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Background: Cerebral small vessel disease (SVD) is prevalent in the population, especially among elderly individuals. Substantial uncertainties remain about the clinical relevance of SVD with outcomes of mechanical thrombectomy (MT) in acute ischemic stroke (AIS).

Objectives: This systematic review and meta-analysis was performed to evaluate the association between SVD and clinical outcomes in patients with AIS undergoing MT.

Methods: We systematically searched the Medline, Embase, and Cochrane databases for relevant clinical studies. The exposure of SVD mainly included leukoaraiosis, cerebral microbleeds (CMBs), and lacunes. The pooled OR was used to calculate the association between each subtype of SVD and outcomes of MT. The primary outcome was poor functional outcome, which was defined as a modified Rankin Scale score (mRS) ≥3 at 90 days after MT. The secondary outcomes included mortality at 90 days, in-hospital mortality, intracranial hemorrhage (ICH) and symptomatic intracranial hemorrhage (sICH), successful recanalization and futile recanalization (FR), early neurological improvement, and early neurological deterioration (END) after MT.

Results: Overall, 20 studies with 5,189 patients with AIS undergoing MT were included. High leukoaraiosis burden (HLB) at baseline was associated with increased risks of poor functional outcome at 90 days (OR 2.70, 95% CI 2.01–3.63; p < 0.001; 10 studies; n = 2,004), in-hospital mortality (OR 4.06, 95% CI 1.48–11.13; p = 0.006; 2 studies; n = 314), FR (OR 5.00, 95% CI 2.86–8.73; p < 0.001; 3 studies; n = 493), and END (OR 2.65, 95% CI 1.09–6.45; 1 study; n = 273) after MT. HLB (VSS 3–4 or FS ≥ 2) at baseline was not associated with mortality at 90 days, ICH, or sICH after MT. CMBs at baseline were found to be associated with increased risks of poor functional outcome at 90 days (OR 1.84, 95% CI 1.17–2.90; p = 0.008; 2 studies; n = 1,924) after MT. We found no association between the presence of lacunes and poor functional outcome at 90 days after MT.

Conclusions: In patients with AIS undergoing MT, HLB and CMBs were associated with increased risks of unfavorable outcomes after MT.

Keywords: small vessel disease, thrombectomy, ischemic stroke, outcome, meta-analysis


INTRODUCTION

Cerebral small vessel disease (SVD) is prevalent in the population, especially among the elderly (1). SVD is a disorder of cerebral small vessels, causing various lesions that can be detected with CT or MRI scans (2). The pathogenesis of SVD is complex, and it is thought to result from abnormalities in cerebral arterioles, capillaries, and venules (2). Typical SVD lesions mainly include leukoaraiosis, presumably due to vascular origin, cerebral microbleeds (CMBs), lacunes, perivascular spaces, and lacunar infarcts (1, 2). Most SVD is silent and sporadic, which can be aggravated by increased SVD lesions, further resulting in secondary degeneration in the cerebral cortex or brainstem and ultimately giving rise to whole brain effects (2). Thus, SVD is considered a dynamic, global brain disorder that has been associated with increased risks of stroke, cognitive decline, dementia, movement disorder, and even death (1, 2). SVD is more prevalent in patients with ischemic stroke than in the general population (3). In acute ischemic stroke (AIS), patients with SVD undergoing intravenous thrombolysis (IVT) therapy may have less favorable functional outcomes and experience more frequent intracranial hemorrhage (ICH) events (4). SVD, therefore, is considered a marker of poor prognosis in IVT for AIS.

The efficacy and safety of mechanical thrombectomy (MT) in the treatment of AIS caused by cerebral large vessel occlusion (LVO) have been confirmed by clinical studies over the past several years (5). MT is therefore considered a standard therapy for AIS caused by LVO in clinical practice. To date, although a number of clinical studies have investigated the association between SVD and outcomes of MT in AIS, the results have been inconsistent, possibly due to the small sample sizes and the varying definitions of SVD and AIS outcomes in these studies. Hence, substantial uncertainties remain about the magnitude of the association between SVD and outcomes of MT in AIS, which is worthy of further exploration. The aim of this systematic review and meta-analysis was to evaluate the association between SVD and outcomes in patients with AIS undergoing MT.



