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Abstract
Background  Transcatheter aortic valve replacement (TAVR) has emerged as a treatment option for severe aortic stenosis in 
patients at intermediate or high surgical risk. However, until recently there was insufficient evidence regarding the outcomes 
of TAVR compared to surgical aortic valve replacement (SAVR) for patients at low risk.
Methods  We conducted a meta-analysis and systematic review of all randomized trials comparing the efficacy and safety of 
TAVR versus SAVR in patients at low surgical risk. Risk ratios (RR) and 95% confidence intervals (CIs) were calculated, 
using fixed- or random-effects model.
Results  Four trials were eligible for analysis and comprised a total of 2887 patients (1497 allocated to TAVR and 1390 
allocated to SAVR group). TAVR was associated with a 39% relative risk reduction (RRR) of major adverse cardiac events 
(MACE) (absolute risk reduction ARR of 3.7%; RR 0.61; 95% CI 0.47–0.79); 39% RRR of overall mortality (ARR of 1.4%; 
RR 0.61; 95% CI 0.39–0.96) and 45% RRR of cardiovascular mortality (ARR of 1.3%; RR 0.55; 95% CI 0.33–0.90), 69% 
RRR of life threatening or disabling bleeding (ARR of 7.0%; RR 0.31; 95% CI 0.22–0.44), 73% RRR of new-onset atrial 
fibrillation (ARR of 29%; RR 0.27; 95% CI 0.20–0.35) and 73% RRR of acute kidney injury (ARR of 2.1%; RR 0.27; 95% 
CI 0.14–0.56) as compared with SAVR. In contrast, TAVR was associated with a 4.7-fold increased risk of new pacemaker 
(PM) implantation (RR 4.72; 95% CI 1.83–12.15), which was driven by use of self-expanding valves.
Conclusion  TAVR in low-risk patients is superior to SAVR for the majority of outcomes.
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Abbreviations
AF	� Atrial fibrillation
AKI	� Acute kidney injury
ARI	� Absolute risk increase
ARR​	� Absolute risk reduction
AS	� Aortic stenosis
CIs	� Confidence intervals
CV	� Cardiovascular
LVEF	� Left ventricular ejection fraction
MACE	� Major adverse cardiac events
NNH	� Number needed to harm
NNT	� Number needed to treat
PM	� Pacemaker
PPI	� Permanent pacemaker implantation
RCT​	� Randomized-controlled trials
RR	� Relative risk
RRI	� Relative risk increase
RRR​	� Relative risk reduction
STS‐PROM	� Society of thoracic surgeons predicted risks 

of mortality
SAVR	� Surgical valve replacement
TAVR	� Transcatheter aortic valve replacement

Background

Transcatheter aortic valve replacement (TAVR) has emerged 
as a treatment option for severe aortic stenosis in patients 
who are at intermediate or high risk for complications or 
death from surgery. Previous randomized trials founded a 
basis for the guideline recommendation for TAVR in patients 
at intermediate or high surgical risk, by showing that TAVR 
with both balloon-expandable and self-expanding valves was 
either superior or non-inferior to surgical valve replacement 
(SAVR) [1–9]. To be able to use TAVR by default in young 
patients at low operative risk, it requires sufficient evidence 
of safety and effectiveness, which is given by aortic-valve 
surgery in relatively young, healthy patients. However, 
until recently there was insufficient evidence regarding 
the outcomes of TAVR compared to surgery for patients at 
low risk, for whom SAVR is the standard of care [10, 11]. 
Recently published randomized trials (as PARTNER 3 and 
EVOLUT LOW RISK) investigated the efficacy and safety 
of TAVR as compared with SAVR, and reported positive 
findings.

Due to successful TAVR results in intermediate-to-high 
surgical risk patients, technical advancements of TAVR 
devices and increased operator experience, the next logical 
aim was an expansion of TAVR in low-surgical risk patients 
[12]. To further contribute to the ongoing debate on the 

benefit-risk of TAVR in low-risk patients, we performed a 
systematic review and meta-analysis that comprises large 
randomized trials. We focused on 30 days and 1 year clinical 
outcomes [10, 11, 13, 14].

