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Abstract: Background/Objectives: Headaches in Moyamoya angiopathy are common but poorly
understood. We aimed to investigate if headaches in Moyamoya angiopathy improve after revascu-
larization surgery and whether this is associated with improvement in cerebrovascular reactivity on
MRI (CVR-MRI). Methods: We included consecutive adult patients with Moyamoya angiopathy who
had chart data on headaches, CVR-MRI, and underwent extracranial–intracranial bypass surgery
between January 2010 and September 2022 at a tertiary neurovascular referral center. Clinical and
CVR-MR imaging data of all patients were collected through systematic chart review, complemented
by standard-of-care headache questionnaires from patients who were operated between 2018 and 2022.
We evaluated headache features and explored the association between headaches and CVR before and
after revascularization surgery. Results: Fifty-nine patients were included (mean age 47 ± 14 years,
43 females (73%)); among them, 41/59 (69%) reported headaches pre-surgery. Headache improved
in 28/41 (68%) patients after revascularization surgery with a reduction in pain severity (median
VAS-score from 5/10 to 2.5/10; p = 0.002), analgesic use (from 84% to 40%; p = 0.007), and sick leave
(from 60% to 16%; p < 0.001). Improvement in headaches was associated with improvement in
CVR (OR 5.3; 95% CI: 1.2–23.5) and sick leave reduction (OR 1.4; 95% CI: 1.6–121.4). Conclusions:
Headaches in Moyamoya angiopathy are common and disabling. They may improve in most patients
after revascularization surgery and seem to be associated with improvement in CVR, supporting the
hypothesis of a potential vascular origin of the headaches.

Keywords: moyamoya angiopathy; headaches; hemodynamic; cerebrovascular insufficiency;
extracranial intracranial arterial bypass

1. Introduction

Moyamoya angiopathy is characterized by a progressive stenosis of the terminal
portion of the internal carotid artery and its main branches with development of compen-
satory collaterals, so-called Moyamoya vessels [1,2]. Moyamoya angiopathy comprises
both Moyamoya disease and Moyamoya syndrome, where the first is idiopathic and the
latter occurs in association with another medical condition [2]. Moyamoya angiopathy can
cause hemodynamic insufficiency resulting in ischemic stroke and intracranial hemorrhage
caused by rupture of frail collaterals, both associated with a high rate of disability and
even death [2,3]. Treatment in adults consists of medical management and in selected cases,
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revascularization surgery through a direct extracranial–intracranial arterial (EC–IC) bypass,
with or without an indirect bypass, to prevent ischemic or hemorrhagic stroke [4,5]. To
decide on revascularization surgery, an assessment of the hemodynamic status is part of
the standard work-up [4,5]. An advanced technique to assess the hemodynamic reserve
capacity is blood-oxygenation-level-dependent (BOLD)-MRI in response to carbon diox-
ide (CO2), a vasodilatory stimulus. This cerebrovascular reactivity MRI (CVR-MRI) is
increasingly being offered to patients with chronic steno-occlusive disease [6,7].

In patients with Moyamoya angiopathy, the clinical focus is on stroke-like symptoms [4,5].
Headaches in Moyamoya patients are common, but limited data are available on their
pathophysiology, characteristics, impact on quality of life, and response to revascularization
surgery [8].

We aimed to investigate the presence and features of headaches in patients with Moy-
amoya angiopathy, their association with hemodynamic reserve capacity on CVR-MRI, and
response to revascularization surgery to enhance recognition and improve understanding
of this potentially disabling symptom.

2. Materials and Methods

From a prospective database of adult patients with cerebrovascular disease, who had
at least one CVR-MRI study at our neurovascular tertiary referral center, we included
consecutive patients with unilateral or bilateral Moyamoya angiopathy who underwent
direct EC–IC bypass with or without indirect bypass surgery between January 2010 and
September 2022 and had data on the presence or absence of headaches documented on their
chart (Figure 1). We collected data on demographics, headache characteristics, CVR-MR
imaging results, and type of flow augmentation surgery through systematic chart review.

