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Backgrounds: The presence of impaired global longitudinal strain (GLS) may be a valuable bio-marker in the early diagnosis for left ventricle (LV) impairment, which would help scrutinize asymptomatic aortic stenosis (AS) patients with high risk of adverse outcomes, such as major adverse cardiovascular events (MACE).

Methods: The study was prospectively registered in PROPSERO (CRD 42021223472). Databases, such as Pubmed, Embase, Cochrane Library, Web of science, and Scopus were searched for studies evaluating the impact of impaired GLS on MACE, all-cause mortality, and aortic valve replacement (AVR) in asymptomatic AS. Hazard ratios (HRs) with 95% CIs were calculated with meta-analysis for binary variants. Meta-regression, subgroup analysis, and sensitivity analyses were applied as needed to explore the heterogeneity.

Results: Eventually, a total of nine studies reporting 1,512 patients were enrolled. Compared with the normal GLS group, impaired GLS significantly increased MACE (HR = 1.20, 95% CI: 1.10–1.30, I2 = 79%) with evident heterogeneity, all-cause mortality (HR = 1.42, 95% CI: 1.24–1.63), and AVR (HR = 1.17, 95% CI: 1.07–1.28). Subgroup analyses stratified by left ventricular ejection fraction (LVEF) > 50% or LVEF without precise cut-off point found that compared with the normal GLS group, impaired GLS remarkably increased MACE both in two subgroups (LVEF > 50%: HR: 1.22, 95% CI: 1.05–1.50; LVEF without cutpoint: HR: 1.25, 95% CI: 1.05–1.50). The results stratified by AS severity (mild/moderate and severe) or follow-up time resembled those stratified by LVEF. In addition, when subgroup analysis was stratified by mean aortic valve pressure gradient (MG ≥ 40 mm Hg and MG <40 mm Hg), compared with normal GLS, impaired GLS significantly increased MACE both in two subgroups (MG ≥ 40 mm Hg: HR: 3.41, 95% CI: 1.64–7.09; MG below 40 mm Hg: HR: 3.17, 95% CI: 1.87–5.38). Moreover, the effect sizes here were substantially higher than those in the former two stratified factors.

Conclusions: The presence of impaired GLS substantially worsens the outcomes for adverse cardiovascular events in asymptomatic patients with AS regardless of LVEF or AS severity or follow-up time or mean aortic valve pressure gradient, which highlights the importance of incorporating impaired GLS into risk algorithms in asymptomatic AS.

Systematic Review Registration: PROSPERO (registration number: CRD42021223472).
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INTRODUCTION

With increased life expectation and lifespan of the population, aortic stenosis (AS) has become one of the most common valvular heart diseases (1). Of note, ~40–50% of severe patients with AS are asymptomatic (2). Although patients with AS can be asymptomatic due to the provisionally sufficient LV function, the myocardial fibrosis resulting from the rising hemodynamic burden could lead to ventricular remodeling and enlargement, which further predisposes patients to sudden cardiac death (3). The progressive exacerbation of left ventricular (LV) dysfunction remains to be a matter of concern in asymptomatic patients.

Currently, left ventricular ejection fraction (LVEF) is used as the main criterion to select asymptomatic patients for aortic valve replacement (AVR) (4). However, there has been growing awareness that LVEF-based hierarchies may have significant deficiencies for early identification of asymptomatic patients with AS who required interventions since the LVEF assessment is highly affected by hemodynamic load. Thus, the LV deterioration might be cloaked in the setting of reduced after-load, where a more sensitive biomarker to facilitate the recognition of LV systolic impairment is urged.

Left ventricular global longitudinal strain (LVGLS), evaluating the contractile function of the ventricular muscle fiber, appears to be a robust parameter for detecting early LV dysfunction, even before the evident deterioration of LVEF (5). Simultaneously, an increasing number of literature published with regard to LVGLS in asymptomatic patients with AS and its association with adverse outcomes. However, most studies were from the single-center with relatively small sample size.

Given the increasing sound of LVGLS in evaluating asymptomatic patients with AS, we sought to perform a systematic review and meta-analysis to evaluate the prognostic value of LVGLS among asymptomatic patients with AS.



METHODS


Study Search

The present study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement (PRISMA-NMA) (6). The original study protocol was registered prospectively in PROSPERO (registration number: CRD42021223472).

A comprehensive systematic search was performed by two independent investigators (YW and MHZ) in electronic databases (Pubmed, Embase, Cochrane Library, Web of Science, and Scopus) for the period up to June 16, 2021. The detailed mesh terms were: AS, GLS, asymptomatic, echocardiography, speckle tracking, progression, major adverse cardiovascular events (MACE), all-cause mortality, and AVR. The full search strategy is provided in the Supplementary Table 1. To ensure saturation, a manual reference cross-check of included articles was performed.



Inclusion Criteria

1) Left ventricular global longitudinal strain was evaluated by speckle tracking in patients with asymptomatic AS;

2) Binary clinical outcome data (e.g., all-cause mortality) with follow-up time of at least 3 months were reported in patients stratified by the presence of abnormal LVGLS;

3) Sufficient data to retrieve hazard ratios (HRs) and corresponding 95% CIs.



Exclusion Criteria

1) Studies assessing basal longitudinal strain (BLS) instead of GLS or lack of our prespecified outcomes;

2) Studies not based on humans;

3) Case reports, comments, reviews, abstracts, meta-analyses, and editorials;

4) Duplicate publications.



