidence has demonstrated positive outcomes from
migraine surgery, there is still some concern regarding its efficacy.>®
Due to the rapidly evolving scientific milieu pertaining to headache
surgery, the authors of this article believe an updated systematic review
and meta-analysis of evidence is warranted to assess the efficacy and
safety of peripheral nerve surgery for migraine headaches.

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

METHODS

Search Strategy

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

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

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

Data Collection and Extraction

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

Patient Outcomes

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

Quantitative Analysis of Outcomes and Pooled
Analysis of Complications

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

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

To measure heterogeneity, we calculated Cochran Q, P2, and P
value of heterogeneity. I” values <40%, 60%, 90%, and 100% were
considered minimal, moderate, substantial, and considerable, respec-
tively.

RESULTS

Search Outcome

A total of 2435 articles were identified (Fig. 1). Following
deduplication of the library, 2137 articles underwent title and abstract
screening. Of these, 234 articles were eligible for full-text review. A
total of 38 clinical studies,>~** and 30 anatomical studies**~7* met
our selection criteria and were included in the review.
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Clinical Studies

Characteristics of Included Studies and Participants

Six randomized controlled trials (RCTs),!:1416:30.33.38 7 116
spective  studies, 82631364042 and 25 retrospective  stud-
jesd 10:12,13,15,17-25,27-20,32.34,35,37,39.41,43.44 oo included in this
systematic review. Characteristics of the included studies and par-
ticipants are presented in Table 1. The trigger sites addressed during
surgery included frontal, temporal, greater occipital, nasal, lesser
occipital, and auriculotemporal nerves. Single trigger site surgery
was performed in 12 studies®?~!1:15:2224.27.30-3237 of which 5
studies® 1531 addressed only the frontal trigger site, 4 stud-
ies!1:27-3032 3 ddressed only the temporal site, 2 studies*>>* addressed
the occipital trigger site, and 1 study®’ looked at the nasal trigger site.
Multiple trigger site surgery alone was reported in five stud-
ies® 13343640 and a combination of single and multiple trigger site
surgery ~ was  discussed  in  twenty  studies!'?!*16-
21.23,25.26.28,29.33,35.38,39.41 44 ' The percentage of females included
in the studies ranged from 70% to 100% and the mean age of
participants ranged from 16 to 51 years’ old. The mean follow-up
ranged from 6 months to 60 months (Supplemental Table 1, http:/
links.lww.com/SLA/D278).

Migraine Intensity

Twenty-three studies
reported on migraine intensity among patients who underwent
migraine surgery. All studies evaluated migraine intensity on a
10-point scale. The vast majority of the studies (21/23) reported
reductions in migraine intensity post-surgery!0-12:15:16.18-22.24.25.28 -
30.33-35.394042 Reduction in migraine intensity ranged from 22.4%
to 82.3% with a weighted average reduction of 48.9%. Only 1 study
reported an increase of 0.7 (9.3%) in migraine intensity post-sur-
gery>8; however, the change was not statistically significant (Sup-
plemental Table 2, http://links.lww.com/SLA/D278). Eighteen
studies met criteria for inclusion in the meta-analysis. The overall
reduction in migraine intensity effect was significant (P < 0.001, SE
=0.22, P = 97.9) (Fig. 2).

10-12,15,16,18-22,24,25,28-30,33-35,38,39,41,42

Migraine Frequency

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

11,12,14,16-22,24,25,28-30,33,35,38—42

Migraine Duration

Nineteen studies
reported on migraine duration. Migraine durations were reported
primarily in days or hours. The percent reduction in migraine
duration ranged from 13.1% to 95.6% with a weighted average
reduction of 61.9% (Supplemental Table 4, http://links.lww.com/
SLA/D278). Sixteen studies met criteria for inclusion in the meta-
analysis. The overall effect was significant (P < 0.001, SE = 0.15, I
= 97) (Fig. 4).

11,14,16,17,19-22,24,25,28-30,33,35,38,39,41,42

Migraine Headache Index
Twenty studiesl 1,14,16,17,19-23,25,28-30,32,33,35,38,39,41,42

reported on MHI. The vast majority (19/20)!!-14.16:17.19-23.25.28~
30.32.33.35.394142 reported decreases in  MHI  post-operatively,
whereas only 1 study reported an increase. The percent reductions
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PRISMA Flow Diagram

FIGURE 1. PRISMA flowchart.

ranged from as low as 26.3% to as high as 93.1% with an average
weighted reduction of 75.5% (Supplemental Table 5, http://link-
s.Iww.com/SLA/D278). Fourteen studies met criteria for inclusion in
the meta-analysis which demonstrated a significant reduction in
migraine headache index (P < 0.001, SE = 0.19, I = 97.2) (Fig. 5).

