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Abstract

:

Background and objectives: One of the leading causes of mortality and morbidity in people over the age of 50 is stroke. The acceptance of transcatheter aortic valve replacement (TAVR) as a treatment option for severe symptomatic aortic stenosis (AS) has increased as a result of numerous randomized clinical trials comparing surgical aortic valve replacement (SAVR) and TAVR in high- and intermediate-risk patients, showing comparable clinical outcomes and valve hemodynamics. Materials and Methods: An electronic search of Medline, Google Scholar and Cochrane Central was carried out from their inception to 28 September 2022 without any language restrictions. Results: Our meta-analysis demonstrated that, as compared with SAVR, TAVR was not linked with a lower stroke ratio or stroke mortality. It is clear from this that the SAVR intervention techniques applied in the six studies were successful in reducing cardiogenic consequences over time. Conclusions: A significantly decreased rate of mortality from cardiogenic causes was associated with SAVR. Additionally, when TAVR and SAVR were compared for stroke mortality, the results were nonsignificant with a p value of 0.57, indicating that none of these procedures could decrease stroke-related mortality.
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1. Introduction


According to the 2019 Global Burden of Disease (GBD) data [1], stroke was one of the leading causes of disability-adjusted life years (DALYs) among people 50 years of age or older, from 1990 to 2019; however, in the United States, heart disease claimed the lives of nearly 697,000 people in 2020 alone, accounting for one in five fatalities [2].



Aortic valve stenosis may lead to atrial and ventricular remodeling and predispositions to atrial fibrillation (AF) and may also be an independent risk factor of ischemic stroke. The information on stroke incidence in patients with aortic stenosis (AS) are very few. In a Danish retrospective cohort study, which compared the stroke ratios in patients with AS vs. controls, the incidence of stroke was 13.3/1000 person year (PY) among the controls compared with 30.4/1000 PY in patients with AS, corresponding to a hazard ratio of 1.31 (95% CI, 1.28–1.34) [3]. Even if the relative risk and incidence rate were higher in the AS arm for all the age groups, the relative risk was higher in younger individuals (age group, 18–45 years: hazard ratio, 5.94 [95% CI, 4.10–8.36]) [3]. In patients with AS above 65 years of age, the risk of ischemic stroke was lower after aortic valve replacement (AVR) (30.3 versus 19.6/1000 PY before and after AVR), but no analysis on surgical aortic valve replacement (SAVR) vs. transcatheter aortic valve replacement (TAVR) was conducted [3]. Regarding AF cohort patients, the incidence of ischemic stroke was 1.5 times higher when AS was present (33.0/1000 PY versus 49.9/1000 PY) [3]. Meanwhile, regarding AF, the presence of this medical condition in patients with TAVR for AS is associated with a different prognosis, according to the subtype of AF (paroxysmal, nonparoxysmal, new onset) [4]. While paroxysmal AF was not associated with higher 30-day mortality rate post-TAVR, the nonparoxysmal AF was associated with a higher overall mortality rate (hazard ratio: 1.61, 95% confidence interval: 1.35–1.92; p < 0.001), but not with a higher 30-day mortality rate [4]. The new-onset AF demonstrated higher 30-day mortality rates (hazard ratio: 2.76, 95% confidence interval: 1.25–6.09; p = 0.010) and higher overall mortality [4].



Another study compared the stroke predictors in patients with AS, the prognostic implications of stroke and how AVR influences the predicted outcomes [5]. Rates of stroke were 5.6 versus 21.8 per 1000 PY pre- and post-AVR. Atrial fibrillation (hazard ratio [HR], 2.7; 95% confidence interval [CI], 1.1–6.6), CHA2DS2-VASc score (HR 1.4 per unit; 95% CI, 1.1–1.8), diastolic blood pressure (HR, 1.4 per 10 mm Hg; 95% CI, 1.1–1.8), and the AVR with concomitant coronary artery bypass grafting (HR, 3.2; 95% CI, 1.4–7.2, all p ≤ 0.026) was independently associated with stroke [5]. An incidence of stroke predicted death (HR, 8.1; 95% CI, 4.7–14.0; p < 0.001) [5]. These finding further support the importance of AF as a main mechanism of stroke in patients with AS.



Referring to myocardial infarction (MI) in patients with AS, the prevalence of coronary artery disease (CAD) in patients undergoing SAVR has been shown to increase with both age and the presence of valve calcification [6,7]. This was demonstrated in a large Swedish registry where coronary artery bypass grafting (CABG) occurred simultaneously with SAVR in 7.2% of patients aged ≤ 50 years, 30.2% of patients aged between 51 and 60 years, 41.2% of patients aged 61–70 years and 51.2% of patients aged ≥ 71 years (f). In a study of 388 patients (mean age 72 years) with aortic valve calcification who underwent coronary angiography, there was a significant association between aortic valve calcification and significant CAD. Thus, aortic valve calcification can serve as a marker for the atherosclerosis of the coronary arteries [7]. Narrowing of the epicardial coronaries or the dysfunction of coronary circulation may lead to an abnormal coronary flow reserve (CFR), even in the absence of angiographically proven atherosclerotic disease. Patients with AS and angiographically normal coronary arteries were shown to have decreased CFR, which decreases the capacity of coronary circulation to increase flow to match myocardial oxygen demand. This impairment of CFR is certainly one of the key elements responsible for myocardial ischemia in patients with AS and may contribute to the development of symptoms, left ventricle (LV) dysfunction and adverse outcomes [8]. The mechanisms underlying the reduction of CFR in patients with AS remain unclear, as concentric LV hypertrophy was previously believed to be the major cause of the reduction in CFR in patients with AS, but recent data suggest that the abnormally high myocardial oxygen consumption (due to LV hypertrophy) induced by AS may be the key factor. In fact, reduced CFR correlates better with hemodynamic indexes of AS severity (valve effective orifice area and transvalvular pressure gradient) than with LV mass [9].