Data Extraction and Quality Assessment

Two investigators (YW and MHZ) independently evaluated studies for eligibility and extracted data from enrolled studies. When the study comprised both the symptomatic and asymptomatic patients with AS, only the data of asymptomatic AS were collected. The following information were collected: the first name of author, year of publication, sample size, study design, follow-up duration, patient baseline characteristics, echocardiographic parameters (such as, imaging modalities for quantifications of GLS), the withdrawal rate, outcomes, etc. Any discrepancy was adjudicated by a senior investigator (HWL).

The Newcastle-Ottawa Quality Assessment Scale was implemented to assess the quality of enrolled studies (Supplementary Table 2) (7). The quality of the selected trials was determined on the basis of selection of the study groups (0–4 points), comparability of the study groups (0–2 points), and ascertainment of the outcome of interest (0–3 points). The studies scored ≥7 were considered to be high quality articles.



Endpoints

The primary endpoint was MACE. MACE comprises cardiac death, AVR, and any cardiovascular events (hospital admission for heart failure, acute myocardial infarction, ventricular tachyarrhythmia, or stroke). The secondary endpoint was all-cause mortality. The tertiary endpoint was AVR.



Statistical Analysis

Hazard ratios with 95% CIs were calculated with meta-analysis for binary variants. If the trials did not report HRs directly, Kaplan–Meier curves were read using Engauge Digitizer version 4.1 (8). If I2 <50% and p > 0.01, a fixed effect model would be adopted, otherwise a random-effect model would be performed. If there was obvious heterogeneity, meta-regression, subgroup analysis and sensitivity analyses would be applied. The p < 0.05 was considered statistically significant. Publication bias was tested using funnel plots, the Egger's test, and the Peter's test (9, 10). The Duval and Tweedie's trim and fill method was employed to further assess the possible effect of publication bias (11). All statistical analyses were performed by using R version 3.5.3 (R Foundation for Statistical Computing, Vienna, Austria). A two-tailed p < 0.05 was considered statistically significant.




RESULTS


Study Selection

The search identified 467 citations based on title/abstract, from which 327 full-text reports were carefully assessed. Of these, 318 studies were excluded for various reasons, such as assessing basal longitudinal strain (BLS) instead of GLS or lack of our prespecified outcomes. The screening flowgram is presented in Figure 1.


[image: Figure 1]
FIGURE 1. Study search and selection flowchart.




Characteristics of Selected Studies

Eventually, a total of nine studies with 1,512 participants were included (12–20). Table 1 shows the summary of included studies. All studies were published from 2010 to 2021, of which three were multicenter. Five of them were based on prospective cohorts. The sample size varied form n = 52 patients to n = 332 patients. The incidence of impaired-GLS ranged from 37.5 to 62.7% over a follow-up duration ranging from 11 to 33.4 months. The cutoff value of GLS associated with MACE was derived from a receiver operating characteristic (ROC) curve analysis in five studies (14–16, 19, 20). Two of the rest used the median value of its sample (12, 17). Only two studies chose the clinical cut point (13, 18). Additional information regarding the study endpoint can be found in Supplementary Table 3. The bias risk of the enrolled studies was found to be low based on the Newcastle-Ottawa Quality Assessment Scale (Supplementary Table 2).


Table 1. Description of studies included in meta-analysis.
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Patients were predominantly men (67%), with a mean age of 75 years (Table 2). These studies covered a wide spectrum of patients with AS, with a mean pressure gradient ranging from 24 to 60 mm Hg (Table 3). Follow-up periods were mostly more than 12 months. The majority of studies used GE echocardiographic platforms and Echopac to analyze the strain data. Of note, two studies (Thellier et al. and Nagata et al.) performed with both GE and Philips equipment used Tomtec imaging system for the strain analysis (13, 16).


Table 2. Clinical characteristics of patients.
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Table 3. Echocardiographic parameters of the included studies.
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Overall Analysis

For analyzing the primary endpoint, nine of 9 studies reporting 1,512 patients were eligible. Compared with the normal GLS group, impaired GLS significantly increased risk of MACE (HR: 1.20, 95% CI: 1.10–1.30; I2 = 79%, p < 0.01) with evident heterogeneity (Figure 2A). Four of 9 studies reporting 1,010 patients were eligible for analyzing the secondary endpoint. The pooled estimates showed an increased risk of all-cause mortality in patients with impaired GLS as compared with normal GLS patient (HR: 1.42, 95% CI: 1.24–1.63) with no statistically heterogeneity (I2 = 0%, p < 0.01) (Figure 2B). Two of 9 studies reporting 488 patients were eligible for analyzing the tertiary endpoint. Compared with normal GLS group, impaired GLS significantly increased incidence of AVR (HR: 1.17, 95% CI: 1.07–1.28; I2 = 0%, p < 0.01) (Figure 2C).


[image: Figure 2]
FIGURE 2. Forest plot for the association between impaired global longitudinal strain (GLS) and (A) major adverse cardiovascular events (MACE), (B) all-cause mortality, or (C) aortic valve replacement (AVR).




Sensitivity Analysis and Meta-Regression Analysis

We performed the leave-one-out sensitivity analysis. Of note, the individual exclusion of studies did not alter the merged effect sizes (Supplementary Figure 1). Meta-regression was performed stratified, respectively, by age, gender, comorbidities (hypertension, diabetes mellitus, and coronary artery disease), and echocardiographic data (baseline EF, baseline GLS, GLS cutoff values, and mean pressure gradient) but failed to find any correlation (Supplementary Table 4).



