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Prevention

Background: Minimally invasive techniques for treatmentresistant migraine
have been developed on recent insights into the peripheral pathogenesis of
migraines. Although there is a growing body of evidence supporting these tech-
niques, no study has yet compared the effects of these treatments on headache
frequency, severity, duration, and cost.

Methods: PubMed, Embase, and Cochrane Library databases were searched to
identify randomized placebo-controlled trials that compared radiofrequency
ablation, botulinum toxin type A (BT-A), nerve block, neurostimulation, or
migraine surgery to placebo for preventive treatment. Data on changes from
baseline to follow-up in headache frequency, severity, duration, and quality of
life were analyzed.

Results: A total of 30 randomized controlled trials and 2680 patients were
included. Compared with placebo, there was a significant decrease in head-
ache frequency in patients with nerve block (= 0.04) and surgery (< 0.001).
Headache severity decreased in all treatments. Duration of headaches was
significantly reduced in the BT-A (P < 0.001) and surgery cohorts (P = 0.01).
Quality of life improved significantly in patients with BT-A, nerve stimulator,
and migraine surgery. Migraine surgery had the longest lasting effects (11.5
months) compared with nerve ablation (6 months), BT-A (3.2 months), and
nerve block (11.9 days).

Conclusions: Migraine surgery is a cost-effective, long-term treatment to reduce
headache frequency, severity, and duration without significant risk of complica-
tion. BT-A reduces headache severity and duration, but it is short-lasting and
associated with greater adverse events and lifetime cost. Although efficacious,
radiofrequency ablation and implanted nerve stimulators have high risks of
adverse events and explantation, whereas benefits of nerve blocks are short in
duration.  (Plast. Reconstr. Surg. 152: 1087, 2023.)

igraine headache is a widespread debili-
tating neurologic condition, affecting
14.4% of the worldwide population, and
is the leading cause of disability in young women."*
It is best conceptualized as a chronic neurologic
disease punctuated by attacks of headache and
accompanying symptoms—such as photophobia,
phonophobia, nausea, vomiting, and aura—that
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cause great burden on health, quality of life, pro-
ductivity, and financial security.” Thus, therapies
for mitigation of its clinical sequelae are of utmost
importance.

Treatment of migraine headaches has
largely focused on behavioral and pharmaco-
logic interventions. In addition to modification
of lifestyle and environmental factors, migraine
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management includes acute therapies for rapid
symptom relief and preventive therapies to
reduce the frequency and severity of migraine
attacks. The wide range of medications avail-
able for migraine headache prophylaxis and
abortive treatment underscore the fact that the
pathophysiology of migraine headache is still
poorly understood. Although significant prog-
ress has been achieved in the area of migraine
headache management, there still exists a dis-
tinct population of patients who do not receive
adequate benefit from current treatment strate-
gies and are considered “refractory” to the stan-
dard of care.*

Multiple contemporary treatments for treat-
ment-resistant migraine patients have been
developed based on recent insights into the
pathogenesis of migraine headache, which argue
against a sole central vasogenic cause and sup-
port additional peripheral mechanisms involving
compressed or irritated craniofacial nerves that
contribute to the generation of migraine head-
ache. For example, the emergence of neuro-
modulation devices and radiofrequency ablation
therapy have sparked interest in their applica-
tions in migraine therapy.”” In addition, botu-
linum toxin type A (BT-A) injection and nerve
blocks are relatively new treatment approaches
with demonstrated efficacy that support a
peripheral mechanism.'”!" Patients for whom
optimal medical management fails and who
then experience amelioration of headache after
injection at specific anatomical locations can be
considered for subsequent surgery to deactivate
the trigger sites. Migraine surgery is an excit-
ing prospect for appropriately selected patients
with migraine headache and will continue to be
a burgeoning field with additional investigative
opportunities.'*"

This wide spectrum of novel treatments pro-
vides a variety of potential options, which may
result in uncertainty for choosing an interven-
tion. Although previous studies have examined
these novel treatment options in isolation, these
studies failed to stratify outcomes by treatment,
used studies without randomized placebo groups,
examined treatments only at a single site, or did
not consider other measures of efficacy besides
headache frequency.*'*'" Thus, this study is the
most rigorous analysis, with only randomized con-
trolled trials (RCTs), and the first to compare the
effectiveness of these contemporary treatments
for migraine based on changes in the frequency,
duration, and severity of migraines and quality of
life in adults.