On stroke rates post-TAVR, in a large study assessing the late (>30-day) stroke incidence post-TAVR, patients were followed for a median of 24.5 (IQR 11.4–42.7) months, yielding a total of 10,467 PY for the study [10]. In total, 235 stroke patients were identified for the analysis. The mean annual incidence of stroke during the follow-up varied between 2.00% (95% CI 1.54–2.46%) and 3.12% (95% CI 1.75–4.48%) compared with the standardized incidence, which ranged between 1.46 and 1.93% [10]. In a univariable analysis, eGFR  <  30 mL/min/1.73 m2, age, male sex, history of stroke, diabetes, mildly reduced LVEF, peripheral vascular disease and dialysis after procedure were predictors of late stroke, whereas a valve-in-valve (TAVR in SAVR) procedure was associated with a lower risk for stroke. In a multivariable analysis, eGFR  <  30 mL/min/1.73 m2 (HR 2.07 [96% CI 1.39–3.11]), diabetes (1.59 [1.19–2.12]), history of stroke (1.48 [1.07–2.05]), age (HR per year 1.03 [1.00–1.05]) and male sex (1.28 [0.99–1.67]) were predictors of late stroke, whereas a valve-in-valve procedure (0.09 [0.01–0.62]) was associated with a lower incidence of stroke [10].



In general, early stroke (within the first 7 days) post-TAVR is broadly considered to be related to the procedure, because of particle embolization. These particles are composed of tissue fragments from the aortic valve, aorta, left ventricular myocardium and thrombus, as shown in studies using embolic protection devices during TAVR [11]. A potential explanation for a delayed (up to 7 days) diagnosis of a stroke causally related to the procedure might be a lack of early imaging and the prolonged time for thrombus formation on the embolized material and subsequent clinical presentation [12].



During the COVID-19 pandemic, there was a significant increase in both age-adjusted and risk-adjusted mortality rates from heart disease and stroke [13]. A cohort study by Sidney et al. [14] showed a 4.1% increase in heart disease deaths and 5.2% increase in stroke deaths when compared with the period 2011–2019. Meanwhile, there was also a 17.6% increase in total age-associated heart disease mortality and a 18.1% increase in deaths from stroke from 2019 to 2020 [14]. These data show the importance of assessing the mortality from stroke and myocardial infarction, especially during the COVID-19 pandemic.



The acceptance of TAVR as a therapeutic option for severe symptomatic AS has been advanced by the results of numerous randomized clinical trials comparing surgery with TAVR in high- and intermediate-risk older adult patients [15,16,17]. TAVR is increasingly used in place of SAVR today [18]. Since the initial TAVR treatment in 2002, TAVR has gained prominence in the field of structural heart disease and is a feasible therapeutic option for AS [19]. It has swiftly become the therapy of choice for a large number of patients with AS [19]. However, there is little information available on the bioprosthetic’s long-term effectiveness and death from stroke and on other cardiogenic causes [20].



When taking into account the TAVR and SAVR incidence during the COVID-19 pandemic, we found that in a cohort study by Glen P. Martin et al. (2021), a rapid and significant drop in TAVR and SAVR activity during the COVID-19 pandemic, especially for elective cases, was noticed. Cumulatively, over the period from March to November 2020, an estimated number of 4989 (95% CI, 4020–5959) cases of aortic stenosis did not receive treatment [21]. While the activity and outcomes for aortic valve replacements (AVRs) have been studied in historical cohorts [22], there is a lack of data in contemporary practice, especially surrounding the impact of COVID-19 from a national perspective.



This issue is also consistent with an increasing waiting time for AVRs [23] and with adverse impacts on outcomes [24]. In a population-based study including TAVR during 2010–2016 by Elbaz-Greener et al. [24], a significant, nonlinear relationship between TAVR wait time and post-TAVR 30-day mortality, as well as 30-day readmission, was noticed.



These unmet problems during the COVID-19 pandemic raised the issue of possible solutions. In a recent mathematical model trying to find a solution for the excess waiting list of patients with AS needing either SAVR or TAVR, the most viable solution was found to be a combination of converting 40% of cases from SAVR to TAVR and increasing capacity by 20%, which would clear the backlog within a year (343 (281–410) days), with 784 (292–1324) deaths while awaiting treatment [25]. This solution was found to be more effective than a higher conversion rate alone or increasing capacity alone [25].



In this meta-analysis, we aimed to investigate whether TAVR was more effective in reducing the mortality due to stroke or any other cardiogenic cause, such as myocardial infarction in the long-term, or whether the conventional method of SAVR was still superior in reducing the mortality rate in high-risk and medium-risk patients. We investigated this by utilizing the data from randomized clinical trials, which provided the data for up to 10 years, especially during the COVID-19 pandemic. Most of the long-term mortality rates were provided for up to 5 years of stroke and cardiogenic outcomes.