Subgroup Analysis

Subgroup analyses stratified by LVEF of 50% found that compared with the normal GLS group, impaired GLS remarkably increased MACE both in two subgroups (LVEF > 50%: HR: 1.22, 95% CI: 1.05–1.50; LVEF without cut-off point: HR: 1.25, 95% CI: 1.05–1.50). There was no statistically significant difference between these two subgroups (p = 0.79) (Figure 3A, right panel). In addition, the heterogeneity decreased from 79 to 65% after excluding Gu's study, which indicated that inclusion of the study by Gu et al., is among the main cause of heterogeneity. The results stratified by AS severity (mild/moderate and severe) (mild/moderate AS: HR = 1.17, 95% CI: 1.07–1.27; severe AS: HR: 1.32, 95% CI: 1.14–1.52) resembled those stratified by LVEF. The value of p for the difference between these two subgroups was not significant at 0.16 (Figure 3B, right panel). The heterogeneity of the subgroup with mild/moderate AS decreased from 77 to 60% after excluding Gu's study. We again found similar results in subgroups stratified by follow-up time (follow-up time more than 24 months: HR = 1.24, 95% CI: 1.08–1.41; follow-up time less than 24 months: HR: 1.22, 95% CI: 1.09–1.37; p for subgroup difference = 0.90) (Figure 3C, right panel). The heterogeneity of the subgroup with follow-up time more than 24 months decreased from 82 to 68% after excluding Gu's study. The subgroup analysis stratified by mean aortic valve pressure gradient (MG ≥ 40 mm Hg and mean MG <40 mm Hg) found that compared with the normal GLS, impaired GLS significantly increased MACE both in two subgroups (mean MG ≥ 40 mm Hg: HR: 3.41, 95% CI: 1.64–7.09; MG below 40 mm Hg: HR: 3.17, 95% CI: 1.87–5.38) (Figure 4). Moreover, the effect sizes here were substantially higher than those in the former two stratified factors.


[image: Figure 3]
FIGURE 3. Forest plot demonstrating the association between impaired GLS and MACE defined by (A) ejection fraction (EF) or (B) aortic stenosis (AS) severity or (C) follow-up time.
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FIGURE 4. Forest plot demonstrating the association between impaired GLS and MACE dichotomized by mean aortic valve pressure gradient (MG) over or below 40 mm Hg. (A) MG ≥ 40 mmHg. (B) MG <40 mmHg.




Publication Bias

The funnel plot for MACE visually showed mildly asymmetric (Supplementary Figure 2). The public bias was also confirmed by Egger's test (p < 0.01) as well as Begg's test (p = 0.01). To mitigate against publication bias, we used the trim and fill method. The trim and fill analysis suggested two missing studies. After the imputation of these missing studies, the recalculated pooled HR for impaired GLS being associated with MACE of asymptomatic AS was slightly attenuated but remained significant (HR 1.16, 95% CI: 1.07–1.26).




DISCUSSION

The present meta-analysis of data from nine studies, including 1,512 patients, identified robust associations between impaired GLS and MACE, all-cause mortality, or AVR across a wide spectrum of patients with asymptomatic AS. Although the heterogeneity in the primitive analysis was high, the subgroup analysis and meta-regression in the current meta-analysis confirms that impaired GLS was a powerful risk marker for MACE with eliminated heterogeneity. Given these findings, impaired GLS had strong prognostic utility in asymptomatic AS populations.

The best timing of AVR for asymptomatic patients with AS has been the epicenter of considerable interest during the last decades (21). According to the latest American and European guidelines, the EF of 50% was used as the threshold for surgery among asymptomatic severe patients with AS (22, 23). However, data from recent published studies demonstrated that singular LVEF might be insufficient to risk-stratify those patients for surgery (24, 25). LVEF values could be falsely enhanced by the geometric effect, which might limit its ability to identify mild or moderate LV dysfunction. Of note, Ng. et al. (26) stated that up to 23 (13.1%) deaths occurred in patients without severely impaired EF, because they fell outside the recommendations. Although the Society of Thoracic Surgeons (STS) introduced exercise-induced symptom as the supplement of criterion, it was latterly found to be subjective and unconvincing (27, 28).

It was well-known that reduced value of deformation and speed longitudinal contraction was prior to LVEF impairment in AS. Thus, GLS has emerged as an accurate and reproducible tool to identify the subclinical LV impairment of AS (5). According to a series of recent studies, identification of reduced longitudinal strain rate caused by the injured subendocardial myocardial fibers had correlations with mortality among asymptomatic patients with AS (12, 16, 19). However, the prognostic value of GLS in asymptomatic patients with AS has been demonstrated merely in small single-center studies without further confirmation in larger patient populations (12–20).

Only one meta-analysis evaluated the effect of impaired GLS on prognosis in asymptomatic AS patients (29). This meta-analysis, which used individual participant data from 10 studies, demonstrated that patients with impaired GLS, which defined by the cut-off value of 14.7%, had 2-fold greater risk than those with normal GLS over the course of the follow-up. However, it was important to note that this study set mortality as the solo endpoint. In the real life, what we really focus on is not only the mortality, but also the possibility of symptoms appearance and the quality of life, especially for young patients with AS (e.g., patients with bicuspid aortic valve). Hence, in compliance of the real-world practice, we chose MACE to be the primary endpoint, by GLS we could predict or screen patients with AS who were likely to progress into symptomatic and required surgery. Furthermore, the prior meta-analysis was limited to several other ways, such as small sample sizes (65–163 patients), the use of BLS instead of GLS in the included study by Carstensen et al. (15), and the inclusion of symptomatic patients with AS against inclusion criteria (30–33). Hence, caution is needed in interpreting the outcomes of this meta-analysis.

