
ABSTRACT

Background

The clinical advantages of stentless compared with conventional stented bioprosthetic valves in surgical aortic valve 
replacement (SAVR) remain uncertain, particularly in the context of evolving lifetime valve management strategies and the 
increasing role of transcatheter interventions.

Objectives

To compare early clinical outcomes and hemodynamic performance between stented and stentless 
bioprosthetic valves used in SAVR.

Methods

A systematic review and meta-analysis were conducted in accordance with PRISMA guidelines and registered in 
PROSPERO. PubMed, Embase, the Cochrane Library, and Scopus were searched from database inception through 
September 2025. Randomized controlled trials and observational studies comparing stented and stentless 
bioprostheses in SAVR were included. Outcomes of interest included early clinical outcomes (in-hospital or within 
30 days), together with intermediate and late hemodynamic outcomes when available. Random-effects models were 
used to pool effect estimates.

Results

A total of 56 studies comprising 17,260 patients were included. Early mortality, stroke, myocardial infarction, 
endocarditis, reoperation, and hospital length of stay were comparable between the two valve types. Stentless valves were 
associated with improved hemodynamic performance, demonstrated by larger effective orifice areas (mean difference [MD] 
0.38 cm², 95% CI 0.28–0.48) and lower mean transvalvular gradients (MD −0.68 mmHg, 95% CI −1.05 to −0.31). Left 
ventricular mass regression was similar between groups. Moderate to high heterogeneity was observed across hemodynamic 
outcomes.

Conclusion

Stentless bioprosthetic valves demonstrate superior hemodynamic performance compared with stented valves but do not 
appear to improve early clinical outcomes. Given the predominance of observational evidence and the growing importance 
of lifetime valve management strategies, including valve-in-valve feasibility, prosthesis selection should be individualized.
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INTRODUCTION

Aortic valve disease predominantly aortic stenosis and aortic 
regurgitation represent the most prevalent acquired valvular 
pathology among adults. Both conditions share degenerative 
and calcific etiologies that progressively impair normal leaflet 
motion and valve closure, leading to chronic left ventricular 
(LV) pressure and/or volume overload. These hemodynamic
stresses trigger concentric or eccentric LV hypertrophy and
remodeling; processes independently associated with an
increased risk of adverse cardiovascular outcomes and mortality
[1]. Surgical aortic valve replacement (AVR) remains the
definitive treatment for severe disease, as medical therapy alone
confers a poor prognosis, with symptomatic severe aortic
stenosis associated with markedly increased mortality if left
untreated [2]. Despite procedural success, long-term survival
remains suboptimal, partly due to incomplete regression of LV
hypertrophy and the hemodynamic limitations inherent to
certain prosthetic valve designs [2,3].

Bioprosthetic valves derived from porcine or bovine tissue have 
gained preference over mechanical valves in elderly patients 
because of their lower thrombogenic potential and the 
avoidance of lifelong anticoagulation. However, their durability 
remains limited by structural tissue degeneration (STD), often 
influenced by patient age, fixation methods, and mechanical 
stress [4]. The development of stentless bioprosthetic valves 
aimed to overcome the geometric and flow restrictions 
associated with stented designs by increasing the effective 
orifice area (EOA) and reducing transvalvular gradients [1,4]. 
By eliminating the stent and sewing ring, stentless valves 
theoretically offer more physiological flow dynamics and 
enhanced regression of LV hypertrophy compared with their 
stented counterparts [5,6].

Numerous clinical studies have evaluated the hemodynamic 
performance and clinical outcomes associated with stentless 
versus stented bioprosthetic valves. While smaller cohort 
studies and mid-term analyses have demonstrated lower 
transvalvular gradients, larger EOAs, and more complete LV 
mass regression with stentless valves, results from randomized 
controlled trials (RCTs) have been inconsistent [1,2,5]. 
Variability in surgical technique, valve model, patient 
characteristics, and follow-up duration has contributed to these 
conflicting findings, leaving uncertainty regarding the true 
clinical superiority of one design over the other. Furthermore, 
although improved hemodynamics may theoretically translate 
into more pronounced LV mass regression a surrogate marker 
of better survival definitive evidence linking valve design to 
long-term survival or reduced reoperation rates remains limited 
[6].