MATERIALS AND METHODS


Search Strategy

This meta-analysis was performed according to the meta-analysis of observational studies in epidemiology (MOOSE) guidelines (6). We systematically searched the literature in the Medline, Embase, and Cochrane Central Register of Controlled Trials (CENTRAL) databases using a predefined search strategy (the detailed search terms and strategy are available in Supplementary Table 1). We also examined the reference lists of the included articles to obtain additional relevant studies. There was no limitation on literature language or publication type or time. The last search was conducted in June 2020. Institutional ethics committee approval did not apply to this study.



Inclusion Criteria

Studies were included if they met all of the following inclusion criteria: (1) Population: The study population included patients with AIS undergoing MT; (2) Exposure and outcome: The study explored the associations between SVD at baseline and the outcomes of MT in AIS; (3) SVD and MT assessments: SVD was defined as leukoaraiosis or white matter hyperintensity (WMH), lacunes, and CMBs assessed with neuroimaging techniques, including CT or MRI scan; MT was defined as endovascular thrombectomy using a stent retriever or an aspiration technique for the treatment of AIS; (4) Outcome assessment: The study reported the adjusted or unadjusted ORs and the corresponding 95% CIs for the magnitude of the association between SVD subtypes and the outcomes of MT or provided raw data that could be used to calculate ORs and 95% CIs; (5) Design: The study had a cohort, case–control, or controlled trial design; (6) Article availability: The study included original research with full-article availability.

We excluded non-original articles, articles with insufficient data or irrelevant outcomes, and case reports from the selected studies.



Study Screening and Selection

A literature search was conducted independently by two authors (TX and YW) according to the selection criteria. First, two reviewers identified studies for full-article review based on titles and abstracts. Then, full-text articles were reviewed if one or both reviewers considered a study potentially eligible. The reference lists of retrieved articles were manually screened to identify additional relevant studies. We resolved disagreements about the inclusion of a study by discussion until a consensus was reached. If there was a potentially significant sample overlap among multiple studies, the study with the longest follow-up or highest sample size was included.



Data Extraction and Qualitative Assessment

A predefined spreadsheet was used to extract the following data from each article: first author, publication year, study period and design, methods of MT (stent retriever or aspiration technique), vascular lesion sites, population demographics, subtypes of SVD and their assessment strategies, and outcomes of MT. Then, the ORs and 95% CIs or raw data were extracted to calculate ORs for the association between SVD and outcomes of MT. The OR was extracted from the most fully adjusted model when a study reported both unadjusted and adjusted ORs. When the effect estimate was not directly provided, ORs and 95% CIs were calculated based on available data.

The Newcastle–Ottawa scale was used to assess the quality of the included studies (7). The full score was 9 stars, and a high-quality study was defined as a study awarded ≥8 stars.



Exposure Assessments and Outcome Definitions

The SVD assessment strategies of the included studies are summarized in Table 1. Leukoaraiosis and WMH were assessed with the van Swieten scale (VSS) (28), the Fazekas scale (FS) (29), or volumetry with MRICro software (16). Leukoaraiosis and WMH, as reported by the studies included in this meta-analysis, have a similar definition and assessment strategy. Therefore, WMHs were considered equally to leukoaraiosis when pooled estimates were performed. The exposure of leukoaraiosis was dichotomized as high burden or low burden. High leukoaraiosis burden (HLB) was defined as moderate to severe leukoaraiosis with semi-quantitative severity scales (VSS 3–4 or FS ≥2) or greater volume of WMH assessed with MRICro software. CMBs were assessed with the Microbleed Anatomical Rating Scale (MARS) (30). CMB was defined as a round or ovoid small area (<10 mm in diameter) of signal loss on T2-weighted gradient-echo imaging or susceptibility-weighted imaging. CMB burden was defined as the presence of cerebral CMBs (≥1) detected with an MRI scan. Lacunes were defined as round or ovoidal hypodense lesions ≤20 mm in diameter in the basal ganglia, white matter, or brainstem detected by CT scan at the time of AIS (17). Lacune burden was defined as the presence of multiple lacunes (≥2) in the brain detected with a CT or MRI scan. The definitions of HLB, CMB burden, and lacune burden of the included studies are listed in Supplementary Table 2.


