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Introduction

Aortic stenosis (AS) is the most widespread valvular 
heart disease globally and significantly contributes to 
morbidity and mortality worldwide; in particular, severe 
symptomatic AS is associated with poor prognosis and are 
more predisposed to complications as well as increased 
risk of sudden death (1). Previously, surgical aortic valve 

replacement (SAVR) was the definitive modality of choice for 
patients struggling with severe AS, improving their survival 
rate and quality of life (2). However, since the emergence 
of transcatheter aortic valve replacement (TAVR), a less-
invasive therapeutic approach to treating AS patients and 
prolonging their lifespans, treatment options have expanded 
particularly for patients with comorbidities who are deemed 
unfit for surgical intervention (3). 

Objective: Aortic stenosis is the most common valvular heart disease. This study aims to systematically analyze randomized 
clinical trials (RCTs) data comparing transcatheter aortic valve replacement (TAVR) and surgical aortic valve replacement (SAVR) 
in intermediate and low-risk patients with severe symptomatic aortic stenosis. 

Methods: We conducted a meta-analysis of RCTs, performing an exhaustive search of major databases to identify studies 
comparing TAVR and SAVR in low- to intermediate-risk patients. We assessed mortality, stroke, length of hospital stay, and other 
perioperative outcomes. 

Results: Nine RCTs with 8,884 patients (average age 77.76 years; 49.47% male) met the inclusion criteria. Baseline characteristics 
were comparable between TAVR and SAVR groups, with a low risk of bias. Pooled results showed a significant reduction in 
mortality for TAVR compared to SAVR (RR 0.75, 95% CI 0.61–0.92, p = 0.007, I² = 51%). TAVR significantly reduced stroke incidence 
(RR 0.66, 95% CI 0.49–0.89, p = 0.007, I² = 69%) and myocardial infarction (RR 0.60, 95% CI 0.37–0.96, p = 0.03, I² = 0%). No 
significant difference was found for prosthetic valve endocarditis (RR 1.06, 95% CI 0.55–2.06, p = 0.85, I² = 0%). Length of stay 
was significantly shorter for TAVR (MD -4.30 days, 95% CI -5.03 to -3.57, p = 0.00001, I² = 93%). 

Conclusion: TAVR is a viable option for intermediate and low-risk patients with severe symptomatic aortic stenosis. Future 
research should focus on long-term outcomes and TAVR device durability, especially in younger, lower-risk populations.

Key words: Aortic stenosis, valvular heart disease, transcatheter aortic valve replacement, surgical aortic valve replacement, 
mortality, stroke, myocardial infarction, prosthetic valve endocarditis

(Heart Vessels Transplant 2024; 8: 509-20 doi: 10.24969/hvt.2024.519)

Abstract



510

Almuzainy et al. Heart, Vessels and Transplantation 2024; 8: 509-20
TAVR vs SAVR in low-intermediate risk severe AS 

Quality assessment of the included Studies 

Two authors independently evaluated the quality of the 
included RCTs using the Cochrane Risk of Bias (ROB 1) tool, 
assessing seven specific items: random sequence generation, 
allocation concealment, blinding of participants and 
personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other biases. Any 
discrepancies in the assessments were resolved through 
discussion.

Dealing with Missing Data 

In cases where the mean and standard deviation (SD) 
were not reported, we calculated these values using the 
median, interquartile range, and sample size, following the 
methodology outlined by Wan et al. (2014)(9).

Data Analysis and Synthesis 

In this research, continuous data are shown as the average 
value along with the standard deviation, while categorical 
data are presented as counts and percentages. For the meta-
analyses, risk ratios were used to analyze categorical data, and 
mean differences were used for continuous data. We combined 
data from variables reported in at least two studies. To do this, 
we used the Mantel-Haenszel method for categorical data and 
the inverse variance method for continuous data.

We checked for differences between studies by visually 
inspecting forest plots and calculating the Chi-square and 
I-square statistics. If there was a lot of variation (indicated by 
an I-square value above 50% or a Chi-square p-value less than 
0.1), we conducted sensitivity analyses to explore the causes. 
In cases where significant differences were found between 
studies, we applied a random-effects model to account for 
variations in study methods and participant characteristics. If 
there was little to no variation, a fixed-effects model was used 
instead. We calculated risk estimates with 95% confidence 
intervals using the RevMan 5.3 software.

