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The World Health Organization has ranked 
migraine as the nineteenth most common 
disease worldwide causing disability, and 

among neurologic conditions, it ranks second 
in terms of years lost to disability.1,2 Despite this 
considerable burden, pharmacologic interven-
tion remains insufficient for a large proportion of 
patients with migraine, with 5.1% of patients in a 
headache clinic population experiencing refrac-
tory migraine attacks.3,4 As such, the current land-
scape necessitates novel methods for combating 
migraine morbidity.

In 2000, Guyuron et al.5 published a study 
challenging the traditional understanding of 
migraine as an exclusively centrally mediated con-
dition. After corrugator supercilii muscle resec-
tion for forehead rejuvenation surgery, patients 
experienced improvement, or elimination, of 
their chronic migraine. The resulting hypothesis 
that compression of peripheral nerves can trigger 
migraine attacks led to the development of sur-
gical techniques to deactivate these compression 
sites.6 Despite the mounting evidence demonstrat-
ing its efficacy, the novelty of the procedure and 
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the complexity of the pathophysiology have led to 
hesitation from established headache medicine 
specialists.7–9

Two authors describing concerns about the 
migraine surgery literature have directly com-
mented on the use of the Migraine Headache 
Index (MHI) as a primary outcome measure.7,8 
MHI is defined as the multiplication of migraine 
frequency (attacks/month), intensity (on a scale 
of 1 to 10), and duration (number of hours per 
24-hour period), and was first used by Guyuron 
and Amini in 2005.10 Since then, the plastic and 
reconstructive surgery (PRS) community has used 
it as a primary outcome metric to assess headache 
surgery effect sizes and response rates. However, 
the International Headache Society (IHS) has 
advised against the use of migraine attack inten-
sity, duration, or MHI as primary outcomes.11,12 
Instead, for investigations on preventive treat-
ment of chronic migraine, the IHS endorses 
change in the number of days per month patients 
experience migraine [ie, monthly migraine days 
(MMD)]. An alternative is the change in headache 
days of moderate to severe intensity per month 
(including headaches of all classifications).

This discordance in outcomes is in part 
responsible for apprehension in recognizing or 
adopting headache surgery literature by the non-
surgical medical community.7–9 Therefore, to help 
bridge the gap between surgeons and neurologists 
who provide care for these patients, we aimed to 
identify headache surgery investigations report-
ing on change in MMD and determine the effect 
of surgery using an official outcome endorsed by 
the IHS. Moreover, we hope this study serves as 
an impetus for future PRS publications to include 
MMD as a primary outcome.

MATERIALS AND METHODS

Search Method
The systematic literature review performed 

in the current study is an update from a previous 
systematic review published by the senior author 
(J.E.J.).13 The most recent article included from 
this original search was published in 2020. As 
such, an updated literature review was conducted 
to identify relevant articles published since then.

This systematic review was conducted 
according to the guidelines from the Cochrane 
Handbook for Systematic Reviews of Intervention14 
and the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement.15 An elec-
tronic search of the National Library of Medicine 
(PubMed), Scopus, and Embase was performed 

for articles published between January of 2020 
and September of 2022. The search strategy was 
generated using the following terms: (“migraine 
surgery” OR “headache surgery” OR “peripheral 
nerve decompression surgery” OR “migraine sur-
gery anatomy” OR “extracranial nerve anatomy” 
OR “migraine AND trigger point” OR “migraine 
disorders/surgery”[MeSH] OR “headache 
disorders/surgery”[MeSH] OR “microvascu-
lar decompression surgery/therapeutic use” 
[Mesh]). All study designs were included in the 
search.

Two authors (B.O. and H.E.) independently 
reviewed the search entries using strict inclusion 
and exclusion criteria (defined below). After 
removing duplicates, articles were first screened 
by title and abstract, followed by full-text review. 
Discrepancies between reviewers were resolved by 
consensus.