Methods

This systematic review and meta-analysis was performed 
according to established methods. We searched PubMed and 
web of science using predefined search terms ("transcatheter 
aortic valve replacement”, “TAVR”, “surgical aortic valve 
replacement”, “SAVR”, “TAVI”, “SAVI”, AND “low risk”) 
from 2010 until April 2019. Title and abstract of suspected 
relevant citations were screened for eligibility and full-
text was acquired for further evaluation if the citation was 
deemed pertinent. References of retrieved meta-analyses and 
reviews were also checked for additional trials.

Included studies had to be randomized-controlled trials 
(RCT). The target patient collective comprised patients with 
severe aortic stenosis at low surgical risk [Society of Tho-
racic Surgeons Predicted Risks of Mortality (STS‐PROM) 
score < 4% or EuroScore < 4%]. Due to the superiority of the 
STS score compared to the EuroScore, the STS score was 
predominantly used in the majority of trials. The EuroScore 
was only used in the absence of the STS score. Two review-
ers independently and in duplicate applied the selection cri-
teria (F.H. and J.M.S.-M.).

The primary endpoint was the composite of major 
adverse cardiovascular events defined by each study differ-
ently. Major vascular complications, permanent pacemaker 
implantation, life-threatening/disabling bleeding, stroke, 
TIA, myocardial infarction, coronary obstruction, endo-
carditis, atrial fibrillation (AF), acute kidney injury (AKI), 
cardiovascular death and all-cause death were defined as 
secondary endpoints.

Subgroup analyses comparing self- vs balloon-expanda-
ble bioprostheses were performed for primary and secondary 
outcomes.

This systematic review analyzed outcomes at 12 months 
after procedure (except for AKI, where the follow-up was 
1 month). The STAC​CAT​O trial, was not included in this 
meta-analysis due to lack of follow-up data and premature 
termination [15].

Statistical analysis

Variables are reported as number or percentages as appropri-
ate. Risk ratios (RR) were calculated from individual studies 
and pooled according to the inverse variance model with 95 
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percent confidence intervals (95% CI) and reported as rela-
tive risk reduction or increase, respectively (RRR/RRI). The 
statistical inconsistency test (I2) was used to assess hetero-
geneity between studies. If the I2 value was low (I2 < 25%), 
a fixed-effect model was additionally calculated. The fol-
lowing sensitivity analyses were performed: (1) comparison 
of the results of the fixed vs random effect model; and (2) 
the influence of each study was assessed by testing whether, 
deleting each in turn, would have significantly changed 
the pooled results of the meta-analysis; (3) effect size and 
direction for balloon vs self-expandable valves. Absolute 
risk reduction or increase (ARR/ARI) and number needed 
to treat/harm (NNT/NNH) were calculated per 1 year of 
treatment. A two-tailed p value of < 0.05 was considered 
significant. Review Manager (Version 5.3. Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Collaboration, 
2019) was used for statistical computations.

Results

Study selection

Our search identified 251 references of which four studies 
met our inclusion criteria (Fig. 1); all studies reported rates 
of events during a 30-day follow-up and at 1-year follow-up. 
Additionally, retrieved reviews and meta-analyses were thor-
oughly examined to identify further trials. Four trials were 
eligible for analysis and comprised a total of 2887 patients, 
1497 allocated to TAVR and 1390 allocated to SAVR group. 
Three trials used a self-expandable bioprostheses (EVOLUT 
low risk, SURTAVI and NOTION), and one trial utilized a 
balloon-expandable valve (PARTNER 3). The majority of 
TAVR procedures were performed via transfemoral access. 
All included trials were performed as multicenter studies. 

The characteristics of the included studies are presented in 
Table 1.

Outcomes

MACE

All studies reported rates of MACE (Fig. 2) [10, 11, 13, 14]. 
In the TAVR group, 5.6% of patients (84/1497) experienced 
MACE compared to 9.4% in the SAVR group (130/1390) 
over a mean follow-up of 1 year. TAVR therefore resulted 
in RRR of MACE by 39% (RR 0.61; 95% CI 0.47–0.79); 
p < 0.0002; I2 = 0%; Fig. 2). The annual ARR was 3.7%, 
which corresponded to a NNT of 27 (Table 2). If 1000 
patients would be treated with TAVR instead of SAVR, 37 
MACE events could be prevented within 1 year of interven-
tion (Table 2).