Migraine Improvement and Elimination

Of the 38 studies included in this review, 35 studies>3~1416-
18.20-28.30-44 reported on migraine improvement (standardly defined
as improvement by >50% in outcome) and 35 studies reported on
elimination (standardly defined as MHI of O at follow-up). The
lowest rate of migraine improvement was 68.3% of participants.’
In 3 studies, 72 100% of patients achieved migraine improvement
(Supplemental Table 6, http://links.lww.com/SLA/D278). The trig-
ger sites at which patients reported 100% migraine improvement
following nerve decompression surgery were the frontal, occipital,
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and nasal sites. All other studies reported migraine improvement
within the 68.3% to 100%. Among the studies which reported on
elimination, the percentage of patients which reported elimination
varied from as low as 8.3% to as high as 86.5%'7** (Fig. 6).

Complications

Of the included studies, 7 studies reported no complica-
tions,”2273344 15 studies®10-19-27:34.37.3843 did not discuss compli-
cations, and 16 studies®!!~18:28.35.36.39-42 repnrted complications
following migraine surgery. Among the 23 studies 5°!1-18.28-
33.35.36.39-4244 which reported on complications (complications or
no complications), there was a total of 1635 participants of which 525
(32.1%) experienced complications. The most commonly reported
complication was paresthesia and numbness (mostly tran-
sient)®12:14-16.28.354042 (n  — 198), the complication rate was
12.11% (Table 2). Other important complications included
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TABLE 1. Overall Complications Associated With Migraine Surgery

No. of No. of Participants Complication

Complications Studies With Complications Rate (%)
Numbness or paresthesia®!>!14-16:28:35.4042 9 198 12.11%
Itching! 1"12:1416:2835.36.39 8 30 4.89%
Hair loss or thinning ''-1%1416.17:33 6 29 1.77%
Hematoma'""'34? 3 5 0.31%
Hyposensitivity 6333940 4 19 1.16%
Hypersensitivity' 628333 4 30 1.83%
Infection (including cellulitis)'"'**! 3 6 0.37%
Neck stiffness'!1416:3 4 28 1.71%
Hypertrophic scarring®3>- 3 5 0.31%
Bleeding ™! 2 7 0.43%
Dryness'! 1 12 0.73%
Temporal hollowing'* 1 10 0.61%
Septal deviation'' 1 8 0.49%
Rhinorrhea'! 1 11 0.67%
Ecchymosis'”#° 2 31 1.90%
Seroma*? 1 20 1.22%
Wound dehiscence** 1 2 0.12%
Dry/irritated eyes®® 1 2 0.12%
Epistaxis'’ 1 3 0.18%
Unilateral airway reduction'' 1 1 0.06%
Eyelid ptosis®> 1 13 0.80%
Scar deformity>” 1 2 0.12%
Strabismus>> 1 1 0.06%
Uneven brow movement'* 1 1 0.06%
Temporal nerve injury'® 1 1 0.06%

Study name Time point within st Statistics for each study Std diff in means and 95% C1

