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ABSTRACT

Background: Nerve decompression surgery has been successful in treating headaches refractory
to traditional medical therapies. Nevertheless, a subset of patients remain unresponsive to
surgical treatment.

Methods: We conducted a retrospective chart review of the two senior author’s (J.E.J. and
W.G.A.) patient data from 2007 to 2020 to investigate differences in surgical outcomes in
women reporting estrogen-associated headaches — headaches associated with menstrual period,
oral contraceptives, pregnancy, other hormonal drugs — compared to those who did not. For these
two groups, we used Migraine Headache Index (MHI) as the metric for headache severity and
compared the mean percent change in MHI at 3 months and 1 year.

Results: Of the 99 female patients who underwent nerve decompression surgery and met
inclusion criteria, 50 of the patients reported estrogen-associated headaches and were found to
have significantly earlier age of onset (p=0.017) and initial presentation to clinic (p=0.046). At 1-
year post-op, the majority of patients improved more than 80% after surgery (67%), but there
were a subset of patients who improved less than 5% (12.5%). We did not find a significant
difference in percent change in post-op MHI between women with estrogen-associated
headaches and those without such headaches.

Conclusion: Women with estrogen-associated headaches have surgical outcomes comparable to
women without this association. Nerve decompression surgery should be offered to women

experiencing estrogen-associated headaches as an option for treatment.



INTRODUCTION

Primary headache disorders are one of the most common and disabling disorders of the
nervous system. In particular, migraines affect 20.7% of females and 9.7% of males in the
United States, with similar prevalence worldwide, and have debilitating socioeconomic and
health disability consequences resulting in overall lower quality of life.!2 Despite advances in
therapies for primary headache disorders, there remains no widely accepted permanent cure, and
many patients are still refractory to current medical treatments.*® This is due to an incomplete
understanding of headache pathophysiology.® Clear pathophysiologic data is available for only
one type of headache, specifically migraine with aura, but similar information remains elusive
for other types of headaches.

Classically, the etiology of migraines is believed to be neurovascular in origin, linked to
activation and sensitization of trigeminovascular pathways, which has driven a large majority of
therapeutics such as triptans and calcitonin gene-related peptide (CGRP) pathway monoclonal
antibodies.”® However, in 2000, Guyuron et al. discovered that patients who underwent
corrugator supercilii muscle resection as part of cosmetic browlifting had significant
improvement, or in some cases, elimination, of their frontally-based migraine headaches.'® This
has led to an emerging body of evidence suggesting that migraines may be caused by
extracranial sources of inflammation along nerve trigger sites, namely at peripheral branches of
the trigeminal nerve.'*"1* This theory has been supported by the success of botulinum toxin
administration, nerve blocks, and nerve decompression surgery in treating migraine headaches
refractory to traditional medical therapies.'*'°>-2! Despite demonstrated efficacy of surgery, there
are a subset of patients who remain unresponsive. Gfrerer et al. found that patients either

improved completely or failed to improve after surgery, in what may be an “all or nothing



phenomenon.”??

It is not yet known why nerve decompression surgery is ineffective in these
patients and current screening efforts are unable to recognize poor surgical candidates in at least
14% of cases.??

One potential factor that may play a part in triggering these debilitating headaches is
estrogen. Changes in estrogen have been found to have a complicated association with
migraines, with the prevalence of migraines changing across milestones in a woman’s life —
puberty, menses, and pregnancy.®-2® On a pathophysiological level, the decline in estrogen
before menstruation has been linked to pro-inflammatory signaling and pain-modulating
pathways.?®-33 Furthermore, menstrual-related migraines have been found to be more resistant to
medical treatment compared to migraines that occur at other times of the month.® Given these
associations, estrogen could potentially play a role in inflammation related to or extending
beyond nerve compression, as well as nerve decompression outcomes. We hypothesize that
patients who experience estrogen-associated migraines may be more refractory to surgical
treatment, resulting in a subset of patients who are simply poor surgical candidates.

In this study, we sought to examine estrogen as a factor affecting headache surgery
outcomes in hopes of finding an explanation to the “all or nothing phenomenon” to improve
surgical screening for appropriate surgical candidates. We propose that headache surgery will be
less effective for women who experience estrogen-associated headaches.

METHODS

We performed a retrospective chart review of both senior author’s (J.E.J. and W.G.A.)
patient data from 2013-2020. Metrics representing aspects of preoperative migraine symptoms
were extracted: 1) the number of migraines per month, with a maximum of 30 days, 2) migraine

intensity, between 1-10, and 3) migraine duration, recorded as number of hours out of 24 hours.