2. Methods


An electronic search of Medline, Google Scholar and Cochrane Central was carried out from their inception to 28 September 2022 without any language restrictions, using the following search strategy:



(“TAVR”[All Fields] AND (“surgical instruments”[MeSH Terms] OR (“surgical”[All Fields] AND “instruments”[All Fields]) OR “surgical instruments”[All Fields] OR (“surgical”[All Fields] AND “valve”[All Fields]) OR “surgical valve”[All Fields]) AND (“replace”[All Fields] OR “replaceable”[All Fields] OR “replaced”[All Fields] OR “replaces”[All Fields] OR “replacing”[All Fields] OR “replacement”[All Fields] OR “replantation”[MeSH Terms] OR “replantation”[All Fields] OR “replacement”[All Fields] OR “replacements”[All Fields])) AND (“adult”[MeSH Terms] OR “adult”[All Fields] OR “adults”[All Fields] OR “adult s”[All Fields] OR (“aged”[MeSH Terms] OR “aged”[All Fields] OR “elderly”[All Fields] OR “elderlies”[All Fields] OR “elderly s”[All Fields] OR “elderlys”[All Fields])) AND (“mortality”[MeSH Terms] OR “mortality”[All Fields] OR “mortalities”[All Fields] OR “mortality”[MeSH Subheading]) AND (clinicaltrial[Filter] OR randomized controlled trial[Filter])



2.1. Translations


Surgical valve: “surgical instruments”[MeSH Terms] OR (“surgical”[All Fields] AND “instruments”[All Fields]) OR “surgical instruments”[All Fields] OR (“surgical”[All Fields] AND “valve”[All Fields]) OR “surgical valve”[All Fields].



replacement: “replace”[All Fields] OR “replaceable”[All Fields] OR “replaced”[All Fields] OR “replaces”[All Fields] OR “replacing”[All Fields] OR “replacment”[All Fields] OR “replantation”[MeSH Terms] OR “replantation”[All Fields] OR “replacement”[All Fields] OR “replacements”[All Fields].



Adults: “adult”[MeSH Terms] OR “adult”[All Fields] OR “adults”[All Fields] OR “adult’s”[All Fields].



elderly: “aged”[MeSH Terms] OR “aged”[All Fields] OR “elderly”[All Fields] OR “elderlies”[All Fields] OR “elderly’s”[All Fields] OR “elderlys”[All Fields].



Mortality: “mortality”[MeSH Terms] OR “mortality”[All Fields] OR “mortalities”[All Fields] OR “mortality”[Subheading] 7822:32:26.



In addition to that, we manually screened the reference list of retrieved trials, review articles and previous meta-analyses to identify any relevant studies. However, only the randomized trial studies and cohort studies were included in our meta-analysis.




2.2. Study Selection


2.2.1. Inclusion Criteria


The following eligibility criteria were used to select studies: (a) published randomized controlled trials or cohort studies; (b) the experimental and control populations included in the studies had at least one neurological or cardiogenic outcome reported.




2.2.2. Exclusion Criteria


	(a)

	
Any study that was not a trial.




	(b)

	
Studies over five years old.




	(c)

	
Studies that did not contain any control or experimental data.




	(d)

	
Studies that did not report a neurological or cardiogenic cause of mortality.








2.2.3. Data Extraction and Quality Assessment


The articles discovered via the systematic search were imported into EndNote Reference Library, where duplicates were recognized and removed. Only studies that met the previously defined criteria were selected from the remaining papers, which were extensively evaluated by two investigators. All trials were first shortlisted based on the title and abstract, and the whole article was then reviewed to ensure relevancy. Furthermore, any inconsistencies were excluded. The completed trials yielded the following result: stroke and cardiovascular causes such as MI. It was retrieved using an Excel spreadsheet, and all data and values were preserved in the spreadsheet for subsequent study. In addition, the Cochrane collaboration’s risk of bias tool for randomized controlled trials was used to assess the quality of the studies and provide a plot and risk of bias summary for each (Figure 1).




2.2.4. Statistical Analysis


RevMan (version 5.3; Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) was used for all statistical analyses. The results from the studies were presented as means and standard deviations with 95% confidence intervals (CIs) and were pooled using a random effects model. Forest plots were created to visually assess the results of pooling. Furthermore, a funnel plot was also constructed to evaluate the publication bias in studies, in addition to the risk of bias graph and risk of bias summary chart.






3. Results


3.1. Results of Literature Search


Using the trials, RCT and 5-year time filters, 594 possible studies on Medline, 22 on Cochrane Central and 4320 on Google Scholar were found after an initial search of the three electronic databases. After the exclusions, 10 trials remained for analysis. Only eight of those that met the criteria were picked after the trials had been thoroughly evaluated in full text (Figure 2).




3.2. Study Characteristics


Only eight studies were included in the final meta-analysis. The number of participants amounted to 14,601. Among these 14,601 patients were 6290 participants who were randomly assigned to the TAVR procedure in the stroke outcome, while 8311 patients were randomly assigned to the control arm, which was SAVR in the stroke outcome. In contrast, for the cardiogenic cause, the total number of the patients was 5973. Throughout the six investigations for this outcome, among those 5973 patients, 3024 patients were randomly assigned to the experimental arm, which was TAVR, and 2949 patients to the control arm, which was SAVR.