Left ventricular hypertrophy itself is a well-established 
independent predictor of cardiovascular morbidity and 
mortality in both the general population and in patients with 
valvular heart disease [3]. Echocardiographic studies, notably 
from the Framingham cohort, have demonstrated that 
increased LV mass strongly correlates with higher risks of 
coronary heart disease and all-cause mortality, even after 
adjustment for conventional risk factors [3]. Therefore, the 
extent of LV mass regression following AVR serves as a key

determinant of postoperative prognosis and an essential 
endpoint in evaluating prosthetic valve performance.

Given the persistent uncertainty and the clinical importance of 
optimizing postoperative outcomes, an updated synthesis of the 
available evidence is warranted. The previous meta-analysis by 
Cheng et al. was published in 2009 and included substantially 
fewer studies conducted before the widespread adoption of 
contemporary bioprostheses and evolving lifetime valve 
management strategies. Since then, additional randomized and 
observational studies have become available. Therefore, this 
systematic review and meta-analysis aim to compare stented 
versus stentless bioprosthetic aortic valves in adult patients 
undergoing surgical AVR. The analysis focuses on all-cause 
mortality and survival as primary outcomes, and hemodynamic 
performance parameters including mean gradient, effective 
orifice area, LV mass regression, paravalvular leak, stroke, and 
reoperation rates as secondary outcomes. By synthesizing 
contemporary evidence from randomized and observational 
studies, this review seeks to clarify whether the theoretical 
advantages of stentless bioprostheses translate into meaningful 
clinical benefit in modern cardiac practice.

MATERIALS AND METHODS

Study Design and Registration

This systematic review and meta-analysis were conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The 
study protocol was prospectively registered in the International 
Prospective Register of Systematic Reviews (PROSPERO; 
registration number CRD420251142083) to ensure 
methodological transparency and adherence to predefined 
study methods.

Search Strategy

A comprehensive electronic literature search was performed 
from database inception through September 2025 using 
PubMed, Cochrane Library, and Scopus. The search strategy 
included combinations of the following keywords and Medical 
Subject Headings (MeSH) terms: (“stented aortic valve” OR 
“stented bioprosthetic valve”) AND (“stentless aortic valve” OR 
“stentless bioprosthetic valve”) AND (“aortic valve 
replacement” OR “AVR”). The search was limited to studies 
involving human subjects and published in English. In 
addition, the reference lists of all included articles and relevant 
review papers were manually screened to identify additional 
eligible studies. The complete electronic search strategy is 
provided in the Supplementary Materials (supplementary table 1).

Eligibility Criteria

Studies were considered eligible if they included adult patients 
aged 18 years or older undergoing surgical aortic valve 
replacement and provided a direct comparison between stented 
and stentless bioprosthetic valves. Both randomized controlled 
trials and observational cohort studies were included. Studies 
were excluded if they were conference abstracts, editorials, 
letters, case reports, review articles, animal studies, non-English
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publications, or did not report comparative data between the 
two valve types. Only English-language studies were included to 
ensure accurate data extraction and risk-of-bias assessment. This 
restriction may have introduced language bias.

Study Selection

Two independent reviewers screened titles and abstracts for 
potential eligibility. Full-text articles were subsequently assessed 
for inclusion according to the predefined criteria. 
Disagreements between reviewers were resolved through 
discussion and consensus. The study selection process followed 
PRISMA recommendations, and a flow diagram summarizing 
the screening and inclusion process is presented in Figure 1.

Figure 1: Prisma Flowchart

Data Extraction

Data extraction was performed independently by two reviewers 
using a standardized data collection form. Extracted 
information included study characteristics (author, year of 
publication, country, study design, and study period), patient 
demographics (sample size, group-specific sample sizes, mean 
age, sex distribution, comorbidities, baseline left ventricular 
function, and aortic annulus size when available), and operative 
details such as valve type and material, valve size, implantation 
technique when reported, cross-clamp time, and 
cardiopulmonary bypass time. Information regarding clinical 
outcomes, hemodynamic parameters, duration of follow-up, 
and reported study limitations was also collected.