Figure 1. Patient selection. EC–IC bypass = extracranial–intracranial arterial bypass surgery.
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CVR-MR imaging involved controlled end-tidal partial pressure of CO2 (PETCO2)
as a vasoactive stimulus delivered through a sealed mask (RespirAct, Thornhill Medical,
Toronto, ON, Canada), and BOLD MRI at a 3.0-Tesla system. Full brain BOLD MR im-
ages were acquired using a T2*-weighted two-dimensional gradient-echo sequence with
standard echo-planar readout. Three-dimensional T1-weighted anatomical MR images
were acquired for co-registration with BOLD MR images using an inversion-recovery fast
spoiled gradient-echo sequence. The calculated CVR was based on the BOLD-MR signal
intensity related to the PETCO2. This technique has been described previously in further
detail [6,7]. A clinic visit followed CVR-MR imaging.

Patients who had surgery between 2018 and 2022 also completed a structured headache
questionnaire as part of standard clinical practice. This questionnaire comprises the pres-
ence, localization, and types of headaches, headache triggers, accompanying symptoms,
as well as analgesic use and the impact of headaches on mood and sick leave before and
after surgery. It includes a Visual Analog Scale (VAS) score on a scale from 0 (no pain) to
10 (maximal pain).

The Institutional Research Ethics Board approved the study before data collection. The
need for informed consent was waived.

Statistical Analysis

In addition to descriptive analyses, we used the McNemar–Bowker test to compare
proportions and the Wilcoxon signed rank test to compare VAS scores before and after
surgery. A p-value < 0.05 was considered statistically significant. We explored the associa-
tion between headache improvement and improvement of cerebrovascular reactivity after
surgery using odds ratios with corresponding 95% confidence intervals (95% CI). Subse-
quently, a logistic regression analysis was employed to identify potential confounders for
this association and examine other factors related to headache improvement after surgery.
The data were statistically analyzed using SPSS version 28 software.

3. Results

Fifty-nine patients met the inclusion criteria (mean age 47 ± 14 years, 73% females)
(Figure 1). Most patients (70%) were diagnosed with Moyamoya disease and 30% with
Moyamoya syndrome. Thirty-eight patients (64%) were diagnosed with bilateral Moy-
amoya angiopathy, and 19 (50%) of them underwent bilateral flow augmentation surgery
(Table 1). o

Table 1. Baseline characteristics.

n = 59

Age (yr) 47 ± 14
Female sex 43/59 (73%)

Moyamoya disease 41/59 (70%)
Unilateral 11/41 (27%)
Bilateral 30/41 (73%)

Moyamoya syndrome 18/59 (31%)
Unilateral 10/18 (56%)
Bilateral 8/18 (44%)

History of stroke
Only ischemic 35/59 (59%)

Only hemorrhagic 6/59 (10%)
Ischemic and hemorrhagic 9/59 (15%)

No history of stroke 9/59 (15%)
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Table 1. Cont.

n = 59

Bypass surgery n (%)
EC–IC bypass left 22/59 (37%)

EC–IC bypass right 18/59 (31%)
EC–IC bypass bilateral 19/59 (32%)
EC–IC bypass + EDAS 4/59 (7%)

Interval CVR-MRI & bypass surgery (median
(IQR), months) 5 (3–8)

Interval bypass surgery & CVR-MRI (median
(IQR), months) 6 (3–12)

EC–IC bypass: extracranial–intracranial arterial bypass surgery (direct); EDAS: encephaloduroarteriosynangiosis
(indirect). IQR: interquartile range.

3.1. Headaches before and after Flow Augmentation Surgery

Data on headaches both before and after surgery were available for 57/59 (97%)
patients (Figure 1). Most patients (72%) reported headaches before bypass surgery, which
improved in more than two-thirds (68%) of patients after surgery. Two patients developed
new headaches after surgery (Table 2). The lateralization of the headache was not correlated
with the side of Moyamoya arteriopathy (p = 0.317) nor with the side of surgery (p = 0.754).

Table 2. Headaches before and after flow augmentation surgery.

n (%)

Headaches before surgery 41/57 (72%)
Headaches improved after surgery 28/41 (68%)

Headaches were unchanged after surgery 11/41 (27%)
Headaches worsened after surgery 2/41 (5%)
New onset headaches after surgery 2/57 (4%)

Thirty-one patients who underwent flow augmentation surgery between 2018 and
2022 completed the headache questionnaire. Twenty-five (25/31; 81%) reported mostly
throbbing or pressure-type headaches before surgery with a median headache severity
of 5/10 on the VAS. Among these patients, 17/25 (68%) reported one or more headache
triggers, and 15/25 (60%) described one or more accompanying symptoms, predominantly
nausea/vomiting and a preceding aura. Most patients (84%) used one or more classes of
analgesics. Almost half of the patients felt depressed due to their headaches, and nearly
two-thirds of patients missed work or quit their jobs because of headaches (Table 3).