Std diff Lower Upper Relative
inmeans  Varlance limit limit  p-Value waight

Quuren etal 2005 singe 35100 412 W07 31410 0000 K 088

Foggjetal. 2008 singe 0819 0074 1383 025 000 + 59

Quuronet & 2000 singe 0801 003 078 024 001 H 638

Guyuron et al. 201 singe 1350 o7 -1613 -1.106 0000 + 644

Creplaetal 2012 singe 8601 oxs 7810 557 0000 -+ 438

Luetal 012 Contined 1125 0003 4z -10m0 0000 I 858

Chnidewskietal 2013 Contined -1.141 08 120 0o 0000 1 855

Aderugaetal 2014 singe 1275 ool 48 -0m 0000 [} a5t

Girerer eldl 2014 singe 1895 002 2006 1294 0000 + 621

Qyuonetal 2016 singe 1238 0056 1 T 0000 + 608

Kuriander et al. 2016 singe 0240 0004 0% 0119 0000 657

Lineta. 016 single 1208 o182 -2069 030 0006 == 508

Qmaniardetal 2016 singe 18411 3266 19948 12874 0000 h— 100

Aschactal 2017 singe 0285 0005 048 0141 0000 [ 65

Gaherwrigteld, 2018 singe 0604 ot 0013 1185 00 b 57

Jseetal 2018 Contined 1899 0083 29 149 0000 + 620

Affietal 21 singe -0485 00 081 09 000 H 627

Girerer etal. 2019 Corbined -0915 0012 1129 -0.701 0.000 ] 6.49

1620 o2 20w 1228 0000 +
1700 4% 000 850 17.00
Improvement Aggravation

FIGURE 2. Forest plot of migraine intensity using random-effects model. (Q = 772, P < 0.001, > = 97.8).
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Study name Time point Subgroup within study Seatistics for sach study 2d ffin means and 99601
Sid diff Lower Upper Relative
inmeans Variance imit imit pValue weight
Cuyuron etal 206 singe E-F.) 02% ~103% 428 Q000 b~ 381
Roggetal 2008 singe a8 0047 -1.337 0486 0.0 + 557
Guronet a 20 snge 0428 0o 08680 a9 000 + 5%
Quyren et al 20m srge 0880 0013 122 a7 000 + 595
Jonis el 201 sige 2z 008 1637 0817 0000 + 561
Oglaetal 12 sige 4805 017 560 Rt 0000 —— 451
Lueta 012 Corrtined -1101 0003 -1.207 0908 0000 ] 607
Chimdewsii et ol an3 Corrtined -1.068 0.008 -1.24 0913 0.000 t 604
Adenugaetal 21 singlo 1088 aos ;7 0878 0000 + 601
Girerer atal. an4 singe -8 007 -1.808 1,944 0000 -+ 568
Kurlander el dl. 014 singla 02 0004 -0379 0125 0.000 1| 608
Gupronetal. 2015 Convtined 221 13 4001 282 0000 -+ a7
Kurlander elal 206 singla Q40 0.004 0381 Q119 0000 ' 608
Omanfardetal 2016 singe a3 0140 3847 239 0000 -+ 475
Aschaetal. o7 single 0z 005 0428 01 0000 # 604
Joseeta 08 Corrbined 2170 0080 -2816 -1.743 0.000 + 555
Affietal ane singe 0857 008 -1.080 0275 oot + 667
Girerer ot . 19 Corrbined 1230 ams -1460 09 oo + 1: o)
-1.64 000 -1.874 126 0.000 -
-10.00 -5.00 0.00 500 40.00
Improvement Aggravation
FIGURE 3. Forest plot of migraine frequency using random-effects model. (Q = 752, P < 0.001, > = 97.7).
Study name Time point Subgroup Statistics for each study Std diff in means and Cl
Std dift Lower  Upper Felative
in means Variance limit limit p-Value weight
Guyuron etal. 2005 singe T34 0188 8183 B.484 0000 -4 463
Guywronet a. 2000 singe 0501 03 078 0204 0,001 + a7
Guyuron et . 201 singe 0742 oo <0648 05386 0.000 ] 7o
Jeris et al. 2011 singe 1807 1767 44tz 9 0000 |— 115
Cheplaetal. 012 singe -3058 0079 3610 2507 0000 == 585
Luetd. 2012 Conbined 030 0002 047 034 0000 | 720
Chimidewsi etal 010 Combined -05% 0004 080 0401 0000 i 715
Adeugaetdl 2014 singe 02 0007 095 060 0000 L] 700
Girerer etal. 201 singe 1074 007 A3 OTR 0000 + &7
GQuyuroneta. s Carbined -1.508 0041 -1.908 -1.109 0000 -- 645
Kurtander etal. 2016 singe 0290 0004 01 0119 0000 1l 7.16
Omanifard etal. 2016 singe 136 005 754 0918 0000 - 637
Aschaeta 07 singe 0285 0.005 0428 0141 0000 ' 713
Gaterwrightetd. 2018 singe 0604 0081 A% 0013 0045 -~ 569
Affieta, 2019 singe 0300 0033 0854 0054 0,087 i 660
Girereretal 0 Carrbined -0.453 0.000 <0630 -0.267 0.000 ' 706
28 0m4 52 09 0000 +
4200 %00 0.00 600 1200
Improvement Aggravation
FIGURE 4. Forest plot of migraine duration using random-effects model. (Q = 505, P < 0.001, > = 97).
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Study name Time point within st ‘Statistics for each study Std diff in means and 85%C1