Outcome Definitions

Outcomes were categorized according to the timing of 
assessment to improve clinical interpretability. Early outcomes 
were defined as events occurring during hospitalization or 
within 30 days after surgery. Intermediate outcomes were 
defined as assessments performed between 6 and 12 months

postoperatively, whereas late outcomes were defined as those 
reported beyond one year of follow-up. Early clinical outcomes 
included mortality, stroke, myocardial infarction, endocarditis, 
reoperation, paravalvular leak, and length of hospital stay. 
Hemodynamic outcomes included effective orifice area, mean 
transvalvular pressure gradient, and left ventricular mass or left 
ventricular mass index regression.

Risk of Bias Assessment

Risk of bias was independently assessed by two reviewers. 
Randomized controlled trials were evaluated using the 
Cochrane Risk of Bias tool, while observational studies were 
assessed using the Newcastle–Ottawa Scale. Any disagreements 
were resolved through consensus. Detailed risk-of-bias 
assessments for all included studies are provided in the 
Supplementary Materials.

Statistical Analysis

Statistical analyses were performed using Review Manager 
(RevMan version 5.4, Cochrane Collaboration). Dichotomous 
outcomes were pooled using risk ratios with 95% confidence 
intervals, while continuous outcomes were analyzed using mean 
differences with 95% confidence intervals. A random-effects 
model based on the DerSimonian Laird method was applied to 
account for expected clinical and methodological heterogeneity 
among studies. Statistical heterogeneity was assessed using the 
chi-square test, τ², and the I² statistic, with values of 50% or 
greater considered indicative of substantial heterogeneity. A 
two-sided P value of less than 0.05 was considered statistically 
significant.

Sensitivity and Subgroup Analyses

Sensitivity analyses were performed by comparing the results 
obtained using fixed-effects and random-effects models and by 
conducting leave-one-out analyses to evaluate the influence of 
individual studies on pooled estimates. Subgroup analyses were 
conducted according to the timing of outcome measurement 
(early, intermediate, and late follow-up). Prespecified subgroup 
analyses according to study design (RCTs versus observational 
studies) were performed whenever sufficient data were available 
and are emphasized throughout the Results.

Artificial Intelligence Disclosure

ChatGPT (OpenAI) was used solely for language editing and 
grammatical refinement. No artificial intelligence tools were 
used for study selection, data extraction, statistical analysis, or 
interpretation of the findings.

RESULTS

The database search yielded 404 records. After removal of 65 
duplicates, 339 records underwent title and abstract screening. 
Ninety-two full-text articles were assessed for eligibility, of which 
56 studies met the inclusion criteria and were included in the 
qualitative and quantitative synthesis (Figure 1).

Our study focuses on comparison between stented and stentless 
aortic valve procedures in different aspects. Our main 
endpoints are early all causes- mortality rates, stroke, MI,
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endocarditis rates and hemodynamic responses at different 
times ranging from early or pre-discharge to more than one
year.

So, our study included 17260 patients who underwent aortic
valve procedures for different indications, 12651 patients have 
stented valves and the other 4609 patients had stentless aortic
valve [2,4,5,7,8-10,17-63]. For patients' characteristics. 
Supplementary Table.1

Early All Causes Mortality Rates

During our systematic review we noticed that all or nearly all
studies focused on early mortality and its causes. Not all studies
focused on long-term mortality rates; however, they mentioned
survival rates without enough data to be included in our meta-
analysis. So, we focused on early mortality rates which included
hospital mortalities and 30 days mortalities, whatever the cause
is. Our meta-analysis included 12161 patients with stented
valves and other 4065 with stentless ones. There was no
statistical difference between the 2 groups [RR=1.2, 95%CI
[0.92:1.57], P-value=0.1753] (Fig 2).