3.3. Results of Meta-Analysis


Eight trials evaluating the effectiveness of TAVR vs. SAVR were included. According to the analysis, in the long term, TAVR did not significantly reduce the incidence of stroke in the experimental population compared with the control population treated by SAVR intervention (Figure 3).



The findings show that all the research studies carried equal weights in the pooling of studies (12.5%) in the stroke outcome, along with a 95% CI of −14.24 [−62.81, 34.33], whereas in the forest plot of the cardiogenic cause, Ito 2020′s research study had the lowest weight (10.3%) and the largest spread among the pooled studies, with a 95% CI of 15.00 [138, 28.62]. The studies’ heterogeneity turned out to be 99% for a cardiogenic cause such as MI, and the findings were significant, with a p value of 0.02. This demonstrates that the SAVR intervention procedures used in the six studies were effective in lowering the cardiogenic causes in the long term. SAVR was associated with a significantly lower rate of mortality due to cardiogenic causes. Moreover, when TAVR and SAVR were analyzed for the mortality due to stroke, the results turned out to be nonsignificant, with a p value of p 0.57, which indicated that the TAVR and SAVR could not assist in preventing stroke in the long term (Figure 4).



Furthermore, when the publication bias of the pooled studies was examined, there was publication bias in the funnel plot for the TAVR and SAVR in stroke as well as in the MI outcome, which was created using RevMan (version 5.3; Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, London, UK 2014) (Figure 5 and Figure 6).





4. Discussion


The effective use of TAVR as a significant new treatment for individuals with symptomatic severe AS has been supported by large clinical data. The main goals of the clinical studies were to prove early safety and effectiveness over a period of 1 to 2 years. Numerous 5-year follow-up studies on patients who had TAVR and had severe, high or moderate surgical risk have been published [31,32].



In our meta-analysis, after conducting a rigorous analysis, we found that TAVR is suitable, over SAVR, in patients with intermediate risk. However, in patients with severe aortic stenosis who are at risk of developing stroke mortality, TAVR did not prove to be significantly associated with a lower risk of cardiovascular death at 5 years and beyond, in this meta-analysis of RCTs. Even if TAVR is regarded as a superior and more common procedure than SAVR, it was unable to effectively reduce stroke mortality in patients over a 5-year time analysis. To the best of our knowledge, we believe that this is the meta-analysis that had added trials of greater follow-up terms to assess the performance of TAVR vs. SAVR at up to 10 years of duration. Other studies have proven that when compared with traditional surgery, TAVR has shown to protect the patient against stroke mortality, particularly in the first 30 days following the procedure [26] and maybe even till 1 year [33].



Yake Lou et al. stated in their meta-analysis that for patients with a low-to-intermediate surgical risk, TAVR had at least a comparable clinical impact to SAVR for 2 years after therapy. They also noted that TAVR was linked to a decreased incidence of severe bleeding and stroke [34].



Furthermore, Jørgensen et al. posted study results that showed that there was no statistical difference in the risk for all-cause mortality, stroke or myocardial infarction or in the risk of bioprosthetic valve failure after 8 years of follow-up in patients with severe aortic valve stenosis at low surgical risk who were randomized to TAVI or SAVR [35]. Another study analyzed AVR vs. conservative treatment between June 2015 and September 2020. In this study, 157 patients were randomly assigned to early surgery (n = 78) or conservative care (n = 79). The overall median follow-up was 32 months, with 28 months in the early surgery group and 35 months in the group receiving conservative care: 39 deaths occurred in all patients—13 in the early surgery group and 26 in the group receiving conservative care. Moreover, 72 patients (92.3%) in the early surgery group underwent SAVR, with a procedure mortality rate of 1.4%. Patients assigned to early surgery had a significantly lower incidence of the primary composite end point than did those in the conservative arm, according to an intention-to-treat analysis (hazard ratio, 0.46 [95% CI, 0.23–0.90]; p = 0.02). In secondary endpoints, there was no statistically significant difference, even when trends were in line with the primary outcome, such as all-cause death, initial heart failure hospitalizations, significant bleeding or thromboembolic events [36].



In a retrospective cohort study by MD Andreasen, it was revealed that patients with atrial fibrillation have a significantly increased risk of ischemic stroke when they have aortic valve stenosis [3].



In addition to the above studies, Michael J Mack et al. concluded in their study that the rate of the composite of death, stroke or rehospitalization at 1 year was considerably lower with TAVR compared with surgery among patients with severe aortic stenosis who were at low surgical risk [26].



Jaakkola concluded from an observational study that after transcatheter aortic valve replacement for aortic stenosis, mortality was increased in nonparoxysmal atrial fibrillation and new-onset atrial fibrillation, but not in paroxysmal atrial fibrillation. These results implied that in patients with aortic stenosis undergoing transcatheter aortic valve replacement, nonparoxysmal atrial fibrillation rather than paroxysmal atrial fibrillation may be linked to structural cardiac damage that is significant for prognosis [4].



In Amrane et al., there was no difference in the stroke mortality rate between TAVR and SAVR, during the recovery period (30–120 days) or during the late period (120–365 days) [27]. In our meta-analysis, there was no statistically significant benefit of TAVR compared with SAVR for stroke, over an extended period of time. In the Chen et al. study (PARTNER 2A), which included patients at moderate surgical risk, there was no significant difference between the cardiovascular death rates in the SAVR and TAVR arms (11.8% vs. 10.5%, p = 0.42) and no difference in the stroke rate (8.8% vs. 9.2%, p = 0.92) or stroke mortality rate between the two groups [28]. This finding is consistent with the findings on high-risk patients. Moreover, Reardon et al. found no significant difference in the cardiovascular mortality at 1 year between TAVR and SAVR (1.7% vs. 2.6%), with similar stroke rates (4.1% vs. 4.3%) [29]. This result also shows that the findings apply to all risk patients, from low to high risk.



