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Short-term efficacy of 
right-to-left shunt closure in 
patients with vestibular migraine
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Chuangwei Wang , Wenting Wang , Xien Zhu  and Ping Gu *

Department of Neurology, The First Hospital of Hebei Medical University, Shijiazhuang, China

Objective: This study aims to evaluate the short-term efficacy of right-to-left 
shunt closure in vestibular migraine patients, and compare the efficacy between 
patent foramen ovale (PFO) closure and pulmonary arteriovenous malformation 
(PAVM) embolization. Additionally, the study identifies factors related to surgical 
outcomes.

Methods: Forty-one patients with vestibular migraine and medium to large 
right-to-left shunts underwent surgery: PFO closure, PAVM embolization, 
or both. Baseline data and postoperative outcomes at one month, including 
migraine and dizziness frequency, duration, VAS, HIT-6, migraine scores, and 
DHI scores, were analyzed. The correlation between efficacy and baseline data 
was analyzed.

Results: At one month postoperatively, the frequency and duration of dizziness 
and migraine attacks significantly decreased, and the VAS, HIT-6, migraine 
scores, and DHI scores all significantly dropped (p < 0.001). There was no 
significant difference in the improvement rates of VAS, HIT-6, migraine scores, 
and DHI scores between the PFO group and the PAVM group (p > 0.05). Red 
blood cell parameters positively correlated with the improvement rates of VAS, 
HIT-6, migraine scores, and DHI. This approach was more effective in male 
patients than in female patients (p < 0.05).

Conclusion: Right-to-left shunt closure has a significant short-term effect on 
patients with vestibular migraine, regardless of the shunt location. Red blood 
cell parameters may serve as predictive indicators for the surgical efficacy in 
these patients.
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1 Introduction

Vestibular migraine (VM) is the second most common cause of episodic vertigo, with a 
prevalence of approximately 1–2.7% in the general population (1). VM is primarily 
characterized by the temporal association of migraine symptoms and vestibular symptoms, 
which may be accompanied by photophobia, phonophobia, nausea, and vomiting. These 
recurrent symptoms severely impact the quality of life of patients. As a relatively new 
diagnostic entity, the pathophysiological mechanisms and treatment approaches for VM are 
largely based on migraine research. Previous studies have suggested a possible correlation 
between migraine, VM, and right-to-left shunt (RLS) (2).
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RLS is an abnormal hemodynamic change where blood that has not 
been fully oxygenated in the lungs passes directly from the right heart 
system to the left heart system due to structural cardiovascular 
abnormalities. RLS is mainly found in patent foramen ovale (PFO) and 
pulmonary arteriovenous malformation (PAVM). The relationship 
between PFO and migraine has been a research hotspot in recent years. 
Although there is a lack of high-quality evidence supporting a causal 
relationship, some hypotheses partially explain the role of PFO in 
migraine. For example, PFO may cause microemboli in the systemic 
circulation to enter the arterial system directly, subsequently reaching 
the brain and causing paradoxical embolism. In the presence of RLS, 
deoxygenated venous blood enters the arterial blood, potentially leading 
to brain tissue hypoxia. These mechanisms may trigger cortical spreading 
depression, which in turn leads to migraine attacks (3–6). While the 
pathophysiological mechanisms of PFO and PAVM are not entirely 
identical, the aforementioned mechanisms can also occur in PAVM (7).

Numerous studies have shown that PFO closure can alleviate 
migraine symptoms, and PAVM embolization also benefits migraine 
patients (8). Although there is controversy regarding the efficacy and 
necessity of surgery, many studies have reported significant relief of 
migraine symptoms in some patients (3, 8, 9). Therefore, rather than 
discussing the necessity of surgery, further optimizing the surgical 
indications may be  more important. The treatment of VM lacks 
randomized controlled trials, and the quality of evidence from related 
studies is relatively low. However, existing research supports that many 
migraine treatments are effective for VM (10). Based on this, it is 
hypothesized that RLS closure is also likely effective for some VM 
patients. It is necessary to further explore the efficacy of RLS closure 
in VM patients and identify those who are more likely to benefit from 
the surgery.

We conducted a study with a small sample size to observe the 
short-term efficacy of RLS closure in VM patients. The results of this 
study will provide preliminary findings and new perspectives for 
future research on VM combined with RLS.

2 Methods

2.1 Study design

This study utilized a prospective cohort study design and was 
approved by the Ethics Committee of the First Hospital of Hebei Medical 
University. The study included 41 VM patients with medium to large 
RLS who were scheduled for interventional surgery and visited the First 
Hospital of Hebei Medical University from October 2023 to March 2024.

Inclusion criteria: Patients met the diagnostic criteria for VM as 
defined by the third edition of the International Classification of 
Headache Disorders (ICHD-3); aged 16–60 years; signed 
informed consent.

Exclusion criteria: Other diseases causing migraine and dizziness; 
patients with mental disorders or cognitive impairment.

2.2 Study methods

2.2.1 Observational indicators
Preoperatively, baseline data were recorded for the patients, 

including general information like gender, age, BMI, medical history, or 
other comorbidities. The clinical characteristics of VM before surgery 
were also collected, such as disease course, relationship between migraine 
and dizziness, frequency and duration of migraine and dizziness attacks, 
Visual Analog Scale (VAS) scores, Headache Impact Test (HIT-6) scores, 
migraine scores, Dizziness Handicap Inventory (DHI) scores, presence 
of triggers, and accompanying symptoms. Hematological indicators were 
also recorded, including red blood cell count (RBC), hemoglobin (HGB), 
hematocrit (HCT), platelet count (PLT), mean platelet volume (MPV), 
plateletcrit (PCT), fibrinogen (FIB), D-dimer (DD), and fibrinogen 
degradation products (FDP). The RLS shunt volume was assessed and 
defined as: no shunt, small (saline contrast microbubbles <10), medium 
(saline contrast microbubbles 10–30), large (saline contrast microbubbles 
>30), and very large (left atrial cloudiness).