Stddiff  Standard Lower Lpper Relative

inmeans  error  Variance limit  limit p-Value weight
Guyuron etal. 2006 singe -7825 0462 0213 -87%0 -6920 0.000 — 540
Cuyuoneta. 2009 singe -0285 o112 0013 0475 -0034 0.024 H 765
Guyuron et & 2011 singe -0.890 0110 0012 -1106 -0674 0.000 + 766
Janisetal 20m singe -1.024 0.19%5 0038 -1407 -0642 0.000 -+ 1%
Chepiaet dl 012 singe 4062 0350 0120 4786 -3358 0000 —— 816
Lueta 02 Contbined -0588 0.048 002 -0678 -04%8 0.000 ] T8
Adenuga et al. 2014 singe -0B84 0.088 0007 -1084 0715 0.000 + 773
Girerer atal. 04 singe -0823 0151 0023 -1119 -05% 0.000 -+ 749
Guyuron et al 015 Contined 1817 023 003 220 134 0.000 -+ 705
Omranifardeta. 2016 singe -2632 0327 0107 3273 180 0.000 —— 6.9
Peledetal 2016 singe -1.138 0295 0087 1717 0582 0.000 - 663
Aschaetal. 017 singe 0238 0073 0005 0382 0087 0.0m # mn
Alffietd. 2019 singe -0.550 0.190 003% -0821 -0.178 0.004 -+ 730
Clrerer et al 2019 Cortined -07%4 0.100 0010 -0991 0507 0.000 + 769

-1.502 012 0037 -1878 -1.16 0.000 +
-8.00 -4.00 0.00 4.00 8.00
Improvement Aggravation

FIGURE 5. Forest plot of migraine headache index using random-effects model (Q = 460, P < 0.001, ? = 97).

Study name Time point Subgroup within study Statistics for each study Event rate and 95%C1
Bent Lower Upper Rolative
rato imit Timit ZVahwo pValuo weight
Qupron etal. 2000 sige 035 0247 054 1428 0153 —_— 130
Gupronet & o0 sige 0455 0285 08B 0428 06m —_—— 281
Dimbenger & Bicker 2004 sige 0288 0184 0408 328 0001 — 38
Bedrden & Adersn 205 srge 0553 038 0815 0ss 056 —— 213
Cuyron o al 2005 sige 038 0257 0453 -2816 0006 -t 38
Roggetd 2008 singe 0167 0065 0408 2545 o011 —t— 196
Drceta 2009 sige 030 0287 0417 4251 0000 - 415
Qupron etal 2000 sige 0571 0431 0701 (1) 0319 L 351
Quren o al am sige 020 0195 0407 -aar oo o 363
Jmsetal am sige 0083 (L] [F) au7 0001 b ] 163
Larsonatal 011 sige 0501 00 0466 283 0006 e 41
ligtal m2 srge a4 0685 0841 anmr 000 — an
Luetd. 12 Qurrbined 0473 0433 0513 1318 0187 -- 4%
Qimiclewsk et . 3 sige 058 0483 (i< 150 018 e 412
Leeetal, o3 Combined o307 0285 0353 7.670 0000 + 428
Aderugaetal. 2014 singe 036 022 045 2790 0006 -+ 3%
Consraeta 2014 single 0400 0214 0620 088 0374 —_— 2687
Grereretal 214 srge 0465 (=) 0813 0487 0648 —— 342
Kertander atal 01 sige a5 0447 (] [ 036 -+ am
Guuronetal 5 Combined 0500 0367 [T 0,00 1,000 —_— ast
Raposio & Conana 015 sige 035 0262 0546 1362 0173 —_— 33
Kurtnger etdl. -l sige o7 0482 0548 1550 0121 s 408
Unetal 216 snge 0z2 0086 0579 1562 one e e 146
Crmanifardetal, 2016 sige 030 01® 0580 1381 o167 + 28
Riedeta. 2016 sigo 038 o187 057 113 0257 —_— 28
Aschaetal o7 sige 0518 0448 057 050 0616 L 416
Raposio & Canena m7 singe e 0409 0880 1349 0177 ——— 207
Joseetal. 8 Combined 0415 0278 05 1088 ozrr -1 3%
Raposio & Bertazzi 019 sige 0885 082 091 780 0000 -+ i
Roposio & Sinonacci 200 080 052 0758 1988 0087 —— n
045% 030 0513 1513 010 =
100 050 000 050 100
Elimination Rate