These three components were multiplied together to determine the migraine headache index
(MHI), an overall metric of migraine severity. The maximum possible MHI was 300,
representing a 10/10, 24-hour headache that occurs every day of the month. Other baseline
information included patient demographics, location of headache, associated symptoms, triggers
and reliefs, and whether patients experienced headaches related to menstrual periods, oral
contraceptives, pregnancy, and other hormonal drugs. Briefly, the surgical procedures of the two
senior authors can be summarized as the following. After the surgical candidate and trigger sites
are identified, trigger site deactivation is performed via nerve decompression from muscle,
fascia, bone, and/or vessels (Janis et al. 2019). Ligation/ablation of associated vessels is also
performed. A portion of W.G.A patients received nerve transection, while no J.E.J. patients
received nerve transection.

Data were parsed for female patients who underwent surgery, performed by the senior
authors. Next, the control group was defined as patients who did not experience estrogen-
associated headaches, and the experimental group was defined as patients who did experience
estrogen-related migraines. Baseline quantitative data between groups were compared using the
2-sample t-test, and baseline qualitative data between groups were compared using the Chi-
square test. Post-operative MHI data were considered for patients with follow-up at
approximately 3 months and 1 year. Patients who did not have follow-up data for these time
points were removed from consideration in the analysis; in other words, a patient who only had
follow-up data at 3 months would only be considered for analysis at 3 months, while a patient
who had follow-up data for 3 months and 1 year would be considered for analyses for both time
points. Patients were not grouped or excluded by site of decompression nor number of trigger

sites surgically addressed. To elucidate if there was a significant difference in surgical outcome



between control and experimental groups, we calculated the percent change between each
patient’s baseline MHI and post-op MHI at 3 months and 1 year by subtracting post-op MHI
from baseline MHI and dividing over baseline MHI. Percent change was also calculated for MHI
components (number of migraines per month, migraine intensity, migraine duration) at 3 months
and 1 year.

Hypothesis tests were conducted for each follow-up time point, comparing the percent
change in MHI between Control and Experimental groups. The null hypothesis was that there is
no difference in means of percent change in MHI between patients who experienced estrogen-
associated headaches and those who did not. The MHIs of each sample were examined via
histogram; given non-normal distributions, the Mann-Whitney U test (a = 0.05) was used. This
process was repeated for MHI components (percent change in number of migraines per month,
migraine intensity, and migraine duration). The effect of nerve transection on percent change in
MHI between Control and Experimental groups was investigated using a two-way ANOVA (a =
0.05). Sub-analyses were also conducted specifically for estrogen-associated variables: menstrual
cycle, oral contraceptives (OCPs), pregnancy, and other hormonal drugs. Finally, to investigate
the isolated effects of these estrogen-associated variables on MHI, multiple linear regression
models were generated for 3-months and 1-year follow-up. Each variable was plotted on the x-
axes as a binary “yes” or “no.” and the MHI was plotted on the y-axis for each patient. All data
were processed using RStudio (Boston, MA).

RESULTS
We identified a total of 238 patients who underwent evaluation and workup. Of these,
200 were female, with 106 undergoing surgery. Seven patients were lost to follow-up and

removed from consideration, leaving 99 patients overall, 47 of which had nerve transection.



Forty-eight patients did not experience any estrogen-associated headaches (control), while 51
patients did (experimental). Table 1 shows the characteristics of these two samples. The mean
age of presentation of the control group was 46.7 years, and the mean age of the experimental
group was 40.7 years; patients with estrogen-associated headaches were significantly younger
than those who did not (p < 0.05). The mean age of migraine onset for the control group vs. the
experimental group was 25.6 years old vs. 18.5 years old, respectively. (p < 0.05). Forty-five
patients reported changes in headaches associated with menstrual cycle, 17 with OCPs, 9 with
pregnancy, and 5 with other hormonal drugs. These estrogen-associated variables were not
mutually exclusive, so one patient could experience one or more of these variables. Patients in
both groups experienced similar baseline headaches, with no statistically significant differences
(Table 2).

To investigate the effect of nerve decompression surgery in each group, we calculated the
percent change in MHI (Figure 1). Using 50% reduction in MHI as the traditional threshold for
success, we determined that, at 3 months, 86.7% of all patients demonstrated greater than or
equal to 50% change in MHI. At 1 year, 78.7% of all patients demonstrated greater than or equal
to 50% change in MHI. More detailed analysis showed that change in MHI tended to fall in two
extremes. At 3 months, 7.2% of all patients demonstrated less than 5% change in MHI, while
75.9% of all patients demonstrated greater than or equal to 80% change. At 1 year, these values
were 12.4% and 67.4%, respectively. The remaining 20.2% were distributed across 5% to 80%
change in MHI but were observed to fall approximately in two groups that leaned toward the two
extremes, rather than being evenly distributed. There were no statistically significant differences
in MHI improvement between control and experimental groups. Overall, percent change in MHI

components also tended to improve, although there were a few outliers (Figure 2). There was no



significant difference in percent change of MHI between the two groups at both time points
(Table 3). Nerve transection had no significant independent or additive effect to percent change
in MHI at either follow-up time point (p > 0.05).