Amartya Kundu’s meta-analysis, which included 2953 patients from five studies, noted that TAVR was linked to a similar level of mid-term mortality as SAVR was. A lower likelihood of having acute renal injury, short-term severe hemorrhage and newly onset atrial fibrillation was linked to TAVR. However, TAVR was linked to an increased chance of needing to implant a permanent pacemaker. The risk of myocardial infarction, stroke, endocarditis or aortic valve reintervention was not significantly different between the two groups [37].



In another study by Leon et al., the low-risk patients with severe AS undergoing TAVR showed a lower stroke rate and cardiovascular mortality rate at 2 years compared with SAVR, but these results were not statistically significant at 2 years (death: TAVR 2.4% vs. surgery 3.2%; p = 0.47; stroke: TAVR 2.4% vs. surgery 3.6%; p = 0.28). Meanwhile, the valve thrombosis risk was higher in TAVR patients compared with SAVR [30].



During the COVID-19 pandemic, the decrease in TAVR and SAVR incidence was associated with higher mortality in patients with severe AS waiting for intervention. In addition, the future management of aortic valve diseases during the COVID-19 pandemic is likely to see an increase in virtual assessments and consultations and the expanded use of TAVI as a treatment option [38]. The paper by a group from the Royal Papworth Hospital at the University of Cambridge, UK, should serve as concrete proof that SAVR remains an excellent option with favorable outcomes in the treatment of AS [39]. These findings are related to other research conducted during the COVID-19 pandemic on the bleeding risk of antithrombotic therapy [40].



However, SAVR showed more promising results in medium- to high-risk individuals regarding mortality due to myocardial infarction in the long term. In order to assess the effectiveness of TAVR and SAVR in reducing the risk of stroke 5 to 10 years after procedures, this meta-analysis found excellent randomized controlled studies. Data from trials that lasted up to 10 years and 5 years on average were assessed to determine the effectiveness of the TAVR and SAVR techniques. In contrast to a study conducted by Kolte in 2019, where the author and colleague conducted a research study assessing the mortality at 1 year duration when the patients had undergone either TAVR or SAVR, the results showed significant and promising results in favor of TAVR in both stroke and a cardiogenic cause of death [33]. We found that TAVR was not associated with a reduction in stroke-related mortality compared with SAVR in the long term. Furthermore, our findings were concordant with a study conducted in 2018 that highlighted that TAVR generates fewer stroke incidences compared with SAVR (3.3% vs. 5.4%; p = 0.031) [32] in the short term, but as we crossed the threshold of 5 years and added the data from a study conducted in Finland that followed the results for 10 years, we found that TAVR did not shine in causing fewer strokes than SAVR did [19].




5. Limitations


In terms of constraints, only eight research papers were eligible for inclusion in the analysis for the stroke outcome and only six for the MI outcome. A higher number of research studies might give additional information about the effectiveness of TAVR vs. SAVR in reducing long-term mortality due to neurological causes such as stroke and cardiac causes such as MI. Furthermore, after constructing the funnel plot, we assessed it and observed a strong small study publication bias in our meta-analysis, which may be a limitation of our work. In addition to the previously mentioned problems, the studies had a high degree of heterogeneity. As more studies on this subject emerge, a separate meta-analysis regarding patients with different preintervention risks may be assessed, as their prognostic may be different in patients with low vs. medium or high risk.




6. Future Implications


Our findings might open a path for further research into the utility of TAVR and SAVR. Furthermore, our results may be the starting point for further analysis on the potential downsides of these procedures and for making changes to assign the surgery considered most suitable for the patient.




7. Conclusions


On the basis of the research studies included in our meta-analysis, it is obvious that TAVR is not a viable treatment option to prevent late stroke mortality in patients over 5 years post-surgery. Furthermore, SAVR is better at reducing the cardiogenic cause of mortality in patients than TAVR is over the same duration.







Author Contributions


Conceptualization, L.I.S., E.P. and A.C.I.; methodology, L.I.S.; software, L.I.S. and E.P.; validation, A.C.I., S.S.B. and C.L.A.; formal analysis, L.I.S. and A.C.I.; investigation, L.I.S., A.C.I. and E.P.; resources, A.C.I.; data curation, L.I.S.; writing—original draft preparation, L.I.S.; writing—review and editing, A.C.I.; visualization, S.S.B.; supervision, C.L.A.; project administration, A.C.I. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ding, Q.; Liu, S.; Yao, Y.; Liu, H.; Cai, T.; Han, L. Global, Regional, and National Burden of Ischemic Stroke, 1990–2019. Neurology 2022, 98, e279. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention. (2022, October 14) Heart Disease Facts. Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/heartdisease/facts.htm (accessed on 11 December 2022).