FIGURE 6. Forest plot of elimination rates using random-effects model. (Q = 278, P < 0.001, > = 87).
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itching!!+12:14.16.28.35.36.39 (3 — 8(), 4.89%), hyposensitivity'®-33-39:40
(n = 19, 1.16%), hair loss or thinning!!121416:17:35 (n — 29 1.77%),
hypersensitivity'®28:35-3 (n = 30, 1.83%), neck stiffness'!!416-3
(n =28, 1.71%), ecchymosis'”* (n = 31, 1.90%), and seroma*? (n =
20, 1.22%) (Table 1). Several other complications were reported
including; hematoma,'!!542 infection (including cellulitis),!!:!341
eyelid ptosis,®> scar deformity,?® strabismus,* hypertrophic scar-
ring,283%3% dryness,!! bleeding,”!! temporal hollowing,'* septal
deviation,'! rhinorrhea,!! wound dehiscence,*? dry/irritated eyes,35
epistaxis!! and unilateral airway reduction,!! uneven brow move-
ment,'* nerve injury to the temporal branch of the facial nerve'® of
which the complication rates were all under 1% (Table 1).

Anatomical Studies

A total of 30 anatomical studies were included and published
in this bibliometric analysis.*>~7* The vast majority of these papers (n
= 24; 77.4%) are published in plastic surgery journals. Approxi-
mately half (n = 14; 45.2%) of the anatomical studies addressed
the occipital nerve (including the greater and lesser occipital
nerve)?3:46:48.50.54.56.58.60-62.65.69.73.75 followed by the frontal?’s":
52.55.64.66.71 and temporal (includes auriculotemporal and zygomati-
cotemporal)*-33-577074 trigger sites (Supplemental Table 7, http://
links.lww.com/SLA/D278).

DISCUSSION

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

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

Although both our qualitative systematic review and the
quantitative meta-analysis show overall improved outcomes post
migraine surgery, there is a wide variability in the results. The first
factor that is probably contributing to this wide variability in out-
comes is the fact that we included different trigger site decompres-
sion/deactivation surgeries. It is quite possible that some surgeries
are more effective than others which would contribute to this wide
variability. Furthermore, although some studies only included
patients who received 1 trigger site deactivation, others included
those who underwent all trigger site releases. This evidently
increased the results’ heterogeneity. Moreover, it is important to
understand that since migraine surgery is a young and rapidly
evolving field, different surgeries have been performed with different
variations, which may contribute to this wide variability in outcomes.
For example, the greater occipital nerve has been identified as a
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trigger site for patients suffering from occipital neuralgia. Although
this surgery usually entails a 6-point decompression of the greater
occipital nerve that includes segmental muscle resection and nerve
release to free any associated entrapment, the effects of concurrent
occipital artery resection has been debated. Although some prelimi-
nary evidence shows that the dissection and ligation of occipital
artery (OA) has no effect on migraine outcomes,?* there is still wide
variability in practice mainly due to the lack of consensus coupled
with our anatomical and pathophysiological understanding of this
disease that support OA resection.>6%7>

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

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

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

CONCLUSIONS

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

REFERENCES

1. Global, regional, and national burden of migraine and tension-type headache,
1990-2016: a systematic analysis for the Global Burden of Disease Study
2016. Lancet Neurol. 2018;17:954-976.

2. de Ru JA, Filipovic B, Lans J, et al. Entrapment neuropathy: a concept for
pathogenesis and treatment of headaches—a narrative review. Clin Med
Insights Ear Nose Throat. 2019;12:1179550619834949.

3. Guyuron B, Varghai A, Michelow BJ, et al. Corrugator supercilii muscle
resection and migraine headaches. Plast Reconstr Surg. 2000;106:429-434.

4. Elhawary H, Gorgy AJE. Migraine surgery: two decades of innovation. Plast
Reconstr Surg. 2021;148:858e—860e.

5. McGeeney BE. Migraine trigger site surgery is all placebo. Headache.
2015;55:1461-1463.

6. Loder E, Weizenbaum E, Frishberg B, et al., American Headache Society
Choosing Wisely Task F. Choosing wisely in headache medicine: The
American Headache Society’s List of Five Things Physicians and Patients
Should Question. Headache. 2013;53:1651-1659.

7. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ. 2009;339:b2700.

8. Guyuron B, Tucker T, Davis J. Surgical treatment of migraine headaches. Plast
Reconstr Surg. 2002;109:2183-2189.

9. Dirnberger F, Becker K. Surgical treatment of migraine headaches by corru-
gator muscle resection. Plast Reconstr Surg. 2004;114:652—-657.

10. Bearden WH, Anderson RL. Corrugator superciliaris muscle excision for
tension and migraine headaches. Ophthalmic Plast Reconstr Surg. 2005;21:
418-422.

11. Guyuron B, Kriegler JS, Davis J, et al. Comprehensive surgical treatment of
migraine headaches. Plast Reconstr Surg. 2005;115:1-9.

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

13. 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;123:1453-1461.

14. Guyuron B, Reed D, Kriegler JS, et al. A placebo-controlled surgical trial
of the treatment of migraine headaches. Plast Reconstr Surg. 2009;124:461—
468.

15. de Ru JA, Schellekens PP, Lohuis PJ. Corrugator supercilii transection for
headache emanating from the frontal region: a clinical evaluation of ten
patients. J Neural Transm (Vienna). 2011;118:1571-1574.

16. Guyuron B, Kriegler JS, Davis J, et al. Five-year outcome of surgical treatment
of migraine headaches. Plast Reconstr Surg. 2011;127:603-608.

17. 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:
123-131.

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

€322 | www.annalsofsurgery.com

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

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

21. 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;129:413-419.

22. 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;66:1335-1339.

23. Lee M, Monson MA, Liu MT, et al. Positive botulinum toxin type a response is
a prognosticator for migraine surgery success. Plast Reconstr Surg.
2013;131:751-757.

24. Chmielewski L, Liu MT, Guyuron B. The role of occipital artery resection in
the surgical treatment of occipital migraine headaches. Plast Reconstr Surg.
2013;131:351e-356e.

25. Adenuga P, Brown M, Reed D, et al. Impact of preoperative narcotic use on
outcomes in migraine surgery. Plast Reconstr Surg. 2014;134:113-119.

26. Caruana G, Bertozzi N, Boschi E, et al. Endoscopic forehead surgery for
migraine therapy Personal technique. Ann Ital Chir. 2014;85:583-586.

27. Kurlander DE, Punjabi A, Liu MT, et al. In-depth review of symptoms,
triggers, and treatment of temporal migraine headaches (Site II). Plast
Reconstr Surg. 2014;133:897-903.

28. Gfrerer L, Maman DY, Tessler O, et al. Nonendoscopic deactivation of nerve
triggers in migraine headache patients: surgical technique and outcomes. Plast
Reconstr Surg. 2014;134:771-778.

29. Guyuron B, Lineberry K, Nahabet EH. A retrospective review of the outcomes
of migraine surgery in the adolescent population. Plast Reconstr Surg.
2015;135:1700-1705.

30. Guyuron B, Harvey D, Reed D. A prospective randomized outcomes com-
parison of two temple migraine trigger site deactivation techniques. Plast
Reconstr Surg. 2015;136:159-165.

31. Edoardo R, Giorgia C. Frontal endoscopic myotomies for chronic headache. J
Craniofac Surg. 2015;26:¢201-e203.

32. Peled ZM. A novel surgical approach to chronic temporal headaches. Plast
Reconstr Surg. 2016;137:1597-1600.

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

34. Lin SH, Lin HC, Jeng CH, et al. Experience of surgical treatment for occipital
migraine in Taiwan. Ann Plast Surg. 2016;76(Suppl 1):S80-S84.

35. Kurlander DE, Ascha M, Sattar A, et al. In-depth review of symptoms,
triggers, and surgical deactivation of frontal migraine headaches (site I). Plast
Reconstr Surg. 2016;138:681-688.

36. Raposio E, Caruana G. Tips for the surgical treatment of occipital nerve-
triggered headaches. Eur J Plast Surg. 2017;40:177-182.

37. Lee M, Erickson C, Guyuron B. Intranasal pathology in the migraine surgery
population: incidence, patterns, and predictors of surgical success. Plast
Reconstr Surg. 2017;139:184—189.

