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Objective: This study aimed to evaluate the retina and microvascular alterations with optical coherence tomography (OCT) or optical coherence tomography angiography (OCTA) in patients with migraine with aura (MA) and migraine without aura (MO).

Methods: PubMed, Embase, and Cochrane Library databases were searched to find relevant literature on patients with MA or MO using OCT/OCTA devices. The eligible data were analyzed by Stata Software (version 15.0).

Results: There were 16 studies identified, involving 379 eyes with MA, 583 eyes with MO, and 658 eyes of healthy controls. The thickness of the peripapillary retinal nerve fiber layer (pRNFL) of patients with MA decreased significantly in most regions. The foveal avascular zone (FAZ) area and perimeter in MA patients significantly enlarged, while the perfusion density (PD) in the macular deep capillary plexus (mDCP) significantly decreased in the whole image and its subregions except for the fovea, with the PD in radial peripapillary capillary (RPC) decreasing inside the disk. Patients with MO demonstrated a significantly decreased thickness of pRNFL in most regions, and the FAZ parameters were significantly enlarged. No statistical significance was observed in the retina and microvascular features of patients with MA and MO.

Conclusion: The eyes affected by MA and MO demonstrated significantly reduced thickness of pRNFL and enlarged FAZ. Patients with MA showed retinal microvascular impairments, including a decreased PD in mDCP. The OCT and OCTA could detect membrane morphology and circulation status in migraine and might provide the basis for the diagnosis and follow-up of patients with migraine.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, CRD42023397653.
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1. Introduction

Migraine is a common neurovascular disorder with a prevalence of 15–18% in the population (1). It is clinically characterized by recurrent, mostly unilateral, moderate-to-severe throbbing pain (2). Episodic migraine is clinically classified as migraine with aura (MA) and migraine without aura (MO). Visual aura is reported as the most common aura symptom, often manifesting as flashes of light, dark spots, and decreased visual acuity (3). Previous data were inadequate for the diagnosis and treatment of migraine. Therefore, it is important to determine reliable biomarkers that could be employed for the clinical diagnosis, condition assessment, and prognostic follow-up of patients with migraine.

Although the pathogenesis of migraine is not fully understood, an increasing amount of evidence supports the involvement of the neurovascular system in the development of the disease (4). In 1979, Moskowitz et al. proposed the “trigeminovascular theory,” which suggested that the trigeminal vascular pain pathway is a common pathway that leads to the development of migraine (5). The trigeminovascular system (TGVS) consists of the trigeminal nucleus, the trigeminal ganglion, the trigeminal nerve, and its innervated meningeal and ocular vascular networks. The activation of the TGVS increases the release of neurotransmitters and vasoactive intestinal peptides, which activates injurious receptors that transmit pain signals to the center via the trigeminal nociceptive afferent fibers, resulting in pain (6). It has also been found that during visual aura or migraine attacks, perfusion deficit can be caused by reduced blood flow due to transient vasospasm, which occurs not only in the cranial but also in the ocular vasculature. Note that recurrent migraine attacks can cause permanent damage to the brain and retina (7, 8). Migraine has been reported to be closely associated with various neurovascular eye diseases such as retinal artery occlusion, ischemic optic neuropathy, and glaucoma (9–12). Therefore, it needs to be clarified whether migraine causes ischemia and structural changes in the retina and optic disk, which makes patients with migraine more susceptible to these ocular diseases.

OCT and OCTA can now be used to qualitatively and quantitatively detect the status of the retinal nerve fiber layer (RNFL), retina, and optic nerve papillae circulation. Therefore, they are currently used as clinical biomarkers for various neurological diseases (13, 14). While previous studies on migraine hemodynamics focused on the brain using fMRI (15, 16), several recent clinical studies have reported alterations in the retina and retinal perfusion in patients with migraine, which may provide a way to understand the ocular physiopathology observed with migraine (17, 18).

Although many studies have evaluated and reported retina and microvascular alterations in patients with migraine, different and even contradictory results have been obtained. The present meta-analysis combines the OCT and OCTA results about the retinal structure and perfusion in patients with episodic migraine from different studies to compare the differences between patients with episodic migraine and healthy controls and the differences between the different subtypes of MA and MO.



2. Materials and methods

The study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (19). The PRISMA checklist is detailed in Supplementary File S1.


2.1. Search strategy

PubMed, Embase, and Cochrane Library databases were searched for research published from February 2018 to February 2023. The following subject terms and keywords were used to identify relevant studies: “migraine” AND “optical coherence tomography” OR “optical coherence tomography angiography” OR “OCT” OR “OCTA.” Detailed search strategies are provided in Supplementary File S2.