Estrogen-associated variables were also sub-analyzed to better understand the isolated
effect of these estrogen-associated variables on postsurgical outcomes. A multiple linear
regression model demonstrated that patients significantly improved after nerve decompression
surgery, as the intercept showed a positive slope of 77.8 with p < 0.001 at 3 months and a
positive slope of 72.4 with p < 0.001 at 1 year. However, none of the other estrogen-associated
variables showed a significant association to percent change in MHI (Table 4).

DISCUSSION

This study aimed to understand why headache surgery is less effective for some patients
compared to others. We postulated that estrogen was a factor in explaining the “all or nothing
phenomenon”, as demonstrated by Gfrerer et al.?? In our study, we found that women with
estrogen-associated headaches had significantly earlier age of onset and age of presentation
compared to women who did not. Otherwise, baseline migraine symptomatology did not differ
significantly between the two groups. While the majority of patients improved more than 80%
after nerve decompression surgery, there were a subset of patients who failed to improve;
specifically, at 1-year follow-up, 67.4% of patients had greater than 80% change in MHI, while
12.4% of patients had less than 5% change in MHI. This was similar to rates found by Gfrerer et
al., who reported 69% of patients with greater than 80% change and 14% patients with less than
5% change, at 1 year follow-up.?? However, there were no significant differences in post-

operative outcomes between women who did not experience estrogen-associated headaches and



women who did, nor could we identify a specific estrogen-associated variable responsible for
any significant differences in outcomes between the two groups.

Migraine headaches have a high prevalence rate worldwide and a serious impact on
quality of life. Many studies have attempted to uncover the etiology of migraines in search of
new therapies, but neither medical nor surgical pathways have come to a decisive conclusion that
drives a definite cure, and a subset of patients remain refractory to both medical and surgical
treatment. There are few studies that seek to elucidate why some patients do not respond well to
surgical treatment. Given that migraine headaches predominantly affect females, we initially
hypothesized that surgical treatment may not be as effective for some female patients because
their headaches may be driven by additional hormonal factors not addressed through surgery.
Sex hormones have been found to play an important role in anatomical and functional
differences in migraine patients.>>3¢ Maleki et al. show that certain areas of the cerebral cortex of
female migraineurs were thicker, more sensitive to activation, and had different connections to
the rest of the brain, resulting in a “sex phenotype” of these migraines.®” Yet, in our study,
estrogen-related effects did not have a significant impact on post-operative outcomes; nerve
decompression/deactivation surgery was still effective in patients with estrogen-associated
headaches.

What role might estrogen play in these patients’ headaches? Current literature implicates
estrogen as a direct trigger of inflammation via mechanisms such as activating endothelial cells
to promoting pro-inflammatory cytokines.?®-3 Estrogen has been found to alter gene expression
of glial cells in a rat model, leading to release of factors that affect neurogenic inflammation.
The decline in estrogen before menstruation is thought to inactivate neuroinhibitory systems and

enhance excitatory glutamatergic tone.?>2%3° Interestingly, these theories correlate with the



pathophysiology of entrapment neuropathy. For instance, glutamate has a prominent role in the
development of hyperalgesia and allodynia.*#%4! Chronic constriction injury of the infraorbital
nerve is found to increase proliferation of satellite glial cells, and changes in these cells are
thought to affect nociception.*?*® Thus, we postulate that estrogen may “biologically prime”
nerve inflammation, which combined with extrinsic nerve compression, may lead to the
development of migraines. This combined effect is akin to the “double crush hypothesis.”*44°
First described by Upton and McComas in 1973, this theory suggests that compressed axons are
susceptible to damage at a secondary site.** Serial sites of impingement, which may be clinically
silent alone, are compounded, leading to severe dysfunction of the nerve. Studies have found that
non-physical factors, such as diabetic neuropathy, can also lead to increased susceptibility to
chronic nerve compression, for which nerve decompression surgery has been used as treatment.*®
We suspect that estrogen-related effects work similarly to “prime the nerve”, leading to
headaches, though it is unclear if one must occur before the other. Regardless, we found that
nerve decompression/deactivation surgery is successful even in estrogen-associated migraines;
estrogen-related effects on the nerve may be clinically silent without extrinsic compression, so
deactivation would lead to alleviation of symptoms.