Given the wealth of published studies over the past 3 years and the absence of a meta-analysis which specifically focused on the combined endpoint in asymptomatic patients with AS, it is necessary to conduct our analysis. In our study, which addressed several outcomes in a larger patient population compared with the previous meta-analysis, impaired GLS was present in a considerable proportion of patients (52.2%), and it had significant associations with MACE, all-cause mortality, or AVR. The heterogeneity substantial decreased after excluding Gu's study in subgroups stratified by LVEF, AS severity, or follow-up time. The heterogeneity might ascribe to the inaccuracy of GLS in prediction of adverse events in Gu's study. It should be noticed that stronger correlations between impaired GLS and MACE was observed when involving patients with EF > 50% only. Our data implicate that the combination of EF below 50% and impaired GLS might help identify asymptomatic patients with AS at high risk of poor outcomes. One may speculate if early intervention or frequent monitoring might benefit patients with impaired GLS, independent of LVEF.

There was evidence indicative of publication bias. Therefore, we used the trim and fill method to adjust for the publication bias. The trim and fill analysis showed the similarly significant adjusted pooled HR for MACE in asymptomatic patients with AS, which indicated that the publication bias had little effect on our results. As research on the topic of GLS in asymptomatic AS is relatively new, manuscripts that report significant results are likely to be of interest to peer-reviewed journals. The unwritten and unpublished null findings might lead to the publication bias. The publication bias might also result from other factors, such as sample size, GLS analysis software, and other complications.

A few studies identified additional prognostic markers, e.g., natriuretic peptide, exercise tolerance, aortic valve calcium score, multidetector row CT (MDCT)-derived GLS, cardiac magnetic resonance (CMR)-derived GLS, extracellular volume assessed by CMR (20, 34–38). Noticeably, GLS is superior to natriuretic peptide, exercise tolerance, aortic valve calcium score in detecting outcomes in AS (20, 39). The study by Kim et al. (40) showed that CMR-derived GLS might be associated with cardiac dysfunction in asymptomatic patients with AS. The extracellular volume or MDCT-derived GLS may add prognostic value beyond what is obtained from GLS (36, 38). However, some methodological limitations of these prognosticators should be addressed. Both MDCT and CMR acquisition are not routinely used among patients with AS. Extracellular volume and CMR-derived GLS require specialized sequences and lengthy breath-holds, which is more time-consuming than echocardiography. In terms of accuracy, sensitivity, and reproducibility, GLS by echo seems to perform better than other prognostic factors. But for patients with suboptimal imaging quality on echo, CMR or MDCT could represent a valid alternative.

Our meta-analysis may have considerable clinical implications. First, the presence of GLS offers opportunities to identify asymptomatic patients with AS who are at high risk of adverse prognosis and therefore act accordingly. This could help reduce costs associated with repeat admissions of normal patients with GLS. Our results may help address the unsolved issue of whether signs of LV impairment could be used to optimize the timing of valve intervention (surgery or TAVI). An ongoing trial (Danish National Randomized Study on Early Aortic Valve Replacement in Patients with Asymptomatic Severe Aortic Stenosis (DANAVR); NCT03972644), which randomly assigns asymptomatic patients with AS to undergo AVR or watchful waiting, would shed more light on this hot issue. Second, for bicuspid aortic valve (BAV) individuals, valve dysfunctions usually occur early in life. Thus, the overall quality of life and ability to re-integrate into society are as important as survival outcomes for these patients. Timely, appropriate management enabled by the early detection of LV impairment is of utmost importance, especially for Asian patients with AS with considerably high proportions of BAVs.



LIMITATION

First, all the studies enrolled were observational studies rather than randomized clinical trials, indicating potential confounding factors that might result in bias eventually. However, it must be underscored that no randomized trials have yet been performed on this theme. Second, the sample size of some enrolled studies were small, which might compose part of the bias. Third, as individual patient data were not available, several important covariates, such as medication could not be fully assessed. Nevertheless, the results of our meta-analysis do summarize the outcomes of nine studies in 1,512 individuals, with significant associations between impaired GLS and MACE remained even after adjustment for confounding with subgroup assessment and meta-regression analysis. Fourth, our results might be influenced by the publication bias. But the publication bias may not be totally ruled out due to possibly unpublished studies with non-significant results. However, the trim and fill analyses showed similarly significant results.



CONCLUSION

The presence of impaired GLS substantially worsens the outcomes for adverse cardiovascular events in asymptomatic patients with AS regardless of LVEF or AS severity or mean aortic valve pressure gradient, which highlights the importance of incorporating impaired GLS into risk algorithms in asymptomatic AS. Certainly, large scale RCTs are needed to justify our speculation.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



AUTHOR CONTRIBUTIONS

YW and MZ performed all statistical analyses and echocardiographic analyses. YW contributed to the drafting of the work and design of the study. YW and HC was responsible for the conception of the project. All authors participated in critical revision of the work, and all authors read and approved the final version to be submitted for publication.



FUNDING

This study was supported by the Research Grant of National Natural Science Foundation of China (82000361).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.778027/full#supplementary-material

Supplementary Table 1. The full search strategy.

Supplementary Table 2. Quality assessment using Newcastle Ottawa scale.