Study Criteria
The inclusion criterion was any clinical 

study investigating the effect of nerve deactiva-
tion surgery on migraine frequency, reported 
as either MMD or total migraine attacks per 
month. In most studies included, International 
Classification of Headache Disorders guidelines 
were used to diagnose migraine, and the official 
diagnosis was made by a board-certified neurolo-
gist. In each study, patients were asked to report 
their migraine attack frequency either as the 
number of days per month they experienced a 
migraine attack (MMD) or the total number of 
migraine attacks experienced per month. The 
IHS classification of a migraine day is the pres-
ence of a headache lasting at least 4 hours that 
meets International Classification of Headache 
Disorders criteria for migraine or a headache 
successfully treated with migraine-specific acute 
medications. Studies that only reported on per-
centage reduction in frequency without report-
ing on preoperative and postoperative values 
were excluded, as these data could not be con-
verted into a mean difference (MD) for meta-
analysis. Studies conducted with identical patient 
samples to other included studies were excluded. 
Biomechanical studies were excluded. Studies 
published in languages other than English were 
excluded.

Data Extraction and Synthesis
Two authors (B.O. and H.E.) extracted rele-

vant study variables, including study title, authors, 
year of publication, study design, country of publi-
cation, nerve compression site addressed through 
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surgery, sample size, percentage of female partici-
pants, mean age, and average follow-up.

The primary outcomes extracted were the 
mean number of MMDs experienced in the 
months leading to surgery and those at follow-up. 
If available, secondary outcomes extracted were 
mean number of overall migraine attacks per 
month, migraine attack intensity (on a scale from 
1 to 10), migraine attack duration (in hours), 
and MHI. Means, standard deviations, changes in 
means, rates, and P values from each study were 
extracted. All data were recorded in Microsoft 
Excel.

Data synthesis was conducted according 
to recommendations provided by the Cochrane 
Handbook for Systematic Reviews of Intervention.14 
For studies reporting duration as days, values 
were converted to hours. For studies with mul-
tiple subgroups undergoing headache surgery, 
preoperative means and corresponding standard 
deviations (SDs) for respective outcome vari-
ables were combined among subgroups using 
the formula provided within the Cochrane hand-
book.16–22 Postoperative means and SDs were 
similarly combined. For studies missing SDs 
but reporting MDs with exact P values,16,17 SDs 
were calculated as described in the Cochrane 
handbook.

Data Analysis
We performed our meta-analysis using 

Review Manager version 5.3 (The Cochrane 
Collaboration). For effect measurements, MD 
was used because all five outcomes were mea-
sured similarly using patient-reported symp-
tom data. In addition, all five outcomes can be 
expressed in standardized units. A 95% confi-
dence interval was used. The individual effect 
sizes were weighted according to the reciprocal 
of their variance (calculated as the square of the 
standard error).23 The overall effects of all stud-
ies were computed with a DerSimonian and Laird 
random-effects model. Forest plots were gener-
ated for each outcome.

Heterogeneity was reported as τ², χ², or I² val-
ues. A sensitivity analysis was performed for each 
outcome to detect the influence of a single study 
on the overall effect. This was done by sequen-
tially recalculating the MD and confidence inter-
val after omitting one study at a time. Funnel plots 
were generated for each outcome to assess the 
risk of publication bias.

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

RESULTS

Search Outcomes and Characteristics
The studies selected from the original sys-

tematic review13 were re-evaluated with the cur-
rent inclusion and exclusion criteria. After 
reassessing for eligibility, 16 studies were excluded 
because they did not report data on migraine 
frequency,5,24–38 five were excluded because they 
reported percentage reduction in frequency but 
no values on preoperative or postoperative fre-
quency,39–43 and one was excluded because it was 
conducted on a duplicate patient sample from a 
separate study.44 The remaining 16 studies were 
included in the current meta-analysis.10,16–20,22,45–53

In the updated search, we identified 305 
unique records from PubMed, Scopus, and 
Embase after removal of duplicates. A total of 32 
full-text articles were then reviewed for inclusion. 
Three satisfied all inclusion and exclusion crite-
ria.21,54,55 The results of the updated and previous 
literature searches are summarized in Figure 1.