Figure 2: Forest Plot Shows Analysis of Mortality Rates 
Between Stented and Stentless Group

Stroke, MI and Endocarditis Rates

Stroke, MI and bacterial endocarditis are major complications 
that follow cardiac surgeries especially valve procedures. So, it 
was important to put their rates as a primary endpoint for our 
meta-analysis. Stroke rate meta-analysis included 11411 patients 
with stented valves and 3247 with stentless ones, however, it 
showed no statistically significant results [RR=1.03, 95%CI 
[0.74:1.45], P-value=0.8501] (Fig 3). MI rates analysis included 
1421 patients with stented valves and 1531 with stentless ones, 
it also showed no statistically significant results [RR=1.06, 
95%CI [0.52:2.14], P-value= 0.8819] (Fig 4). Bacterial 
endocarditis rate analysis also showed no statistically significant 
results with 6651 patients with stented valves and 2440 with 
stentless ones [RR=1.18. 95%CI [0.69:2.02], P-value= 0.5393 
(Fig 5).

Figure 3: Forest Plot Shows Analysis of Stroke Rates Between 
Stented and Stentless Group

Figure 4: Forest Plot Shows Analysis of MI Rates Between 
Stented and Stentless Group

Figure 5: Forest Plot Shows Analysis of Bacterial Endocarditis 
Rates Between Stented and Stentless Group.

Reoperation Rates

Among studies reporting reoperations, indications frequently 
included surgical re-exploration for bleeding rather than 
prosthesis-related structural failure; however, definitions varied 
considerably across studies. We included 3005 in stented valve 
group and 3190 in stentless one. It also showed no statistically 
significant results [RR=0.93, 95%CI [0.69:1.25], P-value= 
0.6205 (Fig 6.
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Figure 6: Forest Plot Shows Analysis of Re-Operation Rates 
Between Stented and Stentless Group.

Hospital Stays

By default, hospital stay is a key factor that should be included 
in any study as the UpToDate approaches in medicine are to 
shorten hospital stay and promote early recovery and 
rehabilitation. The analysis included 5513 with stented valves 
and 1664 with stentless ones, however, it showed no statistical 
difference between the 2 groups [MD=0.02, 95%CI 
[-0.23:0.27], P-value= 0.8836] (Fig 7). We conducted Leave-One-
Out sensitivity analysis by removing Aranda-Michel from meta-
analysis and heterogeneity dropped to 80.7% [7].

Figure 7: Forest Plot Shows Analysis of Hospital Stay Times 
Between Stented and Stentless Group.

Hemodynamics of The Valves

This is our major primary endpoint of this study. It includes 3 
endpoints:

Effective Orifice Area (EOA) Cm2

EOA is measured on different occasions and not at a single 
point of time, so we sub-grouped studies that measure it 
according to time of measurement into 2 subgroups: early (at 
discharge) and late (at 12 months postoperatively). Analysis 
showed no statistically significant difference between stented 
and stentless valves in early period [MD= -0.16, 95%CI 
[-0.41:0.9], P-value= 0.2030] (fig. S1). Subgroup analysis showed: 
study design; RCT (RR=-0.51, 95%CI [-1.69:0.67]), and 
observational (RR=-0.24, 95%CI [-0.55:0.08]) and time; before 
2010(RR=-0.07, 95%CI [-0.31:0.17]), and after 2010 (RR=-0.85, 
95%CI [-1.88:0.18].

Figure S1: Forest Plot Shows Analysis of Effective Surface Area 
(EOA) Between Stented and Stentless Group

But in late period there was statistically significant difference in 
favor of stentless valves [MD= -0.48, 95%CI [-0.88: -0.08], P-
value=0.0178]. Subgroup analysis showed: study design; RCT 
(RR=-0.24, 95%CI [-0.77:0.3]), and observational (RR=-0.68, 
95%CI [-1.24:-0.11]) and time; before 2010 (RR=-0.41, 95%
CI [-0.77:-0.05]), and after 2010 (RR=-0.74, 95%CI [-2.66:1.17])

Mean Pressure Gradient Mmhg

Mean transvalvular pressure gradient is an important factor in 
hemodynamics. We sub grouped studies according to time of 
measurements also into 2 subgroups: early (at discharge) and 
late (at 12 months postoperatively). Analysis showed statistically 
significant difference in favor of stentless valves in early period 
[MD= 0.57, 95%CI [0.12:1.02], P-value= 0.0123] (fig. 
S2). Subgroup analysis showed: study design; RCT 
(RR=0.02, 95%CI [-0.92:0.97]), and observational 
(RR=0.72, 95%CI [0.22:1.21]) and time; before 2010 
(RR=0.82, 95%CI [0.29:1.35]), and after 2010 (RR=0.11, 95%
CI [-0.66:0.87]) (fig. S2).