	



Andreasen, C.; Gislason, G.H.; Køber, L.; Abdulla, J.; Martinsson, A.; Smith, J.G.; Torp-Pedersen, C.; Andersson, C. Incidence of Ischemic Stroke in Individuals with and Without Aortic Valve Stenosis: A Danish Retrospective Cohort Study. Stroke 2020, 51, 1364–1371. [Google Scholar] [CrossRef] [PubMed]

	



Jaakkola, J.; Jaakkola, S.; Airaksinen, K.E.J.; Husso, A.; Juvonen, T.; Laine, M.; Virtanen, M.; Maaranen, P.; Niemelä, M.; Mäkikallio, T.; et al. Subtype of atrial fibrillation and the outcome of transcatheter aortic valve replacement: The FinnValve Study. PLoS ONE 2020, 11, e0238953. [Google Scholar] [CrossRef] [PubMed]

	



Greve, A.M.; Dalsgaard, M.; Bang, C.N.; Egstrup, K.; Ray, S.; Boman, K.; Rossebø, A.B.; Gohlke-Baerwolf, C.; Devereux, R.B.; Køber, L.; et al. Stroke in Patients with Aortic Stenosis. The Simvastatin and Ezetimibe in Aortic Stenosis Study. Stroke 2014, 45, 1939–1946. [Google Scholar] [CrossRef] [PubMed]

	



Paradis, J.-M.; Fried, J.; Nazif, T.; Kirtane, A.; Harjai, K.; Khalique, O.; Grubb, K.; George, I.; Hahn, R.; Williams, M.; et al. Aortic stenosis and coronary artery disease: What do we know? What don’t we know? A comprehensive review of the literature with proposed treatment algorithms. Eur. Heart J. 2014, 35, 2069–2082. [Google Scholar] [CrossRef]

	



Adler, Y.; Vaturi, M.; Herz, I.; Iakobishvili, Z.; Toaf, J.; Fink, N.; Battler, A.; Sagie, A. Nonobstructive aortic valve calcification: A window to significant coronary artery disease. Atherosclerosis 2002, 161, 193–197. [Google Scholar] [CrossRef]

	



Kvidal, P.; Bergström, R.; Hörte, L.G.; Ståhle, E. Observed and relative survival after aortic valve replacement. J. Am. Coll. Cardiol. 2000, 35, 747–756. [Google Scholar] [CrossRef]

	



Garcia, D.; Camici, P.G.; Durand, L.-G.; Rajappan, K.; Gaillard, E.; Rimoldi, O.E.; Pibarot, P. Impairment of coronary flow reserve in aortic stenosis. J. Appl. Physiol. 2009, 106, 113–121. [Google Scholar] [CrossRef]

	



Rajappan, K.; Rimoldi, O.E.; Dutka, D.P.; Ariff, B.; Pennell, D.J.; Sheridan, D.J.; Camici, P.G. Mechanisms of coronary microcirculatory dysfunction in patients with aortic stenosis and angiographically normal coronary arteries. Circulation 2002, 105, 470–476. [Google Scholar] [CrossRef]

	



Bjursten, H.; Norrving, B.; Ragnarsson, S. Late stroke after transcatheter aortic valve replacement: A nationwide study. Sci. Rep. 2021, 11, 9593. [Google Scholar] [CrossRef]

	



Van Mieghem, N.M.; El Faquir, N.; Rahhab, Z.; Rodríguez-Olivares, R.; Wilschut, J.; Ouhlous, M.; Galema, T.W.; Geleijnse, M.L.; Kappetein, A.P.; Schipper, M.E.I. Incidence and predictors of debris embolizing to the brain during transcatheter aortic valve implantation. JACC Cardiovasc. Interv. 2015, 8, 718–724. [Google Scholar] [CrossRef] [PubMed]

	



Sender, S.J.; Kohli, P.; Sharma, G.; Blumenthal, R.S. COVID-19’s Impact on Heart Disease and Stroke Mortality; Expert Analysis; American College of Cardiology: Washington, DC, USA, 2022. [Google Scholar]

	



Sidney, S.; Lee, C.; Liu, J.; Khan, S.S.; Lloyd-Jones, D.M.; Rana, J.S. Age-adjusted mortality rates and age and risk–associated contributions to change in heart disease and stroke mortality, 2011–2019 and 2019–2020. JAMA Netw. Open 2022, 5, e223872. [Google Scholar] [CrossRef] [PubMed]

	



Leon, M.B.; Smith, C.R.; Mack, M.; Miller, D.C.; Moses, J.W.; Svensson, L.G.; Tuzcu, E.M.; Webb, J.G.; Fontata, G.P.; Makkar, J.J.; et al. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. N. Engl. J. Med. 2010, 363, 1597–1607. [Google Scholar] [CrossRef] [PubMed]

	



Smith, C.R.; Leon, M.B.; Mack, M.J.; Miller, D.C.; Moses, J.W.; Svensson, L.G.; Tuzcu, E.M.; Webb, J.G.; Fontana, G.P.; Makkar, R.R.; et al. Transcatheter versus Surgical Aortic-Valve Replacement in High-Risk Patients. N. Engl. J. Med. 2011, 364, 2187–2198. [Google Scholar] [CrossRef]

	



Adams, D.H.; Popma, J.J.; Reardon, M.J.; Yakubov, S.J.; Coselli, J.S.; Deeb, G.M.; Gleason, T.G.; Buchbinder, M.; Hermiller, J., Jr.; Kleiman, N.S.; et al. Transcatheter Aortic-Valve Replacement with a Self-Expanding Prosthesis. N. Engl. J. Med. 2014, 370, 1790–1798. [Google Scholar] [CrossRef] [PubMed]