Ischemic stroke

There was no significant difference between both groups 
regarding ischemic stroke, but a trend toward reduction 
of stroke with TAVR was apparent (Fig. 1S in the sup-
plemental file). During a mean follow-up period of 1 year, 
3% of patients (45/1497) experienced an ischemic stroke 
in the TAVR group compared to 4.2% in the SAVR group 
(59/1390; RR 0.72; 95% CI 0.49–1.06; p = 0.10; I2 = 0%).

Mortality

TAVR was associated with a RR of overall death: 2.1% 
of patients (31/1497) allocated to TAVR died within 
1 year of intervention as compared to 3.5% of patients 
(48/1390) allocated to SAVR, resulting in a RRR of over-
all death of 39% by TAVR (RR 0.61; 95% CI 0.39–0.96; 

Fig. 1   Workflow of studies 
included in the meta-analysis articles identified and screened for 

   retrieval until 15.05.2019
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p = 0.03; I2 = 0%; Fig. 3a). The annual ARR of overall 
death was 1.4% and the NNT 72 (Table 2). There was 
also a significant difference in the risk of cardiovascular 
(CV) death between the TAVR (1.6%, 24/1497) and the 
SAVR groups (2.9%, 41/1390): TAVR reduced the relative 
risk of CV death by 45% (RR 0.55; 95% CI 0.33–0.90; 

p = 0.02; I2 = 0%; Fig. 3b). The annual ARR of cardiovas-
cular death was 1.3% and the NNT 74 (Table 2). If 1000 
patients would be treated with TAVR, 14 patients more 
would survive the first year after the procedure as com-
pared to patients treated with SAVR (Table 2).

Fig. 2   Forest plots depicting the risk ratio (RR) of major adverse cardiovascular events (MACE)

Table 2   Absolute risk reduction (ARR) or increase (ARI) and number-needed-to-treat/harm (NNT/NNH) for the primary and secondary end-
points over a period of 1 year

NA none applicable

Event Inci-
dence 
TAVR

Incidence SAVR ARR​ ARI NNT NNH N of events reduced 
with TAVR per 1000 
treated patients

N of events caused with 
TAVR per 1000 treated 
patients

p value

MACE 0.06 0.09 0.04 27 37 0.0002
Overall-death 0.02 0.03 0.01 72 14 0.03
Cardiovascular-death 0.02 0.03 0.01 74 13 0.02
Ischemic stroke 0.03 0.04 0.01 81 12 0.05
Life threatening/disa-

bling bleeding
0.03 0.1 0.07 14 70 < 0.00001

Major vascular compli-
cation

0.03 0.02 0.01 NA NA 0.25

Pacemaker implantation 0.17 0.04 0.13 8 133 0.001
New-onset atrial fibril-

lation
0.1 0.39 0.29 3 293 < 0.00001

Acute kidney injury 0.01 0.03 0.02 48 21 0.0003
Myocardial infarction 0.02 0.02 0.00 NA NA 0.37
Coronary obstruction 0.01 0.01 0.00 NA NA 0.99
Endocarditis 0.01 0.01 0.00 NA NA 0.58



Clinical Research in Cardiology	

1 3

Bleeding events

Three studies, including a total of 2607 patients, reported on 
the rate of life threatening/disabling bleeding within 1 year 
[10, 11, 13]. Life threatening/disabling bleeding occurred 
in 3.1% of patients (42/1352) treated with TAVR compared 
to 10.1% of patients (127/1255) in the SAVR group. TAVR 
therefore was associated with a RRR of life threatening/
disabling bleeding by 69% (RR 0.31; 95% CI 0.22–0.44; 
p < 0.00001; I2 = 24%; Fig. 4a). The annual ARR was 7.0% 

and the NNT to avoid one life threatening/disabling bleed-
ing was 14 (Table 2). If 1000 patients would be treated with 
TAVR instead of SAVR, 70 life-threatening/disabling bleed-
ing could be prevented (Table 2).