1088

Data Sources and Searches

This review followed the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
guidelines (Fig. 1). EMBASE (including Epub
Ahead of Print, In-Process & Other NonIndexed
Citations), PubMed, Cochrane Central Register
of Controlled Trials, and Cochrane Database of
Systematic Reviews were searched from database
inception to August 1, 2022. Additional stud-
ies were identified and included for analysis by
examining the references of existing systematic
reviews/meta-analyses, clinical trial registries, and
relevant primary studies.

Study Selection

Eligible studies were screened to consist of:
(1) RCTs; (2) adult patients (218 years) with
episodic or chronic migraine; (3) evaluation of
radiofrequency ablation, BT-A, nerve block, nerve
stimulator, or nerve decompression/deactivation
surgery for treatment of migraine; (4) compari-
sons of the intervention with placebo within the
study period; and (5) at least 8-week follow-up in
BT-A and 4-week follow-up in other treatments
according to standardized guidelines.'® Migraine
headaches for each included study were con-
firmed to fit the current International Classification
of Headache Disorders, Third Edition, criteria for
either episodic (<15 headaches per month) or
chronic (215 headaches per month) migraine.’
Studies that were nonrandomized, open-label,
retrospective, non—placebo-controlled studies, or
without sufficient data (ie, no reported standard
deviations) were excluded. In addition, studies
without a well-defined migraine population or
those including other headache disorders, such as
tension headaches, chronic daily headache, dysto-
nia, and all secondary headaches, were excluded.

Data Extraction and Quality Assessment

Two authors (I.A.C. and M.W.W.) indepen-
dently performed screening, review, and data
extraction of the selected articles. Conflicts
between the reviewers were resolved by a third
senior investigator (B.G.). A standardized data
extraction form was developed to extract study
characteristics. Authors were contacted for miss-
ing or incomplete information.

The risk of bias of the included RCTs was
evaluated with the Cochrane Collaboration’s Risk
of Bias 2 tool" and the Jadad Scale,” with excel-
lent interrater agreement (intraclass correlation
coefficient, 0.88 to 0.97). Disagreements were



Volume 152, Number 5 ® Meta-Analysis of Migraine Treatments

!
c
-.2.. Records identified through Additional records identified
_§ database searching (n = 800) through other sources
‘:-‘E (n=7)
@
=
— h 4 A4
r— Records after duplicates removed
(n=303)
an
£
g ‘
7]
0 Records screened _| Records excluded after reading
(n=68) b the title (n = 29)
) -23 trials not placebo-controlled
-6 non-migraine headache
Full-text articles assessed
g for eligibility > Full-text articles excluded
] (n=39) (n=9)
%” -9 reported incomplete data
— Studies included in
qualitative synthesis
(n=30)
8- ]
o
3
] Studies included in
£ quantitative synthesis
(n=30)
| S

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram, literature search,

and selection process.

resolved by consensus. In addition, the effect of
study sponsorship and use of intention-to-treat
analysis for trials with loss to follow-up were evalu-
ated. Publication bias was assessed using the meth-
ods of Peters et al.”! for dichotomous and Egger
et al.”” for continuous outcomes. Potential sources
of heterogeneity were identified using stratified
analysis and meta-regression.” Analysis of the asso-
ciation of placebo with headache outcomes was
performed using random-effects meta-regression.

Outcome Measures
The primary outcome was the difference in
the number of headache episodes per month from

baseline to follow-up. Headache severity, intensity
(visual analogue scale, ranging from 0 to 10),*
duration, analgesic use, adverse events (using the
definitions in the original studies), and quality of
life [Headache Disability Inventory (HDI),” Beck
Depression Inventory (BDI),” Headache Impact
Test (HIT-6),”” Migraine Disability Assessment
Test (MIDAS),” Migraine-Specific Quality of
Life (MSQ),” and Medical Outcomes Study
36-Item Short Form Health Survey (SF-36)"].
For the MSQ and SF-36, a higher score indicates
improved quality of life; for the HDI, BDI, HIT-6,
and MIDAS, a lower score indicates less headache-
related disability.
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Data Synthesis and Analysis

All statistical analyses for RCTs analyzed
participants according to their original alloca-
tion group. For crossover RCTs, outcomes were
established as the measurements of the cohort
before crossover with another treatment to pre-
vent carryover effect. For primary outcome anal-
ysis, the number of headache days per month
using weighted mean differences was preferen-
tially abstracted and pooled in a random-effects
model. For studies that did not provide the stan-
dard deviations as a difference between baseline
and follow-up, the standard deviation was calcu-
lated according to the formula for variance of
change: V(X-Y) =V (X) + V(Y) - 2 x cov(X, Y),
where cov(X, Y) =r x SD(X) x SD(Y), r was fixed at
0.5 as per standardized protocol, and V(X)was the
variance at baseline and V(Y) was the variance at
follow-up.'” Studies were pooled using an inverse-
variance weighted estimation. For studies with
more than one treatment group, distinct cohorts
were recorded separately and pooled for analysis
according to the Cochrane recommendation.”