Publication bias

It was not possible to assess publication bias due to the 
relatively small number of included studies (<10) (12).

Results
Study selection

From 14,384 initial records, 4,875 duplicates were removed, 
leaving 9,509 for screening. After excluding 9,484 based on 
titles and abstracts, 25 full texts were assessed, and 16 were 
excluded for incorrect study design. Ultimately, 9 studies 
were included in the meta-analysis. The selection process is 
detailed in the PRISMA flow diagram (Fig. 1).

Study characteristics

A total of 9 studies were included in this systematic review. The 
key characteristics of these studies are summarized in Table 1. 
These characteristics include the study design, population, 
intervention details, comparator, and main findings.

The studies included 8,884 patients from 9 RCTs, averaging 
77.76 years in age, with 49.47% being male. The baseline 
characteristics were comparable for TAVR and SAVR groups. 
Hypertension was present in 80.97% vs. 81.85%, diabetes 
in 26.94% vs. 27.33%, coronary artery disease in 35.91% vs. 
36.21%, atrial fibrillation in 22.34% vs. 23.89%, previous stroke 
in 12.96% vs. 12.7%, and chronic obstructive pulmonary 
disease in 16.26% vs. 17.94%. Prior percutaneous coronary 
intervention or coronary bypass surgery occurred in 24.37% 
vs. 22.2% of patients. The mean STS scores were 3.02 for 
TAVR and 3.07 for SAVR, while the Log EuroSCOREs were 5.4 
and 5.56, respectively. Additionally, NYHA (3/4) scores were 
44.83% for TAVR and 44.38% for SAVR. Detailed demographics 
are presented  in Table 2.

Risk of bias

Risk of bias assessment using the Cochrane risk of bias tool 
revealed a low to negligible risk of bias in the 9 included 
studies. The overall effect of bias on each study is shown in 
Figure 2.

Pooled results

A total of 16,602 patients (TAVR: 8,410; SAVR: 8,192) contributed 
to the analysis at 30 days, 1 year, and 2 years. The results 
demonstrated a statistically significant reduction in mortality 
for TAVR patients compared to SAVR, with a relative risk (RR) of 
0.75 (95% CI 0.61–0.92, p = 0.007), as shown in Fig. 3. However, 
there was substantial heterogeneity among the included 
studies (I² = 51%). In a similar analysis, 16,106 patients (TAVR: 
8,188; SAVR: 7,918) were evaluated for stroke outcomes at 30 
days and 1 year. The findings indicated a significant reduction 
in stroke incidence for TAVR patients, with an RR of 0.66 (95% 
CI 0.49–0.89, p = 0.007), as depicted in Figure 4.



511

Almuzainy et al. Heart, Vessels and Transplantation 2024; 8: 509-20
TAVR vs SAVR in low-intermediate risk severe AS 

Figure 1. PRISMA flow diagram
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Table 1. Study characteristics

Study Study design Population Intervention Comparator Findings

Blankenberg 
(2024)(20)

Randomized 
noninferiority

Low-risk patients 
with severe, 

symptomatic AS

TAVR (valve 
prostheses selected 

according to 
operator discretion)

SAVR (valve 
prostheses 

selected according 
to operator 
discretion)

TAVI in patients at low or 
intermediate surgical risk, had 

noninferior death from any 
cause or stroke at 1 year in 

comparison to SAVR

Forrest/ Evolut 
(2023)(21)

Multinational, 
prospective, 
randomized study

Severe AS, trileaflet 
aortic valve 

morphology, low 
predicted risk of 

death

TAVR (CoreValve, 
Evolut R, or Evolut 
PRO, Medtronic)

SAVR

Low–surgical risk patients 
who underwent TAVR had 

durable benefits with regard 
to all-cause mortality and 

disabling stroke compared 
with SAVR.

Notion (2024)
(14)

Randomized, 
multicenter, 
superiority

Patients ≥70 years 
old with severe AS 
and no significant 

CAD

TAVR (Medtronic 
CoreValve) SAVR

No significant differences 
were found between the 2 

procedures regarding death 
from any cause, stroke, or MI 

after 1 year.