Major vascular complications

Major vascular complications, which were reported in three 
studies [10, 11, 13], did not show a significant difference 
between both groups (RR 1.31; 95% CI 0.83–2.06; p = 0.25; 

Fig. 3   Forest plot showing the risk ratio (RR) of (a) overall-death and (b) cardiovascular death
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I2 = 22%; Fig. 4b). Major vascular complications occurred 
in 3.4%/year (46/1352) in patients treated with TAVR com-
pared to 2.5%/year (31/1255) in patients treated with SAVR.

Pacemaker implantation

There was a significant increase of pacemaker implantation 
rates (RR 4.72; 95% CI 1.83–12.15; p < 0.00001; Fig. 5a) 
in patients who underwent TAVR compared with SAVR. In 
the TAVR group, 17.4% of patients (260/1497) received a 
permanent pacemaker compared to 4.1% in the SAVR group 
(57/1390) over a mean follow-up of 1 year. The annual ARI 

was 13.3% and the NNH was 8 (Table 2). If 1000 patients 
would be treated with TAVR instead of SAVR, 133 addi-
tional patients would receive a permanent pacemaker within 
1 year of procedure.

New‑onset atrial fibrillation

In the TAVR group, 10% of patients (150/1497) suffered 
from new-onset atrial fibrillation compared to 39% in the 
SAVR group (547/1390) over a mean follow-up of 1 year 
(Fig. 5b). TAVR was therefore associated with a 73% RRR of 
atrial fibrillation within 1 year (RR 0.27; 95% CI 0.20–0.35; 

Fig. 4   Forest plot showing the risk ratio (RR) of (a) a life threatening/disabling bleeding and (b) major vascular complications
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p < 0.00001; I2 = 62%). The annual ARR was 29% and the 
NNT 3 (Table 2). If 1000 patients would be treated with 
TAVR instead of SAVR, 293 new-onset atrial fibrillation 
events could be prevented within 1 year of procedure.

Acute kidney injury

Three studies, including a total of 2633 patients, reported 
on the rate of acute kidney injury within a month [10, 

11, 14]. 0.7% of patients (10/1366) allocated to TAVR 
suffered from AKI after the procedure compared to 2.8% 
of patients (36/1267) allocated to SAVR. TAVR therefore 
was associated with a 73% RRR of an acute kidney injury 
within a month of procedure (RR 0.27; 95% CI 0.14–0.56; 
p < 0.0003; I2 = 0%; Fig. 6). NNT was 47 and the ARR 
2.1% (Table 2). If 1000 patients would be treated with 
TAVR instead of SAVR, 21 acute kidney injuries could 
be prevented.

Fig. 5   Forest plot showing the risk ratio (RR) of (a) pacemaker implantation and (b) atrial fibrillation
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Myocardial infarction

There was no significant difference between both groups 
regarding rates of myocardial infarction (RR 0.78; 95% CI 
0.46–1.34; p = 0.37; I2 = 0%; Fig. 2Sa in the supplemen-
tary file). During a mean follow-up period of 1 year, 1.7% 
of patients (25/1497) experienced a myocardial infarction 
in the TAVR group compared to 2.1% in the SAVR group 
(29/1390).

Coronary obstruction

Coronary obstruction, which was reported in three stud-
ies [10, 11, 13], did also not show a significant difference 
between TAVR compared to SAVR (RR 1.01; 95% CI 
0.15–6.65; p = 0.99; I2 = 53%; Fig. 2Sb in the supplemen-
tary file). In the TAVR group, 0.7% of patients (8/1221) 
experienced coronary obstruction compared to 0.5% in the 
SAVR group (6/1132) over a mean follow-up of 1 year.

Endocarditis

There was no significant difference between both groups 
regarding endocarditis (RR 0.73; 95% CI 0.24–2.20; 
p = 0.58; I2 = 0%). In the TAVR group, 0.4% of patients 
(6/1497) suffered from endocarditis compared to 0.6% in 
the SAVR group (8/1390) over a mean follow-up of 1 year 
(Figure S3 in the supplementary file).