38. Gatherwright JR, Wu-Fienberg Y, Guyuron B. The importance of surgical
maneuvers during treatment of frontal migraines (site I): a prospective,
randomized cohort study evaluating foraminotomy/fasciotomy, myectomy,
and arterectomy. J Plast Reconstr Aesthet Surg. 2018;71:478—-483.

39. 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;139:1333e—1342e.

40. Jose A, Nagori SA, Roychoudhury A. Surgical management of migraine
headache. J Craniofac Surg. 2018;29:¢106—e108.

41. Afifi AM, Carbullido MK, Israel JS, et al. Alternative approach for occipital
headache surgery: the use of a transverse incision and “W” flaps. Plast
Reconstr Surg Glob Open. 2019;7:€2176.

42. Gfrerer L, Hulsen JH, McLeod MD, et al. Migraine surgery: an all or nothing
phenomenon? prospective evaluation of surgical outcomes. Ann Surg.
2019:;269:994—-999.

43. Raposio E, Bertozzi N. Trigger site inactivation for the surgical therapy of
occipital migraine and tension-type headache: our experience and review of
the literature. Plast Reconstr Surg Glob Open. 2019;7:¢2507.

44. Raposio E, Simonacci F. Frontal trigger site deactivation for migraine surgical
therapy. Plast Reconstr Surg Glob Open. 2020;8:¢2813.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

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



Annals of Surgery e Volume 275, Number 2, February 2022

Efficacy and Safety of Migraine Surgery

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Dash KS, Janis JE, Guyuron B. The lesser and third occipital nerves and
migraine headaches. Plast Reconstr Surg. 2005;115:1752—1758.

Ducic I, Moriarty M, Al-Attar A. Anatomical variations of the occipital
nerves: implications for the treatment of chronic headaches. Plast Reconstr
Surg. 2009;123:859-863.

Fallucco M, Janis JE, Hagan RR. The anatomical morphology of the supraor-
bital notch: clinical relevance to the surgical treatment of migraine headaches.
Plast Reconstr Surg. 2012;130:1227-1233.

Giivenger M, Akyer P, Sayhan S, et al. The importance of the greater occipital
nerve in the occipital and the suboccipital region for nerve blockade and
surgical approaches—an anatomic study on cadavers. Clin Neurol Neurosurg.
2011;113:289-294.

Guyuron B, Yohannes E, Miller R, et al. Electron microscopic and proteomic
comparison of terminal branches of the trigeminal nerve in patients with and
without migraine headaches. Plast Reconstr Surg. 2014;134:796e—805e.

Israel JS, Kempton SJ, Afifi AM. Prospective analysis of the greater occipital
nerve location in patients undergoing occipital nerve decompression. Ann
Plast Surg. 2018;81:71-74.

Janis JE, Ghavami A, Lemmon JA, et al. Anatomy of the corrugator supercilii
muscle: part I. Corrugator topography. Plast Reconstr Surg. 2007;120:1647—
1653.

Janis JE, Ghavami A, Lemmon JA, et al. The anatomy of the corrugator
supercilii muscle: part II. Supraorbital nerve branching patterns. Plast
Reconstr Surg. 2008;121:233-240.

Janis JE, Hatef DA, Ducic I, et al. Anatomy of the auriculotemporal nerve:
variations in its relationship to the superficial temporal artery and implications
for the treatment of migraine headaches. Plast Reconstr Surg. 2010;
125:1422-1428.

Janis JE, Hatef DA, Ducic I, et al. The anatomy of the greater occipital nerve:
Part II. Compression point topography. Plast Reconstr Surg. 2010;126:1563—
1572.

Janis JE, Hatef DA, Hagan R, et al. Anatomy of the supratrochlear nerve:
implications for the surgical treatment of migraine headaches. Plast Reconstr
Surg. 2013;131:743-750.

Janis JE, Hatef DA, Reece EM, et al. Neurovascular compression of the greater
occipital nerve: implications for migraine headaches. Plast Reconstr Surg.
2010;126:1996-2001.

Janis JE, Hatef DA, Thakar H, et al. The zygomaticotemporal branch of the
trigeminal nerve: Part II. Anatomical variations. Plast Reconstr Surg.
2010;126:435-442.

Khavanin N, Carl HM, Yang R, et al. Surgical “safe zone™: rapid anatomical
identification of the lesser occipital nerve. J Reconstr Microsurg.
2019;35:341-345.