Of the 19 studies included, five were random-
ized controlled trials, four were prospective case 
series, and 10 were retrospective studies. A total of 
1603 patients were included in the meta-analysis. 
The sample sizes varied from 13 to 335 patients. 
The follow-up ranged from 6 to 38 months. Age 
ranged from 9 to 72 years, and the percentage of 
female participants ranged from 60% to 100%. 
Six different sites were addressed during surgery, 
including the frontal, temporal, greater occipi-
tal, nasal, lesser occipital, and auriculotemporal 
nerves. The general characteristics of the included 
studies are summarized in Table 1.

Monthly Migraine Days
Eight studies reported on mean MMD both 

preoperatively and postoperatively. The MD 
ranged from 5.31 to 22. The reduction ranged 
from 36.2% to 91.7%. The weighted MD across 
studies was 14.11 days/month (95% CI, 10.95 to 
17.27). Heterogeneity was measured as τ² = 17.27; 
χ² = 82.65, df = 7 (P < 0.00001); I² = 92%. The results 
are summarized in Figure 2. A sensitivity analysis 
was conducted, and no individual study signifi-
cantly affected the pooled results. Publication 
bias was evaluated using a funnel plot (see Figure, 
Supplemental Digital Content 1, which shows a 
funnel plot for studies reporting MMD, http://
links.lww.com/PRS/G736), and no overt signs of 
asymmetry were observed. The original extracted 
MMD data are summarized in the Supplemental 
Digital Content. (See Table, Supplemental Digital 
Content 2, which shows extracted MMD data by 

Copyright © 2023 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

D
ow

nloaded from
 http://journals.lw

w
.com

/plasreconsurg by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 05/30/2024

http://links.lww.com/PRS/G736
http://links.lww.com/PRS/G736


Plastic and Reconstructive Surgery • June 2024

1204e

individual study. A, arterectomy performed; AT, 
atraumatic; NA, no arterectomy performed; NP, 
no precipitating event; PE, precipitating event; T, 
traumatic, http://links.lww.com/PRS/G737.)

Total Migraine Attacks per Month
A total of 12 studies reported on mean total 

migraine attacks per month both preopera-
tively and postoperatively. The MD ranged from 
2.5 to 20. The reduction ranged from 25.3% 
to 87.5%. The weighted MD across studies was 
8.65 migraine attacks/month (95% CI, 7.84 to 
9.46). Heterogeneity was measured as τ² = 1.13; 
χ² = 113.96, df = 11 (P < 0.00001); I² = 90%. The 
results are summarized in Figure 3. A sensitiv-
ity analysis was conducted, and no individual 
study significantly affected the pooled results. 
Publication bias was evaluated using a funnel 
plot (see Figure, Supplemental Digital Content 3, 
which shows a funnel plot for studies reporting 

total migraine attacks per month, http://links.
lww.com/PRS/G738), and no overt signs of asym-
metry were observed. The original extracted data 
on total migraine attacks per month are summa-
rized in the Supplemental Digital Content. (See 
Table, Supplemental Digital Content 4, which 
shows extracted migraine attack frequency per 
month data by individual study. BTA, botulinum 
toxin A; N, narcotic user; NN, nonnarcotic user; 
NR, not reported; OAR, occipital artery resection; 
TON-NR, third occipital nerve not removed; TON-
R, third occipital nerve removed, http://links.lww.
com/PRS/G739.)

Migraine Headache Index
A total of 15 studies reported on mean MHI 

both preoperatively and postoperatively. The 
MD ranged from 7.7 to 135.68. The reduction 
ranged from 26.3% to 93.1%. The weighted MD 
across studies was 76.59 (95% CI, 60.85 to 92.32). 