We also do not yet understand why some women of reproductive age experience
estrogen-associated migraines, while others do not. It is possible that women have variations in
gene expression that increase their risk of “biological priming” by estrogen. This may explain
why our patients with estrogen-associated headaches had significantly earlier onset of migraines.
Variability in the response to changes in estrogen through life events such as puberty may impact
when women first experience migraines, and those more at risk of “biological priming” may

have earlier onset of their headaches. Women with menstrual-related headaches have been found
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to have certain patterns of rapid estrogen decline in the late luteal phase that predispose them to
environmental triggers of migraine, such as stress or lack of sleep.?® Some post-menopausal
women develop headaches after depo-estradiol injection, indicating a potential biological
predilection for estrogen-triggered migraines.*’ In contrast, there are inconsistencies in the
effects of exogenous sources of estrogen, such as oral contraceptives and hormone replacement
therapy, on migraine headache.*®->! The variability in women who experience estrogen-
associated migraines may be a reflection of underlying genetics that affect how women respond
to estrogen, and consequently, if estrogen compounds the pathophysiology of nerve compression.
There are several limitations to this study. One limitation of this study is that patients
were only analyzed to 1-year follow-up. This makes it difficult to ascertain if benefits of surgery
are maintained over time or require more time to take effect for patients more resistant to
treatment; however, Guyuron et al. have shown that patients retained benefits from surgery at 5
years post-op, which was not significantly different from results at 1-year post-op.> This study is
also challenged by a patient’s self-reported metrics of headache symptomatology. We chose not
to use other validated assessment tools, such as the Global Assessment of Migraine Severity
(GAMS) or the Migraine Disability Assessment (MIDAS), because these metrics are also limited
by strongly subjective responses. However, it would be useful to assess surgical outcomes based
on these other tools to paint a more comprehensive picture. These tools will be utilized in future
studies. We also did not analyze or control for specific trigger sites or number of trigger sites
decompressed due to inadequate sample sizes to power a hypothesis test analyzing such
variables. These variables may have an effect on surgical outcome, related to or independent of
estrogen-related effects. Patients who develop new trigger sites after surgery would likely

continue to report headache symptomatology, even if surgery did have a benefit at addressed
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trigger sites. Detailed analysis on a larger sample size would have to be performed to tease apart
the nuances related to trigger sites. Lastly, all of the patients in this study were Caucasian,
leading to poor generalizability. Ultimately, there are myriad factors that could be investigated to
better understand surgical outcomes in these patients, and long-term, large sample prospective
studies are required to build upon the findings in this analysis.
CONCLUSION

Nerve decompression surgery is a growing area of interest for treatment of migraine
headaches refractory to traditional medical therapies. Estrogen may act as a biological primer
that increases nerve susceptibility to compression, but this process does not affect surgical
outcomes. Patients with estrogen-associated migraines are viable surgical candidates and should
be offered nerve decompression surgery, while further investigation is required to elucidate why

some patients fail to improve after surgery.

12



REFERENCES

1.

Bonafede M, Sapra S, Shah N, Tepper S, Cappell K, Desai P. Direct and Indirect
Healthcare Resource Utilization and Costs Among Migraine Patients in the United States.
Headache J Head Face Pain. 2018;58(5):700-714. doi:10.1111/head.13275

Hawkins K, Wang S, Rupnow MFT. Indirect Cost Burden of Migraine in the United States:
J Occup Environ Med. 2007;49(4):368-374. doi:10.1097/JOM.0b013e31803b9510

Burch R, Rizzoli P, Loder E. The Prevalence and Impact of Migraine and Severe Headache
in the United States: Figures and Trends From Government Health Studies. Headache J
Head Face Pain. 2018;58(4):496-505. doi:10.1111/head.13281

Schulman E. Refractory Migraine — A Review. Headache J Head Face Pain.
2013;53(4):599-613. doi:https://doi.org/10.1111/head.12047

Irimia P, Palma J-A, Fernandez-Torron R, Martinez-Vila E. Refractory migraine in a
headache clinic population. BMC Neurol. 2011;11:94. do0i:10.1186/1471-2377-11-94
Goadsby PJ, Hargreaves R. Refractory migraine and chronic migraine: pathophysiological
mechanisms. Headache. 2008;48(9):1399-1405. doi:10.1111/j.1526-4610.2008.01274.x
Ong JJY, De Felice M. Migraine Treatment: Current Acute Medications and Their Potential
Mechanisms of Action. Neurother J Am Soc Exp Neurother. 2018;15(2):274-290.
doi:10.1007/s13311-017-0592-1

Goadsbhy PJ, Holland PR, Martins-Oliveira M, Hoffmann J, Schankin C, Akerman S.
Pathophysiology of Migraine: A Disorder of Sensory Processing. Physiol Rev.
2017;97(2):553-622. doi:10.1152/physrev.00034.2015

Tso AR, Goadsby PJ. Anti-CGRP Monoclonal Antibodies: the Next Era of Migraine

Prevention? Curr Treat Options Neurol. 2017;19(8):27. d0i:10.1007/s11940-017-0463-4

13



10.

11.

12.

13.

14.