Figure S2: Forest Plot Shows Analysis of Transvalvular Mean 
Gradient Between Stented and Stentless Group in Early Period

Analysis also showed statistically significant difference in favor 
of stentless valves in late period [MD= 0.86, 95%CI [0.26:1.47], 
P-value=0.0052] (fig. S2). Subgroup analysis showed: study
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design; RCT (RR=0.18, 95%CI [-0.5:0.87]), and observational
(RR=1.18, 95%CI [0.41:1.96]) and time; before 2010 (RR=0.54,
95%CI [0.11:0.96]), and after 2010 (RR=1.79, 95%CI
[-0.18:3.75]) (fig.S3).

Figure S3: Forest Plot Shows Analysis of Transvalvular Mean 
Gradient Between Stented and Stentless Group in Late Period

Left Ventricle Regression Mass (LVRM)

We also subgrouped this outcome into early (at discharge) and 
late (at 12 months postoperatively) periods according to time of 
measurement. In early period, analysis showed no statistically 
significant difference between the 2 groups [MD= 0.07, 95%CI 
[-0.07:0.2], P-value=0.3281] (fig. S4). Subgroup analysis showed: 
study design; RCT (RR=0.01, 95%CI [-0.27:0.3]), and 
observational (RR=0.08, 95%CI [-0.1:0.25]) and time; before 
2010 (RR=0.03, 95%CI [-0.15:0.22]), and after 2010; only 
one study Cerqueira et.al 2018 (RR=0.1, 95%CI [-0.05:0.26]).

Figure S4: Forest Plot Shows Analysis of Lt Ventricle Mass 
(LVM) Between Stented and Stentless Group in Early Period

In late period, there was also no significant difference between 
the 2 groups [MD= 0.23, 95%CI [-0.14:0.6], P-value= 0.2192]
(fig. S5). Subgroup analysis showed: study design; RCT 
(RR=0.04, 95%CI [-0.21:0.28]), and observational (RR=0.34, 
95%CI [-0.37:1.05]) and time; before 2010 (RR=0.16, 95%
CI [-0.23:0.54]), and after 2010; only one study Tavakoli 
2015 (RR=0.86, 95%CI [0.47:1.26]).

Figure S5: Forest Plot Shows Analysis of Lt Ventricle Mass 
(LVM) Between Stented and Stentless Group in Late Period

Paravalvular Leak Rate

Not all studies mentioned their paravalvular leak rate (PVL), 
but data was enough to conduct our meta-analysis to give a clue 
about one of the most important results in any valve procedure. 
We included mild, moderate and severe regurgitation in our 
analysis but not trivial ones and it showed that there is no 

statistical significance between the 2 groups [RR=1.33, 95%CI 
[0.58:3.04], P-value= 0.5008] (fig. S5). Subgroup analysis 
showed: study design; RCT (RR=1.68, 95%CI [0.32:8.82]), and 
observational (RR=1.16, 95%CI [0.39:3.44]) and time; before 
2010 (RR=1.41, 95%CI [0.4:4.99]), and after 2010 
(RR=1.1, 95%CI [0.26:4.61]) (fig. S6).

Figure S6: Forest Plot Shows Analysis of Paravalvular Leak 
Rates Between Stented and Stentless Group

Heterogeneity

High heterogeneity was observed in some plots of some 
outcomes with I2 ranging from 67.9% to 90.5%. Such 
substantial heterogeneity persisted even after using random 
effect model, performing subgrouping during analysis and 
performing Leave-One-Out sensitivity analysis indicating that 
no single study disproportionately influenced the overall 
results. The observed heterogeneity likely reflects clinical and 
methodological variability among the included studies such as 
patients' characteristics, surgical indications and techniques, 
prothesis types, variation of follow-up times. Using same study 
multiple times during analysis in different subgroups also 
contributed greatly to the overall heterogeneity. Despite the 
high heterogeneity, the direction of effect remained generally 
consistent supporting the overall findings.

