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Background: To compare safety and efficacy of transcatheter aortic valve replacement (TAVR) with 
surgical aortic valve replacement (SAVR) in patients at low-intermediate risk, given the paucity of robust 
data.
Methods: We performed an aggregate data meta-analysis of 7 randomized controlled trials (RCTs) and 
6,778 patients comparing TAVR with SAVR for aortic stenosis (AS) in low-intermediate risk patients 
(Society of Thoracic Surgeons risk-score ≤8%) using the random-effects model. Primary outcome was all-
cause mortality at 30-day, 1-year and 2-year of follow-up. Secondary outcomes included cardiac-mortality, 
stroke, acute kidney injury (AKI), atrial fibrillation (AF), permanent pacemaker (PPM) implantation, major-
bleeding, moderate-severe paravalvular regurgitation (PVR) and rehospitalization.
Results: All-cause mortality, cardiac-mortality and stroke were comparable between the two groups. AF 
was higher with SAVR at 30-day [odds ratio (OR) 0.17, 95% confidence intervals (CI): 0.12–0.24] thorough 
to 2-year (OR 0.34, 95% CI: 0.21–0.55), while PPM implantation was higher with TAVR (30-day: OR 3.31, 
95% CI: 1.64–6.66, 2-year: OR 3.17, 95% CI: 1.02–9.86). Moderate-severe PVR was more prevalent with 
TAVR at all follow-ups. On inter-group comparison, patients in the low-risk group had an even lower risk 
of AF, but a higher risk of PPM implantation as compared to the patients in the intermediate-risk group 
undergoing TAVR.
Conclusions: Compared to SAVR, TAVR had comparable all-cause mortality and stroke, lower-risk of AF, 
but was associated with a higher risk of PPM implantation and moderate-severe PVR in low-intermediate-
risk patients. Thus, highlighting the need for longer-term follow-up before robust inferences are drawn.
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Introduction

Transcatheter aortic valve replacement (TAVR) has 
become a viable treatment option for patients with aortic 
stenosis (AS) who are inoperable or who are at high (>8%) 
or intermediate risk (>4%) per the Society of Thoracic 
Surgeons-Predicted Risk of Mortality (STS-PROM) 
score for surgical aortic valve replacement (SAVR) (1,2). 
However, according to Society of Thoracic Surgeons (STS) 
registry data, 93.9% of all patients undergoing SAVR 
from January 2002 to December 2010 were either low or 
intermediate risk (3). In the recent months, results from 
large scale multicenter randomized controlled trials (RCTs) 
comparing TAVR with SAVR in low risk have become 
available (4-6). As we subject TAVR therapy to lower-

risk patients, it is imperative that the risks and efficacy of 
TAVR is comparable to SAVR. We report a meta-analysis 
of RCTs comparing TAVR with SAVR for patients at 
low and intermediate surgical risk along with inter-group 
comparisons between the low- and intermediate-risk groups 
to improve precision of effect size of clinical outcomes and 
help draw robust conclusions regarding relative safety and 
efficacy of TAVR in this population.

Methods

A systematic, time unlimited data search of published 
clinical studies was performed on PubMed (MEDLINE) 
and EMBASE using keywords ‘transcatheter aortic valve 
replacement’, ‘TAVR’, ‘surgical aortic valve replacement’, 
‘SAVR’, ‘aortic stenosis’ and ‘low risk’. Our initial literature 
search identified 572 articles. The abstracts of relevant 
studies were identified and reviewed by 2 independent 
reviewers (MR Khan and WT Kayani). Studies included 
were RCTs that reported comparative outcomes between 
TAVR and SAVR for patients with severe AS of low-
intermediate risk patients, defined by STS-PROM ≤8% 
in both the study arms. All studies that were either non-
comparative, non-randomized/observational, or reported 
outcomes in patients with a baseline STS-PROM risk score 
of >8% were excluded from our analysis (Figure 1). We also 
reviewed prior published meta-analyses and references of 
our included studies to identify studies potentially missed 
by our initial data search. Using the above methodology, a 
total of 7 RCTs (4 studies reporting outcomes of low-risk/
STS-PROM score ≤4% and 3 studies reporting outcomes 
of intermediate-risk/STS-PROM score 4-8% patients) 
were included in our analysis (Table 1). Data pertaining to 
baseline demographics and outcomes were extracted by 2 

Initial search of PubMed and 
EMBASE identified 572 citations

79 citations were excluded as 
they reported duplicate data

Remaining 493 studies were 
screened

7 RCTs comparing TAVR 
and Surgery for AS in low-

intermediate risk patients were 
included in the analysis

•	Studies excluded:
	 Case reports/series n=31
	 Review/meta-analyses n=160
	 Non-comparative n=243
	 Observational n=41
	 High-risk population n=11

Figure 1 Literature search and methodology.