	



Gleason, T.G.; Reardon, M.J.; Popma, J.J.; Deeb, G.M.; Yakubov, S.J.; Lee, J.S.; Kleiman, N.S.; Chetcuti, S.; Hermiller, J.B.; Heiser, J.; et al. 5-Year Outcomes of Self-Expanding Transcatheter Versus Surgical Aortic Valve Replacement in High-Risk Patients. J. Am. Coll. Cardiol. 2018, 72, 2687–2696. [Google Scholar] [CrossRef]

	



Mäkikallio, T.; Jalava, M.P.; Husso, A.; Virtanen, M.; Laakso, T.; Ahvenvaara, T.; Tauriainen, T.; Maaranen, P.; Kinnunen, E.-M.; Dahlbacka, S.; et al. Ten-year experience with transcatheter and surgical aortic valve replacement in Finland. Ann. Med. 2019, 51, 270–279. [Google Scholar] [CrossRef]

	



Makkar, R.R.; Thourani, V.H.; Mack, M.J.; Kodali, S.K.; Kapadia, S.; Webb, J.G.; Yoon, S.-H.; Trento, A.; Svensson, L.G.; Herrmann, H.C.; et al. Five-Year Outcomes of Transcatheter or Surgical Aortic-Valve Replacement. N. Engl. J. Med. 2020, 382, 799–809. [Google Scholar] [CrossRef]

	



Martin, G.P.; Curzen, N.; Goodwin, A.T.; Nolan, J.; Balacumaraswami, L.; Ludman, P.F.; Kontopantelis, E.; Wu, J.; Gale, C.P.; de Belder, M.A.; et al. Indirect Impact of the COVID-19 Pandemic on Activity and Outcomes of Transcatheter and Surgical Treatment of Aortic Stenosis in England. Circ. Cardiovasc. Interv. 2021, 14, e010413. [Google Scholar] [CrossRef]

	



Grant, S.W.; Hickey, G.L.; Ludman, P.; Moat, N.; Cunningham, D.; de Belder, M.; Blackman, D.J.; Hildick-Smith, D.; Uppal, R.; Kendall, S.; et al. Activity and outcomes for aortic valve implantations performed in England and Wales since the introduction of transcatheter aortic valve implantation. Eur. J. Cardiothorac. Surg. 2015, 49, 1164–1173. [Google Scholar] [CrossRef]

	



Lauck, S.; Forman, J.; Borregaard, B.; Sathananthan, J.; Achtem, L.; McCalmont, G.; Muir, D.; Hawkey, M.C.; Smith, A.; Kirk, B.H.; et al. Facilitating transcatheter aortic valve implantation in the era of COVID-19: Recommendations for programmes. Eur. J. Cardiovasc. Nurs. 2020, 19, 537–544. [Google Scholar] [CrossRef] [PubMed]

	



Elbaz-Greener, G.; Yarranton, B.; Qiu, F.; Wood, D.A.; Webb, J.G.; Fremes, S.E.; Radhakrishnan, S.; Wijeysundera, H.C. Association Between Wait Time for Transcatheter Aortic Valve Replacement and Early Postprocedural Outcomes. J. Am. Heart Assoc. 2019, 8, e010407. [Google Scholar] [CrossRef] [PubMed]

	



Stickels, C.P.; Nadarajah, R.; Gale, C.P.; Jiang, H.; Sharkey, K.J.; Gibbison, B.; Holliman, N.; Lombardo, S.; Schewe, L.; Sommacal, M.; et al. Aortic stenosis post-COVID-19: A mathematical model on waiting lists and mortality. BMJ Open 2022, 12, e059309. [Google Scholar] [CrossRef] [PubMed]

	



Mack, M.J.; Leon, M.B.; Thourani, V.H.; Makkar, R.; Kodali, S.K.; Russo, M.; Kapadia, S.R.; Malaisrie, S.C.; Cohen, D.J.; Pibarot, P.; et al. Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. N. Engl. J. Med. 2019, 380, 1695–1705. [Google Scholar] [CrossRef]

	



Amrane, H.; Deeb, G.M.; Popma, J.J.; Yakubov, S.J.; Gleason, T.G.; Van Mieghem, N.M.; Reardon, M.J.; Williams, M.R.; Mumtaz, M.; Kappetein, A.P.; et al. Causes of death in intermediate-risk patients: The Randomized Surgical Replacement and Transcatheter Aortic Valve Implantation Trial. J. Thorac. Cardiovasc. Surg. 2019, 158, 718–728.e3. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.; Redfors, B.; Ben-Yehuda, O.; Crowley, A.; Greason, K.L.; Alu, M.C.; Finn, M.T.; Vahl, T.P.; Nazif, T.; Thourani, V.H.; et al. Transcatheter Versus Surgical Aortic Valve Replacement in Patients with Prior Cardiac Surgery in the Randomized PARTNER 2A Trial. JACC Cardiovasc. Interv. 2018, 11, 2207–2216. [Google Scholar] [CrossRef] [PubMed]

	



Popma, J.J.; Deeb, G.M.; Yakubov, S.J.; Mumtaz, M.; Gada, H.; O’Hair, D.; Bajwa, T.; Heiser, J.C.; Merhi, W.; Kleiman, N.S.; et al. Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients. N. Engl. J. Med. 2019, 380, 1706–1715. [Google Scholar] [CrossRef]

	