Heterogeneity was assessed visually with forest
plots and statistically with the Cochran Q hetero-
geneity statistics and Higgins P.** Studies with a
value of P< 0.1 or P > 50% were determined to
have statistical heterogeneity, prompting random-
effect modeling.

All studies, including those using measures
other than headache frequency, were secondarily
examined by calculating an effect size by means of
mean difference. For adverse events, risk ratio was
calculated. Treatment groups without data for an
outcome of interest were not included for com-
parison for that outcome. Statistical significance
was determined as P< 0.05.

All analyses were performed by using R soft-
ware version 4.1.2. In creating our forest plots, the
size of the box for each study was proportional to
the contribution of each study to the pooled sum-
mary, as by convention.

Radiofrequency Ablation

Of the two included studies, there were 85
patients who were treated with nerve ablation,
with a mean age of 42.4% and 51.8% being
female, and 40 control patients (Table 1).7!%*=

There was no significant difference in the
number of headache days (P = 0.21), although
there was a significant reduction in severity by
1.90 (95% CI, 1.36 to 2.43; P=0.02). (See Figure,
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Supplemental Digital Content 1, which shows forest
plot of changes in headache episodes per month
between baseline and follow-up. MD, mean differ-
ence, http://links.lww.com/PRS/G221. See Figure,
Supplemental Digital Content 2, which shows for-
est plot of changes in headache severity between
baseline and follow-up, http://links.lww.com/PRS/
G222.) No included studies reported migraine
duration or changes in analgesic use. (See Figure,
Supplemental Digital Content 3, which shows for-
est plot of changes in headache duration between
baseline and follow-up, http://links.lww.com/PRS/
G223.) There was no significant difference in
MIDAS scores after treatment (P=0.12) (Table 2)
or adverse events (P = 0.07) compared with the
control cohort. (See Figure, Supplemental Digital
Content 4, which shows forest plot of changes in
adverse events between baseline and follow-up. AE,
adverse events, http://links.lww.com/PRS/G224.)

Nerve Block

Of the four included studies, there were 137
patients who were treated with nerve block, with a
mean age of 38.9 years and 81.5% of whom were
women, and 113 control patients.”’ Treatment
regimens and patient demographics for each
study are described in Table 1.

Compared with placebo, there was a significant
difference in headache days of 5.69 days (95% CI,
0.37 to 11.01 days; P = 0.04). Analysis of severity,
which was reported in three of the four papers, also
revealed a significant decrease in severity of head-
aches of 1.62 (95% CI, 0.42 to 2.82; P=0.01). The
duration of headache episodes was not significantly
changed in the two studies of nerve block (P=0.24).
There were no studies in our analysis for nerve block
that reported quality-of-life scores (Table 2). There
were no significant differences in the four stud-
ies with reported adverse events when compared
with placebo treatments (P = 0.97). There were no
changes in analgesic use (P = 0.46). (See Figure,
Supplemental Digital Content 5, which shows forest
plot of changes in analgesic use between baseline
and follow-up, http://links.lww.com/PRS/G225.) The
effects lasted 12.1 days on average.

Botulinum Toxin Type A

Our analysis included 10 studies in which
patients underwent injection for migraine with a
total of 1857 treatment patients and 1499 control
patients with saline injections.*™* The mean age
of the treatment cohort was 40.5 years, and 85%
were women. Treatment details, including site of
injection and amount of BT-A, are provided in
Table 1.
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Table 2. Standardized Mean Differences in Quality-of-Life Scores from Baseline to Follow-Up