2.2.2 Surgical methods
Based on angiographic results and intraoperative findings, 

patients underwent PFO closure and/or PAVM embolization. All 
patients were prescribed oral aspirin and clopidogrel for 
6 months postoperatively.

2.3 Efficacy follow-up

At one month after surgery, all patients were evaluated for the 
occurrence of migraine and dizziness. For patients who still 
experienced attacks, the frequency and duration of attacks, as well as 
VAS, HIT-6, migraine scores, and DHI scores, were recorded. The 
improvement rates for VAS, HIT-6, migraine scores, and DHI scores 
were calculated, with the HIT-6 improvement rate calculated by 
subtracting the baseline score of 36 from the HIT-6 score.

2.4 Statistical methods

SPSS 25.0 statistical software was used for data analysis. Relevant 
score data were presented as medians (interquartile ranges) and 
analyzed using rank-sum tests. Categorical data were presented as 
percentages and analyzed using the χ2 test or Fisher’s exact test. 
Correlations between variables were assessed using Spearman’s 
correlation analysis. A p-value of <0.05 was considered 
statistically significant.

3 Results

3.1 Clinical baseline data

This study included a total of 41 patients with VM combined with 
medium to large RLS, aged between 16 and 60 years, with a 

Abbreviations: VM, Vestibular migraine; PAVM, Pulmonary arteriovenous 

malformation; ICHD-3, International Classification of Headache Disorders; HIT-6, 

Headache Impact Test; DHI, Dizziness Handicap Inventory; RBC, Red blood cell 

count; HGB, Hemoglobin; HCT, Hematocrit; PLT, Platelet count; MPV, Mean 

platelet volume; PCT, Plateletcrit; FIB, Fibrinogen; DD, D-dimer; FDP, Fibrinogen 

degradation products.
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male-to-female ratio of 1:3.1. Among all patients, 3 had a history of 
stroke, 4 had a history of hypertension, 1 had a history of 
hyperlipidemia, and 1 had a history of anemia. The remaining patients 
had no other relevant medical history.

According to the surgical procedures received by the patients, they 
were divided into 3 groups: PFO group (25 cases), PAVM group (14 
cases), and PFO + PAVM group (2 cases). Comparative analysis of 
baseline data between the PFO and PAVM groups showed that, except 
for higher HIT-6 scores in the PFO group compared to the PAVM 
group, there were no significant differences in other baseline data 
between the two groups (p > 0.05). Specific data are detailed in Table 1.

3.2 Comparison of changes in dizziness 
and migraine before and after surgery

At one month postoperatively, the frequency of dizziness and 
migraine attacks in patients significantly decreased, with significantly 
shortened duration per attack (both p < 0.001). Specifically, 13 patients 
(32%) did not experience migraine attacks at one month after surgery, 
and 9 patients (22%) did not experience vertigo attacks postoperatively 
(Figure 1).

Additionally, in patients with VM combined with RLS, at one 
month after occlusion surgery, VAS, HIT-6, migraine scores, and DHI 
scores all significantly decreased (p < 0.001). Specific data are shown 
in Table 2.

3.3 Comparison of efficacy between PFO 
closure and PAVM embolization

At one month postoperatively, there were no significant 
differences between the PFO group and the PAVM group in terms of 
postoperative frequency and duration of migraine, as well as frequency 
and duration of dizziness (p > 0.05).

Both the PFO group and the PAVM group showed significant 
reductions in VAS, HIT-6, migraine scores, and DHI scores at one 
month postoperatively compared to preoperative values (p < 0.001). 
However, there were no significant differences between the two groups 
in terms of VAS, HIT-6, migraine scores, and DHI scores one month 
after surgery. Despite the higher preoperative HIT-6 score in the PFO 
group compared to the PAVM group, there were no significant 
differences in the improvement rates of VAS, HIT-6, migraine scores, 
and DHI scores between the two groups (p > 0.05) (Figure 2; Table 3).

3.4 Correlation analysis of postoperative 
efficacy in VM patients with RLS

This study analyzed the correlation of patients’ general 
information, clinical characteristics, and hematological parameters 
with the improvement rates of VAS, HIT-6, migraine scores, and DHI 
scores. The results showed that the improvement of migraine and 
dizziness symptoms was related to gender. The improvement rates of 
VAS and migraine scores were related to whether the symptoms 
worsened during the menstrual period. RBC, HGB, and HCT levels 
were positively correlated with the improvement rates of VAS, HIT-6, 
migraine scores, and DHI scores. Specifically, the improvement rate 

of HIT-6 was statistically significantly correlated with RBC, HGB, and 
HCT; the improvement rate of migraine scores was significantly 
correlated with HGB; and the improvement rate of DHI was 
significantly correlated with HGB and HCT (p < 0.05). Additionally, 
the improvement rate of DHI was positively correlated with RLS and 
negatively correlated with FDP (Figure 3).

Further comparisons were made between different genders, 
female patients with or without symptom exacerbation during 
menstruation, and RLS shunt volume. It was found that the 
improvement in migraine and dizziness symptoms after surgery was 
more significant in male patients than in female patients (p < 0.05). 
There was no significant difference in the improvement rates between 
female patients with and without exacerbation of symptoms during 
menstruation (p > 0.05). VM patients with a very high volume of RLS 
had a higher improvement rate in migraine and dizziness scores 
postoperatively compared to those with moderate and high volumes 
of shunt. However, only the improvement rate in DHI between 
moderate and very high shunt volumes was statistically significant. 
Specific data are shown in Table 4.