Publication Bias

We assessed publication bias of each outcome of those who are 
mentioned previously in results section by funnel plots and 
eager tests. We found out that: MI rates, re-operation rates 
show possible publication bias supported by asymmetry of the 
plot and eager test values of: intercept: 2.03, 95% CI:0.64 -
3.41, t: 2.868, p-value: 0.019 and intercept: 0.91, 95% CI:0.06 -
1.76, t: 2.09, p-value: 0.046, respectively (Fig S7-18).

Figure S7: Funnel Plot Shows No Publication Bias of 
Mortality Rates Between Stented and Stentless Group.
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Figure S8: Funnel Plot Shows No Publication Bias of Stroke 
Rates Between Stented and Stentless Group.

Figure S9: Funnel Plot Shows Possible Publication Bias of 
MI Rates Between Stented and Stentless Group Supported 
by Asymmetry of The Plot and Eager Test Values Of: 
Intercept: 2.03, 95% CI:0.64 - 3.41, T: 2.868, P-Value: 0.019

Figure S10: Funnel Plot Shows No Paublication Bias 
Of Bacterial Endocarditis Rates Between Stented And 
Stentless Group

Figure S11: Funnel Plot Shows No Publication Bias of 
Hospital Stay Times Between Stented and Stentless Group

Figure S12: Funnel Plot Shows Possible Publication Bias of Re-
Operation Rates Between Stented and Stentless Group 
Supported by Asymmetry of the Plot and Eager Test Values Of: 
Intercept: 0.91, 95% CI:0.06 - 1.76, T: 2.09, P-Value: 0.046

Figure S13: Funnel Plot Shows No Publication Bias Of 
EOA Between Stented And Stentless Group In Early 
Period (Intercept: 1.63, 95% CI: -2.1 - 5.36, T: 0.858, P-Value: 
0.413).
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Figure S14: Funnel Plot Shows No Publication Bias of 
EOA Between Stented and Stentless Group in Late Period 
(Intercept: -0.47, 95% CI: -6.14 - 5.19, T: -0.164, P-Value: 0.874)

Figure S15: Funnel Plot Shows No Publication Bias 
of Transvalvular Mean Gradient Between Stented and 
Stentless Group in Early Period (Intercept: -0.6, 95% CI: -3.74 - 
2.54, T: -0.373, P-Value: 0.713).

Figure S16: Funnel Plot Shows No Publication Bias 
of Transvalvular Mean Gradient Between Stented and 
Stentless Group in Late Period (Intercept: 4.34, 95% CI: -0.24 - 
8.91, T: 1.859, P-Value: 0.084).

Figure S17: Funnel Plot Shows No Publication Bias of LVMR 
Between Stented and Stentless Group in Early Period 
(Intercept: -1.33, 95% CI: -2.99 - 0.33, T: -1.57, P-Value: 0.16).

Figure S18: Funnel Plot Shows No Publication Bias of 
LVMR Between Stented and Stentless Group in Late Period 
(Intercept: 2, 95% CI: - 3.7 - 7.69, T: 0.686, P-Value: 0.512)

Quality Assessment

Risk of bias was assessed using the Newcastle-Ottawa scale 
(NOS) tool for cohort studies across three domains: selection, 
comparability and exposure. We also used Risk of Bias 2 
(ROB2) for randomized studies which involves 5 domains: 
randomization process, deviation from intended interventions, 
missing outcome/s data, measurement of the outcome/s and 
selection of reported results. Responses to signaling questions 
in both tools were used to assign domain-level and over all bias 
judgments. (Supplementary Figure S19-20, Supplementary 
table 2).
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Figure S19: ROB CHECKLEST

Figure S20: ROB chart

DISCUSSION

Aortic valve disease represents a major global health concern, 
affecting approximately 2–3% of the general population [11]. 
The management of this condition has evolved considerably 
over recent decades, with aortic valve replacement (AVR) 
remaining the cornerstone of treatment for severe disease [12]. 
Despite advancements in surgical techniques and prosthetic 
valve technology, the choice between stented and stentless 
bioprosthetic valves continues to be a subject of ongoing 
debate.