Table 3. Headache characteristics before and after flow augmentation surgery.

Before Surgery
n (%)

After Surgery
n (%)

Completed questionnaires 31/59 (53%) 31/59 (53%)
Presence of headaches 25/31 (81%) 19/31 (61%)

Types of Headaches
Throbbing headache 9/25 (36%) 6/19 (32%)

Pressure-type headache 7/25 (28%) 6/19 (32%)
Dull headache 6/25 (24%) 6/19 (32%)

Sharp headache 4/25 (16%) 2/19 (11%)
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Table 3. Cont.

Before Surgery
n (%)

After Surgery
n (%)

Localization of Headaches
Bilateral 19/25 (76%) 14/19 (74%)

Unilateral 6/25 (24%) 5/19 (26%)

Headache Triggers
Lack of sleep 6/25 (24%) 5/19 (26%)

Menses 4/25 (16%) 4/19 (21%)
Exercise 3/25 (12%) 1/19 (5%)

Mental stress 3/25 (12%) 2/19 (11%)
Weather changes 1/25 (4%) 1/19 (5%)

Accompanying Symptoms
Preceding aura 6/25 (24%) 6/19 (32%)

Nausea/vomiting 9/25 (36%) 9/19 (47%)
Photo-/phonophobia 4/25 (16%) 3/19 (16%)

Dizziness 4/25 (16%) 2/19 (11%)
Transient focal weakness/sensory

symptoms 2/25 (8%) 0/19 (0%)

Analgesic Use 21/25 (84%) 10/25 (40%) *
Acetaminophen 16/25 (64%) 5/25 (20%)

Non-steroidal anti-inflammatory drugs 5/25 (20%) 2/25 (8%)
Triptans 3/25 (12%) 1/25 (4%)

Anticonvulsants 5/25 (20%) 2/25 (8%)
Opioids (codeine, caffeine, morphine) 3/25 (12%) 3/25 (12%)

Multiple drug classes 7/25 (28%) 3/25 (12%)

Headache impact
Pain severity: VAS-score (median (IQR)) 5 (0–9) 2.5 (0–5) *

Feelings of depression 11/25 (44%) 8/25 (32%)
Sick leave/quit job 15/25 (60%) 4/25 (16%) *

VAS: Visual Analog Scale (0–10). IQR: interquartile range. * Statistically significant difference.

After surgery, sick leave decreased significantly, from 60% (15/25) to 16% (4/25)
(p < 0.001), which was associated with headache improvement (OR 1.4; 95% CI: 1.6–121.4).
Headache severity improved with a reduction in VAS score from 5/10 to 2.5/10 after
surgery (p = 0.002), resulting in a reduction in analgesic use from 84% to 40% (p = 0.007)
after surgery (Table 3).

3.2. Cerebrovascular Reserve before and after Flow Augmentation Surgery

Pre-operative CVR-MRI results were available for 57/59 patients (97%). Most pa-
tients (39/57 (68%)) had bilateral decreased CVR. Post-operative CVR-MRI results were
available for 53/59 patients (90%). CVR improved in 36/53 patients (68%) and wors-
ened in 6/53 patients (11%) after surgery. Improvement of CVR was associated with an
improvement in headaches (OR 5.3; 95%CI: 1.2–23.5).

4. Discussion

In this cohort of patients with Moyamoya angiopathy, headaches were common, dis-
abling, and associated with a high rate of sick leave. Following flow augmentation surgery,
most patients experienced a reduction in headaches, along with observed improvement in
cerebrovascular reserve on MRI. This led to a decreased use of analgesics and a reduction
in sick leave.