There were no significant differences in preoperative VAS, HIT-6, 
migraine scores, and DHI scores between male and female patients 
(p > 0.05). Further analysis of gender-related factors revealed that 
preoperative RBC, HGB, and HCT levels were significantly lower in 
female patients than in male patients, while DD levels were higher in 
female patients (p < 0.05).

4 Discussion

Our study results indicate that eliminating RLS can significantly 
alleviate or eliminate symptoms in VM patients, demonstrating 
significant short-term efficacy in some patients, which is consistent 
with previous studies on PFO closure treatment for VM (11–13). 
Although some studies have found a higher incidence of PAVM in 
VM patients (2) and that PAVM embolization can reduce migraine 
and improve oxygenation (8, 14, 15), there is currently no specific 
in-depth research on the relationship between PAVM and VM.

This study has revealed for the first time the efficacy of PAVM 
embolization in VM patients with concomitant PAVM, and compared 
the efficacy of PFO closure and PAVM embolization for VM. The 
results show no significant difference between the two groups. This 
finding suggests that the surgical efficacy in VM patients may not 
be related to the site of RLS occurrence, and PAVM embolization may 
alleviate VM through mechanisms similar to PFO closure, although 
further research is needed to explore this mechanism.

This study found significant improvement in VM symptoms 
after RLS closure, but only 22% of patients experienced complete 
relief, with some patients showing no significant improvement or 
even worsening of symptoms. This may be related to postoperative 
thrombus formation and detachment on the closure device or coil 
surface (11), although all 41 patients received aspirin and 
clopidogrel antiplatelet therapy postoperatively. Previous studies 
have reported occurrences of migraine after ASD closure in patients 
with no history of migraine, and migraine self-improving or 
resolving within 6 to 12 months, which suggests this mechanism 
(16, 17). However, thrombus attachment and detachment on the 
closure device surface may not fully explain all reasons. The 
pathological mechanisms in VM patients with concurrent RLS are 
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TABLE 1 Comparison of Baseline Data between PFO Group and PAVM Group.

PFO group (n = 25) PAVM group (n = 14) P

Age (years) 37 (17.5–44.5) 32.5 (16.75–37.5) 0.186

Gender (n, %)

Male 6 (24.0) 3 (21.4) 1.000

Female 19 (76.0) 11 (78.6)

BMI (kg/m2) 20.76 (19.41,24.48) 22.58 (19.98,24.57) 0.429

Duration of Migraine (years) 4 (2.5,10) 3 (0.92,7.75) 0.217

Duration of Dizziness (years) 2 (0.5,6) 2 (0.63,4.25) 0.780

Migraine frequency (n, %)

≤5 /month 13 (52) 7 (50) 1.000

>5 /month 12 (48) 7 (50)

Migraine frequency (n, %)

≤5/ month 9 (36) 7 (50) 0.503

>5/ month 16 (64) 7 (50)

Migraine duration (n, %)

Within few hours 5 (20) 2 (14.3) 0.089

1 day 15 (60) 8 (57.1)

Few days 5 (20) 4 (28.6)

Dizziness duration (n, %)

Within 1 min 4 (16) 1 (7.1) 0.646

Within few hours 9 (36) 4 (28.6)

1 day 7 (28) 7 (50)

Few days 5 (20) 2 (14.3)

VAS 7 (6,8.5) 5.5 (4,7) 0.055

HIT-6 64 (57.5,69) 59 (52.25,62.25) 0.046

Migraine score 14 (11,15.5) 13 (10.75,14.5) 0.289

DHI 30 (16,53) 27 (11.5,39.5) 0.395

Presence of triggers (n, %)

Yes 17 (68.0) 12 (85.7) 0.279

No 8 (32.0) 2 (14.3)

Relationship between migraine and dizziness (n, %)

Migraine precedes dizziness 20 (80.0) 7 (50.0) 0.062

Dizziness precedes migraine 4 (16.0) 3 (21.4)

Simultaneous occurrence 1 (4.0) 4 (28.6)

Presence of aura (n, %)

Yes 7 (28.0) 3 (21.4) 0.721

No 18 (72.0) 11 (78.6)

Associated symptoms

Photophobia and/or phonophobia

Yes 16 (64.0) 7 (50.0) 0.503

No 9 (36.0) 7 (50.0)

Nausea and vomiting

Yes 21 (84.0) 12 (85.7) 1.000

No 6 (16.0) 2 (14.3)

(Continued)
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complex, and the long-term recurrence of RLS may induce 
compensatory or pathological changes in the body, which may not 
immediately recover postoperatively. Furthermore, although the 
mechanisms of VM are not fully understood, it is known to involve 
multiple factors (18). No single hypothesis can completely explain 
the pathophysiology of all VM patients, even when discussing only 
the small subset of VM patients with concurrent RLS. The presence 
of RLS does not necessarily imply a causal relationship with VM; 
RLS is also highly prevalent in the general population, and most 
individuals with RLS do not develop VM. Conversely, there are VM 
patients without RLS, indicating that other mechanisms besides 

RLS may also contribute to migraine in these patients. Therefore, 
further exploration of the pathophysiological mechanisms of VM is 
crucial for improving surgical outcomes and understanding 
individual differences among VM patients.

Furthermore, this study only explores the short-term efficacy 
following RLS closure, and there remains insufficient evidence 
supporting the long-term efficacy of VM closure therapy. Studies have 
reported that some migraine patients undergoing PFO closure 
continue to experience persistent migraine symptoms in the long 
term, and three clinical trials—MIST, PRIMA, and PREMIUM—
failed to meet their primary endpoints regarding PFO closure 

FIGURE 1

Changes in frequency and duration of migraine and dizziness in VM patients. (Note: a. Frequency of migraine in VM patients; b. Frequency of dizziness 
in VM patients; c. Duration of migraine in VM patients; d. Duration of dizziness in VM patients. T1 - preoperative; T2 - 1 month postoperative).