Supplementary Table 3. The outcomes of included studies.

Supplementary Table 4. Meta-regression of baseline feature on major adverse cardiovascular events (MACE) at follow-up.

Supplementary Figure 1. Sensitivity analyses using the leave-one-out approach.

Supplementary Figure 2. Funnel plot for the association between global longitudinal strain (GLS) and major adverse cardiovascular events (MACE) in asymptomatic patients with aortic stenosis (AS).



REFERENCES

 1. Coffey S, Roberts-Thomson R, Brown A, Carapetis M, Chen M, Enriquez-Sarano L, et al. Global epidemiology of valvular heart disease. Nat Rev Cardiol. (2021) 18:853–864. doi: 10.1038/s41569-021-00570-z

 2. Pellikka PA, Sarano ME, Nishimura RA, Malouf JF, Bailey KR, Scott CG, et al. Outcome of 622 adults with asymptomatic, hemodynamically significant aortic stenosis during prolonged follow-up. Circulation. (2005) 111:3290–5. doi: 10.1161/CIRCULATIONAHA.104.495903

 3. Lafitte S, Perlant M, Reant P, Serri K, Douard H, DeMaria A, et al. Impact of impaired myocardial deformations on exercise tolerance and prognosis in patients with asymptomatic aortic stenosis. Eur J Echocardiogr. (2009) 10:414–9. doi: 10.1093/ejechocard/jen299

 4. Khanji MY, Ricci F, Galusko V, Sekar B, Chahal CAA, Ceriello L, et al. Management of aortic stenosis: a systematic review of clinical practice guidelines and recommendations. Eur Heart J Qual Care Clin Outcomes. (2021) 7:340–53. doi: 10.1093/ehjqcco/qcab016

 5. Nesbitt GC, Mankad S, Oh JK. Strain imaging in echocardiography: methods and clinical applications. Int J Cardiovasc Imaging. (2009) 25(Suppl. 1):9–22. doi: 10.1007/s10554-008-9414-1

 6. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ. (2009) 339:b2535. doi: 10.1136/bmj.b2535

 7. Wells G, Shea, B, O'Connell, D, Peterson, J, Welch, V, Losos, M, . The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomized Studies in Meta-Analyses. (2017). Available online at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed June 25, 2021). 

 8. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for incorporating summary time-to-event data into meta-analysis. Trials. (2007) 8:16. doi: 10.1186/1745-6215-8-16

 9. Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: guidelines on choice of axis. J Clin Epidemiol. (2001) 54:1046–55. doi: 10.1016/S0895-4356(01)00377-8

 10. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Comparison of two methods to detect publication bias in meta-analysis. JAMA. (2006) 295:676–80. doi: 10.1001/jama.295.6.676

 11. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing and adjusting for publication bias in meta-analysis. Biometrics. (2000) 56:455–63. doi: 10.1111/j.0006-341X.2000.00455.x

 12. Kitano T, Nabeshima Y, Negishi K, Takeuchi M. Prognostic value of automated longitudinal strain measurements in asymptomatic aortic stenosis. Heart. (2020). doi: 10.1136/heartjnl-2020-318256

 13. Thellier N, Altes A, Appert L, Binda C, Leman B, Marsou W, et al. Prognostic importance of left ventricular global longitudinal strain in patients with severe aortic stenosis and preserved ejection fraction. J Am Soc Echocardiogr. (2020) 33:1454–64. doi: 10.1016/j.echo.2020.07.002

 14. Gu H, Saeed S, Boguslavskyi A, Carr-White G, Chambers JB, Chowienczyk P. First-phase ejection fraction is a powerful predictor of adverse events in asymptomatic patients with aortic stenosis and preserved total ejection fraction. JACC Cardiovasc Imaging. (2019) 12:52–63. doi: 10.1016/j.jcmg.2018.08.037

 15. Carstensen HG, Larsen LH, Hassager C, Kofoed KF, Jensen JS, Mogelvang R. Basal longitudinal strain predicts future aortic valve replacement in asymptomatic patients with aortic stenosis. Eur Heart J Cardiovasc Imaging. (2016) 17:283–92. doi: 10.1093/ehjci/jev143

 16. Nagata Y, Takeuchi M, Wu CC, Izumo M, Suzuki K, Sato K, et al. Prognostic value of LV deformation parameters using 2D and 3D speckle-tracking echocardiography in asymptomatic patients with severe aortic stenosis and preserved LV ejection fraction. JACC Cardiovasc Imaging. (2015) 8:235–45. doi: 10.1016/j.jcmg.2014.12.009

 17. Yingchoncharoen T, Gibby C, Rodriguez LL, Grimm RA, Marwick TH. Association of myocardial deformation with outcome in asymptomatic aortic stenosis with normal ejection fraction. Circ Cardiovasc Imaging. (2012) 5:719–25. doi: 10.1161/CIRCIMAGING.112.977348

 18. Kearney LG, Lu K, Ord M, Patel SK, Profitis K, Matalanis G, et al. Global longitudinal strain is a strong independent predictor of all-cause mortality in patients with aortic stenosis. Eur Heart J Cardiovasc Imaging. (2012) 13:827–33. doi: 10.1093/ehjci/jes115

 19. Zito C, Salvia J, Cusma-Piccione M, Antonini-Canterin F, Lentini S, Oreto G, et al. Prognostic significance of valvuloarterial impedance and left ventricular longitudinal function in asymptomatic severe aortic stenosis involving three-cuspid valves. Am J Cardiol. (2011) 108:1463–9. doi: 10.1016/j.amjcard.2011.06.070