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selec-
tion for the meta-analysis. 
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Heterogeneity was measured as τ² = 848.05; χ² = 
643.87, df = 14 (P < 0.00001); I² = 98%. The results 
are summarized in Figure 4. A sensitivity analysis 
was conducted, and no individual study signifi-
cantly affected the pooled results. Publication bias 
was evaluated using a funnel plot (see Figure, 
Supplemental Digital Content 5, which shows fun-
nel plot for studies reporting MHI, http://links.
lww.com/PRS/G740), and no overt signs of asym-
metry were observed. The original extracted MHI 
data are summarized in the Supplemental Digital 
Content. (See Table, Supplemental Digital Content 
6, which shows extracted MHI data by individual 
study. AT, atraumatic; BTA, botulinum toxin A; N, 

narcotic user; NN, nonnarcotic user; NP, no pre-
cipitating event; NR, not reported; PE, precipitat-
ing event; T, traumatic; TON-NR, third occipital 
nerve not removed; TON-R, third occipital nerve 
removed, http://links.lww.com/PRS/G741.)

Migraine Attack Intensity
A total of 16 studies reported on mean 

migraine attack intensity both preoperatively and 
postoperatively. All studies evaluated migraine 
attack intensity on a 10-point scale. The MD 
ranged from 2.1 to 6.0. The reduction ranged from 
28.0% to 82.2%. The weighted MD across studies 
was 3.84 (95% CI, 3.35 to 4.33). Heterogeneity 

Table 1. Characteristics of Included Studies

Study Study Design Country 

Compression Sites 
Addressed (Single Site, 
Multiple Sites, or Both) No. 

No. Female 
(%) 

Mean Age, 
yrs (SD) 

Mean Follow-Up, 
mo, (SD) 

Adenuga et al.20 
(2014)

Retrospective 
comparative

USA F, T, GON, N 202 177 (87.6) 45.1 (12.3) 32.4 (22.2)

Chepla et al.45 
(2012)

Retrospective 
comparative

USA Both: F, T, GON, N 86 42 (97.67) 44.5 (2.6) 12a

Chmielewski et al.19 
(2013)

Retrospective 
comparative

USA Single: GON 170 149 (87.6) 45.0b 20.7b

Gatherwright et al.17 
(2018)

RCT USA Both: F, T, N, AT, GON 13 13 (100) 41.8b 21.6b

Gfrerer et al.46 
(2014)

Retrospective 
case series

USA Both: F, T, GON, AT, LON 35 30 (85.7) 46.1 (12.7) 17.5 (4.7)

Gfrerer et al.22 
(2019)

Prospective 
case series

USA Both: F, T, GON, N, LON, 
AT, nummular

83 71 (86) 45 (13) 12a

Gualdi et al.54 
(2021)

Retrospective 
case series

Italy Single: F 15 9 (60) 41 (10) 12a

Guyuron and 
Amini10 (2005)

RCT USA Single: T 89 NR 43.3 (1.2) 12a

Guyuron et al.49 
(2009)

RCT USA Both: F, T, GON, N 49 NR 44.9 (9.0) 12a

Guyuron et al.47 
(2015)

RCT USA Single: T 19 18 (94.7) 38.2b 12a

Guyuron et al.48 
(2015)

Retrospective 
case series

USA Both: F, T, GON, N, AT 14 11 (78.6) 16.0 (2.3) 38.7 (28.4)

Janis et al.50 (2011) Retrospective 
case series

USA Both: F, T, GON, N 24 23 (95.8) 44.4b 21.7b

Jose et al.51 (2018) Prospective 
case series

India Multiple: F, T 30 13 (76.7) 36.4 (9.2) 11.1 (2)

Lee et al.16 (2013) Retrospective 
comparative

USA Single: GON 229 87 (30) 45.0 NR

Liu et al.18 (2012) Retrospective 
comparative

USA Both: F, T, GON, N 335 NR NR 12a

Omranifard et al.52 
(2016)