PFO group (n = 25) PAVM group (n = 14) P

Other symptoms

Yes 18 (72.0) 10 (71.4) 1.000

No 7 (28.0) 4 (28.6)

Diversion volume

Moderate 3 (12.0) 4 (28.6) 0.203

Large 15 (60.0) 9 (64.3)

Very large 7 (28.0) 1 (7.1)

TABLE 1 (Continued)
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treatment for migraine (19). The feasibility of closure therapy in VM 
patients is thus inevitably questioned. Further long-term follow-up 
studies are needed to confirm the long-term efficacy and safety of 
closure therapy in VM patients. However, both our study and previous 
research have observed significant post-operative benefits in some 
patients. Therefore, rather than unequivocally affirming or negating 
the efficacy of surgery, optimizing surgical indications and selecting 
patients who are more likely to benefit may be a more crucial endeavor.

The relationship between migraine and red blood cell parameters 
has garnered significant attention. Numerous studies have explored 
the connection between migraine and anemia. For instance, research 
has found that iron deficiency anemia is more common among 
migraine patients (20), with lower hemoglobin levels observed, 
particularly in patients with aura migraine and menstrual-related 

migraine (21). In children with sickle cell disease, low hemoglobin is 
also associated with the occurrence of migraine (22). However, in 
non-anemic patients, the relationship between migraine and red 
blood cell parameters is the opposite; some studies have emphasized 
the correlation between increased HGB and HCT levels and migraine 
(23, 24). In a population-based study on female patients, those with 
lower HGB levels were less likely to experience migraine (25).

This study is the first to investigate the relationship between red 
blood cell parameters and the efficacy of RLS closure in VM patients. 
It was found that higher preoperative levels of RBC, HGB, and HCT 

FIGURE 2

Comparison of scores between the PFO group and the PAVM group postoperatively. (Note: T1 - preoperative; T2 - 1 month postoperative).

TABLE 2 Comparison of severity of migraine and dizziness in VM patients 
before and 1 month after surgery [M (P25, P45)].

T1 T2 P

VAS 7 (5,8) 2 (0,3.75) <0.001

HIT-6 61 (55,67) 50 (36,56.5) <0.001

migraine scores 13 (11,15) 7 (0,11) <0.001

DHI 28 (14,45) 14 (3,27) <0.001

T1 - preoperative; T2–1 month postoperative.

TABLE 3 Comparison of efficacy between the PFO group and the PAVM 
group at 1 month postoperatively [M (P25, P45)].

PFO group 
(n = 25)

PAVM group 
(n = 14)

P

Improvement rate in 

VAS
0.57 (0.28,1) 0.7 (0.57,1) 0.189

Improvement rate in 

HIT-6
0.39 (0.15,1) 0.48 (0.29,1) 0.482

Improvement rate in 

migraine scores
0.39 (0.24,1) 0.48 (0.21,1) 0.561

Improvement rate in 

DHI
0.25 (0.12,0.77) 0.21 (0.14,0.63) 0.988

https://doi.org/10.3389/fneur.2024.1500918
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Lang et al. 10.3389/fneur.2024.1500918

Frontiers in Neurology 07 frontiersin.org

were associated with a higher rate of improvement in migraine and 
dizziness severity, although the causal relationship and underlying 
mechanisms remain unclear.

Hypoxia is closely related to migraine (26, 27). When RLS is 
present, deoxygenated venous blood enters the arterial system, causing 
the body to experience a hypoxic state. During hypoxia, ATP 
production decreases, the function of Na + -K + -ATPase on the cell 
membrane is reduced, resulting in increased intracellular Na + and 
decreased K+, which lowers the membrane potential, making it easier 
to trigger migraine. A similar mechanism might exist in VM. Studies 
on migraine have found that PFO closure alleviates the hypoxic state 

(28). Under hypoxia, RBC, HGB, and HCT levels increase 
compensatorily. That is, high RBC, HGB, and HCT levels may 
be  indicative of higher hypoxia levels; thus, RLS plays a more 
significant role in such patients, potentially leading to better surgical 
outcomes. This hypoxia mechanism can also explain the opposite 
relationship between HGB and migraine in anemic versus non-anemic 
patients. Based on these mechanisms, we speculate that RLS closure 
surgery might reduce VM symptoms by improving hypoxia and 
restoring the lowered threshold. However, there are numerous 
triggering factors for migraine and VM, including changes in ovarian 
hormone secretion, weather changes, and diet (29, 30). When these 

FIGURE 3

Factors related to surgical efficacy. (Note: *p < 0.05; IR: Improvement Rate).

TABLE 4 Factors related to surgical efficacy [M (P25, P45)].

Improvement rate in 
VAS

Improvement rate in 
HIT-6

Improvement rate in 
migraine scores

Improvement rate in 
DHI

Sex

Male 1 (0.52,1) 1 (0.38,1) 1 (0.35,1) 1 (0.16,1)

Female 0.57 (0.28,0.8)* 0.33 (0.14,0.5)* 0.37 (0.2,0.54)* 0.17 (0.04,0.35)*

Exacerbation during menstruation (female)

Yes 0.63 (0.2,1) 0.33 (0.07,1) 0.42 (0.26,1) 0.14 (0,0.3)

No 0.54 (0.28,0.63) 0.31 (0.17,0.49) 0.34 (0.15,0.44) 0.19 (0.13,0.46)

Shunt volume

Moderate 0.54 (0.18,0.95) 0.33 (0.08,0.87) 0.39 (0.04,0.88) 0.14 (−0.02,0.28)

High 0.6 (0.31,1) 0.39 (0.15,1) 0.36 (0.25,1) 0.17 (0.13,0.35)

Very high 0.71 (0.57,1) 0.63 (0.31,1) 0.5 (0.21,1) 1 (0.32,1)#

*Compared to males, P < 0.05; #Compared to moderate shunt volume; P < 0.05.
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triggers reach a specific threshold, migraine or VM attacks can occur. 
This implies that even after improving hypoxia, other triggers might 
still reach the threshold, potentially explaining the varying degrees of 
postoperative relief.