Leon/ PARTNER 2 
(2016)(10)

Multicenter 
randomized clinical 
trial

Patients 
with severe 

symptomatic AS 
at low surgical 
mortality risk

TAVR (SAPIEN 3 
valve) SAVR

In intermediate-risk patients, 
TAVR was similar to SAVR with 

respect to the primary end 
point of death or disabling 

stroke.

PARTNER 3 
(2019)(13)

Multicenter, 
randomized

Patients with 
severe AS and a 

low risk for death 
with surgery

TAVR (SAPIEN 3 
system), (Edwards 

Lifesciences)

SAVR with a 
commercially 

available 
bioprosthetic valve

At low surgical-risk, the rate 
of the composite of death, 

stroke, or rehospitalization at 
1 year was significantly lower 
with TAVR than with surgery.

Rodés-Cabau 
(2024)(11)

Prospective 
multicenter 
international 
randomized

Elderly (≥65 
years) patients 
with severe AS 

and small aortic 
annulus

TAVR (SAPIEN 3/Ultra, 
Evolut R/PRO/PRO+/
FX, and Acurate neo/

neo2 valves)

SAVR

Patients with AS low-to-
intermediate-risk showed no 
evidence of TAVR superiority 

versus SAVR in valve 
hemodynamic outcomes and 

clinical outcomes.

STACATTO (2012)
(22)

Randomized, 
multicenter, non-
inferiority

Operable patients 
with isolated AS, 
aged ≥75 years

TAVR (Edwards 
Sapien) SAVR

a-TAVR is associated with 
higher complications in low-

risk patients and lower device 
success rates in comparison 

to SAVR

SURTAV| (2022)
(23)

Randomized, 
multicenter, non-
inferiority

Patients with 
symptomatic, 
severe AS at 
intermediate 
surgical risk

TAVR (CoreValve 
(84%) SAVR

TAVR in symptomatic 
intermediate surgical risk 
patients is noninferior to 

surgery regarding death from 
any cause or disabling stroke 

at 24 months

Toff (2022)(24) Randomized clinical 
trial, multicenter

Patients aged ≥70 
years with severe, 
symptomatic AS 
and moderately 

increased operative 
risk

TAVR using any valve 
with a CE mark SAVR

TAVR is noninferior to surgery 
regarding all-cause mortality 
at 1 year among intermediate 
surgical risk patients aged 70 

or above

AS - aortic stenosis,  CAD - coronary artery disease, CE mark - (indicating the valve meets all legal and safety requirements for sale 
throughout the European Economic Area), MI –myocardial infarction, TAVR- transcatheter aortic valve replacement, SAVR - surgical aortic 
valve replacement
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Figure 2. Risk of bias assessment
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Figure 3. Forest plot for mortality showing individual and pooled relative risk for TAVR vs SAVR in patients at 30 
days, 1 year, and 2 years. The pooled RR with 95% CI was measured using a random effects model. Each square and 
horizontal line represents the point estimate and 95% CI for each study's RR, respectively. The diamond signifies the 
pooled RR, with its center denoting the point estimate and its width representing the 95% CI

CI – confidence interval, RR – relative risk, TAVR- transcatheter aortic valve replacement, SAVR - surgical aortic valve 
replacement
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Figure  4. Forest plot for stroke showing individual and pooled relative risk for TAVR vs SAVR in patients with severe 
aortic valve stenosis at 30 days and 1 year

CI – confidence interval, RR – relative risk, TAVR- transcatheter aortic valve replacement, SAVR - surgical aortic valve 
replacement

This analysis also showed considerable heterogeneity (I² = 
69%). For myocardial infarction outcomes, 5,607 patients 
(TAVR: 2,832; SAVR: 2,775) were assessed at 30 days. The results 
revealed a significant reduction in myocardial infarction for 
TAVR patients, with an RR of 0.60 (95% CI 0.37–0.96, p = 0.03), 
illustrated in Figure 5, with no heterogeneity detected among 
the studies (I² = 0%).

A separate analysis of prosthetic valve endocarditis included 
8,275 patients (TAVR: 4,028; SAVR: 4,193) at 30 days and 1 year. 