15.

16.

17.

18.

Guyuron B, Varghai A, Michelow BJ, Thomas T, Davis J. Corrugator supercilii muscle
resection and migraine headaches. Plast Reconstr Surg. 2000;106(2):429-434; discussion
435-437. doi:10.1097/00006534-200008000-00030

Gfrerer L, Guyuron B. Surgical treatment of migraine headaches. Acta Neurol Belg.
2017;117(1):27-32. d0i:10.1007/s13760-016-0731-1

Blake P. Emerging evidence of occipital nerve compression in unremitting head and neck
pain. Published online 2019:7.

Burstein R, Blake P, Schain A, Perry C. Extracranial origin of headache. Published online
2018:16.

de Ru JA, Filipovic B, Lans J, van der Veen EL, Lohuis PJ. Entrapment Neuropathy: A
Concept for Pathogenesis and Treatment of Headaches—A Narrative Review. Clin Med
Insights Ear Nose Throat. 2019;12:117955061983494. d0i:10.1177/1179550619834949
Omranifard M, Abdali H, Ardakani M, Talebianfar M. A comparison of outcome of
medical and surgical treatment of migraine headache: In 1 year follow-up. Adv Biomed Res.
2016;5(1):121. d0i:10.4103/2277-9175.186994

Janis JE, Barker JC, Javadi C, Ducic I, Hagan R, Guyuron B. A Review of Current
Evidence in the Surgical Treatment of Migraine Headaches: Plast Reconstr Surg.
2014;134:131S-141S. doi:10.1097/PRS.0000000000000661

Surgical Treatment of Chronic Headaches and Migraines | SpringerLink. Accessed
December 1, 2020. https://link.springer.com/book/10.1007/978-3-030-36794-7

Bink T, Duraku LS, Ter Louw RP, Zuidam JM, Mathijssen IMJ, Driessen C. The Cutting

Edge of Headache Surgery: A Systematic Review on the Value of Extracranial Surgery in

14



19.

20.

21.

22.

23.

24,

25.

the Treatment of Chronic Headache. Plast Reconstr Surg. 2019;144(6):1431-1448.
doi:10.1097/PRS.0000000000006270

Hatef DA, Gutowski KA, Culbertson GR, Zielinski M, Manahan MA. A Comprehensive
Review of Surgical Treatment of Migraine Surgery Safety and Efficacy. Plast Reconstr
Surg. 2020;146(2):187e-195e. doi:10.1097/PRS.0000000000007020

Guyuron B, Nahabet E, Khansa I, Reed D, Janis JE. The Current Means for Detection of
Migraine Headache Trigger Sites: Plast Reconstr Surg. 2015;136(4):860-867.
doi:10.1097/PRS.0000000000001572

Rangwani SM, Hehr JD, Janis JE. Clinical Effectiveness of Peripheral Nerve Blocks for
Diagnosis of Migraine Trigger Points. Plast Reconstr Surg Glob Open. 2020;8(9 Suppl).
doi:10.1097/01.GOX.0000720872.70028.90

Gfrerer L, Hulsen JH, McLeod MD, Wright EJ, Austen WG. Migraine Surgery: An All or
Nothing Phenomenon? Prospective Evaluation of Surgical Outcomes. Ann Surg.
2019;269(5):994-999. doi:10.1097/SLA.0000000000002697

Martin VT, Behbehani M. Ovarian Hormones and Migraine Headache: Understanding
Mechanisms and Pathogenesis-Part 2. Headache J Head Face Pain. 2006;46(3):365-386.
doi:10.1111/j.1526-4610.2006.00370.x

Lipton RB, Bigal ME. Migraine: Epidemiology, Impact, and Risk Factors for Progression.
Headache J Head Face Pain. 2005;45(s1):S3-S13. d0i:10.1111/j.1526-
4610.2005.4501001.x

MacGregor EA, Frith A, Ellis J, Aspinall L, Hackshaw A. Incidence of migraine relative to

CME menstrual cycle phases of rising and falling estrogen. :6.

15



26.

27.

28.

29.

30.

31.

32.

33.

Pavlovi¢ JM, Allshouse AA, Santoro NF, et al. Sex hormones in women with and without
migraine: Evidence of migraine-specific hormone profiles. Neurology. 2016;87(1):49-56.
doi:10.1212/WNL.0000000000002798

Silberstein SD. The role of sex hormones in headache. Neurology. 1992;42(3 Suppl 2):37-
42.