2.2. Inclusion and exclusion criteria

The following inclusion criteria were employed: (1) Patients diagnosed with migraine according to the criteria of the International Classification of Headache Disorders, third version (ICHD-3) (2). The detailed diagnostic criteria for migraine are provided in Supplementary File S3. (3) The OCT or OCTA was used to observe the retina and microvascular alterations.

The following exclusion criteria were applied: (1) absence of any comparative studies; (2) insufficient data for meta-analysis; (3) unmatched study object; and (4) conference abstract.



2.3. Data collection and risk of bias assessments

Literature screening was carried out independently by two researchers and cross-checked. In case of any disagreement, it was discussed by the two researchers or settled through third-party arbitration. The data include details on basic trial information, population, location, sex, age, mean migraine duration, attack numbers per month, MIDAS score, OCT/OCTA device, scan sizes, and outcome variables.

This study used the Newcastle–Ottawa Scale (NOS). Two authors evaluated the risk of bias in the included studies from three submissions: selection, comparability, and outcome. All studies were assigned a scale of 0–9.



2.4. Data analysis

Statistical analysis was performed using Stata Software version 15.0. We estimated the weighted mean differences (WMDs) and 95% confidence intervals (CIs). The heterogeneity was estimated with I2 statistics. If the heterogeneity was substantial (I2 > 50%), a random effect model was employed. Sensitivity or subgroup analysis was used to identify and eliminate the source of the heterogeneity. Descriptive analysis was used if there was still a substantial remaining heterogeneity. Egger’s linear regression test was used to statistically evaluate the potential publication bias.




3. Results


3.1. Search results

We retrieved 219 records from PubMed, Embase, and Cochrane library databases. Among these, 78 duplicates were removed. Among the remaining 141 records, 111 were deleted after reading their titles and abstracts and 14 were removed after closely reading their full text. Finally, 16 studies were selected. The flowchart of the search is shown in Figure 1.
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FIGURE 1
 Flow diagram of the literature search process.




3.2. Characteristics and risk of bias assessment of included studies

The final 16 studies had 379 eyes with MA, 583 eyes with MO, and 658 eyes with healthy controls. No significant age- or gender-based difference was found between the groups. All of them reported the type of OCT/OCTA devices used (Zeiss, Optovue, Heidelberg, and Nidek). The detailed characteristics of the studies and the location, disease duration, and outcome variables are listed in Table 1.



TABLE 1 Characteristics of included studies.
[image: Table1]

The results of the quality evaluation are shown in Table 1. The results showed that 10 studies scored 8 and 6 studies scored 7, indicating the high quality of the studies. These details are also listed in Supplementary File S4.



3.3. Meta-analysis


3.3.1. Meta-analysis for MA versus healthy controls

Table 2 shows the main finding of the meta-analysis on the FAZ, the perfusion density (PD) of the macula superficial capillary plexus (mSCP) and macula deep capillary plexus (mSDP), the PD of the radial peripapillary capillary (RPC), and the thickness of the peripapillary RNFL (pRNFL). When compared to that of the healthy controls, a significant increase was observed in the FAZ area and perimeter in patients with MA, while the PD of the mDCP significantly decreased in the whole image and its subregions, except for the fovea. There was little difference between the two groups for the PD in the RPC, except for the PD inside the disk. Additionally, our results demonstrated a considerably reduced thickness of the pRNFL on average as well as that of several peripapillary regions (hemi-superior, hemi-inferior superior, nasal, temporal, inferior-temporal, and inferior-nasal quadrants). The detailed forest plots (MA vs. HC) are shown in Supplementary File S5.



TABLE 2 Differences in OCT/OCTA measurements between MA and healthy controls.
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3.3.2. Meta-analysis for MO versus healthy controls

We also performed a meta-analysis on the FAZ and pRNFL thickness and determined the PD of mSCP, mDCP, and RPC of MO eyes and healthy control eyes (Table 3). For FAZ parameters, the area and perimeter were significantly enlarged in patients with MO than those of the eyes of healthy controls. For the OCTA metrics, no significant difference was found in the PD of the macular and RPC regions, except for the PD of mDCP in the parafovea. Moreover, our results showed significantly reduced pRNFL thickness on average, as well as that of several peripapillary regions (hemi-superior, hemi-inferior superior, nasal, temporal, and superior-nasal quadrants). The detailed forest plots (MO vs. HC) are shown in Supplementary File S6.



TABLE 3 Differences in OCT/OCTA measurements between MO and healthy controls.
[image: Table3]



3.3.3. Meta-analysis for MA versus MO

The outcomes of the quantitative synthesis on the eyes with MA and MO included the FAZ, pRNFL thickness, and PD of the mSCP, mDCP, and RPC (Table 4). For all measures, there was no discernible difference between the two groups (p > 0.05).