Leon, M.B.; Mack, M.J.; Hahn, R.T.; Thourani, V.H.; Makkar, R.; Kodali, S.K.; Alu, M.C.; Madhavan, M.V.; Chau, K.H.; Russo, M.; et al. Outcomes 2 Years After Transcatheter Aortic Valve Replacement in Patients at Low Surgical Risk. J. Am. Coll. Cardiol. 2021, 77, 1149–1161. [Google Scholar] [CrossRef]

	



Kapadia, S.R.; Leon, M.B.; Makkar, R.R.; Tuzcu, E.M.; Svensson, L.G.; Kodali, S.; Webb, J.G.; Mack, M.J.; Douglas, P.S.; Thourani, V.H.; et al. 5-year outcomes of transcatheter aortic valve replacement compared with standard treatment for patients with inoperable aortic stenosis (PARTNER 1): A randomised controlled trial. Lancet 2015, 385, 2485–2491. [Google Scholar] [CrossRef]

	



Thyregod, H.G.H.; Ihlemann, N.; Jørgensen, T.H.; Nissen, H.; Kjeldsen, B.J.; Petursson, P.; Chang, Y.; Franzen, O.W.; Engstrøm, T.; Clemmensen, P.; et al. Five-Year Clinical and Echocardiographic Outcomes from the Nordic Aortic Valve Intervention (NOTION) Randomized Clinical Trial in Lower Surgical Risk Patients. Circulation 2019, 139, 2714–2723. [Google Scholar] [CrossRef]

	



Kolte, D.; Vlahakes, G.J.; Palacios, I.F.; Sakhuja, R.; Passeri, J.J.; Inglessis, I.; Elmariah, S. Transcatheter Versus Surgical Aortic Valve Replacement in Low-Risk Patients. J. Am. Coll. Cardiol. 2019, 74, 1532–1540. [Google Scholar] [CrossRef] [PubMed]

	



Lou, Y.; Gao, Y.; Yu, Y.; Li, Y.; Xi, Z.; Swe, K.N.C.; Zhou, Y.; Nie, X.; Liu, W. Efficacy and Safety of Transcatheter vs. Surgical Aortic Valve Replacement in Low-to-Intermediate-Risk Patients: A Meta-Analysis. Front. Cardiovasc. Med. 2020, 7, 590975. [Google Scholar] [CrossRef] [PubMed]

	



Jørgensen, T.H.; Thyregod, H.G.H.; Ihlemann, N.; Nissen, H.; Petursson, P.; Kjeldsen, B.J.; Steinbrüchel, D.A.; Olsen, P.S.; Søndergaard, L. Eight-year outcomes for patients with aortic valve stenosis at low surgical risk randomized to transcatheter vs. surgical aortic valve replacement. Eur. Heart J. 2021, 42, 2912–2919. [Google Scholar] [CrossRef] [PubMed]

	



Jaiswal, V.; Khan, N.; Jaiswal, A.; Dagar, M.; Joshi, A.; Huang, H.; Naz, H.; Attia, A.M.; Ghanim, M.; Baburaj, A.; et al. Early surgery vs. conservative management among asymptomatic aortic stenosis: A systematic review and meta-analysis. Int. J. Cardiol. Heart Vasc. 2022, 43, 101125. [Google Scholar] [CrossRef]

	



Kundu, A.; Sardar, P.; Malhotra, R.; Qureshi, W.T.; Kakouros, N. Cardiovascular Outcomes with Transcatheter vs. Surgical Aortic Valve Replacement in Low-Risk Patients: An Updated Meta-Analysis of Randomized Controlled Trials. Cardiovasc. Revasc. Med. 2020, 21, 453–460. [Google Scholar] [CrossRef]

	



Harky, A.; Seyedzenouzi, G.; Sanghavi, R.; Premkumar, G.; Badran, A. COVID-19 and its implications on patient selection for TAVI and SAVR: Are we heading into a new era? J. Card. Surg. 2021, 36, 265–267. [Google Scholar] [CrossRef]

	



Khalil, K.N.; Forcillo, J. SAVR contemporary outcomes in TAVI era: Still a valid option for the future. J. Card. Surg. 2021, 36, 1477–1478. [Google Scholar] [CrossRef]

	



Cristian, I.A.; Șerbanoiu, L.I.; Busnatu, Ș.Ș.; Chinocel, V.; Andrei, C.L. The Impact of Antithrombotic Therapy in Patients with Decompensated Heart Failure and Iron. Balneo PRM Res. J. 2022, 13, 512. [Google Scholar] [CrossRef]








[image: Medicina 59 00012 g001 550] 





Figure 1. Risk of bias assessment. 






Figure 1. Risk of bias assessment.



[image: Medicina 59 00012 g001]







[image: Medicina 59 00012 g002 550] 





Figure 2. Prisma flow diagram. 






Figure 2. Prisma flow diagram.



[image: Medicina 59 00012 g002]







[image: Medicina 59 00012 g003 550] 





Figure 3. Forest plot of the pooled studies for stroke [18,19,20,26,27,28,29,30]. 
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Figure 4. Forest plot of the pooled studies for cardiogenic cause (MI) [18,20,28,29,30]. 
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Figure 5. Funnel plot for publication bias (stroke) [18,19,20,26,27,28,29,30]. 
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Figure 6. Funnel plot for publication bias (cardiogenic cause) [18,20,28,29,30]. 
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