Treatment and Scale SMD P
Nerve ablation
Migraine Disability Assessment 1.13 0.12
Nerve block
None reported
BT-A
Beck Depression Inventory 0.02 0.99
Headache Depression Inventory -6.41 0.30
Headache Impact Test -24 <0.006*
Migraine Disability Assessment 0.41 <0.001*
Nerve stimulator
Migraine Disability Assessment 4.3 0.27
Migraine-Specific Quality of Life 2.3 0.48
Medical Outcomes Study 36-Item Short-Form Health Survey 7.0 <0.001*
Migraine surgery
Migraine Disability Assessment 34.2 0.08"
Migraine-Specific Quality of Life (emotional) 34.3 <0.001*
Migraine-Specific Quality of Life (preventive) 28.6 <0.001*
Migraine-Specific Quality of Life (restrictive) 13.9 0.63
Medical Outcomes Study 36-Item Short Form Health Survey (mental) 6.9 <0.001*
Medical Outcomes Study 36-Item Short Form Health Survey (physical) 1.61 0.70

SMD, standardized mean difference.
*Statistically significant.
"Approaching statistical significance.

There was no significant difference noted in
our primary outcome of headache days in the
BT-A treatment compared with placebo (P=0.1),
although there was a significant decrease in sever-
ity of 2.92 (95% CI, 1.30 to 4.54; P < 0.001) and
headache duration by 4.58 days (95% CI, 2.26 to
6.90 days; P< 0.001). MIDAS was the only quality-
of-life scale with significant changes for treatment
with BT-A compared with placebo (P < 0.001).
BDI, HDI, and HIT-6 were also reported, but did
not demonstrate statistically significant differ-
ences (Table 2). There was a significant increase
in adverse effects in the BT-A cohort versus the
placebo cohort of 0.6 event (95% CI, 0.32 to
0.88 event; P< 0.001). There was a trend toward
decreased monthly analgesic use, although it
failed to reach statistical significance (P = 0.05).
Effects lasted 3.2 months on average.

Nerve Stimulator

There were 10 studies on nerve stimulator,
with 416 patients in the nerve stimulator cohort
and 368 patients in the placebo group.””"® The
mean age for patients who underwent nerve
stimulator treatment was 30.3 years, and 82.5%
of them were women. Patient demographics and
treatment protocols for each study can be found
in Table 1.

There were no significant changes in head-
ache days (P = 0.07) or duration (P = 0.44),

although there was a significant decrease in head-
ache severity of 1.8 (95% CI, 0.05 to 3.55; P=0.04).
In studies examining treatment with nerve stimu-
lator, only quality-oflife outcomes collected by
means of the SF-36 were statistically significantly
different from placebo (P < 0.001), whereas the
MIDAS and MSQ outcomes were comparable to
placebo (Table 2). There were no significant dif-
ferences in analgesic use or adverse events overall
(P=0.15). Implanted stimulators were associated
with significantly more adverse events than non-
invasive stimulators (P < 0.001), with an explanta-
tion rate of 53.6%. Average effect duration was not
available in nerve stimulator studies, as implanted
nerve stimulators had a preset firing rate irrespec-
tive of patient-reported symptom resolution.

Surgical Interventions

Of the four included studies on surgical treat-
ment for migraine headaches, there were 185
patients in the treatment group and 74 patients
who received placebo.'””**" The mean age of
the treatment cohort was 42.5 years and 69.2%
were women. In the treatment group, an average
of 1.85 trigger sites (n = 185) were operated on.
Patient demographics and information detailing
surgical technique can be found in Table 1.

There was a significant reduction in the num-
ber of headache days of 6.02 days (95% CI, 4.03
to 8.02 days; P< 0.001), severity by 2.47 (95% CI,
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0.36 to 4.58; P=0.02), and duration of headache
by 0.44 days (95% CI, 0.13 to 0.74 day; P=0.01).
Six quality-of-life scales were collected in patients
treated with surgery, of which MSQ preven-
tive and emotional and SF-36 were significantly
improved after treatment compared with placebo
(P<0.001 and P< 0.001, respectively) (Table 2).
There were significantly fewer workdays lost in the
surgery cohort than in the sham cohort (1.5 days;
P < 0.001). There was no significant difference
in adverse events (P = 0.07) in comparison with
the control cohort. No included studies reported
analgesic use in surgical treatment for migraine
headaches.

Study Bias

Funnel plots were created to evaluate for
potential small-study bias in the analyzed stud-
ies. (See Figure, Supplemental Digital Content 6,
which shows funnel plot for headache frequency.
Funnel plots demonstrated no evidence of asym-
metry or small-study bias for all included out-
comes hitp://links.lww.com/PRS/G226.) We found
no evidence of publication bias for all outcomes

(Egger method, P=0.21).