Sensitivity analyses

Reporting bias/small study effects

Visual inspection of funnel plots indicated a minor asymme-
try. Therefore, reporting bias and small study effects cannot 
be excluded (funnel plots not shown).

Random versus fixed‑effect estimates

A comparison of the results revealed by a random and fixed-
effect model showed no significant differences (Table 3).

Excluding single studies

By sequentially excluding one single study from the analysis 
it was shown that the direction of the effect and the magni-
tude of the effect remained unchanged.

Balloon vs self‑expandable valves

Sensitivity analysis assessing the valve type showed that the 
direction of the effect for the majority of outcomes remained 
unchanged. For the PM implantation, the significance level 
and the effect size differed between the valve types: while 
the balloon-expandable valve did not result in a statistically 
significant increase of newly implanted PM (RR 1.37; 95% 
CI 0.83–2.26; p = 0.21; Fig. 6a), self-expanding valves did 
result in a statistically significant increase. TAVR with a 
self-expanding valve was associated with a 6.65-fold RRI of 

Fig. 6   Forest plots depicting the relative risk (RR) of acute kidney injury (AKI)
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new pacemaker implantation (RR 6.65; 95% CI 3.84–11.51; 
p < 0.00001; I2 = 37%; Fig. 6a).

When assessing the risk reduction of life threatening/
disabling bleeding and new-onset atrial fibrillation with 
TAVR vs SAVR, the magnitude of the effect tended to be 
greater with the balloon-expandable valve as compared to 
the self-expanding valves (RR 0.22 vs. 0.38; RR 0.18 vs. 
0.29; respectively).

Discussion

The current meta-analysis in almost three thousand patients 
undergoing TAVR is to our knowledge one of the largest 
one to investigate the safety and efficacy of TAVR com-
pared to SAVR in low-risk patients. The main finding of 
this meta-analysis and systematic review is that TAVR was 
superior to SAVR for the majority of outcomes in low-risk 
patients. We could reveal that TAVR was associated with 
significantly lower risks of MACE (RRR of 39%; ARR of 
3.7%); overall mortality (RRR of 39%; ARR of 1.4%) and 
cardiovascular mortality (RRR of 45%; ARR of 1.3%), life 
threatening or disabling bleeding (RRR of 69%; ARR of 
7.0%), new-onset atrial fibrillation (RRR of 73%; ARR of 
29%) and acute kidney injury (RRR of 73%; ARR of 2.1%) 
as compared with SAVR. As expected, TAVR was associ-
ated with a 4.7-fold higher risk of new PM implantation as 
compared with SAVR.

Another recently published meta-analysis by Siontis et al. 
also showed that TAVI was superior to SAVR for the major-
ity of outcomes. However, in contrast to Siontis et al. our 
study deals with outcomes at 1 year and focuses exclusively 
on low-risk patients [16].

Until now, TAVR was not used in younger patients with 
severe aortic stenosis (AS) at low surgical risk. Previous 

data that supported the use of TAVR in low-risk patients are 
limited due to their mostly retrospective character [17–20]. 
Therefore, surgical intervention for those deemed low sur-
gical-risk is still recommended. However, due to an increas-
ing experience and technical advancement, the expansion of 
TAVR to younger and healthier patients was a next logical 
step [9]. To consider extending TAVR to younger patients, 
excellent safety and effectiveness data form the basis for the 
guideline recommendations.

In our meta-analysis, the majority of included patients 
were at median younger than 75 years of age [10, 11, 13, 
14]. If TAVR would be extended to younger AS patients, 
the treatment of bicuspid aortic valves would be an increas-
ing part of clinical practice, especially in those patients 
under 75 years. However, until now large randomized trials 
excluded patients with AS and bicuspid valves. Therefore, 
long-term data of this specific cohort are until now still lim-
ited but will become essential, because the majority of AS 
patients at a younger age suffer from a bicuspid aortic valve 
(30–50%) [21].