TABLE 4 Differences in OCT/OCTA measurements between MA and MO.
[image: Table4]




3.4. Sensitivity analysis and subgroup analysis

We performed sensitivity analysis by removing one study in each of the direct comparisons. When we omitted Karahan et al. (24), the five comparisons (fovea PD in mSCP, parafovea PD in mSCP, fovea PD in mDCP, peripapillary average PD in RPC, and peripapillary-nasal PD in the RPC) became statistically significant (p < 0.05). For the peripapillary-superior and nasal PD in the RPC, the removal of Hamurcu et al. (22) contributed the most to the heterogeneity. However, their absence had no impact on the outcomes. The detailed sensitivity analysis is shown in Supplementary File S7.

After a thorough review of the characteristics, we next performed a subgroup analysis according to the age of patients and OCT/OCTA devices. The results showed that the age and the OCT/OCTA device were the sources of heterogeneity in several comparisons. The detailed subgroup analysis is provided in Supplementary File S8.



3.5. Publication bias

In the majority of the comparisons, Egger’s tests revealed that there was no publication bias (p ≥ 0.05), except for the analysis of the PD of the mSCP in the hemi-superior and fovea regions (MA vs. HC), the PD of the RPC in the peripapillary-inferior quadrant (MA vs. HC), and the pRNFL thickness in the inferior-temporal quadrant (MO vs. HC). Egger’s test results are shown in Tables 2–4.




4. Discussion

The present meta-analysis utilized OCT and OCTA parameters, such as pRNFL thickness, FAZ area, MPD, and PD of RPC, to analyze the retina and microvascular alterations between MA and healthy controls, MO and healthy controls, and MA and MO eyes. The main results are as follows: (1) Compared to healthy controls, the thickness of the pRNFL of patients with MA significantly decreased in most areas except in the inferior, superior-temporal, and superior-nasal quadrants, while the area and circumference of the FAZ significantly increased. The PD of mDCP in the patients with MA significantly decreased in the whole image and its subregions except for the fovea. The PD of the RPC also significantly decreased inside the disk. (2) The average thickness of pRNFL of the patients with MO, as well as that of several peripapillary regions, decreased, while the FAZ parameters significantly increased. The PD of the mSCP, mDCP, and RPC was not significantly different, except for the mDCP in the parafovea. (3) No statistical significance was observed in the retina and microvascular features of the patients with MA and MO. These results suggest that there is a certain degree of optic nerve and retinal microvascular damage in patients with migraine, especially those with MA.

The thinning of RNFL thickness in patients with migraine was first reported by Martinez et al. in 2008 (34) The thinned RNFL was mostly located in specific quadrants around the optic nerve papillae. The present meta-analysis found a significant decrease in the average pRNFL thickness in patients with migraine, consistent with most of the previous studies. Some possible causes for this decrease include abnormal vascular changes such as abnormal vascular regulation and focal cerebral ischemia. To explain the above, Kara et al., in as early as 2003, applied color Doppler ultrasound and observed that the blood flow in the central retinal and posterior ciliary arteries was lower in patients with migraine than that in normal healthy subjects (35). Migraine aura or attack can change the retinal and nerve blood supply, which can lead to ischemic and hypoxic injury, which may in turn damage the retinal nerve. pRNFL is composed of nerve fibers consisting of retinal ganglion cell axons, which are mostly unmyelinated and require more energy supply and therefore are more vulnerable to retinal ischemic injury (36). The present meta-analysis found significant quadrant-specific pRNFL thinning in patients with migraine, concentrated in the superior hemisphere, inferior hemisphere, and temporal and nasal quadrants. This selective pRNFL involvement may be related to differences in the retinal ganglion cell axon sensitivity to the local ischemia and focal perimetric changes. The abnormal blood supply to the fundus due to migraine occurs mostly in these specific regions (37).

The FAZ is a region jointly delineated by both superficial and deep capillaries. This region is round or oval in healthy individuals, with an area of approximately 0.231–0.280 mm2. Any changes in its size and shape can indirectly lead to macular microvascular changes (38, 39). Previous studies have shown that the FAZ enlarges in various systemic diseases (40). However, changes in the FAZ have not been clearly established in patients with migraine. The meta-results showed a significant increase in the area and circumference of the FAZ in patients with migraine, including those with MA and MO, which may be closely related to retinal ischemia caused by vasospastic alterations in these patients. Recurrent attacks of migraine in these patients cause transient spasms of intracranial and intraocular vessels, resulting in acute and chronic microvascular and perfusion changes in retinal vessels, with the consequent enlargement of the FAZ area and circumference. However, clinical studies have also yielded inconsistent results. Kurtul et al. (17) found no significant changes in the FAZ of patients with migraine. Karahan et al. (24) found changes only in the deep FAZ area in patients with MA. These results suggest that there are individual differences in the FAZ size, which are closely related to various factors such as the macular central recess structure, eye axis length, age, race, and gender (41).