Table 1. Characteristics of the studies included in the meta-analysis.
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The primary outcome was poor functional outcome, which was defined as a modified Rankin Scale score (mRS) ≥3 at 90 days after MT. The secondary outcomes included mortality at 90 days after MT, in-hospital mortality, ICH and symptomatic ICH (sICH) after MT, successful recanalization and futile recanalization (FR) with MT, and early neurological improvement (ENI) and early neurological deterioration (END) after MT. For secondary outcomes, ICH after MT was defined as any hemorrhage, including hemorrhagic infarction, parenchymal hemorrhage within or outside infarcted tissue, or intracranial–extracerebral hemorrhage, which was detected with CT or MRI scan after MT (31). sICH was defined as post-MT ICH with significant neurological deterioration (National Institutes of Health Stroke Scale (NIHSS) scores ≥ 4 in total) (31). Successful recanalization was defined as a modified Thrombolysis in Cerebral Infarction (mTICI) score of 2b−3 after MT (32). FR was defined as successful recanalization with poor functional outcome at 90 days after MT (20). ENI was defined as a decrease of ≥4 points on the NIHSS or a NIHSS score of 0–1 within 24 h after baseline assessment (13). END was defined as an increase of ≥4 points on the NIHSS within 24 h after baseline assessment (13).



Statistical Analysis

The pooled ORs were used to evaluate the associations between SVD and outcomes of MT. To adjust multiple comparisons for evaluating the association between SVD and each outcome of MT, a p-value less than the Bonferroni-corrected p-value threshold was considered statistically significant. The magnitude of heterogeneity between estimates was quantified with the I2 heterogeneity test statistic in this meta-analysis (33). Then, to find the sources of heterogeneity between estimates, potential diversities were checked (e.g., adjustments for key confounders, assessment strategies of SVD, and varied recanalization rates among the included studies), and subgroup analyses restricted to these predefined variables were performed. The pooled estimates and 95% CIs were calculated with a random-effects model due to significant between-study heterogeneity from heterogeneity analyses. Moreover, meta-regression analyses were performed to investigate the influence of the predefined variables on the heterogeneity of the studies, and Pinteraction was used to assess the heterogeneity between subgroups. Publication bias was investigated visually with funnel plots and statistically with Egger's tests (34) when a pooled estimate included ≥5 studies. We used “trim and fill” analysis to adjust the pooled effect estimate for detected publication bias (35). In heterogeneity, meta-regression, and publication bias analyses, p-value < 0.050 was considered statistically significant. STATA version 12.0 (StataCorp, College Station, TX, USA) was used for the statistical analyses.




RESULTS


Study Characteristics and Qualitative Assessment

A flow chart of the selection procedure is illustrated in Figure 1. The initial literature search provided 5,277 unduplicated records that were screened for eligibility. Of the 5,277 records assessed with titles and abstracts, the full texts of 231 articles were reviewed. Overall, 20 articles published between 2012 and 2020 met our inclusion criteria and were finally included in this meta-analysis (8–27). The study characteristics are summarized in Table 1. Of 20 studies with 5,189 patients, 16 had a retrospective design, and four had a prospective design. All studies reported that they performed endovascular thrombectomy for the treatment of AIS, and 14 studies reported methods of MT, including stent retrievers (Solitaire, Trevo, and Merci were the most often-used devices) and aspiration techniques (the Penumbra aspiration system was the most often-used device). Seventeen studies reported vascular lesion information: 15 included patients with AIS due to LVO in the anterior cerebral circulation involving the proximal middle cerebral artery, the internal carotid artery, and the terminal carotid artery, and two included patients with AIS due to LVO in the anterior or posterior cerebral circulation involving the basilar artery and the vertebral artery. Except for the study conducted by Choi and colleagues (comprising 1,532 patients) (19), the included studies had relatively small sample sizes, ranging from 56 to 496 patients. In all included studies, the majority of the included patients were elderly. Of the 20 included studies, 16 explored the clinical relevance between leukoaraiosis and the outcomes of MT (8–17, 20, 21, 23, 24, 26, 27). Three studies investigated the association between CMBs and outcomes of MT (19, 22, 25), and two studies explored the association between lacunes and outcomes of MT (17, 18).


[image: Figure 1]
FIGURE 1. Flowchart of the literature search process.


For the quality assessment of the included studies (summarized in Supplementary Table 3), the mean score of the included studies was 7.00 (range: 5–9), and seven were considered to have high study quality.