RCT Iran Both: F, T, GON, N 25 22 (88) 42 12b

Ortiz et al.21 (2020) Prospective 
case series

USA Both: F, T, GON, AT, LON 142 116 (82) 44 (14) 12.9 (11.8–15.2)c

Poggi et al.53 (2008) Retrospective 
case series

USA Both: F, T, GON 18 16 (89%) 41 (8.6) 16b

Torabi et al.55 (2020) Prospective 
case series

USA Both: F, T, GON 25 22 (88) 45.9 (15.7) 13.1b

AT, auriculotemporal; F, frontal; GON, greater occipital nerve; LON, lesser occipital nerve; N, nasal; NR, not reported; RCT, randomized 
controlled trial; T, temporal.
a Follow-up was 12 months for all patients.
b SD not reported.
c Median and interquartile range.

Copyright © 2023 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 
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was measured as τ² = 0.83; χ² = 830.24, df = 15 (P 
< 0.00001); I² = 98%. The results are summarized 
in Figure 5. A sensitivity analysis was conducted, 
and no individual study significantly affected the 
pooled results. Publication bias was evaluated 

using a funnel plot (see Figure, Supplemental 
Digital Content 7, which shows a funnel plot for 
studies reporting migraine attack intensity, http://
links.lww.com/PRS/G742), and no overt signs of 
asymmetry were observed. The original extracted 

Fig. 2. Forest plot for the number of monthly migraine days before versus after surgery using the DerSimonian and Laird random-
effects model of mean differences.

Fig. 3. Forest plot for the mean total migraine attacks per month before versus after surgery using the DerSimonian and Laird 
random-effects model of mean differences.

Fig. 4. Forest plot for the migraine headache index before versus after surgery using the DerSimonian and Laird random-effects 
model of mean differences.

Copyright © 2023 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 
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migraine attack intensity data are summarized in 
the Supplemental Digital Content. (See Table, 
Supplemental Digital Content 8, which shows 
extracted migraine attack intensity data by indi-
vidual study. A, arterectomy performed; AT, atrau-
matic; BTA, botulinum toxin A; N, narcotic user; 
NA, no arterectomy performed; NN, nonnarcotic 
user; NP, no precipitating event, NR, not reported; 
OAR, occipital artery resection; PE, precipitat-
ing event; T, traumatic; TON-NR, third occipital 
nerve not removed; TON-R, third occipital nerve 
removed, http://links.lww.com/PRS/G743.)

Migraine Attack Duration
A total of 15 studies reported on mean migraine 

attack duration both preoperatively and postoper-
atively. Durations were reported in total hours or 
days. For studies reporting duration as days, val-
ues were converted to total hours to standardize 
units for meta-analysis. The MD ranged from 3.9 
to 25.2 hours. The reduction ranged from 41.1% 
to 75.0%. The weighted MD across studies was 
11.80 (95% CI, 6.44 to 17.16). Heterogeneity was 
measured as τ² = 105.56; χ² = 1051.98, df = 14 (P 
< 0.00001); I² = 99%. The results are summarized 
in Figure 6. A sensitivity analysis was conducted, 
and no individual study significantly affected the 
pooled results. Publication bias was evaluated 
using a funnel plot (See Figure, Supplemental 
Digital Content 9, which shows a funnel plot for 
studies reporting migraine attack duration, http://
links.lww.com/PRS/G744), and no overt signs of 
asymmetry were observed. The original extracted 
migraine attack duration data are summarized in 

the Supplemental Digital Content. (See Table, 
Supplemental Digital Content 10, which shows 
extracted migraine attack duration data by indi-
vidual study. A, arterectomy performed; AT, atrau-
matic; BTA, botulinum toxin A; N, narcotic user; 
NA, no arterectomy performed; NN, nonnarcotic 
user; NP, no precipitating event; NR, not reported; 
OAR, occipital artery resection; PE, precipitat-
ing event; T, traumatic; TON-NR, third occipital 
nerve not removed; TON-R, third occipital nerve 
removed, http://links.lww.com/PRS/G745.)