Treatments for refractory and intractable
migraine have been of growing interest, particu-
larly given the diversity and utility of novel treat-
ments. Nerve stimulators, nerve blocks, BT-A, and
surgery for migraine headache all offer new ave-
nues for patients who do not sufficiently respond
to conventional therapies or tolerate the side
effects of medications. However, there have been
no studies that have analyzed and compared out-
comes for each of these treatments. Furthermore,
although headache frequency is an important
factor that is often analyzed, headache intensity
and duration are essential aspects of migraine
treatment inherent in quality of life, but are
underreported.”'*"® In our analysis, we found
that migraine surgery is the only treatment of the
four novel options that has been documented to
reduce the frequency, severity, and duration of
migraine headaches.

The pathophysiology of migraine headaches
has been under debate, with proposed mecha-
nisms for both peripheral and central causes.
Injection of BT-A leads to chemical deactivation
of peripheral nerve-triggering elements, thus
diminishing inciting stimuli for migraine attacks.
In addition, nerve blocks containing long-acting
corticosteroids produce effects lasting a few weeks
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or longer, negating the need for pharmaceutical
agents. Because all four of the discussed treat-
ments in this review act on the peripheral nerves,
these results strongly support the clinical role of
the peripheral mechanism on the onset of the
migraine cascade. This theory has been advocated
by the senior author (B.G.) over the past 20 years,
and has been further validated by the anatomical
investigations of Blake and Burstein.”** In con-
trast, the central mechanism undoubtedly plays
a role as well, as evidenced by symptoms such as
nausea, vomiting, photophobia, phonophobia,
and many others that cannot be explained by the
peripheral mechanism alone.

It must be considered that rigorous patient
selection is necessary for successful migraine sur-
gery.” Researchers and practicing surgeons use the
expertise of board-certified neurologists and the
diagnostic criteria set forth by the International
Headache Society to screen for patients with true
migraine headache, as many patients can have
overlapping headache diagnoses.”® In addition,
certain types of migraine headaches may respond
more favorably to certain treatments. For exam-
ple, neuromodulators and nerve blocks are typi-
cally used for treatment of occipital headaches,
as the occipital nerves act as convenient conduits
for anesthetic or stimulation delivery to the cervi-
cal cord and brainstem.'”% However, in the senior
author’s experience, surgical outcomes are most
successful in patients with the ability to self-identify
and point to the headache site of origin, detection
of a vascular signal on Doppler ultrasound, and a
positive response to nerve block, regardless of the
diagnostic migraine classification.

Severity and duration of migraine headaches
have been cited as the most important measure-
ments of migraine treatment efficacy, which
were significantly reduced after both BT-A and
migraine surgery in our analysis.”” However, BT-A
did not have a significant effect on decreasing
monthly headache days, which may be explained
by the protocols used in the included studies.
Most trials followed protocols with fixed injec-
tion sites that did not adequately address the
main peripheral nerve triggers responsible for
some forms of migraines. The Phase III Research
Evaluating Migraine Prophylaxis Therapy 1 and 2
trials were landmark studies that used “follow the
pain” protocols and demonstrated a significant
decrease in headache days after BT-A injection
but were confounded by ineffective placebo, as up
to 85% of patients and researchers were able to
decipher group allocation based on visible muscle
paralysis.'®*-!
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Furthermore, the effects of BT-A and nerve
bock are temporary, and their use is not without
risks. Consistent with previous established find-
ings, our meta-analysis identified BT-A as the only
treatment to have a significantly greater incidence
of adverse events than placebo. Common side
effects included blepharoptosis, diplopia, injec-
tion-site pain, and atrophy of the injected muscles,
most notably in the temporalis muscles (ie, hour-
glass deformity).””*® Degradation of these chemi-
cal products results in resistance to blockage and
often require surgery within months of initiating
therapy.”” Nerve block may better serve as a tool to
confirm trigger sites and to evaluate candidacy for
migraine surgery rather than as a long-term treat-
ment. Thus, patients who are responders to BT-A
and nerve block may benefit from more defini-
tive decompression or deactivation of craniofacial
peripheral nerves by surgical techniques, particu-
larly for those who do not sufficiently respond to
conventional therapies or tolerate the side effects
of medications.”””” Surgical removal of imping-
ing or irritating muscles and vessels around the
peripheral nerves provides a long-term solution,
rather than simply masking pain signals.