Leukoaraiosis and Outcomes of MT

Based on leukoaraiosis severity as assessed with semi-quantitative scales (VSS 3–4 or FS ≥2), HLB was associated with an increased risk of poor functional outcome at 90 days (OR 2.70, 95% CI 2.01–3.63; p < 0.001; 10 studies) (Figure 2). For secondary outcomes, HLB was not associated with mortality at 90 days (OR 1.59, 95% CI 0.99–2.55; p = 0.056; 4 studies) (Figure 3); however, HLB was associated with an increased risk of in-hospital mortality (OR 4.06, 95% CI 1.48–11.13; p = 0.006; 2 studies) (Supplementary Table 4). For post-MT ICH, HLB was not associated with post-MT ICH (OR 1.07, 95% CI 0.53–2.14; p = 0.858; 4 studies) or post-MT sICH (OR 1.81, 95% CI 1.00–3.29; p = 0.051; 5 studies) (Figure 4). For recanalization grade with MT, HLB was not associated with successful recanalization (OR 1.16, 95% CI 0.73–1.86; p = 0.528; two studies) (Supplementary Table 4). However, patients with HLB had a higher risk of experiencing FR (OR 5.00, 95% CI 2.86–8.73; p < 0.001; three studies) (Supplementary Table 4). For early outcomes after MT (Supplementary Table 4), HLB was not associated with ENI (OR 0.58, 95% CI 0.19–1.72; p = 0.324; 2 studies). It was, however, associated with an increased risk of END after MT (OR 2.65, 95% CI 1.09–6.45; one study).


[image: Figure 2]
FIGURE 2. Summary of ORs for the association between high leukoaraiosis burden and poor functional outcome at 90 days.
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FIGURE 3. Summary of ORs for the association between high leukoaraiosis burden and mortality at 90 days.
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FIGURE 4. Summary of ORs for the associations between high leukoaraiosis burden and intracranial hemorrhage (ICH) and symptomatic intracranial hemorrhage (sICH) after MT.


Based on leukoaraiosis severity as assessed with volumetric software, HLB was associated with an increased risk of poor functional outcome at 90 days (OR 1.04, 95% CI 1.02–1.07; p = 0.001; 3 studies) (Supplementary Table 4). For secondary outcomes (Supplementary Table 4), HLB was not associated with mortality at 90 days (OR 1.13, 95% CI 0.79–1.62; p = 0.515; 2 studies). For post-MT ICH, HLB was not associated with post-MT ICH (OR 1.06, 95% CI 0.60–1.87; one study) or post-MT sICH (OR 0.99, 95% CI 0.93–1.04; 1 study). For recanalization grade with MT, HLB was not associated with successful recanalization (OR 1.30, 95% CI 0.70–2.38; one study).



CMBs and Outcomes of MT

CMBs were found to be associated with increased risks of poor functional outcome (OR 1.84, 95% CI 1.17–2.90; p = 0.008; two studies) (Figure 5) and mortality (OR 2.28, 95% CI 1.04–4.99; 1 study) at 90 days (Supplementary Table 4). However, CMB burden was not associated with in-hospital mortality (OR 0.57, 95% CI 0.17–1.84; 1 study) (Supplementary Table 4). CMB burden was not associated with post-MT ICH (OR 0.60, 95% CI 0.27–1.32; p = 0.204; two studies) or post-MT sICH (OR 1.42, 95% CI 0.19–10.55; p = 0.733; 2 studies) (Supplementary Table 4).


[image: Figure 5]
FIGURE 5. Summary of ORs for the association between cerebral microbleeds (CMBs) and poor functional outcome at 90 days, and summary of ORs for the association between lacunes and poor functional outcome at 90 days.




Lacunes and Outcomes of MT

Two eligible studies reported the association between lacunes and poor functional outcome at 90 days after MT (17, 18). Lacune burden was not associated with poor functional outcome at 90 days (OR 2.23, 95% CI 0.95–5.22; p = 0.066; 2 studies) (Figure 5).



Heterogeneity and Sensitivity Analyses

For primary outcome, low heterogeneity was found in the pooled estimate of the association between HLB (assessed with VSS 3–4 or FS ≥ 2) and poor functional outcome at 90 days (I2 = 18.90%, p of heterogeneity = 0.269) (Figure 2). Omitting each study in turn did not significantly change the results or heterogeneity. Adjustments for confounders in each included study were considered as key variables affecting pooled estimates. The confounders adjusted in the multivariate analysis for each study are listed in Supplementary Table 2. Next, subgroup analyses were made regarding the association between HLB (assessed with VSS 3–4 or FS ≥2) and poor functional outcome at 90 days based on the adjustments of important confounders, including age, baseline stroke severity (indicated with baseline NIHSS score), baseline collateral grade, stroke onset to recanalization time, and recanalization outcome after MT (Supplementary Table 5). Based on these results of subgroup analyses, we found that the association between HLB and poor functional outcome at 90 days remains stable.