Headaches in Moyamoya angiopathy are common but often remain unaddressed in
clinical practice due to insufficient awareness of their impact on quality of life and a limited
understanding of the underlying pathophysiology [8,9].
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In a prior study including 55 patients with Moyamoya angiopathy, of whom 34 had
flow augmentation surgery, a similar headache frequency before surgery was described [8].
Headaches improved after surgery in around two-thirds of the patients, consistent with
our findings. Additionally, our analysis showed an association between headache re-
duction and improved cerebrovascular reserve on MRI after surgery, potentially offering
insights into its underlying pathophysiological mechanism. When the cerebrovascular
reserve capacity is compromised due to Moyamoya angiopathy, leptomeningeal collateral
arteries typically dilate to compensate for reduced flow, which may cause headaches by
stimulation of dural nociceptors [8,10,11]. The vasoactive hypothesis in migraine supports
this theory and would explain the migraine-like headaches in Moyamoya angiopathy
patients [12,13]. Another explanation for headaches in this patient population could be
hypoxia and microvascular ischemia induced by chronic cerebral hypoperfusion and im-
paired hemodynamics from progressive intracranial steno-occlusive disease. Microvascular
ischemia could generate cortical spreading depression, as is also seen in migraine with
aura [8,10,14]. To support this hypothesis, future studies could focus on headaches and
chronic ischemic changes on MRI in patients with Moyamoya angiopathy.

Another potential explanation for headaches in this patient population could be
concomitant depression. Psychological well-being, including depression, can improve
after revascularization surgery in Moyamoya disease patients [15]. Feelings of depression
improved after revascularization surgery in our cohort, though not significantly, and they
were not associated with headache improvement, potentially because of lack of power.

Not only in adults, but also in pediatric patients with Moyamoya disease, headaches
are common and respond to indirect revascularization surgery [9,16,17].

Interestingly, contrasting findings were reported by a Chinese observational study,
which showed no differences in long-term outcomes of headaches between Moyamoya
angiopathy patients who underwent revascularization surgery and those with conser-
vative treatment [13]. It could be argued that patients receiving conservative manage-
ment had less advanced disease compared to patients who required revascularization
surgery and therefore had fewer headaches, potentially masking a positive effect of surgery
on headaches.

As demonstrated in this study, the impact of headaches on the daily routine of patients
with Moyamoya angiopathy is significant, which warrants increased awareness in clinical
practice. In children with headaches caused by Moyamoya disease, a decrease in school
attendance was seen [16]. The effect of revascularization surgery on headache severity and
reduction in sick leave is significant and, therefore, patients and their families should be
informed about these benefits when discussing surgery.

A strength of this study is the relatively large cohort size of Moyamoya angiopathy
patients and the available standard-of-care headache questionnaire, both providing robust
data on their clinical and radiographic status before and after revascularization surgery.

A limitation of this study is its retrospective nature and the potential introduction of
reporting bias concerning the presence of headaches and recall bias regarding headache
characteristics and changes. This limits the ability to establish causality and warrants
careful drawing of conclusions.

These study results need to be validated prospectively in a larger cohort of patients
with Moyamoya angiopathy to mitigate recall and reporting bias. Once the pathophysiology
of these disabling headaches is better understood, specific medical treatment targets may
be identified to tailor headache management in this patient population.

5. Conclusions

Headaches in Moyamoya angiopathy were common and disabling, although they
often improved after revascularization surgery, resulting in a better quality of life. Their
association with improved cerebrovascular reactivity post-surgery supports the postulation
that headaches in patients with Moyamoya angiopathy may have a vascular origin.



Brain Sci. 2024, 14, 967 7 of 8

Author Contributions: Conceptualization, H.C.J., I.R., D.J.M. and J.D.S.; methodology, F.D.G.M.,
H.C.J., L.V., D.J.M., I.R., H.A.B., E.J.H. and J.D.S.; software, F.D.G.M. and J.D.S.; validation, H.C.J.
and J.D.S.; formal analysis, F.D.G.M. and J.D.S.; investigation, F.D.G.M., H.C.J. and J.D.S.; resources,
L.V. and J.D.S.; data curation, F.D.G.M., H.C.J., L.V. and J.D.S.; writing—original draft preparation,
F.D.G.M.; writing-review and editing, H.C.J., L.V., D.J.M., H.A.B., I.R., E.J.H. and J.D.S.; visualization,
F.D.G.M. and J.D.S.; supervision, H.C.J. and J.D.S.; project administration, F.D.G.M., H.C.J. and J.D.S.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review Board of the University Health Network
(protocol code 22-5779, approved on 5 October 2022).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
this study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, J.D.S., upon reasonable request. The data are not publicly available due to
privacy and ethical restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Shang, S.; Zhou, D.; Ya, J.; Li, S.; Yang, Q.; Ding, Y.; Ji, X.; Meng, R. Progress in Moyamoya disease. Neurosurg. Rev. 2020, 43,