Konschake M, Burger F, Zwierzina M. Peripheral nerve anatomy revisited:
modern requirements for neuroimaging and microsurgery. Anat Rec (Hobo-
ken). 2019;302:1325-1332.

Lee M, Brown M, Chepla K, et al. An anatomical study of the lesser occipital
nerve and its potential compression points: implications for surgical treatment
of migraine headaches. Plast Reconstr Surg. 2013;132:1551-1556.

Loukas M, El-Sedfy A, Tubbs RS, et al. Identification of greater occipital
nerve landmarks for the treatment of occipital neuralgia. Folia Morphol
(Warsz). 2006;65:337-342.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

62.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

Mosser SW, Guyuron B, Janis JE, et al. The anatomy of the greater occipital
nerve: implications for the etiology of migraine headaches. Plast Reconstr
Surg. 2004;113:693-697.

. Muehlberger T, Wormald JCR, Hachach-Haram N, et al. Migraine: a look

down the nose. J Plast Reconstr Aesthet Surg. 2017;70:914-921.

Ortiz R, Gfrerer L, Hansdorfer MA, et al. Migraine surgery at the frontal
trigger site: an analysis of intraoperative anatomy. Plast Reconstr Surg.
2020;145:523-530.

Peled ZM, Pietramaggiori G, Scherer S. Anatomic and compression topog-
raphy of the lesser occipital nerve. Plast Reconstr Surg Glob Open.
2016;4:¢639.

Pourtaheri N, Guyuron B. Computerized tomographic evaluation of supraor-
bital notches and foramen in patients with frontal migraine headaches and
correlation with clinical symptoms. J Plast Reconstr Aesthet Surg.
2018;71:840-846.

Punjabi A, Brown M, Guyuron B. Emergence of secondary trigger sites after
primary migraine surgery. Plast Reconstr Surg. 2016;137:712¢—716e.

Roozbahany NA, Nasri S. Nasal and paranasal sinus anatomical variations in
patients with rhinogenic contact point headache. Auris Nasus Larynx.
2013:40:177—-183.

Shimizu S, Oka H, Osawa S, et al. Can proximity of the occipital artery to the
greater occipital nerve act as a cause of idiopathic greater occipital neuralgia?
An anatomical and histological evaluation of the artery-nerve relationship.
Plast Reconstr Surg. 2007;119:2029-2034.

Totonchi A, Pashmini N, Guyuron B. The zygomaticotemporal branch of the
trigeminal nerve: an anatomical study. Plast Reconstr Surg. 2005;115:273-277.

Amirlak B, Chung MH, Pezeshk RA, et al. Accessory nerves of the forehead: a
newly discovered frontotemporal neurovascular bundle and its implications in
the treatment of frontal headache, migraine surgery, and cosmetic temple filler
injection. Plast Reconstr Surg. 2018;141:1252—1259.

Amirlak B, Lu KB, Erickson CR, et al. In-depth look at the anatomical
relationship of the lesser occipital nerve, great auricular nerve, and spinal
accessory nerve and their implication in safety of operations in the posterior
triangle of the neck. Plast Reconstr Surg. 2020;146:509-514.

Cesmebasi A, Muhleman MA, Hulsberg P, et al. Occipital neuralgia: anatomic
considerations. Clin Anat. 2015;28:101-108.

Chim H, Okada HC, Brown MS, et al. The auriculotemporal nerve in etiology
of migraine headaches: compression points and anatomical variations. Plast
Reconstr Surg. 2012;130:336-341.

El Sekily NM, Zedan IH. Surgical anatomy of greater occipital nerve and its
relation to occipital artery. Alexandria J Med. 2015;51:199-206.

Steiner TJ, Stovner LJ, Jensen R, et al. Migraine remains second among the
world’s causes of disability, and first among young women: findings from
GBD2019. J Headache Pain. 2020;21:137.

Ong JJY, De Felice M. Migraine treatment: current acute medications and their
potential mechanisms of action. Neurotherapeutics. 2018;15:274-290.
Headache Classification Committee of the International Headache Society
(IHS). The International Classification of Headache Disorders, 3rd edition.
Cephalalgia. 2018;38:1-211.

Martelletti P, Katsarava Z, Lampl C, et al. Refractory chronic migraine: a

consensus statement on clinical definition from the European Headache
Federation. J Headache Pain. 2014;15:47.

www.annalsofsurgery.com | €323

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