Complications
Of the included studies, eight reported com-

plications after migraine surgery, three reported 
no postoperative complications, and eight did 
not discuss complications. Among the 11 stud-
ies discussing complications (including those 
reporting their absence), there were a total of 
401 participants. The most commonly recorded 
complication was ecchymosis [n = 35 (8.83%)]. 
Other important complications included hair 
loss or thinning [n = 20 (4.99%)], itching [n = 13 
(3.24%)], dryness [n = 12 (2.99%)], rhinorrhea 
[n = 11 (2.74%)], temporal hollowing [n = 10 
(2.49%)], numbness or paresthesia persisting for 
1 year [n = 8 (2%)], septal deviation recurrence 
[n = 8 (2%)], and neck stiffness [n = 5 (1.25%)]. 
The corresponding site of deactivation for each 
complication was not reported in four of the eight 
studies reporting complications, and thus, these 
data could not be pooled appropriately. A sum-
mary of complications and the studies they were 
reported in can be seen in Table 2.

Fig. 5. Forest plot for the average migraine attack intensity before versus after surgery using the DerSimonian and Laird random-
effects model of mean differences.
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DISCUSSION
The results of this systematic review and meta-

analysis corroborate previous reviews demonstrat-
ing the efficacy and safety of headache surgery 
using nerve deactivation procedures.13,56,57 The key 
finding is the significant postoperative reduction 
in MMD pooled across studies. Secondary out-
comes similarly demonstrated significant reduc-
tions. The three most common complications 
across studies were ecchymosis, operative-site inci-
sional alopecia, and itching. Major complications 

such as intraoperative bleeding and wound dehis-
cence were very rare (≤1%).

The focus of this review is to demonstrate the 
effect of nerve deactivation surgery on MMD, 
the outcome commonly used in the neurology 
literature. PRS studies on headache surgery tra-
ditionally have emphasized MHI as the primary 
outcome, which is problematic considering the 
guidelines established for evaluating migraine 
treatment. In the first edition of its guidelines 
for controlled trials of drugs in migraine from 

Fig. 6. Forest plot for the average migraine attack duration before versus after surgery using the DerSimonian and Laird random-
effects model of mean differences.

Table 2. Complication Rate Listed by Categorya

Complication No. of Studies No. of Participants with Complication Complication Rate (%) 

Ecchymosis49,50,53 3 35 8.73
Hair loss or thinning10,48,49,52 4 20 4.99
Itching10,45,48,52 4 13 3.24
Temporary nasal dryness10 1 12 2.99
Rhinorrhea10 1 11 2.74
Temporal hollowing48 1 10 2.49
Numbness or paresthesia persisting for 1 

year22,45,48,49
4 19 2.00

Septal deviation recurrence10 1 8 2.00
Neck stiffness10,48 2 5 1.25
Bleeding10 1 4 1.00
Infection10 1 3 0.75
Epistaxis10 1 3 0.75
Hematoma10 1 2 0.50
Seroma22 1 2 0.50
Hyposensitivity50 1 1 0.25
Hypertrophic scarring45 1 1 0.25
Wound dehiscence22 1 1 0.25
Unilateral airway reduction10 1 1 0.25
Residual corrugator supercilia function48 1 1 0.25
Uneven brow movement48 1 1 0.25
Peri-incisional burn53 1 1 0.25
a Only studies reporting complications were included in the analysis. A total of 401 patients were included among the studies.
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1991, the IHS provided a formal recommenda-
tion against the use of headache indices.58 They 
stated that intensity is difficult to standardize and 
subject to changes by relief medication, and dura-
tion is subject to medication used along with dif-
ficulty defining onset to termination. Because 
both of these attack characteristics are included 
in the calculation of the MHI, the IHS ultimately 
stated that the collective headache index cannot 
be meaningfully compared among different trial 
participants. Moreover, the IHS cited a study that 
demonstrated that in most cases where a decrease 
in the headache index was found, this was attribut-
able to a decrease in frequency rather than inten-
sity or duration.59