The reduction in endocarditis was not statistically significant 
for TAVR compared to SAVR, with an RR of 1.06 (95% CI 0.55–
2.06, p = 0.85), as shown in Figure 6, and no heterogeneity was 
observed (I² = 0%). Lastly, for the length of stay (LOS) analysis, 
3,267 patients (TAVR: 1,733; SAVR: 1,534) were included. The 
analysis demonstrated a statistically significant reduction in 
LOS for TAVR patients, with a mean difference of -4.30 days 
(95% CI -5.03 to -3.57, p = 0.00001), as depicted in Figure 7. 
However, this analysis revealed significant heterogeneity 
among the studies (I² = 93%).
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Figure  5. Forest plot for MI showing individual and pooled relative risk (RR) for TAVR vs SAVR in patients with severe 
aortic valve stenosis at 30 days

CI – confidence interval, MI – myocardial infarction, RR – relative risk, TAVR- transcatheter aortic valve replacement, SAVR - 
surgical aortic valve replacement

Figure 6. Forest plot for PVE showing individual and pooled relative risk for TAVR vs SAVR in patients with severe 
aortic valve stenosis at 30 days and 1 year

CI – confidence interval, RR – relative risk, PVE – prosthetic valve endocarditis, TAVR- transcatheter aortic valve replacement, 
SAVR - surgical aortic valve replacement
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Figure  7. Forest plot for LOS showing individual and pooled relative risk (RR) for TAVR vs SAVR in patients with severe 
aortic valve stenosis

CI – confidence interval, LOS – length of hospital stay, RR – relative risk, TAVR- transcatheter aortic valve replacement, SAVR 
- surgical aortic valve replacement

Subgroup analysis

A subgroup analysis based on follow-up duration demonstrates 
differing outcomes between TAVR and SAVR across multiple 
RCTs. At the 30-day mark, the relative risk (RR) of all-cause 
mortality for TAVR compared to SAVR was 0.86 (95% CI 0.56–
1.32, p=0.49), indicating no significant difference between 
the two groups. At 1 year, however, there was a significant 
reduction in relative risk with TAVR (RR 0.67, 95% CI 0.50–0.90, 
p = 0.008), favoring this intervention over SAVR. By the 2-year 
follow-up, the analysis showed no significant difference again, 
with an RR of 0.81 (95% CI 0.58–1.13, p=0.22). Thus, the only 
statistically significant finding favoring TAVR was observed 
at the 1-year mark, while no significant differences were 
detected at the 30-day and 2-year time points. The overall 
effect of the analysis, which combines all follow-up durations, 
indicates a significant reduction in all-cause mortality for 
patients undergoing TAVR compared to SAVR (RR 0.76, 95% CI 
0.63–0.91, p=0.003), suggesting that TAVR is associated with a 
significantly lower risk of mortality compared to SAVR. 

Six studies reported the prostheses type. A subgroup analysis 
based on the type of valve used in TAVR (self-expanding 
bioprosthetic valves vs. balloon expanded bioprosthetic 
valves) revealed that TAVR with self-expanding valves 
significantly reduced the risk of all-cause mortality compared 
to SAVR, with a relative risk (RR) of 0.61 (95% CI 0.42–0.89, 
p=0.010). In contrast, the use of balloon-expandable valves 
in TAVR did not show a statistically significant difference in 
mortality compared to SAVR (RR 0.82, 95% CI 0.56–1.19, p= 
0.30). In the subgroup analysis comparing mortality between 
balloon-expandable and self-expanding valves, the incidence 
of mortality in the surgical group was higher when compared 
to the self-expanding valve group than when compared to 
the balloon-expandable valve group, as evidenced by data 
from PARTNER 3 and Evolut Low Risk studies (13, 21). This 
suggests that the reduced mortality benefit associated with 
self-expanding valves might be more pronounced compared 
to balloon-expandable valves. Overall, TAVR was associated 
with a significantly lower risk of all-cause mortality (RR 0.70, 

95% CI 0.54–0.92, p = 0.010) compared to SAVR. Despite the 
moderate heterogeneity observed across studies, there was 
no significant difference between the subgroups based on 
valve type (p = 0.28), highlighting the consistent benefit of 
TAVR over SAVR.

Sensitivity Analysis

Confirming the robustness of our findings, exclusion sensitivity 
analyses in all-cause mortality did not reveal disproportionate 
effects of any single study on the composite pooled results 
for each individual endpoint. However, for stroke at 30 
days, removing either the Blankenberg or Surtavi study 
(20, 23) rendered the results non-significant, highlighting 
the significant influence of these studies (). Conversely, for 
stroke at 1 year, the results became significant when the Toff 
study (24) was excluded, indicating that this study may have 
moderated the overall effect.