Another important concern regarding the extension of 
TAVR indication to younger patients with longer life-expec-
tancy is the issue of TAVR durability. It has been postulated 
that TAVR devices, similar to biological surgical valves 
might have a limited durability. In 2016, there were some 
concerns that TAVR has a poor long-term durability, which 
would limit its usefulness in younger patients [22]. However, 
these concerns were based on data with older valve genera-
tions and criteria for valve dysfunction were only defined by 
echocardiography [22]. On the contrary, 5 year follow-up 
data of several studies including the NOTION trial, showed 
stable valve durability with low rates of hemodynamic valve 
dysfunction and/or re-intervention after TAVR procedures 
in several studies [1, 23–25]. However, the most appropri-
ate procedure type and valve type for re-do procedure after 

Table 3   Random-effect and fixed-effect models calculated for primary and secondary endpoints

Event Random-effect model Fixed-effect model

RR 95% CI p I2 (%) RR 95% CI p I2 (%)

MACE 0.86 0.47–0.79 < 0.0002 1 0.86 0.47–0.79 0.0002 1
Ischemic stroke 0.68 0.43–1.07 0.10 17 0.72 0.49–1.06 0.10 17
Overall death 0.61 0.39–0.96 0.03 0 0.61 0.39–0.96 0.03 0
Cardiovascular death 0.55; 0.33–0.90 0.02 0 0.55 0.33–0.90 0.02 0
Life threatening/disabling bleeding 0.31 0.21–0.48 < 0.00001 24 0.31 0.22–0.44 < 0.00001 24
Major vascular complication 1.41 0.77–2.55 0.26 22 1.31 0.83–2.06 0.26 22
Pacemaker implantation 4.72 1.83–12.15 0.001 88 3.65 2.73–4.88 < 0.00001 88
Atrial fibrillation 0.72 0.20–0.35 < 0.00001 62 0.26 0.22–0.31 < 0.00001 62
Acute kidney injury II/III 0.27 0.14–0.56 0.003 0 0.27 0.14–0.56 0.003 0
Myocardial infarction 0.78 0.46–1.34 0.37 0 0.78 0.46–1.34 0.37 0
Coronary obstruction 1.01 0.15–6.65 0.99 53 1.01 0.15–6.65 0.99 53
Endocarditis 0.73 0.24–2.20 0.58 0 0.73 0.24–2.20 0.58 0
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TAVR are still a matter of debate. The only large randomized 
study currently comparing TAVR with SAVR in younger 
patients (≤ 75 years of age at low surgical risk, not exclud-
ing bicuspid valves) is the NOTION 2 trial (ClinTrials.Gov: 
NCT02825134). This randomized trial should provide the 
required clinical evidence for the applicability of TAVR in 
young AS patients at low surgical risk.

We included four trials into our meta-analysis, which 
share some common characteristics, but also have some dif-
ferences. The NOTION, the SURTAVI low-risk population 
and the EVOLUT LOW RISK trials used the Medtronic self-
expanding prostheses whereas the PARTNER 3 trial tested 
the balloon-expandable Edwards Sapien 3 valve. Impor-
tantly, and in contrast to other low-risk trials, the NOTION 
trial included low-risk patients, who were oldest across the 
four studies included in our meta-analysis (median 79) com-
pared to other three trials (median age in the PARTNER 3 
trial: 73, the EVOLUT LOW RISK trial: 74, the SURTAVI 
low risk population: 75) [11, 14].

An important issue associated with the use of invasive 
procedures is the length of hospital stay, as this has major 
financial consequences. Patients treated with SAVR had a 
longer post procedural hospital stay, [11, 13, 14] as com-
pared with TAVR, which is due to the more invasive nature 
of SAVR [2, 6].

In our meta-analysis, we found an increased risk of 
permanent pacemaker implantation (PPI) in the TAVR 
group compared to the SAVR group (17.4% vs. 4.1%), but 
the increase was only statistically significant with self-
expanding supraannular bioprostheses. The NNH was high 
resulting in 1 of 8 patients receiving a PPI if treated with 
TAVR. Recently, there has been accumulating evidence on 
the prognostic implications of PPI. Patients with PPI are 
at increased risk of rehospitalization due to heart failure 
and higher rates of the combined endpoint of mortality or 
rehospitalization for heart failure [26]. Furthermore, PPI was 
associated with lesser improvement in left ventricular ejec-
tion fraction (LVEF) over time, particularly in patients with 
reduced LVEF before TAVR [26]. Although, valve interface 
may recover over time and lead to lower rates of PPI, further 
data on long-term outcomes of TAVR are needed [10, 11, 
27]. Nevertheless, despite higher risk of PPI, the majority of 
patients would have chosen TAVR due to the risk reduction 
of other events.