The relative elevation of RBC, HGB, and HCT not only reflects 
hypoxic conditions but may also indicate increased blood viscosity 
(24), which is associated with a higher risk of thrombosis. The 
incidence of in situ thrombosis in PFO is significantly higher in 
migraine patients than in asymptomatic PFO patients (31), suggesting 
a close relationship between thrombosis and migraine. The presence 
of RLS allows microemboli to directly enter the arterial system and 
subsequently reach the brain, causing paradoxical embolism, which 
can be prevented by RLS closure. In our results, DD and FIB showed 
differences at various stages of analysis, supporting the possibility of a 
prothrombotic state in VM patients with RLS. Patients with low 
preoperative levels of RBC, HGB, and HCT have a lower risk of 
thrombosis, and paradoxical embolism may not be  the primary 
mechanism of VM in these patients, thus explaining the differing 
efficacy observed in our study.

Differences in red blood cell parameters might also result from 
RLS. Studies have shown that migraine patients experience increased 
oxidative stress and reduced antioxidant capacity (32–34). The 
LEARNER study found that HGB and HCT levels in patients with 
aura migraine and PFO were lower than normal, returning to 
physiological levels after PFO closure, along with the restoration of 
antioxidant capacity, supporting the pathogenic role of oxidative stress 
(35). However, oxidative stress damage is not exclusive to migraine 
patients with RLS, as there are other pathways leading to oxidative 
stress damage in migraine patients (36), which might also be the case 
in VM. Nevertheless, oxidative stress damage does not adequately 
explain the observed positive correlation between RBC, HGB, HCT 
levels, and the improvement of VM symptoms, nor the previously 
reported association between high hemoglobin levels and migraine 
(23, 37). Expanding the sample size may be necessary to confirm the 
relationship of red blood cell parameters with migraine and VM.

In our correlation analysis results, significant differences in 
efficacy between genders were observed in addition to red blood cell 
parameters. Comparing the baseline data of male and female patients, 
women had significantly lower levels of RBC, HGB, and HCT than 
men. This result aligns with the influence of sex hormones on red 
blood cell parameters but may indicate that our previous hypotheses 
about the pathophysiological mechanisms between red blood cell 
parameters, RLS, and VM are not comprehensive enough. Previous 
studies in migraine patients have also reported that female subjects 
had lower RBC, HGB, and HCT levels compared to males (24). 
Women are significantly more affected by migraine and VM than 
men, a phenomenon that has not been well explained (1, 38, 39), 
possibly related to differences in sex hormones (40). However, the 
relationship between sex hormones, red blood cell parameters, and 
VM is not yet clear. RBC, HGB, and HCT may merely reflect 
differences in sex hormones, or sex hormones might influence VM 
pathophysiology through these red blood cell parameters, which 
requires further research to confirm.

In conclusion, despite the unclear mechanisms, RBC, HGB, and 
HCT could be promising predictors of surgical efficacy in VM patients 
with RLS. Future studies should further explore the relationship 
between these indicators and the clinical characteristics and treatment 

response in VM patients, aiming to provide more valuable predictive 
information for the efficacy of RLS surgery in VM patients.

There is still controversy over whether migraine and VM are 
different stages of the same disease or distinct conditions. Our 
study results, showing the consistency of improvement in both 
migraine and vestibular symptoms following RLS closure, suggest 
the possibility of a common mechanism underlying these 
symptoms. However, unlike VAS, HIT-6, and migraine scores for 
the evaluation of migraine symptoms, there was a significant 
correlation between the improvement rate of DHI scores (used to 
evaluate vestibular symptoms) and the degree of RLS shunting. 
The reason for this finding remains unclear and may result from 
mechanisms independent of migraine that cause vestibular 
symptoms, or it could be due to factors such as a small sample size 
or improper grouping of observational indicators, leading to 
results without clinical significance. This needs further 
verification in future studies.

Platelet activation and aggregation play a significant role in the 
occurrence of migraine (41, 42). Some studies have reported the 
predictive value of platelet parameters for the improvement of 
migraine following PFO closure (43). However, in this study, no 
correlation was found between platelet parameters and the efficacy of 
RLS closure, which may be due to a small sample size, inappropriate 
selection of platelet parameters, or even differences in the 
mechanisms of VM and migraine. Additionally, antiplatelet therapy 
has been reported in previous studies to alleviate migraine symptoms, 
and the effects of the medication might have exaggerated our 
efficacy results.

The efficacy of RLS closure in VM patients remains controversial, 
and the risks associated with the surgery are also a cause for concern. 
Our study has preliminarily confirmed the efficacy and safety of the 
surgery. This exploratory work will lay the groundwork for future 
larger-scale studies and provide new evidence to support the selection 
of treatment for these patients.

However, in terms of research design, our current study still has 
limitations. Firstly, our sample size is small, which may limit the 
generalizability and reliability of the conclusion. Secondly, although 
our study is focused solely on investigating short-term outcomes, for 
a condition that is episodic in nature, a one-month follow-up period 
might still be considered relatively short. The current results may not 
fully capture the full efficacy of the surgery. Thirdly, this study only 
used a before-and-after control without establishing a non-surgical 
observation group or a sham surgery group, and the results may have 
been influenced by the placebo effect. Additionally, our study only 
collected baseline data before surgery, lacking the use of a structured 
symptom diary for baseline symptom tracking, which increases the 
risk of recall bias. These inherent limitations render the findings of this 
study exploratory in nature, with limited generalizability. We look 
forward to future studies that can validate and expand upon our 
preliminary findings.