The leukoaraiosis assessment strategy among the included studies was considered a key confounder for pooled estimates. Thus, we performed subgroup analyses for the association between HLB and poor functional outcome based on this key confounder: VSS 3–4 (OR 3.22, 95% CI 2.09–4.97; p < 0.001; 6 studies; I2 = 31.40%) and FS ≥2 (OR 2.11, 95% CI 1.44–3.10; p < 0.001; 4 studies; I2 = 0.00%) were found to be associated with an increased risk of poor functional outcome with low heterogeneity (Supplementary Figure 1 and Supplementary Table 5). Moreover, the variable recanalization rates among the included studies were also considered a key confounder. Next, subgroup analyses based on recanalization rate (categorized into >50% and ≤50%) indicated a stable association between HLB and poor functional outcome: >50% (OR 2.27, 95% CI 1.69–3.04; p < 0.001; 7 studies; I2 = 0.00%) and ≤50%) (OR 3.68, 95% CI 1.78–7.60; p < 0.001; 2 studies; I2 = 0.00%) (Supplementary Table 5). Meta-regression analyses were also conducted to explore the potential sources of heterogeneity. Adjustments for baseline collateral grade (Pinteraction = 0.047) and the variable recanalization rates among the included studies (Pinteraction = 0.053) accounted for the main heterogeneity among the included studies (Supplementary Table 5).



Assessment of Publication Bias

We identified asymmetric funnel plots involved in the pooled estimates (associations between HLB and poor functional outcome at 90 days) (Supplementary Figure 2). Egger's tests also showed publication bias in this pooled estimate. Thus, the publication bias was adjusted through “trim and fill” analyses. This pooled estimate remained stable after the adjusted analysis (Supplementary Table 6).




DISCUSSION

Based on the results provided by 20 eligible studies, including ~5,189 patients with AIS undergoing MT, we performed a systematic review and meta-analysis to investigate the associations between SVD subtypes (including leukoaraiosis, CMBs, and lacunes) and outcomes of MT. The results showed that the presence of both HLB and CMBs at the time of AIS was associated with an increased risk of an unfavorable functional outcome at 90 days after MT, which indicated that patients with HLB and CMBs undergoing MT may have a higher risk of experiencing poor functional recovery than patients without HLB and CMBs. Moreover, we found that HLB was associated with a higher risk of in-hospital death, FR, and END. Our study demonstrated that CMBs were associated with a high risk of death at 90 days after MT. We also provided evidence of the safety of MT and evaluated the risks of post-MT ICH and sICH in patients with CMB burden. We found no significant association between CMBs and the risks of post-MT ICH and sICH.

With the development of MT for the treatment of AIS over the past several years, MT is now considered a standard therapy for AIS caused by LVO (5). The prevalence of SVDs, especially high SVD burden, is higher in patients with AIS caused by LVO, possibly because the main risk factor for developing SVD is age. Elderly patients have a higher risk of developing SVD; moreover, elderly patients have a higher risk of having AIS caused by LVO arising from large artery atherosclerosis or cardioembolism. Thus, SVD may be more likely to occur in addition to AIS caused by LVO as a concomitant disease, which may lead to poorer functional outcomes (36). The close relationship between LVO and SVD underscores the need to pay careful attention to the role of SVD in patients with AIS caused by LVO who are undergoing MT. Our findings in this meta-analysis may critically aid in predicting the efficiency and safety of MT, particularly in patients with SVD. This may help select patients for MT and facilitate perioperative communication with patients or their relatives.

The mechanisms underlying the clinical relevance between SVD and the outcomes of MT are poorly understood. SVD is associated with myelin damage, disconnection of white matter fibers, and neuronal degeneration that adversely affects neuroplasticity, further impairing brain repair function during neurorehabilitation (2, 37). Thus, patients with SVD (HLB and CMBs) undergoing MT may have a higher risk of experiencing poor functional outcome or FR, even though LVO has been recanalized with MT. Importantly, SVD mainly results from cerebral microcirculation disturbances (20), which are associated with vascular endothelium dysfunction and blood–brain barrier (BBB) dysfunction, further impairing cerebral blood flow in response to neuronal activity and decreasing neuronal energy supply (37). Thus, SVD-related poor microcirculation status may reduce brain tissue resistance to ischemia, further increasing the volume of the infarct core and resulting in poor functional outcomes (20). Thus, therapeutic strategies that improve cerebral microcirculation may alleviate the adverse influence of SVD on the outcomes of MT.