Table 1 Summary of the studies included in the meta-analyses

Publication year Study name Author STS risk group TAVR (n) SAVR (n) Trans-femoral Mean follow-up

2019 EVOLUT Popma et al. Low 725 678 99.0% 24 months

2019 NOTION Thyregod et al. Low 145 135 100% 60 months

2019 PARTNER 3 Mack et al. Low 496 454 86.9% 12 months

2017 SURTAVI Reardon et al. Intermediate 864 796 93.6% 24 months

2016 COREVALVE US Reardon et al. Intermediate 202 181 82.8% 24 months

2016 PARTNER 2 Leon et al. Intermediate 1,011 1,021 76.7% 24 months

2012 STACCATO Nielsen et al. Low 34 36 0% 1 month

SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgeons; TAVR, transcatheter aortic valve replacement.
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reviewers (MR Khan and M Manan). Quality analysis of the 
included studies was performed using Cochrane’s Risk of 
Bias Tool (Figure S1).

We performed aggregate data meta-analyses of clinical 
outcomes. Our primary outcome was all-cause mortality 
at short (30-day), intermediate (1-year) and long-term 
(≥2-year) follow-up. The secondary outcomes at 30-
day of follow up were cardiac mortality, stroke, major 
bleeding, acute kidney injury (AKI), atrial fibrillation 
(AF), permanent pacemaker (PPM) implantation, major 
vascular complications and moderate-severe paravalvular 
regurgitation (PVR). The secondary outcomes at 1-year 
and ≥2-year of follow-up were cardiac mortality, stroke, 
AF, PPM implantation, all-cause re-hospitalization and 
moderate-severe PVR. We used the studies’ defined 
endpoints for our analyses. An inter-group comparison 
analysis between low and intermediate-risk groups was 
also performed for all outcomes. We performed sensitivity 
analyses after exclusion of STACCATO trial (7) (since there 
were no transfemoral cases in the trial and hence it is not 
reflective of current practice) and comparison of TAVR 
with SAVR with trials utilizing SAPIEN-3 or EVOLUT 
R/PRO valves that currently are most commonly used. P 
value of <0.05 was considered statistically significant for an 
intergroup difference between low and intermediate groups 
for the given outcome. Continuous variables (described 
as mean ± standard deviation) were compared using the 
2-tailed student t-test while the categorical variables 
(described as percentages) were compared using chi-square 
test with Yates’ correction, where applicable. The outcomes 
were reported as odds ratio (OR) and 95% confidence 
intervals (CI) and were computed using Mantel-Haenszel 
random effects model. Measures of heterogeneity including 

Cochran’s Q statistic and I2 were also computed. The 
analysis of baseline data was performed using the Statistical 
Package for Social Scientists (IBM Inc., version 19.0), while 
the meta-analyses were performed using Review Manager 
(version 5.0, Cochrane Collaboration).

Results

Our meta-analyses included 7 RCTs and a total of 6,778 
patients at low-intermediate risk (STS-PROM ≤8%). A 
funnel plot was generated that did not indicate a publication 
bias (Figure 2). Patients in the TAVR and SAVR groups had 
comparable baseline demographic and echocardiographic 
variables (Table S1). In total, 88% of the patients in the 
TAVR arm underwent the procedure through transfemoral 
access. The primary outcome of all-cause mortality was 
comparable at 30-day (TAVR 2.1%, SAVR 2.4%; OR 0.88, 
95% CI: 0.60–1.31), 1-year (TAVR 6.5%, SAVR 7.1%; 
OR 0.93, 95% CI: 0.76–1.13) and 2-year (TAVR 12.5%, 
SAVR 13.4%; OR 0.91, 95% CI: 0.75–1.10) follow-up in 
both treatment arms (Figure 3 and Tables 2,3,4). A similar 
trend i.e., no comparable difference in stroke and cardiac 
mortality was found in the two groups at all follow-up 
intervals (Tables 2,3,4). At 30-day of follow-up, TAVR had 
significantly lower rates of AF (TAVR 9.3%, SAVR 34.8%; 
OR 0.17, 95% CI: 0.12–0.24), AKI (OR 0.37, 95% CI: 
0.25–0.54) and major bleeding (OR 0.32, 95% CI: 0.11–
0.91) but higher rates of PPM implantation (TAVR 15.8%, 
SAVR 5.9%; OR 3.31, 95% CI: 1.64–6.66), major vascular 
complications (OR 2.09, 95% CI: 1.18–3.71) and moderate-
severe PVR (TAVR 2.2%, SAVR 0.3%; OR 5.97, 95% CI: 
2.67–13.34) as compared to SAVR (Table 2 and Figure 4).