 20. Lancellotti P, Donal E, Magne J, Moonen M, O'Connor K, Daubert JC, et al. Risk stratification in asymptomatic moderate to severe aortic stenosis: the importance of the valvular, arterial and ventricular interplay. Heart. (2010) 96:1364–71. doi: 10.1136/hrt.2009.190942

 21. Donal E, Thebault C, O'Connor K, Veillard D, Rosca M, Pierard L, et al. Impact of aortic stenosis on longitudinal myocardial deformation during exercise. Eur J Echocardiogr. (2011) 12:235–41. doi: 10.1093/ejechocard/jeq187

 22. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JPI, Gentile F, et al. 2020 ACC/AHA guideline for the management of patients with valvular heart disease: A report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. J Thorac Cardiov Sur. (2021) 162:e183–353. doi: 10.1016/j.jtcvs.2021.04.002

 23. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur Heart J. (2017) 38:2739–91. doi: 10.1093/eurheartj/ehx391

 24. Barone-Rochette G, Pierard S, De Meester DRC, Seldrum S, Melchior J, Maes F, et al. Prognostic significance of LGE by CMR in aortic stenosis patients undergoing valve replacement. J Am Coll Cardiol. (2014) 64:144–54. doi: 10.1016/j.jacc.2014.02.612

 25. Meng Y, Zhu S, Xie Y, Zhang Y, Qian M, Gao L, et al. Prognostic value of right ventricular 3D speckle-tracking strain and ejection fraction in patients with HFpEF. Front Cardiovasc Med. (2021) 8:694365. doi: 10.3389/fcvm.2021.694365

 26. Ng A, Prihadi EA, Antoni ML, Bertini M, Ewe SH, Ajmone MN, et al. Left ventricular global longitudinal strain is predictive of all-cause mortality independent of aortic stenosis severity and ejection fraction. Eur Heart J Cardiovasc Imaging. (2018) 19:859–67. doi: 10.1093/ehjci/jex189

 27. Svensson LG, Adams DH, Bonow RO, Kouchoukos NT, Miller DC, O'Gara PT, et al. Aortic valve and ascending aorta guidelines for management and quality measures: executive summary. Ann Thorac Surg. (2013) 95:1491–505. doi: 10.1016/j.athoracsur.2012.12.027

 28. Nilsson H, Nylander E, Borg S, eTamas E, Hedman K. Cardiopulmonary exercise testing for evaluation of a randomized exercise training intervention following aortic valve replacement. Clin Physiol Funct Imaging. (2019) 39:103–10. doi: 10.1111/cpf.12545

 29. Magne J, Cosyns B, Popescu BA, Carstensen HG, Dahl J, Desai MY, et al. Distribution and prognostic significance of left ventricular global longitudinal strain in asymptomatic significant aortic stenosis: an individual participant data meta-analysis. JACC Cardiovasc Imaging. (2019) 12:84–92. doi: 10.1016/j.jcmg.2018.11.005

 30. Dahl JS, Videbaek L, Poulsen MK, Rudbaek TR, Pellikka PA, Moller JE. Global strain in severe aortic valve stenosis: relation to clinical outcome after aortic valve replacement. Circ Cardiovasc Imaging. (2012) 5:613–20. doi: 10.1161/CIRCIMAGING.112.973834

 31. Kusunose K, Goodman A, Parikh R, Barr T, Agarwal S, Popovic ZB, et al. Incremental prognostic value of left ventricular global longitudinal strain in patients with aortic stenosis and preserved ejection fraction. Circ Cardiovasc Imaging. (2014) 7:938–45. doi: 10.1161/CIRCIMAGING.114.002041

 32. Sato K, Seo Y, Ishizu T, Takeuchi M, Izumo M, Suzuki K, et al. Prognostic value of global longitudinal strain in paradoxical low-flow, low-gradient severe aortic stenosis with preserved ejection fraction. Circ J. (2014) 78:2750–9. doi: 10.1253/circj.CJ-14-0726

 33. Salaun E, Casalta AC, Donal E, Bohbot Y, Galli E, Tribouilloy C, et al. Apical four-chamber longitudinal left ventricular strain in patients with aortic stenosis and preserved left ventricular ejection fraction: analysis related with flow/gradient pattern and association with outcome. Eur Heart J Cardiovasc Imaging. (2018) 19:868–78. doi: 10.1093/ehjci/jex203

 34. Gomez PM, Ble M, Cladellas M, Molina L, Vila J, Mas-Stachurska A, et al. Combined use of tissue Doppler imaging and natriuretic peptides as prognostic marker in asymptomatic aortic stenosis. Int J Cardiol. (2017) 228:890–4. doi: 10.1016/j.ijcard.2016.11.144

 35. Utsunomiya H, Yamamoto H, Kitagawa T, Kunita E, Urabe Y, Tsushima H, et al. Incremental prognostic value of cardiac computed tomography angiography in asymptomatic aortic stenosis: significance of aortic valve calcium score. Int J Cardiol. (2013) 168:5205–11. doi: 10.1016/j.ijcard.2013.07.235

 36. Gegenava T, van der Bijl P, Vollema EM, van der Kley F, de Weger A, Hautemann D, et al. Prognostic influence of feature tracking multidetector row computed tomography-derived left ventricular global longitudinal strain in patients with aortic stenosis treated with transcatheter aortic valve implantation. Am J Cardiol. (2020) 125:948–55. doi: 10.1016/j.amjcard.2019.12.024