This meta-analysis compared the outcomes of stented and 
stentless aortic valve replacements in patients undergoing 
cardiac surgery. The pooled results indicate that stentless valves 
provide superior hemodynamic performance, characterized by 
larger effective orifice areas (EOA) and lower mean pressure 
gradients. However, our analysis did not demonstrate a 
statistically significant difference in left ventricular (LV) mass 
regression between the two valve types.

The hemodynamic advantages observed with stentless valves 
can be explained by their structural design. Unlike 
conventional stented prostheses, stentless valves lack a rigid 
supporting frame, allowing for a larger functional orifice and 
improved flow dynamics across the valve. This structural 
characteristic may reduce transvalvular gradients and improve 
ventricular unloading following surgery. Importantly, the 
observed hemodynamic superiority did not translate into 
measurable reductions in early mortality or major adverse 
clinical events.

These findings are in line with previous research demonstrating 
the hemodynamic advantages of stentless valves [13–15]. For 
instance, Dunning reported that stentless valves yielded lower 
transvalvular gradients and larger EOAs compared with stented 
prostheses, while Westaby observed improved hemodynamic 
efficiency and fewer valve-related complications in the stentless 
group [13, 14].

However, our results also revealed no statistically significant 
differences in early all-cause mortality, stroke, myocardial 
infarction (MI), or endocarditis rates between the two valve 
types. This contrasts with certain earlier studies, such as Borow 
[16], which suggested a survival advantage with stentless valves. 
The discrepancies may be attributed to limitations in earlier 
studies, including small sample sizes, single-center designs, and 
short follow-up durations.

Subgroup analyses were conducted to explore potential sources 
of heterogeneity across the included studies. Differences in

effect estimates between randomized controlled trials and 
observational studies may reflect variations in study design and 
patient selection. Observational studies are particularly 
susceptible to residual confounding and selection bias, which 
may influence the magnitude of the observed hemodynamic 
differences. In addition, variability between studies conducted 
before and after 2010 may reflect improvements in surgical 
techniques, perioperative management, and prosthetic valve 
design over time.

Although stentless valves demonstrated superior hemodynamic 
performance, these findings should not be interpreted as 
evidence supporting preferential use in specific patient 
populations, as pooled clinical outcomes remained comparable 
and the available evidence was predominantly observational. 
Conversely, stented valves might be better suited for older or 
higher-risk patients, where shorter operative times and 
technical simplicity are preferred. Moreover, the superior flow 
dynamics observed with stentless valves could translate into 
better exercise tolerance, symptom relief, and overall quality of 
life, although these benefits require confirmation in long-term 
follow-up studies [14,15].

Another important consideration is the potential for 
confounding by indication. In clinical practice, stentless valves 
are often selected for patients with small aortic annuli or those 
at risk of prosthesis patient mismatch, where maximizing the 
effective orifice area is particularly desirable. Consequently, 
baseline anatomical differences between treatment groups may 
influence the observed hemodynamic outcomes and limit the 
direct comparability between valve types in non-randomized 
studies.

Surgeon experience and familiarity with stentless implantation 
techniques may also influence operative outcomes and 
postoperative hemodynamics and represent potential sources of 
residual confounding that could not be evaluated in this meta-
analysis.

Importantly, our results emphasize that valve selection should 
be individualized, considering patient age, anatomy, 
comorbidities, and life expectancy. Ongoing innovations, such 
as decellularized xenografts, polymeric valve materials, and 
minimally invasive implantation techniques, may further 
enhance the performance and durability of stentless prostheses, 
potentially expanding their clinical applicability.

Value and Importance of the Study

This meta-analysis contributes meaningfully to the growing 
body of evidence guiding the management of aortic valve 
disease. By systematically comparing the outcomes of stented 
and stentless valves, it provides clinicians and patients with an 
updated understanding of the trade-offs between hemodynamic 
superiority and procedural practicality. These insights can 
support more informed, patient-centered decision-making in 
clinical practice.