In patients undergoing IVT, both HLB and CMBs were found to be linked to an increased risk of ICH, possibly due to the close association of SVD with disturbances of microcirculation and the BBB and accompanied by enhanced fibrinolytic activity caused by IVT (4, 38). However, we found no clinical link between SVD (HLB and CMBs) and post-MT ICH or sICH. Unlike IVT, which affects fibrinolytic activity, MT confers its therapeutic effect via a mechanical mechanism (5). MT has little effect on fibrinolytic activity. Therefore, HLB and CMBs were not associated with a higher risk of post-MT ICH or sICH. In clinical practice, IVT is considered an adjunctive therapy of MT for patients with AIS caused by LVO within 4.5 h after symptom onset (39). Thus, we considered IVT to be a key confounder affecting the association between SVD and outcomes of MT. We should have been able to note the influence of SVD on the outcomes of MT combined with IVT. However, most of the included studies did not report this information, and only one eligible study with a small sample size reported no association between CMBs and outcomes in patients with AIS undergoing MT combined with IVT (22). More high-quality, prospective studies are needed to assess the effect of pre-existing SVDs on the outcomes of MT combined with IVT.

Several limitations should be considered when interpreting the results of this meta-analysis. First, the leukoaraiosis assessment strategy varied among several of the included studies. Although a higher VSS score, higher FS score, and greater volume of leukoaraiosis can all indicate HLB, each is a different type of assessment strategy, and the varying use of these assessments among included studies likely reduced the strength of the meta-analysis results. To decrease the effect of this confounding factor, we performed subgroup analyses. When the pooled analysis was layered by the three different assessment strategies, the associations of HLB with 90-day poor functional outcome and mortality after MT remained stable. Second, most of the included studies were small in size, which may have reduced the strength of our results. Third, most of the included studies focused on leukoaraiosis. Based on our comprehensive review of the literature, only two studies with a small sample size to date have investigated the association between lacunes and outcomes of MT (17, 18). Thus, the influence of lacunes on the outcomes of MT remains unclear. Therefore, well-conducted prospective studies with larger sample sizes are needed to assess the influence of lacunes on the outcomes of MT. Fourth, the quality of the included studies varied, and only seven studies were considered high-quality studies based on the Newcastle–Ottawa scale score (Supplementary Table 3). More high-quality studies are needed to improve the precision of pooled estimates. Fifth, we hypothesized a volume (assessed with volumetry neuroimaging software)–response association between leukoaraiosis and outcomes of MT. Unfortunately, most of the included studies assessed the association between leukoaraiosis and outcomes of MT via dichotomous comparisons. Only two studies investigated the volume–response relationship between leukoaraiosis and outcomes of MT (16, 21). Thus, there were insufficient data to conduct a volume–response meta-analysis. The study performed by Boulouis and colleagues reported a volume–response relationship between WMH and functional outcome of MT: each 1-cm3 increase in WMH volume, detected with volumetric MRICro software, was associated with a 1.5 times increased risk of unfavorable functional outcome of MT (16). However, a study with a smaller sample size performed by Atchaneeyasakul and colleagues reported no volume–response relationship between WMH and outcomes of MT (21). In light of these inconsistent results, it remains unclear whether there is a volume–response relationship between SVD and outcomes of MT. Sixth, the protocol of this systematic review has not been registered in a registry database. Registration of a protocol of a systematic review may help us improve its quality; moreover, registration may help investigators assess whether a systematic review has already been initiated. Based on our comprehensive review of the literature at the last search, we found no similar systematic reviews.

Taken together, in patients with AIS undergoing MT, HLB was associated with increased risks of a 90-day unfavorable functional outcome, in-hospital death, and FR after MT. CMBs were associated with increased risk of a 90-day unfavorable functional outcome after MT. Based on our findings, more attention should be paid to SVD in patients with AIS undergoing MT. In future trials investigating the efficacy and safety of MT in patients with AIS, the variable SVD phenotypes among patients should be taken into account, which may affect the outcomes of MT. In this meta-analysis, all included studies were conducted with observational designs; thus, future analyses of randomized controlled trial data are needed to explore whether the treatment efficacy of MT is weakened in patients with different SVD phenotypes.
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