The patients in low-risk cohort had a statistically 
significant benefit of even lower incidence of AF from 
TAVR (OR 0.20, 95% CI: 0.12–0.33) as compared to 
the patients in intermediate risk cohort (OR 0.42, 95% 
CI: 0.25–0.70) (P=0.04). This advantage of TAVR over 
surgery in the incidence of AF in low-risk compared to 
intermediate-risk patients continued at 1-year and 2-year of 
follow up (Tables 3,4). On the contrary, TAVR had increased 
rates of PPM implantations at 1-year (TAVR 13.7%, SAVR 
6.9%; OR 2.88, 95% CI: 1.23–6.72) and 2-year (TAVR 
16.8%, SAVR 9.3%; OR 3.17, 95% CI: 1.02–9.86) of 
follow-up. Patients at low-risk were more likely to get a 
PPM (OR 8.33, 95% CI: 4.04–17.20) than the patients than 
patients at an intermediate-risk (OR 2.00, 95% CI: 0.72–
5.55) (P=0.03). TAVR was also associated with a higher 
incidence of moderate-severe PVR at 1-year (OR 5.69, 95% 

Figure 2 Funnel plot for publication bias.
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Figure 3 Forest plots of all-cause mortality at (A) 30-day, (B) 1-year and (C) ≥2-year.
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CI: 2.68–12.1) and 2-year of follow-up (OR 15.32, 95% CI: 
5.88–39.91), the wide confidence interval being secondary 
likely to a low event rate, specifically with SAVR (0.6% and 
0.3% at 1 and 2-year respectively).

All-cause rehospitalization rates were lower with TAVR 
in low-risk patients as compared to surgery (OR 0.56, 95% 
CI: 0.40–0.79) but not in the patients at intermediate-risk 
(OR 1.09, 95% CI: 0.89–1.34) at 1 year of follow-up. Data 
at 2-year of follow-up showed increased rehospitalization 
with TAVR as compared to surgery (OR 1.29, 95% CI: 
1.07–1.56). It is however noteworthy that none of the 
included trials on low-risk patients presented data on 
rehospitalization at 2-year of follow-up and the calculated 
data are from the analysis of trials on intermediate risk 
patients (Table 4).

Sensitivity analyses with the exclusion of STACCATO 
trial (Table S2) did not change the accrual mortality with 
TAVR (2.1%) or SAVR (2.4%), however the odds of 
mortality with TAVR were better as compared to SAVR 
at 30-day follow-up in the low-risk subset (OR 0.44, 95% 
CI: 0.20–0.97). The comparison of TAVR done with either 
EVOLUT R, EVOLUT PRO or SAPIEN 3 with SAVR at 
1-year follow-up included 2 studies (Table S3) and showed 
no difference in all-cause mortality (OR 0.65, 95% CI: 
0.37–1.17) and cardiac mortality (OR 0.55, 95% CI: 0.29–
1.02) between TAVR and SAVR, significantly less incidence 
of AF (OR 0.15, 95% CI: 0.11–0.21) and an increased risk 
of pacemaker placement (OR 2.23, 95% CI: 0.94–5.31) 
with TAVR. However, there was no statistically significant 
difference between TAVR and SAVR in terms of moderate-
severe PVR (OR 3.00, 95% CI: 0.60–15.01) (Table S3).

Discussion

In this meta-analysis comprising 6,778 randomized low or 
intermediate risk patients from with severe AS undergoing 
TAVR vs SAVR, we found no significant difference in short- 
and long-term all-cause mortality, cardiovascular mortality 
and stroke. Patients undergoing TAVR overall had a 
significantly lower incidence of AF and AKI, while repeat 
hospitalization was lower with TAVR in low-risk subgroup 
at 1-year of follow-up. A higher incidence of moderate-
severe PVR and PPM implantation was noted in the TAVR 
group. We have included all landmark trials in this cohort 
and the findings are important as only RCTs were included 
in our analysis.

Since showing a remarkable reduction in mortality 
in patients at a prohibitive risk of surgery with severe 
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Figure 4 Forest plot of (A) Acute kidney injury, (B) atrial fibrillation and (C) permanent pacemaker implantation at 30-day.
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symptomatic AS (8), TAVR has been noted to have 
comparable mortality in high and intermediate risk patients 
(9,10). In our analysis of all RCTs with low-intermediate 
risk, no significant difference in 30-day, 1 year or 2-year 
all-cause and cardiac mortality were seen in patients 
undergoing TAVR compared to SAVR with a trend favoring 
TAVR. Further subgroup analysis of patients at a lower 
surgical risk showed a more favorable trend favoring TAVR, 
however it did not reach statistical significance. However, 
with sensitivity analyses excluding STACCATO trial (7), 
TAVR had a favorable all-cause mortality profile in the low-
risk subgroup at 1-year follow up. These findings are of 
importance given low heterogeneity (Figure 3) especially 
as the indications of TAVR are expanded to lower risk 
populations.