Our team plans to extend the follow-up period to include the 
discontinuation of antiplatelet medications and add a non-surgical 
antiplatelet medication control group, in order to verify the 
reliability of the current results. Expanding the study scale is also 
necessary. Moreover, analyzing the differences between VM and 
migraines is also necessary to gain a deeper understanding of their 
pathophysiological mechanisms.
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5 Conclusion

This study confirmed the significant short-term efficacy of RLS 
closure surgery in VM patients, regardless of the RLS origin. The 
results support the role of RLS in the pathophysiology of VM, while 
RBC, HGB, and HCT levels may serve as predictive indicators of 
surgical efficacy in VM patients with RLS. In summary, this study 
provides new insights for the treatment and research of VM, but 
larger-scale studies are needed to confirm the reliability of these 
results and to clarify the optimal indications and long-term efficacy of 
RLS closure surgery.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of the First Hospital of Hebei Medical University [Ethics 
batch number: (2023) (00086)]. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

YL: Conceptualization, Methodology, Writing – original draft, 
Writing – review & editing. SZ: Conceptualization, Formal analysis, 

Funding acquisition, Investigation, Methodology, Writing – original 
draft, Writing – review & editing. PX: Conceptualization, Formal 
analysis, Investigation, Methodology, Writing – original draft. YW: 
Conceptualization, Formal analysis, Investigation, Writing  – 
original draft. CW: Formal analysis, Investigation, Writing  – 
original draft. WW: Formal analysis, Investigation, Resources, 
Writing  – original draft. XZ: Formal analysis, Investigation, 
Writing  – original draft. PG: Resources, Supervision, Writing  – 
original draft.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. The study was 
supported by Scientific Research Fund project of Hebei Provincial 
Health Commission (Grant No. 20240962) and Item on health 
innovation (Grant No. 22377750D).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Smyth D, Britton Z, Murdin L, Arshad Q, Kaski D. Vestibular migraine treatment: 

a comprehensive practical review. Brain. (2022) 145:3741–54. doi: 10.1093/
brain/awac264

 2. Liu K, Tian X, Hong W, Xiao Y, Chen J, Jin H, et al. Positive relationship between 
paroxysmal Vertigo and right-to-left shunt: a large observational study. Front Neurol. 
(2022) 13:927853. doi: 10.3389/fneur.2022.927853

 3. Liu K, Wang BZ, Hao Y, Song S, Pan M. The correlation between migraine and 
patent foramen Ovale. Front Neurol. (2020) 11:543485. doi: 10.3389/fneur.2020.543485

 4. Wilmshurst P, Nightingale S. Relationship between migraine and cardiac and 
pulmonary right-to-left shunts. Clin Sci. (2001) 100:215–20. doi: 10.1042/cs1000215

 5. Wang M, Lan D, Dandu C, Ding Y, Ji X, Meng R. Normobaric oxygen may attenuate 
the headache in patients with patent foramen povale and migraine. BMC Neurol. (2023) 
23:44. doi: 10.1186/s12883-023-03059-z

 6. Nozari A, Dilekoz E, Sukhotinsky I, Stein T, Eikermann-Haerter K, Liu C, et al. 
Microemboli may link spreading depression, migraine aura, and patent foramen ovale. 
Ann Neurol. (2010) 67:221–9. doi: 10.1002/ana.21871

 7. Post MC, Letteboer TG, Mager JJ, Plokker TH, Kelder JC, Westermann CJ. A 
pulmonary right-to-left shunt in patients with hereditary hemorrhagic telangiectasia is 
associated with an increased prevalence of migraine. Chest. (2005) 128:2485–9. doi: 
10.1378/chest.128.4.2485

 8. Post MC, Thijs V, Schonewille WJ, Budts W, Snijder RJ, Plokker HW, et al. 
Embolization of pulmonary arteriovenous malformations and decrease in 
prevalence of migraine. Neurology. (2006) 66:202–5. doi: 10.1212/01.
wnl.0000194257.75559.b0

 9. Tariq N, Tepper SJ, Kriegler JS. Patent foramen Ovale and migraine: closing the 
debate--a review. Headache. (2016) 56:462–78. doi: 10.1111/head.12779

 10. Beh SC. Vestibular Migraine. Curr Neurol Neurosci Rep. (2022) 22:601–9. doi: 
10.1007/s11910-022-01222-6

 11. Wei J, Zhao L, Li C, Li X, Xiaoyan D, Tan Q, et al. Observation on efficacy of patent 
foramen ovale interventional closure on vestibular migraine. Beijing Med. J. (2024) 5 
(512-6). doi: 10.3233/THC-231815

 12. Abdulkadir B. Efficacy of patent foramen ovale interventional closure in the 
treatment of vestibular migraine. China Three Gorges University (2022). doi: 10.27270/d.
cnki.gsxau.2022.000179

 13. Xin J, Zhang J, Wang G, Ji J, Fan Z, Huang H. Analysis of the efficacy of 
percutaneous closure for the treatment of complex patent foramen ovale. J. Cardiovascul 
Pulmonary Dis. (2024) 43:46–51. doi: 10.3969/j.issn.1007-5062.2024.01.009

 14. Post MC, van Gent MW, Snijder RJ, Mager JJ, Schonewille WJ, Plokker HW, et al. 
Pulmonary arteriovenous malformations and migraine: a new vision. Respiration. (2008) 
76:228–33. doi: 10.1159/000134011