 37. Spath NB, Gomez M, Everett RJ, Semple S, Chin CWL, White AC, et al. Global longitudinal strain analysis using cardiac MRI in aortic stenosis: comparison with left ventricular remodeling, myocardial fibrosis, and 2-year clinical outcomes. Radiol Cardiothorac Imaging. (2019) 1:e190027. doi: 10.1148/ryct.2019190027

 38. Wei X, Jian X, Xie J, Chen R, Li X, Du Z, et al. T1 mapping and feature tracking imaging of left ventricular extracellular remodeling in severe aortic stenosis. Cardiovasc Diagn Ther. (2020) 10:1847–57. doi: 10.21037/cdt-20-803

 39. Yamawaki K, Tanaka H, Matsumoto K, Hiraishi M, Miyoshi T, Kaneko A, et al. Impact of left ventricular afterload on longitudinal dyssynchrony in patients with severe aortic stenosis and preserved ejection fraction. Circ J. (2012) 76:744–51. doi: 10.1253/circj.CJ-11-1098

 40. Kim MY, Park EA, Lee W, Lee SP. Cardiac magnetic resonance feature tracking in aortic stenosis: exploration of strain parameters and prognostic value in asymptomatic patients with preserved ejection fraction. Korean J Radiol. (2020) 21:268–79. doi: 10.3348/kjr.2019.0441 

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.

Copyright © 2022 Wang, Zhang, Chen and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-09-778027-t001.jpg
References Type of study

Kitaro et al. (12) Retrospective, monocentric,
consecutive pts

Theller et al. (13) Retrospective, monocentric,
consecutive pts

Guetal. (14) Retrospective, monocentric,

consecutive pts

Carstensen etal. (15) Prospective, multicentric

Nagata et al. (16) Retrospective, mulicentric

Yingchoncharogen etal. (17)  Prospective, monocentric

Kearney et al. (18) Prospective, monocentric,
consecutive pts

Zito etal. (19) Prospective, monocentric

Lancellott et al. (20) Prospective, multicentric

326*

332

218

104

104
79
135*

52
163

Population considered
for meta-analysis

asy-AS
severe asy-AS, EF > 50%

moderate to severe asy-AS,
EF > 50%

moderate to severe asy-AS,
EF > 50%

severe asy-AS, EF > 50%
severe asy-AS, EF > 50%
mild to moderate asy-AS

severe asy-AS, EF > 50%

moderate to severe asy-AS,
EF > 55%

Abnormal
GLS-positive

162 (49.8%)

192 (57.8%)

131/(60.1%)

39 (37.5%)

64(62.7%)
NA
54 (40.0%)

NA
79 (48.5%)

Cut-off
of GLS

15.1

15

15

16

17
NA
15

NA
169

Mean or median
of follow-up

24 months

42 months

33.4 months.

23yrs

373 days
16 months.
24yrs

11 months
20 months

Values are expressed as n (%). Asy-AS, asymptomatic aortic valve stenosis; EF, ejection fraction; GLS, global longitudinal strain; NA, not applicable.
*The population considered for this meta-analysis is a part of the total population of the original study.

Withdrawal
rate

4.41%

0%

0%

0%

1.92%
0%
7.53%

16.92%
0%





OPS/images/fcvm-09-778027-t002.jpg
References

Kitano et al. (12)
Theller et al. (13)
Guetal. (14)
Carstensen etal. (15)
Nagata et al. (16)
Yingehoncharogen
etal. (17)

Kearney et al. (18)
Zito et al. (19)
Lancellotti et al. (20)

Male

152 (45%)
186 (41%)
117 (54%)
71(68%)
43 (41%)
39 (49%)

91 (67%)
17(33%)
106 (65%)

Age (yrs)

7710
79 (71-85)
6914
729

7810
7712

75+ 11
7211
70+ 10

Values are expressed as mean = SD or n (%).
BSA, body surface area; BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney disease; NA, not applicable.

BMI (kg/m?)

22.7489
27.1(239-313)
28049
268+ 4.0
22527
2945

NA
NA
NA

BSA (m?)

152 021
1.84(1.70-1.98)
NA

NA

1.50 £0.17

NA

NA
NA
NA

Hypertension

273 (80%)
235 (71%)
172 (79%)
71 (68%)
67 (64%)
50 (63%)

116 (79%)
15 (29%)
81 (50%)

Diabetes

111 (33%)
118 (36%)
42 (19%)
13 (13%)
21 (20%)
19 (24%)

38 (26%)
4(8%)
27 (17%)

Dyslipidemia

126 (37%)
NA

NA
61(59%)
42 (40%)
57 (72%)

NA
13 (25%)
72 (44%)

CAD

74 (22%)
77 (23%)
86 (39%)
15 (14%)
19 (18%)
NA

58 (40%)
NA
NA

CKD

161 (47%)
NA

52 (24%)
NA

48 (46%)
NA

NA
NA
NA





OPS/images/fcvm-09-778027-g003.gif





OPS/images/fcvm-09-778027-g004.gif
Hazara o Hazara o
suay T se e nFmesso Worne 35 cl
Tseazm 115 08B 6o 3150120, 778
ogeis s 13 056 02 3105 1506
Keaneyes 2 14 1963 374 40500018337

sy o sanpiss, 70n)
ooty T =008+ 005, 0205036, F = 0%
Tetrowal o 2323 <001)

o

Horsra o Hazsarato
oy T s wegn W.rxeasmol . Fieg.395C1
sz 13 02y 7% 32080 Sa)

Nopgacia i 190 1% S6x 3200035 06 —
Kenoyes oz 1% 1605 26% 505021 12166) —

ot a3s . e sa7nr, 53
Hoopoety Taf 0.0 003, =20 0% 0% [
To o 2548 <001 oo o1 1





OPS/images/fcvm-09-778027-t003.jpg
References Ava AVA
(em?) (em?/m?)