Sacco S, Ricci S, Degan D, Carolei A. Migraine in women: the role of hormones and their
impact on vascular diseases. J Headache Pain. 2012;13(3):177-189. doi:10.1007/s10194-
012-0424-y

Welch KMA, Brandes JL, Berman NEJ. Mismatch in how oestrogen modulates molecular
and neuronal function may explain menstrual migraine. Neurol Sci. 2006;27(S2):5190-s192.
doi:10.1007/s10072-006-0599-6

Brandes JL. The influence of estrogen on migraine: a systematic review. JAMA.
2006;295(15):1824-1830. doi:10.1001/jama.295.15.1824

Tietjen GE, Herial NA, White L, Utley C, Kosmyna JM, Khuder SA. Migraine and
biomarkers of endothelial activation in young women. Stroke. 2009;40(9):2977-2982.
doi:10.1161/STROKEAHA.109.547901

Willis C, Morris JM, Danis V, Gallery EDM. Cytokine production by peripheral blood
monocytes during the normal human ovulatory menstrual cycle. Hum Reprod Oxf Engl.
2003;18(6):1173-1178. doi:10.1093/humrep/deg231

Puri V, Cui L, Liverman CS, et al. Ovarian steroids regulate neuropeptides in the trigeminal

ganglion. Neuropeptides. 2005;39(4):409-417. doi:10.1016/j.npep.2005.04.002

16



34.

35.

36.

37.

38.

39.

40.

41.

42.

Couturier E, Bomhof M, Neven AK, van Duijn N. Menstrual Migraine in A Representative
Dutch Population Sample: Prevalence, Disability and Treatment. Cephalalgia.
2003;23(4):302-308. doi:10.1046/j.1468-2982.2003.00516.x

Chai NC, Peterlin BL, Calhoun AH. Migraine and estrogen. Curr Opin Neurol.
2014;27(3):315-324. doi:10.1097/WC0.0000000000000091

Borsook D, Erpelding N, Lebel A, et al. Sex and the migraine brain. Neurobiol Dis.
2014;68:200-214. doi:10.1016/j.nbd.2014.03.008

Maleki N, Linnman C, Brawn J, Burstein R, Becerra L, Borsook D. Her versus his
migraine: multiple sex differences in brain function and structure. Brain J Neurol.
2012;135(Pt 8):2546-2559. doi:10.1093/brain/aws175

Puri J, Bellinger LL, Kramer PR. Estrogen in cycling rats alters gene expression in the
temporomandibular joint, trigeminal ganglia and trigeminal subnucleus caudalis/upper
cervical cord junction. Published online 2012:25.

Somerville BW. The role of estradiol withdrawal in the etiology of menstrual migraine.
Neurology. 1972;22(4):355-355. doi:10.1212/WNL.22.4.355

Pereira V, Goudet C. Emerging Trends in Pain Modulation by Metabotropic Glutamate
Receptors. Front Mol Neurosci. 2019;11:464. doi:10.3389/fnmol.2018.00464

Schmid AB, Fundaun J, Tampin B. Entrapment neuropathies: a contemporary approach to
pathophysiology, clinical assessment, and management. PAIN Rep. 2020;5(4):e829.
doi:10.1097/PR9.0000000000000829

Donegan M, Kernisant M, Cua C, Jasmin L, Ohara PT. Satellite glial cell proliferation in
the trigeminal ganglia after chronic constriction injury of the infraorbital nerve: SGC

Proliferation After Nerve Injury. Glia. 2013;61(12):2000-2008. doi:10.1002/glia.22571

17



43.

44,

45.

46.

471.

48.

49,

50.

51.

Ohara PT, Vit J-P, Bhargava A, et al. Gliopathic Pain: When Satellite Glial Cells Go Bad.
The Neuroscientist. 2009;15(5):450-463. doi:10.1177/1073858409336094

Upton ARM, Mccomas AJ. The double crush in nerve entrapment syndromes. The Lancet.
1973;302(7825):359-362.

Dellon AL, Mackinnon SE. Chronic nerve compression model for the double crush
hypothesis. Ann Plast Surg. 1991;26(3):259-264.

Dellon AL. Susceptibility of Nerve in Diabetes to Compression: Implications for Pain
Treatment. Plast Reconstr Surg. 2014;134:142S-150S.
doi:10.1097/PRS.0000000000000668

Lichten EM, Lichten JB, Whitty A, Pieper D. The confirmation of a biochemical marker for
women’s hormonal migraine: the depo-estradiol challenge test. Headache. 1996;36(6):367-
371. doi:10.1046/j.1526-4610.1996.3606367.X

Ryan RE. A controlled study of the effect of oral contraceptives on migraine. Headache.
1978;17(6):250-252. doi:10.1111/j.1526-4610.1978.hed1706250.x

Mueller L. Predictability of exogenous hormone effect on subgroups of migraineurs.
Headache. 2000;40(3):189-193. d0i:10.1046/].1526-4610.2000.00027.x

Hodson J, Thompson J, al-Azzawi F. Headache at menopause and in hormone replacement
therapy users. Climacteric J Int Menopause Soc. 2000;3(2):119-124.
doi:10.3109/13697130009167613