 15. Wong HH, Chan RP, Klatt R, Faughnan ME. Idiopathic pulmonary arteriovenous 
malformations: clinical and imaging characteristics. Eur Respir J. (2011) 38:368–75. doi: 
10.1183/09031936.00075110

 16. Rodés-Cabau J, Horlick E, Ibrahim R, Cheema AN, Labinaz M, Nadeem N, et al. 
Effect of Clopidogrel and aspirin vs aspirin alone on migraine headaches after 
Transcatheter atrial septal defect closure: the CANOA randomized clinical trial. JAMA. 
(2015) 314:2147–54. doi: 10.1001/jama.2015.13919

https://doi.org/10.3389/fneur.2024.1500918
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1093/brain/awac264
https://doi.org/10.1093/brain/awac264
https://doi.org/10.3389/fneur.2022.927853
https://doi.org/10.3389/fneur.2020.543485
https://doi.org/10.1042/cs1000215
https://doi.org/10.1186/s12883-023-03059-z
https://doi.org/10.1002/ana.21871
https://doi.org/10.1378/chest.128.4.2485
https://doi.org/10.1212/01.wnl.0000194257.75559.b0
https://doi.org/10.1212/01.wnl.0000194257.75559.b0
https://doi.org/10.1111/head.12779
https://doi.org/10.1007/s11910-022-01222-6
https://doi.org/10.3233/THC-231815
https://doi.org/10.27270/d.cnki.gsxau.2022.000179
https://doi.org/10.27270/d.cnki.gsxau.2022.000179
https://doi.org/10.3969/j.issn.1007-5062.2024.01.009
https://doi.org/10.1159/000134011
https://doi.org/10.1183/09031936.00075110
https://doi.org/10.1001/jama.2015.13919


Lang et al. 10.3389/fneur.2024.1500918

Frontiers in Neurology 10 frontiersin.org

 17. Wintzer-Wehekind J, Horlick E, Ibrahim R, Cheema AN, Labinaz M, Nadeem 
N, et al. Effect of Clopidogrel and aspirin vs aspirin alone on migraine headaches after 
Transcatheter atrial septal defect closure: one-year results of the CANOA randomized 
clinical trial. JAMA Cardiol. (2021) 6:209–13. doi: 10.1001/jamacardio.2020.4297

 18. Huang TC, Wang SJ, Kheradmand A. Vestibular migraine: an update on current 
understanding and future directions. Cephalalgia. (2020) 40:107–21. doi: 
10.1177/0333102419869317

 19. Rayhill M, Burch R. PFO and migraine: is there a role for closure? Curr Neurol 
Neurosci Rep. (2017) 17:20. doi: 10.1007/s11910-017-0730-5

 20. Gür-Özmen S, Karahan-Özcan R. Iron deficiency Anemia is associated with 
menstrual migraine: a case-control study. Pain Med. (2016) 17:596–605. doi: 10.1093/
pm/pnv029

 21. Sari US, Kama BÖ. Association between anemia severity and migraine in iron 
deficiency anemia. Eur Rev Med Pharmacol Sci. (2024) 28:995–1001. doi: 10.26355/
eurrev_202402_35335

 22. Dowling MM, Noetzel MJ, Rodeghier MJ, Quinn CT, Hirtz DG, Ichord RN, et al. 
Headache and migraine in children with sickle cell disease are associated with lower 
hemoglobin and higher pain event rates but not silent cerebral infarction. J Pediatr. 
(2014) 164:1175–80.e1. doi: 10.1016/j.jpeds.2014.01.001

 23. Lippi G, Cervellin G, Mattiuzzi C. Migraine and erythrocyte biology: a review. Int 
J Lab Hematol. (2014) 36:591–7. doi: 10.1111/ijlh.12199

 24. Şahin S, Diler Durgut B, Dilber B, Acar Arslan E, Kamaşak T, Cansu A. 
Increased hemoglobin and Plateletcrit levels indicating Hemoconcentration in 
pediatric patients with migraine. J Pediatr Neurosci. (2020) 15:99–104. doi: 10.4103/
jpn.JPN_73_19

 25. Aamodt AH, Borch-Iohnsen B, Hagen K, Stovner LJ, Asberg A, Zwart JA. 
Headache prevalence related to Haemoglobin and ferritin. The HUNT study. 
Cephalalgia. (2004) 24:758–62. doi: 10.1111/j.1468-2982.2004.00756.x

 26. Arngrim N, Schytz HW, Britze J, Amin FM, Vestergaard MB, Hougaard A, et al. 
Migraine induced by hypoxia: an MRI spectroscopy and angiography study. Brain. 
(2016) 139:723–37. doi: 10.1093/brain/awv359

 27. Frank F, Faulhaber M, Messlinger K, Accinelli C, Peball M, Schiefecker A, et al. 
Migraine and aura triggered by normobaric hypoxia. Cephalalgia. (2020) 40:1561–73. 
doi: 10.1177/0333102420949202

 28. Dong B, Lu Y, He S, Li B, Li Y, Lai Q, et al. Multisite and multitimepoint proteomics 
reveal that patent foramen ovale closure improves migraine and epilepsy by reducing 
right-to-left shunt-induced hypoxia. MedComm. (2023) 4:e334. doi: 10.1002/mco2.334

 29. Khan J, Asoom LIA, Sunni AA, Rafique N, Latif R, Saif SA, et al. Genetics, 
pathophysiology, diagnosis, treatment, management, and prevention of migraine. 
Biomed Pharmacother. (2021) 139:111557. doi: 10.1016/j.biopha.2021.111557

 30. Pavlovic JM, Buse DC, Sollars CM, Haut S, Lipton RB. Trigger factors and 
premonitory features of migraine attacks: summary of studies. Headache. (2014) 
54:1670–9. doi: 10.1111/head.12468

 31. Yan C, Li H, Wang C, Yu H, Guo T, Wan L, et al. Frequency and size of in situ 
Thrombus within patent foramen Ovale. Stroke. (2023) 54:1205–13. doi: 10.1161/
strokeaha.122.041524

 32. Bernecker C, Ragginer C, Fauler G, Horejsi R, Möller R, Zelzer S, et al. Oxidative 
stress is associated with migraine and migraine-related metabolic risk in females. Eur J 
Neurol. (2011) 18:1233–9. doi: 10.1111/j.1468-1331.2011.03414.x

 33. Bolayir E, Celik K, Kugu N, Yilmaz A, Topaktas S, Bakir S. Intraerythrocyte 
antioxidant enzyme activities in migraine and tension-type headaches. J Chin Med Assoc. 
(2004) 67:263–7.