Further guidelines published in 2000, 2008, 
and 2018 have echoed similar recommenda-
tions.11,12,60 Across all four publications spanning 
27 years, they have consistently endorsed change 
in MMDs as one of three standard primary effi-
cacy outcomes. The other outcomes are response 
rate measured as the proportion of patients with a 
50% or greater decrease in MMD and the change 
in headache days of moderate to severe inten-
sity per month (including headaches of all clas-
sifications). The change in MMD has been used 
by neurologists in randomized controlled trials 
on migraine prophylaxis drugs, including recent 
studies investigating antibodies that target the cal-
citonin gene-related peptide pathway.61–65

Because of this discrepancy in outcome report-
ing and the consideration that neurologists are 
the traditional experts on nonsurgical migraine 
treatment, the primary purpose of the current 
study is to demonstrate the efficacy of headache 
surgery through the same lens utilized by neurol-
ogists investigating novel therapies for migraine 
prophylaxis. The significant decrease and narrow 
confidence interval demonstrated in the current 
meta-analysis provide strong evidence in support 
of headache surgery efficacy.

As a secondary purpose, the current study is 
also meant to motivate future PRS publications 
to report directly on preoperative and postopera-
tive MMD data. We identified 31 studies report-
ing on outcomes of headache surgery without any 
mention of MMD.5,10,16,18–20,24–38,45,49,51–53,55,66–69 This 
is a significant body of evidence that could exist 
in the databases already constructed by the study 
authors. If so, we suspect this omission might be 
attributable to a lack of awareness about the pre-
ferred outcome metrics used in the neurology 
literature, and we hope our work will provide evi-
dence to standardize migraine treatment metrics 
across both disciplines.

A salient weakness of the current study is the 
high degree of heterogeneity of the procedures 
performed, as we included data on surgical pro-
cedures involving a variety of trigger sites. It is 
possible that some procedures are more effec-
tive than others depending on the surgical tech-
nique applied and the number of trigger sites 
approached in each patient. The range of sites 
deactivated per patient ranged from one to six 
among the studies included. The field of head-
ache surgery is in its youth, and methods of deac-
tivation have evolved over the past 2 decades. We 
recommend that future studies report migraine 
metrics by site of deactivation to determine out-
comes more objectively.70

Another weakness of the current study is 
the inclusion of varying levels of evidence (1 
through 4) in our analysis. However, including 
all outcome studies and maximizing available 
data outweighs the negatives of pooling multiple 
study designs together. In addition, although 
duplicate patient samples were removed, sev-
eral studies were conducted by similar author 
groups, and therefore, patients might have been 
counted more than once. This could potentially 
bias the findings of the study, and interpreta-
tion of the results should be done with caution. 
Nevertheless, the current meta-analysis provides 
a higher level of evidence than individual investi-
gations, and the findings support ongoing efforts 
to make migraine surgery more accessible in the 
right setting.

CONCLUSIONS
Previous meta-analyses have reported on 

headache surgery outcomes, but the current 
meta-analysis incorporates new publications 
with a particular emphasis on change in MMD. 
This is the outcome endorsed by the IHS and 
used in neurology investigations on novel medi-
cal migraine therapeutics. The pooled results 
in our study provide data to better compare 
outcomes after headache surgery with those of 
medical migraine treatments. We hope future 
studies on headache surgery will report out-
comes as change in MMD to facilitate com-
munication between the PRS and neurology 
communities.

Jeffrey E. Janis, MD
915 Olentangy River Road 

Columbus, OH 43212
jeffrey.janis@osumc.edu

X (formerly Twitter): jjanismd
Instagram: JeffreyJanisMD
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