Misakian AL, Langer RD, Bensenor IM, et al. Postmenopausal hormone therapy and
migraine headache. J Womens Health 2002. 2003;12(10):1027-1036.

d0i:10.1089/154099903322643956

18



52. Guyuron B, Kriegler JS, Davis J, Amini SB. Five-Year Outcome of Surgical Treatment of
Migraine Headaches. Plast Reconstr Surg. 2011;127(2):603-608.

doi:10.1097/PRS.0b013e3181fed456

19



TABLES AND FIGURES LEGEND

Table 1. Characteristics of the Patient Sample

Table 2. MHI Descriptive Statistics for Control and Experimental Groups

Figure 1. Distributions of Percent Change in MHI at Post-Op Follow-Up. Percent change in
MHI at 3 months and 1 year post-op follow-up for All Subjects (Left Column), No Estrogen-
Associated Migraines (Control; center column), and Estrogen-Associated Migraines
(Experimental; right column). Subjects with percent change < 5% and > 80% are shown in green
and blue, respectively, with subjects in between shown in red. At 3 months, 7.2% of All Subjects
(7.5% Control vs. 7.0% Experimental, p=1) < 5% change; 75.9% of All Subjects (72.5% Control
vs. 79.1% Experimental, p=0.61) had > 80% change. At 1 year, 12.4% of All Subjects (16.3%
Control vs. 8.7% Experimental, p=0.34) had < 5% change; 67.4% of All Subjects (69.8%
Control vs. 65.2% Experimental, p=0.66) had > 80% change. Asterisks (*) indicate distributions
with outliers not visible in the plots; these may be seen in Figure 2. P-values were obtained using
Fisher’s Exact Test.

Figure 2: Percent Change in MHI Metrics at Post-Op Follow-Up. Boxplots comparing the
percent change in (above, left) MHI, (above, right) number of migraines per month, (below, left)
migraine intensity, and (below, right) migraine duration for 3-months and 1-year post-op
between patients who did not experience estrogen-associated migraines (Control) to those who
did (Experimental). Means of distributions are marked by diamonds. (above, left) Control 3 mo
M: 77.3, SD: 52.0; Experimental 3 mo p: 82.6, SD: 29.1; Control 1 yr y: 74.4, SD: 39.4;
Experimental 1 yr p: 60.8, SD: 101. (above, right) Control 3 mo u: 54.7, SD: 84.7; Experimental
3mo p: 73.7, SD: 34.4; Control 1 yr u: 61.7, SD: 44.7; Experimental 1 yr y: 62.4, SD: 48.6.

(below, left) Control 3 mo p: 49.7, SD: 43.3; Experimental 3 mo p: 42.9, SD: 40.4; Control 1 yr
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M 43.3, SD: 41.9; Experimental 1 yr p: 52.6, SD: 85.0. (below, right) Control 3 mo u: 52.6; SD:
85.0; Experimental 3 mo p: 30.6, SD: 96.3; Control 1 yr p: 40.6, SD: 71.6; Experimental 1 yr p:
31.3, SD: 126.

Table 3. Mann-Whitney U Tests Comparing Percent Change in MHI Metrics for Patients With
and Without Estrogen-Associated Migraines.

Table 4. Multiple Linear Regression Analyzing Isolated Effects of Different Estrogen-

Associated Variables on Percent Change in MHI.
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Table 1. Characteristics of the patient sample

Number of patients

Mean age at presentation,
years (SE)

Age Range

Race/Ethnicity

White

Aura
Yes

No

Mean onset of migraines, years
(SE)*

Age Range

Estrogen-Associated Variables

Menstrual Period

No Estrogen-

Associated Migraines

(Control)

48

46.7 (1.91)

18-73

48

43

25.6 (2.38)

5-62

22

Estrogen-Associated

Migraines

(Experimental)

o1

40.7 (1.77)

17-65

51

50

18.5 (1.36)

1-49

45

0.024

0.105

0.012




Oral Contraceptives (OCPs) - 17
Pregnancy - 9

Other Hormonal Drugs - 5

Note: Comparison between mean age of groups was tested with the 2-sample t-test (0=0.05).
Comparison of auras was tested with Fisher’s Exact Test (a=0.05).