To avoid conceptual confusion, we uniformly applied PD to express the ratio between the blood flow area to the total scan area. A major advantage of OCTA over conventional fundus fluoroscopy is that the former allows quantitative measurement of the macular and optic papillary perfusion density. The present meta-analysis showed that compared with healthy controls, the PD of the mDCP in patients with MA significantly decreased in the whole image and its subregions except for the fovea, which may be closely related to the retinal ischemia caused by MA. The development of MA symptoms is currently considered to be a clinical manifestation of cortical spreading depression (CSD), a depolarizing wave that propagates along the cerebral cortex and has an inhibitory effect on the cortical function, which increases the cortical cerebral blood flow and disturbances in neurovascular coupling. Studies have shown that CSD during MA episodes can lead to a change from an initial transient increase in the blood flow to hypoperfusion changes in the cerebral cortex. However, its electrophysiological correlation with ocular vascular nerves has not been confirmed (1, 42). Based on its retinal localization propagation over the visual cortex, the characteristics of visual defects and imaging studies indirectly suggest a correlation with the ocular vasculature (43). Therefore, the above discussion could indicate the presence of intracranial and ocular retinal microvascular injuries and ischemic changes in patients with MA. In the PD of the RPC, our current meta-analysis found almost no significant difference between patients with migraine and healthy controls. A further sensitivity analysis showed significant differences between MA and HC in the average PD of the RPC and in some specific quadrants (superior, inferior, and nasal) after excluding Hamurcu et al. (22) and Karahan et al. (24). Hence, it can be suggested that patients with MA show some degree of reduced PD of the RPC, while the overall difference is not statistically significant. Hence, the optic nerve papilla could be more resistant to ischemia, hypoxia, and inflammation than the central macular sulcus (17). In addition, the small sample size included in the study could explain why PD in the RPC appears unaffected.

The current meta-analysis further compared the retinal and microvascular characteristics of the two subgroups of MA and MO and found that patients with MA had an enlarged FAZ area and circumference and a reduced macular and optic disk PD. However, the differences were not statistically significant, which is somewhat different from the previous meta-analysis results (44). The posterior regions of the cerebral hemispheres were usually more significantly malperfused during migraine attacks in patients with MA compared to patients with MO (45). The lack of statistical difference between the two in the current meta-analysis could be owing to various factors such as the sample size of the included studies, migraine variables, and ethnic differences. Hence, large prospective cohort studies are needed for validating the results of this meta-analysis.

This is a comprehensive assessment of the retina and microvascular alterations in patients with MA and MO using systematic review and meta-analysis, providing an evidence-based basis for the characteristic fundus manifestations of migraine. Compared with previous literature published by Ke W et al. (46), this meta-analysis further compares the thickness of the pRNFL and the optic disk PD to evaluate the retina and optic microvascular alterations. However, the study has some limitations: (1) Sensitivity analysis: exclusion of literature such as Karahan et al. (24) and Hamurcu et al. (22) can lead to alterations in some macular and optic disk PD results; therefore, caution should be taken with the above meta-analysis results. (2) Careful sensitivity analysis and subgroup analysis showed that some comparisons had large heterogeneity possibly because of the sample size, ethnic differences, and migraine variable correlations. (3) Owing to the lack of information in the literature, factors that may affect OCTA measurements were not analyzed. (4) The majority of the studies included in the current meta-analysis were from Turkey, and there is a certain bias, so the results should be analyzed with caution. (5) The sample size of some comparisons was relatively small, which could cause a bias. (6) Few articles reported systemic diseases that may affect retinal microcirculation. Therefore, we could not analyze these potential confounding factors.



5. Conclusion

The eyes of patients with MA and MO demonstrated significant pRNFL thickness impairments in some regions. Patients with MA showed retinal microvascular impairments, including FAZ enlargement and decreased PD in the mDCP. An enlarged FAZ in patients with MO was also shown. The OCT and OCTA could detect membrane morphology and circulation status in migraine and might provide the basis for the diagnosis and follow-up of patients with migraine.
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MO, migraine without aura; HC, healthy control; WMD, weighted mean difference; CI, confidence interval; FAZ, foveal avascular zone; MPD, macular perfusion density; RPD, radial
peripapillary capilary perfusion density; pRNFL, peripapilary retinal nerv fiber layer; SCP, superficial capillary plexus; DCP, deep capillry plexus. The bold values means the difference
between the two groups is statistically significant
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