Kitano et al. (12) 1.05+0.36 0704025

Theller et al. (13) 0.85(0.70-1.00)  0.47 (0.39-0.55)

Guetal.(14) 096.+0.30 051016
Carstensenet al. (15)  0.90(0.75-1.14)  0.47 (0.30-0.60)
Nagataetal.(16)  NA 042010

Yingchoncharogen  0.75  0.12 NA
etal. (17)

Keameyetal. (18)  10£0.4 NA
Zto etal. (19) 06+02 0360.11
Lancelottietal. (200  NA 045 £0.09

Mean PG
(mmHg)

24414

35 (24-45)

12
24(18-40)
3944171

368+ 126

4020

60 16
a6 % 14

AV Vmax
(m/s)
31408

3.80 (3.14-4.29)

NA
3.3 28-40)
4.05 080

44£03

NA
NA
42£06

LVEF
(%)
50765

61(67-65)

65382
61(67-66)
60£5

63479

59 11

61£5
69

Values are mean < SD, median value (interquartie range) or n (%) unless otherwise indicated.
AVA, zortic valve area; AV Vimex, Peak velocity of the aortic valve; GE, General Electric; iAVA, indexed aortic valve area; LVEF; left ventricle ejection fraction; LV-GLS, left ventricular global longitudinal strain; LVMI, left ventriculer mass
index; PG, pressure gradient; SVI, stroke volume index; Y, yes; NA, not applicable.

L-GLS
()
150436

14.1(11.0-16.7)

16345
156427
158+3.4

1616+ 2.49

154

154
15,7+ 8.1

svi
(mi/m?)
45212

39 (32-44)

3264103
42 (36-49)
3810

NA

NA
35410
NA

]
(g/m?)
116435

108 (20-129)

103435

83 (72-98)
8923

10124293
12038

127 438
91 £45

EA

085048

NA

NA
0.89(0.77-1.13)
0.77 038

098051

NA
08£02
0.9 054

Ere’

194498

NA

115453
NA
195484

NA

NA
18413
NA

Platform
(Vendor)

Philips (IE:33 or
Epic 76)

GE (ViVd E9,
Vivid E95, Vivid
7), Phiiips (E 33
or Epig 7)

GE (Vivid 7)

GE (Vivid E9)
GE (Vivid E9,
Viid 7), Philips
(E33)

Siemens

GE (Vivid 7)
GE (Vivid 7)
GE (Vivid 7)

Analysis
software

Philips Medical
Systems

Tomtec Imaging
Systems

EchoPac
EchoPac

Tomtec Imaging
Systems

Syngo Veloity
Vector Imaging

EchoPac
EchoPac
EchoPac

Reproducibility
of GLS
performed
NA

Y

<

NA

NA
NA





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prognostic Value of Global Longitudinal Strain in Asymptomatic Aortic Stenosis: A Systematic Review and Meta-Analysis



		Introduction



		Methods



		Study Search



		Inclusion Criteria



		Exclusion Criteria



		Data Extraction and Quality Assessment



		Endpoints



		Statistical Analysis







		Results



		Study Selection



		Characteristics of Selected Studies



		Overall Analysis



		Sensitivity Analysis and Meta-Regression Analysis



		Subgroup Analysis



		Publication Bias







		Discussion



		Limitation



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Prognostic Value of Global
Longitudinal Strain in Asymptomatic
Aortic Stenosis: A Systematic Review

and Meta-Analysis





OPS/images/fcvm-09-778027-g001.gif
Identification

Inclusion

Records eotfedthrough  Addional recods eniied.
AR rouhahersources
e Tne30

ot screned by g
s g s
e

P
sty

Stssnchain
s s
Tas)

Ovplcte recods e
nesa

8 st xutea ot

evoring rognostc s
oy

<o, s, commens,
s ot ot

74 bt rics s
forlackaf spectc oucome

Saytate comacing e
v





OPS/images/fcvm-09-778027-g002.gif
s
suey e se waon R 3 6
st 220 ot oude "% Y
e s x50 i o s impwasm A
Sumaczos 3 oo e tcaiow e
G ot 015 o1 oam i limioria
oo 0re Ol omr o tuiimie -
s 202 813 o6y 120k
fovrey 4 22 o3 o toew "a
oot 0% oams lor =
e Fri e et ]
) woex 130 -
eyt 00 g T
s mponscis
Rt [
susy T Se et WRamsom S5 R, 551
Kooz 0% oz OO 200047 1446 s
Tovedsdow o oame ami  1esiiir s ——
Grwann o omw ik reaioes aos —
Kesneroioziz 0% S eisk 101z 150 C]
e w00k 1aziizn 1en .
e b 33 a0 EEREI)
oGS inpsng LS
.
bt [
suay TEse wegn Rasdom v N Rande 35t
Koo ol oo g LISo1z
ismoasamte o1 oame e aiiionten =
Tom s oy oz —_—
Wty Tad 0o 2030 10
et e £+ 3488 300 o 1 am

P .-









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