*Patients who did not report a specific age of onset were excluded from this statistic.
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Table 2. MHI descriptive statistics for Control and Experimental groups, for each time

point

No Estrogen-Associated Migraines Estrogen-Associated Migraines

1 (SD) Median (Q1, Q3) 1 (SD) Median (Q1, Q3)

Baseline (all (all

patients)* N=48

112 (40.6, 193)

# per month 19.5 (9.41) 20 (10, 30) 20.5 (8.11) 20 (15, 30)
Intensity 7.55 (1.85) 8(6,9) 7.75 (1.23) 8(7, 8)
Duration 0.93 (0.80) 1(0.41, 1.00) 0.77 (0.62) 0.58 (0.29, 1.00)

Post-op MHI

96 (35, 210)

120 (97.2)

(3-mo FU)

MHI 29.7 (69.6) 0.86 (0, 15.6) 15.3 (38.3) 3.5 (0, 15)

# per month 7.41(9.99) 3(0, 10.5) 4.44 (5.65) 2.5 (0, 6.5)
Intensity 3.86 (3.41) 4(0,7) 4.25 (3.07) 5(0,7)

Duration 0.29 (0.51) 0.052 (0, 0.29) 0.37 (0.66) 0.17 (0, 0.25)

Post-op MHI
(2-yr FU)

MHI 32.0 (68.6) 4(0.13, 18.0) 2.13 (0, 46.9)

38.3 (69.3)

# per month 7.65 (10.6) 2(0,12) 7.20 (9.54) 4 (0, 10)

Intensity 4.30 (3.28) 4(0,7) 4.59 (3.36) 5(1,7)

Duration 0.46 (0.75) 0.17 (0, 0.56) 0.51 (0.84) 0.13 (0, 0.59)
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*Note: Baseline statistics for all patients are not representative of baseline statistics used in
analyses for each follow-up time point. Only patients with follow-up data at each time point have
their baseline data compared to post-op data at the chosen time point. Sample sizes for these

analyses are provided in this table.
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Table 3. Mann-Whitney U tests comparing percent change in MHI metrics for patients

with and without estrogen-associated migraines.

MHI (% change) # per month (% change) Intensity (% change) Duration (% change)

Control Exp Control Exp Control Exp Control Exp

Median  Median Median  Median P Median  Median P Median  Median

(IQR)  (IQR) (IQR)  (IQR) (IQR)  (IQR) (IQR) (IQR)

All Estrogen-Associated Variables (Exp N=51)

933 82.3 86.7 50.0 35.4 93.7
0.41 0.70 052 0.086
(228) | (185) (575 | (38.8) (100) | (92.5) (53.1) | (100)
96.7 97.3 86.7 80.0 40.0 93.7 66.7 78.1
1yr 0.85 091 0.062 0.67
(33.9) | (38.8) (98.3) | (66.7) (94.4) | (53.1) (100) (100)

Menstrual Period (Exp N=45)

994 94.3 87.8 84.2 50.0 354 93.7 59.2
3mo 0.30 0.75 0.30 0.054
(19.4) (19.3) (50.0) (37.4) (96.9) (58.7) (59.4) (93.4)
96.8 97.2 87.1 76.9 36.7 333 70.8 75.0
lyr 0.96 0.67 0.71 0.81
(31.1) (38.9) (64.3) (66.7) (100) (87.5) (100) (100)
OCPs (Exp N=17)
97.4 85.0 87.1 82.9 44.4 33.9 76.8 50.0
3mo 0.38 0.95 0.84 0.32
(18.1) (19.4) (50.0) (37.5) (100) (58.0) (75.0) (96.9)
95.8 97.8 83.3 80.0 333 354 70.0 82.3
lyr 0.59 0.53 0.82 0.62
(38.4) (40.1) (80.0) (33.3) (100 (50.0) (100) (100)

Pregnancy (Exp N=9)

96.9 93.3 83.3 90.0 44.4 33.3 75.0 66.7
3mo 091 051 0.84 0.93
(02) | (15.3) (50.0) | (27.5) (90.0) | (100) (100) (100)
95.6 99.1 80.0 88.3 333 35.4 66.7 91.7
1yr 0.20 0.34 050 0.13
40.0) | (2.65) (700) | (21.3) (88.9) | (80.2) (100) | (18.8)

Other Hormonal Drugs (Exp N=5)

96.4 100 83.3 100 42.9 100 75.0 100
3mo 0.14 0.086 0.20 0.36
(206) | (4.81) (50.0) | (6.67) (100) | (50.0) (100) | (50.0)
96.3 100 80.0 100 333 100 72,5 100
1yr 0.039 0.022 0.15 0.041
40.8) | (0.00) (70.0) | (0.00) 678) | (50.0) (100) | (0.00)
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Note: Only patients with follow-up data at each time point have their data analyzed at the chosen

time point; provided sample sizes reflect total number of experimental patients in each group.
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Table 4. Multiple linear regression analyzing isolated effects of different estrogen-

associated variables on percent change in MHI.

3 months 1 year

Estimate SE Estimate SE

(Intercept)

Menstrual Period

OCPs

Pregnancy

Other Hormonal Drugs

28



Figure 1

Distributions of Percent Change in MHI at Post-Op Follow-Up
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Figure 2

Percent Change in MHI Metrics at Post-Op Follow-Up
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