In the case of myocardial infarction (MI), the exclusion of any 
one of the Notion, Blankenberg, or Partner 2 studies (10, 14, 20) 
led to non-significant results, demonstrating the sensitivity of 
the pooled estimates to these particular studies.

Meanwhile, for length of stay (LOS) and prosthetic valve 
endocarditis (PVE), no single trial had a significant impact on 
the pooled estimates, underscoring the stability and reliability 
of these findings.

Discussion

Our meta-analysis analyzed over 8000 low to intermediate-
risk patients with severe symptomatic AS, comparing TAVR 
and SAVR across various outcomes. The results generally favor 
TAVR, showing either lower or comparable mortality rates, 
supporting the view that TAVR’s less invasive nature reduces 
early postoperative mortality, as noted by Mack et al. (13).

Studies like NOTION (14) and by Søndergaard et al. (15) 
reported fewer strokes with TAVR, likely due to avoiding 
cardiopulmonary bypass and aortic cross-clamping, which are 
risk factors in SAVR. TAVR was also associated with fewer MIs. 
Gupta et al.(16) attributed this to TAVR’s minimally invasive 
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nature, reducing myocardial stress and injury. 

TAVR showed lower rates of prosthetic valve endocarditis. Butt 
et al. (17) found a significantly reduced incidence of infective 
endocarditis in TAVR patients, likely due to shorter procedural 
times and a less invasive approach. Additionally, TAVR patients 
had shorter hospital stays. Baron et al. (18) reported reduced 
intensive care unit stay and overall hospital stay durations, 
underscoring TAVR’s efficiency and quicker recovery.

However, TAVR incurs higher initial costs. Baron et al. (18) 
and Galper et al. (19) noted that TAVR is more expensive 
upfront than SAVR. Despite this, TAVR can lead to savings in 
hospitalization and physician fees. There were mixed results 
on total admission costs—Baron et al. (18) found TAVR slightly 
less expensive, while Galper et al. (19) indicated higher costs, 
highlighting the need for further studies to balance these 
factors.

TAVR’s benefits influence clinical practice and policy. Its 
quicker recovery and reduced early mortality make it a viable 
option for high-risk patients or those with comorbidities. 
TAVR’s less invasive nature results in shorter hospital stays 
and lower resource use, potentially easing the burden on 
healthcare systems. Nonetheless, higher initial costs challenge 
widespread adoption. Policymakers need to weigh these costs 
against the long-term benefits. Ongoing cost-effectiveness 
studies are crucial for shaping compensation policies and 
ensuring equitable access. Standardizing procedures and best 
practices can also enhance outcomes and reduce variability.

Future research should focus on long-term outcomes and 
device durability, especially in younger and lower-risk 
populations. Comparative studies of TAVR devices and 
techniques are essential for optimizing patient selection and 
outcomes. Including diverse patient populations in trials will 
improve generalizability. Addressing these research gaps will 
enhance our understanding of TAVR’s potential and improve 
patient care.

Study limitations

Despite our findings, there are limitations. Variability in 
patient populations and follow-up durations may affect 
generalizability. Differences in endpoint definitions and 
reporting complicate comparisons, highlighting the need 
for standardized definitions. The predominance of studies 
from high-income countries may limit applicability to lower-
resource settings. Additionally, variations in procedural 
techniques, valve types, and operator expertise may 
contribute to outcome variability.

Conclusion

According to our meta-analysis, currently available data 
suggests that TAVR is a highly promising and viable therapeutic 
option for severe symptomatic AS patients with low and 
intermediate surgical risk, demonstrating a trend towards 
reduced postoperative mortality, quicker recovery and shorter 
hospital stays as well as a marked decrease in cardiovascular 
complications compared to its alternative modality, SAVR. 

The current evidence base is strong and supports widespread 
utilization of TAVR for intermediate and low-risk patients, yet 
limitations exist regarding variability in patient populations 
and follow-up durations, as well as variations in procedural 
techniques, valve types, and operator expertise, all of which 
may affect the generalizability of our results. 

To definitively derive conclusions on TAVR versus SAVR, 
standardized endpoint definitions are needed. Finally, 
future research should emphasize long-term results and the 
durability of TAVR devices, especially for younger and lower-
risk groups.
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