It is a crucial point to note that TAVR was associated with 
a remarkable reduction of the incidence of newly-onset AF 
(absolute reduction of 29%) in our-meta-analysis, translating 
to a NNT of 3. This estimate indicates that treating patients 
with TAVR instead of SAVR, would prevent new-onset AF 
in one patient of three during a time frame of 1 year after 
the procedure. This is probably the most relevant finding in 
our meta-analysis as AF implicates an indication for oral 
anticoagulation in this patient population, which in turn 

increases bleeding risks [28]. Furthermore, AF is an inde-
pendent predictor of morbidity and mortality, and a leading 
cause of heart failure [29–33]. As AF is likely to dominate 
the next era in cardiovascular disease epidemiology, in terms 
of prevalence, incidence, morbidity and mortality [34–36], 
reduction of AF incidence after TAVR might have a large 
impact on healthcare expenditure.

Importantly, our meta-analysis indicates that TAVR 
despite the use of contrast media is associated with a lower 
risk of AKI as compared with SAVR, translating to a NNT 
of 48. This finding is of great relevance, as AKI itself is 
an independent predictor of higher mortality. Mortality 
at 30 days post-TAVR varied between 10–30% in patients 
with AKI, compared to 2–15% in those patients without 
AKI [37–40]. Even 1 year post-TAVR, mortality rates were 
significantly higher in patients with AKI than without AKI 
(10–70% vs. 3–40%) [37–40]. Furthermore, AKI showed to 
be a predictor of sepsis, which itself is also independently 
associated with increased mortality and length of stay 
[37–40].

Finally, it is noteworthy to critically analyze the impact 
of the procedure type on postprocedural life-threatening 
bleeding events. TAVR was associated with a 7% ARR of 
life-threatening bleeding events as compared to SAVR in our 
meta-analysis. Taking into consideration that puncture-side 
bleeding complications occur frequently in TAVR proce-
dures, one would expect a lower difference in the bleed-
ing risks between TAVR vs SAVR. Nevertheless, our data 
clearly indicate that TAVR is safer than SAVR: major bleed-
ing could be prevented in one patient of 14 if TAVR will be 
performed. The increased number of major bleeding, which 
was associated with SAVR translates to worse clinical prog-
nosis. These patients might require re-operation for bleed-
ing or blood transfusions, which are independent predictors 
of mortality [15]. As blood transfusions prolonged hospi-
tal—and intensive care unit stay [15], the risk reduction of 
bleeding events after TAVR might directly correspond to the 
improvement of the quality of life and an improved survival. 
This has been also shown in our meta-analysis, indicating 
that SAVR is associated with an increased risk of overall and 
cardiovascular death. In 1000 patients treated with TAVR 
instead of SAVR, 14 additional deaths could be prevented 
within 1 year of intervention as compared to SAVR. These 
results give rise to the extension of TAVR to patients with 
low operative risk.

Limitations

The main limitation of our meta-analysis is that the defi-
nition of the primary endpoint (MACE) slightly differed 
between studies. Moreover, the included studies comprised 
only two valve types: self-expanding Medtronic Corevalve 
and Evolut series and Edwards S3. Randomized data 
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regarding patients’ outcomes using other valve types as 
Portico and Acurate Neo are lacking.

Conclusion

Our meta-analyses in low-risk patients with severe aortic 
stenosis indicate that TAVR is superior to SAVR regarding 
MACE, all-cause- and cardiovascular death, life-threatening/
disabling bleeding and new-onset atrial fibrillation. In con-
trast, TAVR showed an increased risk of permanent pace-
maker implantation due to higher rates of conduction abnor-
malities. As the majority of low-risk patients are younger 
than 75 years of age, the issue of valve durability and the 
valve type choice for the future valve-in-valve procedures 
must be clarified in future studies.
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