Furthermore, the study underscores the importance of careful 
patient selection and surgical planning in optimizing outcomes 
after AVR. It also identifies clear directions for future research, 
including the development of novel valve materials and designs, 
and the evaluation of long-term durability across different
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time-to-event analyses (e.g., hazard ratios). Due to this 
significant heterogeneity and the high risk of bias in 
synthesizing absolute long-term rates from studies with differing 
follow-up durations, a formal meta-analysis of long-term 
outcomes was not feasible. This highlights a critical gap in the 
current literature.

Another practical limitation relates to the availability of 
stentless valves in certain healthcare systems. In some regions, 
including Jordan, stentless valves are not widely available, 
which may restrict their use even when theoretical clinical 
advantages exist.

Future studies with larger patient cohorts, standardized 
outcome definitions, and longer follow-up periods are essential 
to confirm these findings. Further research should also focus 
on predictors of valve durability, biomechanical performance, 
and next-generation stentless valve technologies [15,16].

CONCLUSION

In summary, this meta-analysis demonstrates that stentless 
aortic valves offer superior hemodynamic performance, 
reflected by larger EOAs and lower transvalvular gradients 
compared with stented valves. However, early mortality and 
major adverse event rates remain comparable between the two 
valve types. These findings underscore the importance of 
tailored valve selection in AVR and encourage continued 
innovation in valve design to further optimize patient 
outcomes.
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patient subgroups. Extended follow-up and real-world registry 
data will be crucial to validate these results and clarify 
the survival and quality-of-life implications of valve type.

Positioning against prior meta-analyses

Our findings are consistent with the foundational work of 
earlier meta-analyses, which established the hemodynamic 
superiority of stentless valves [64]. However, our study 
incorporates a substantially larger number of patients and more 
recent studies, strengthening the robustness of this conclusion. 
Furthermore, by adhering to PRISMA 2020 guidelines and 
employing comprehensive sensitivity analyses, we provide a 
methodologically rigorous update that confirms these 
hemodynamic benefits persist within the context of modern 
surgical practice and prosthesis design. In addition, our analysis 
evaluated perioperative clinical outcomes alongside 
hemodynamic parameters, providing a broader comparison 
between valve types than previous meta-analyses that focused 
primarily on hemodynamics.

Addressing long-term implications and ViV TAVI

A critical, unresolved question is whether the superior 
hemodynamics of stentless valves translate into improved long-
term survival or durability. Our analysis, limited by the 
available literature, cannot answer this. The potential for 
enhanced left ventricular mass regression to confer a survival 
benefit is biologically plausible, but requires validation from 
long-term, prospective studies with standardized endpoints for 
structural valve degeneration.

Furthermore, the choice of bioprosthesis now must be 
considered within a lifetime management strategy for aortic 
valve disease. The advent of Valve-in-Valve (ViV) TAVI 
has transformed the approach to failed bioprostheses. In 
this context, the choice between a stented and stentless valve 
carries new implications. Stented valves provide a 
predictable, radiopaque landmark for ViV TAVI deployment. 
In contrast, stentless valves, particularly those implanted as a 
full root, can present a more complex anatomical substrate 
for ViV TAVI, potentially affecting coronary access and 
requiring advanced planning. Therefore, the decision must 
balance the desire for optimal initial hemodynamics against 
the future feasibility of transcatheter interventions, especially 
in younger patients likely to require a second procedure [65].

LIMITATIONS AND FUTURE DIRECTIONS

This meta-analysis has several limitations. Heterogeneity among 
the included studies was moderate to high for some outcomes, 
reflecting variations in patient selection, surgical techniques, 
and valve models. Additionally, publication bias was detected 
in the analyses of myocardial infarction and reoperation rates, 
which may have influenced the effect estimates.

While our analysis focused on early outcomes and 
hemodynamics, we systematically assessed the availability of 
long-term data on survival, structural valve degeneration, and 
reoperation. We found that the reporting of these outcomes 
was highly inconsistent across studies, with variable definitions, 
insufficient raw data, and a near-universal lack of patient-level 
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