371–382. [CrossRef] [PubMed]
2. Scott, R.M.; Smith, E.R. Moyamoya disease and Moyamoya syndrome. N. Engl. J. Med. 2009, 360, 1226–1237. [CrossRef] [PubMed]
3. Guzman, R.; Lee, M.; Achrol, A.; Bell-Stephens, T.; Kelly, M.; Do, H.M.; Marks, M.P.; Steinberg, G.K. Clinical outcome after 450

revascularization procedures for Moyamoya disease. J. Neurosurg. 2009, 111, 927–935. [CrossRef] [PubMed]
4. Bersano, A.; Khan, N.; Fuentes, B.; Acerbi, F.; Canavero, I.; Tournier-Lasserve, E.; Vajcoczy, P.; Zedde, M.L.; Hussain, S.; Lémeret,

S.; et al. European Stroke Organisation (ESO) Guidelines on Moyamoya angiopathy endorsed by Vascular European Reference
Network (VASCERN). Eur. Stroke J. 2023, 8, 55–84. [CrossRef] [PubMed]

5. Gonzalez, N.R.; Amin-Hanjani, S.; Bang, O.Y.; Coffey, C.; Du, R.; Fierstra, J.; Fraser, J.F.; Kuroda, S.; Tietjen, G.E.; Yaghi, S.; et al.
Adult Moyamoya disease and Syndrome: Current Perspectives and Future Directions: A Scientific Statement from the American
Heart Association/American Stroke Association. Stroke 2023, 54, e465–e479. [CrossRef] [PubMed]

6. Van Niftrik, C.H.B.; Sebok, M.; Germans, M.R.; Halter, M.; Pokorny, T.; Stumpo, V.; Bellomo, J.; Piccirelli, M.; Pangalu, A.; Katan,
M.; et al. Increased risk of recurrent stroke in symptomatic large vessel disease with impaired BOLD cerebrovascular reactivity.
Stroke 2024, 55, 613–621. [CrossRef] [PubMed]

7. Raghavan, V.; Sobczyk, O.; Sayin, E.S.; Poublanc, J.; Skanda, A.; Duffin, J.; Venkatraghavan, L.; Fisher, J.A.; Mikulis, D.J.
Assessment of cerebrovascular reactivity using CO2-BOLD MRI: A 15-year, single center experience. J. Magn. Reson. Imaging 2024,
60, 954–961. [CrossRef] [PubMed]

8. Kraemer, M.; Lee, S.I.; Ayzenberg, I.; Schwitalla, J.C.; Diehl, R.R.; Berlit, P.; Bosche, B.; Katsarava, Z.; Obermann, M. Headache in
Caucasian patients with Moyamoya angiopathy—A systematic cohort study. Cephalalgia 2017, 37, 496–500. [CrossRef] [PubMed]

9. Kim, S.K.; Cho, B.K.; Phi, J.H.; Lee, J.Y.; Chae, J.H.; Kim, K.J.; Hwang, Y.S.; Kim, I.O.; Lee, D.S.; Lee, J.; et al. Pediatric Moyamoya
disease: An analysis of 410 consecutive cases. Ann. Neurol. 2010, 68, 92–101. [CrossRef] [PubMed]

10. Zach, V.; Bezov, D.; Lipton, R.B.; Ashina, S. Headache associated with Moyamoya disease: A case story and literature review. J.
Headache Pain. 2010, 11, 79–82. [CrossRef] [PubMed]

11. Fujimura, M.; Tominaga, T. Diagnosis of Moyamoya disease: International standard and regional differences. Neurol. Med. Chir.
2015, 55, 189–193. [CrossRef] [PubMed]