Migraine burden and quality of life are other
important metrics of treatment effectiveness. Our
study analyzed six different questionnaires and 10
different aspects of quality of life, and found sig-
nificant improvement in BT-A, nerve stimulator,
and migraine surgery. Additional homogeneity in
reports of migraine burden through quality-of-life
studies is encouraged for future studies.

In the era of cost-conscious health care, it is
imperative for physicians to consider cost-effec-
tiveness. Although there is a role for nonpharma-
cologic treatments given their potential for better
tolerability, cost and lack of insurance coverage
are barriers for many patients. The high compli-
cation rate requiring surgical interventions are
concerning over the cost-effectiveness and safety
of the procedure. In particular, implanted nerve
stimulation devices, although effective for selected
patients with intractable headache disorders,
have been shown to result in an additional 21%
of initial costs for hospitalization and hardware
explantation surgery in 8.6% and 40.7% of the
patients, respectively.””* In a cost analysis study of
implanted occipital nerve stimulators for intracta-
ble migraine, Mueller et al. found that these com-
plications added nearly 21% to initial costs.”

Multiple studies have demonstrated that
peripheral trigger-site deactivation surgery is more
effective and less costly than BT-A injections, and
itis the most cost-effective treatment for refractory

migraine headaches.”’* The therapeutic effects
of BT-A tapers 2 to 3 months after administration,
requiring multiple repeated treatments to main-
tain its efficacy, and some patients may develop
resistance to BT-A after some period of positive
response. Furthermore, those with nasal/retro-
bulbar trigger sites either do not respond to BT-A
at all, or BT-A may alleviate only some secondary
symptoms, such as headaches that extend to the
forehead, thus reducing the headache intensity
without decreasing headache frequency. The
cumulative costs and decreased benefits associ-
ated with BT-A injections accrued over a patient’s
lifetime make this treatment modality signifi-
cantly less cost-effective than migraine surgery.
A study by Schoenbrunner et al. found that the
economic value of migraine surgery demonstrates
a median total cost reduction of $3950 at 5 years
postoperatively, indicating that surgical interven-
tion can lead to significant cost savings by obviat-
ing expenses associated with medications, doctor
visits, and other financial burdens relating to
migraine headache.”"

Radiofrequency ablation is another prospect
that may offer temporary benefit for cervicogenic
headaches, occipital neuralgia, and potentially
migraines, but carries increased postoperative
risk. Most studies found improvements in pain
symptoms to be shortlived after radiofrequency
ablation, lasting up to only 12 weeks.”"** Cohen
et al. demonstrated pulsed radiofrequency ini-
tially improved pain scores, but no longer car-
ried significance after 6 months.”* In addition,
long-term outcomes and complications are
poorly defined and may be underreported, as
no studies have investigated outcomes beyond
1 year.”” Thermal injury from radiofrequency
ablation may be responsible for postoperative
numbness, worsening headache, and intracta-
ble pain caused by intrinsic nerve scarring and
neuroma-in-continuity.’

We recognize that there are limitations to our
study. First, there remains a deficit in the litera-
ture of placebo-controlled studies of nonphar-
macologic migraine treatment, particularly those
of migraine surgery, in which the majority is led
by a single author. There is a need for further
placebo-controlled studies by different centers
to consolidate the efficacy of migraine surgery.
Second, nonpain symptoms of migraine, such
as nausea, photophobia, and phonophobia, may
present with additional burden of disease com-
parable to that of pain, and are heavily under-
reported in the literature. In our experience,
patients who responded to migraine surgery
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experienced either mitigation or complete res-
olution of both nonpain and pain symptoms.
Finally, RCTs compared treatments against pla-
cebo, limiting comparative effectiveness infer-
ences between nonpharmacologic treatments.
Head-to-head trials of active therapies and trials
of combinations of therapies are needed to sup-
port shared decision-making among all the avail-
able treatment options.

CONCLUSIONS

This report analyzed five contemporary non-
medication treatments for migraine: radiofre-
quency ablation, BT-A, nerve stimulator, nerve
block, and surgical interventions. Of these treat-
ments, only migraine surgery and BT-A signifi-
cantly improved migraine severity and duration.
Migraine surgery represents a cost-effective treat-
ment to reduce headache frequency, severity, and
duration without significant risk of complications
compared with placebo. BT-A is also effective in
reducing severity and duration with improved
migraine burden but is associated with significantly
more adverse events and greater lifetime cost.
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