 34. Alp R, Selek S, Alp SI, Taşkin A, Koçyiğit A. Oxidative and antioxidative balance 
in patients of migraine. Eur Rev Med Pharmacol Sci. (2010) 14:877–82.

 35. Trabattoni D, Brambilla M, Canzano P, Becchetti A, Teruzzi G, Porro B, et al. 
Migraine in patients undergoing PFO closure: characterization of a platelet-associated 
pathophysiological mechanism: the LEARNER study. JACC Basic Transl Sci. (2022) 
7:525–40. doi: 10.1016/j.jacbts.2022.02.002

 36. Tuncel D, Tolun FI, Gokce M, Imrek S, Ekerbiçer H. Oxidative stress in migraine with 
and without aura. Biol Trace Elem Res. (2008) 126:92–7. doi: 10.1007/s12011-008-8193-9

 37. Forcelini CM, Dantas DC, Luz C, Santin R, Stein AT, Barros HM, et al. Analysis 
of leukocytes in medication-overuse headache, chronic migraine, and episodic migraine. 
Headache. (2011) 51:1228–38. doi: 10.1111/j.1526-4610.2011.01902.x

 38. Neuhauser H, Leopold M, von Brevern M, Arnold G, Lempert T. The interrelations 
of migraine, vertigo, and migrainous vertigo. Neurology. (2001) 56:436–41. doi: 10.1212/
wnl.56.4.436

 39. Özçelik P, Koçoğlu K, Öztürk V, Keskinoğlu P, Akdal G. Characteristic differences 
between vestibular migraine and migraine only patients. J Neurol. (2022) 269:336–41. 
doi: 10.1007/s00415-021-10636-0

 40. Villar-Martinez MD, Goadsby PJ. Vestibular migraine: an update. Curr Opin 
Neurol. (2024) 37:252–63. doi: 10.1097/wco.0000000000001257

 41. Biglione B, Gitin A, Gorelick PB, Hennekens C. Aspirin in the treatment and 
prevention of migraine headaches: possible additional clinical options for primary 
healthcare providers. Am J Med. (2020) 133:412–6. doi: 10.1016/j.amjmed.2019.10.023

 42. Buring JE, Peto R, Hennekens CH. Low-dose aspirin for migraine prophylaxis. 
JAMA. (1990) 264:1711–3. doi: 10.1001/jama.1990.03450130083031

 43. Yang X, Zhang X, Gao H, Zhang C, Meng S. Correlation between MPV,PLT and 
PDW levels and migraine patients with patent foramen ovale. J Clin Exp Med. (2023) 
22:1367–70. doi: 10.3969/j.issn.1671-4695.2023.13.007

https://doi.org/10.3389/fneur.2024.1500918
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1001/jamacardio.2020.4297
https://doi.org/10.1177/0333102419869317
https://doi.org/10.1007/s11910-017-0730-5
https://doi.org/10.1093/pm/pnv029
https://doi.org/10.1093/pm/pnv029
https://doi.org/10.26355/eurrev_202402_35335
https://doi.org/10.26355/eurrev_202402_35335
https://doi.org/10.1016/j.jpeds.2014.01.001
https://doi.org/10.1111/ijlh.12199
https://doi.org/10.4103/jpn.JPN_73_19
https://doi.org/10.4103/jpn.JPN_73_19
https://doi.org/10.1111/j.1468-2982.2004.00756.x
https://doi.org/10.1093/brain/awv359
https://doi.org/10.1177/0333102420949202
https://doi.org/10.1002/mco2.334
https://doi.org/10.1016/j.biopha.2021.111557
https://doi.org/10.1111/head.12468
https://doi.org/10.1161/strokeaha.122.041524
https://doi.org/10.1161/strokeaha.122.041524
https://doi.org/10.1111/j.1468-1331.2011.03414.x
https://doi.org/10.1016/j.jacbts.2022.02.002
https://doi.org/10.1007/s12011-008-8193-9
https://doi.org/10.1111/j.1526-4610.2011.01902.x
https://doi.org/10.1212/wnl.56.4.436
https://doi.org/10.1212/wnl.56.4.436
https://doi.org/10.1007/s00415-021-10636-0
https://doi.org/10.1097/wco.0000000000001257
https://doi.org/10.1016/j.amjmed.2019.10.023
https://doi.org/10.1001/jama.1990.03450130083031
https://doi.org/10.3969/j.issn.1671-4695.2023.13.007

	Short-term efficacy of right-to-left shunt closure in patients with vestibular migraine
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Study methods
	2.2.1 Observational indicators
	2.2.2 Surgical methods
	2.3 Efficacy follow-up
	2.4 Statistical methods

	3 Results
	3.1 Clinical baseline data
	3.2 Comparison of changes in dizziness and migraine before and after surgery
	3.3 Comparison of efficacy between PFO closure and PAVM embolization
	3.4 Correlation analysis of postoperative efficacy in VM patients with RLS

	4 Discussion
	5 Conclusion

	References