12. Amin, F.M.; Ashgar, M.S.; Hougaard, A.; Hansen, A.E.; Larsen, V.A.; de Koning, P.J.; Larsson, H.B.; Olesen, J.; Ashina, M.
Magnetic resonance angiography of intracranial and extracranial arteries in patients with spontaneous migraine without aura: A
cross-sectional study. Lancet Neurol. 2013, 12, 454–461. [CrossRef] [PubMed]

13. Gao, B.; Kang, K.; Zhang, J.; Zhang, D.; Zhao, X. Clinical Characteristics and long-term outcome of headaches associated with
Moyamoya disease in the Chinese population—A cohort study. Front. Neurol. 2020, 11, 605636. [CrossRef] [PubMed]

14. Chiang, C.C.; Shahid, A.H.; Harriott, A.M.; Tietjen, G.E.; Savastano, L.E.; Klaas, J.P.; Lanzino, G. Evaluation and treatment of
headache associated with Moyamoya disease—A narrative review. Cephalalgia 2022, 42, 542–552. [CrossRef] [PubMed]

15. Haas, P.; Kittelberger, B.B.; Hurth, H.; Wang, S.; Tellermann, J.; Tatagiba, M.; Khan, N.; Roder, C. Health-related quality of life and
neuropsychological outcome after EC-IC bypass revascularization in adult patients with Moyamoya disease. Neurosurgery 2024,
94, 1107–1115. [CrossRef] [PubMed]

https://doi.org/10.1007/s10143-018-0994-5
https://www.ncbi.nlm.nih.gov/pubmed/29911252
https://doi.org/10.1056/NEJMra0804622
https://www.ncbi.nlm.nih.gov/pubmed/19297575
https://doi.org/10.3171/2009.4.JNS081649
https://www.ncbi.nlm.nih.gov/pubmed/19463046
https://doi.org/10.1177/23969873221144089
https://www.ncbi.nlm.nih.gov/pubmed/37021176
https://doi.org/10.1161/STR.0000000000000443
https://www.ncbi.nlm.nih.gov/pubmed/37609846
https://doi.org/10.1161/STROKEAHA.123.044259
https://www.ncbi.nlm.nih.gov/pubmed/38328926
https://doi.org/10.1002/jmri.29176
https://www.ncbi.nlm.nih.gov/pubmed/38135486
https://doi.org/10.1177/0333102416643516
https://www.ncbi.nlm.nih.gov/pubmed/27112705
https://doi.org/10.1002/ana.21981
https://www.ncbi.nlm.nih.gov/pubmed/20582955
https://doi.org/10.1007/s10194-009-0181-8
https://www.ncbi.nlm.nih.gov/pubmed/20012551
https://doi.org/10.2176/nmc.ra.2014-0307
https://www.ncbi.nlm.nih.gov/pubmed/25739428
https://doi.org/10.1016/S1474-4422(13)70067-X
https://www.ncbi.nlm.nih.gov/pubmed/23578775
https://doi.org/10.3389/fneur.2020.605636
https://www.ncbi.nlm.nih.gov/pubmed/33324340
https://doi.org/10.1177/03331024211056250
https://www.ncbi.nlm.nih.gov/pubmed/34786968
https://doi.org/10.1227/neu.0000000000002813
https://www.ncbi.nlm.nih.gov/pubmed/38169304


Brain Sci. 2024, 14, 967 8 of 8

16. Kawabori, M.; Kuroda, S.; Nakayama, N.; Hirata, K.; Shiga, T.; Houkin, K.; Tamaki, N. Effective surgical revascularization
improves cerebral hemodynamics and resolves headache in pediatric Moyamoya disease. World Neurosurg. 2013, 80, 612–619.
[CrossRef] [PubMed]

17. Bohara, M.; Sugata, S.; Nishimuta, Y.; Karki, P.; Nagayama, T.; Sakamoto, S.; Tokimura, H.; Arita, K. Effect of revascularization on
headache associated with Moyamoya disease in pediatric patients. Hiroshima J. Med. Sci. 2015, 64, 39–44. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.wneu.2012.08.005
https://www.ncbi.nlm.nih.gov/pubmed/23022638
https://www.ncbi.nlm.nih.gov/pubmed/26688995

	Introduction 
	Materials and Methods 
	Results 
	Headaches before and after Flow Augmentation Surgery 
	Cerebrovascular Reserve before and after Flow Augmentation Surgery 

	Discussion 
	Conclusions 
	References