A comparable incidence of stroke between TAVR and 
SAVR was noted in low and intermediate risk subgroups 
in our analysis. This finding reflects an important 
advancement in the transcatheter valve prostheses safety as 
the earlier trials reported a higher incidence of strokes with 
TAVR compared to SAVR e.g., neurologic events (stroke 
and transient ischemic attack) were greater in the TAVR 
group at one year (8.3% vs. 4.3%, P=0.04) in PARTNER 
1 trial (10). Whereas the lower risk populations enrolled in 
the trials was definitely a factor, the improvement in valve 
technology, lower device profile, greater use of transfemoral 
approach and improved operator expertise all appear to 
have played a part in improving this important safety 
outcome. However, given the relatively low use or exclusion 
of embolic protection devices in the enrolled trials, robust 
conclusion regarding their use cannot be drawn. As TAVR 
is offered to even lower risk patients, it is imperative to 
further improve our clinical outcomes. Since stroke remains 
a highly morbid and potentially fatal complication, the 
decreased absolute risk of stroke with TAVR over time is an 
encouraging finding, however.

A significant reduction in major bleeding, AF and 
AKI were noted in favor of TAVR in our analysis. These 
findings are important as all have been independently 
shown to worsen morbidity and mortality (11,12). Similarly, 
a lower incidence of rehospitalization was noted favoring 
TAVR at 12 months in the low-risk population, with no 
significant difference in 12-month rehospitalization in 
the intermediate-risk population (P=0.001). At 24 months 
however, we noted increased rehospitalization with TAVR 
(15.9%) as compared to SAVR (12.9%) in intermediate-risk 
patients, with no available data for low-risk patients.

A higher incidence of PPM implantation was noted 

with TAVR compared to SAVR at all stages of follow up. 
Interestingly, TAVR was associated with a significantly 
higher odds of PPM implantation in patients in the low-
risk group as compared to the intermediate group at 1 and 
2-year (P=0.03) follow up. Although a direct comparison of 
prostheses has not been done, it is well established that self-
expanding prostheses (EVOLUT and CORE VALVE) have 
a higher risk of PPM implantation compared to balloon 
expandable SAPIEN valves likely due to the continuous 
radial force of the self-expanding prostheses and resultant 
compression of the atrio-ventricular node and the left 
bundle branch (13). Size, structural characteristics of the 
valve like the use of an external fabric cuff in the SAPIEN 
3 valve and the depth of valve deployment contribute to 
the need of a PPM and conduction abnormalities (14). The 
PARTNER 3 trial utilized a higher implantation depth of 
SAPIEN 3 prosthesis and reported no significant difference 
in new pacemaker implantation rates among patients 
undergoing SAVR vs. TAVR (4). The relatively higher risk 
of PPM implantation in our study in the low-risk subgroup 
is likely secondary to the use of self-expanding prosthesis in 
a relatively greater percentage of patients in the former as 
compared to the intermediate-risk subgroup.

Although new PPM insertion post TAVR has not been 
definitely showed to impact short term mortality it seems to 
have unfavorable effects on left ventricular function (15-17)  
with the need for pacing increasing the risk of heart 
failure and late-mortality (18). The higher risk of PPM at 
implantation with TAVR in low-intermediate risk patients 
is an important finding especially as TAVR indication if 
expanded to younger, lower risk populations who are more 
likely to have a higher life expectancy, highlighting the need 
for longer-term follow-up in this population.

TAVR was associated with a higher risk of moderate-
severe PVR in our analyses. Similarly, the risk of moderate-
severe PVR was higher with TAVR as per the EVOLUT 
trial (19) but similar to SAVR per data from PARTNER-3 
trial (4), likely owing to the use of self-expanding bio-
prosthesis in the EVOLUT study and the use of SAPIEN 
3 valve in PARTNER 3. Five-year follow-up data from 
PARTNER-1 trial reported comparable mortality between 
TAVR and SAVR, however there was a higher PVR with 
TAVR and a higher mortality associated with the presence 
of PVR with TAVR (20,21). However, on comparing TAVR 
with EVOLUT R/PRO and SAPIEN 3 versus SAVR, we 
did not find a statistically significant difference in moderate-
severe PVR between the two modalities at 1-year, indicating 
that further evolution in valve engineering and technique 
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might narrow down the difference in PVR between the 
two modalities. Long-term implications of the increased 
incidence of PVR with TAVR remain to be seen before 
robust conclusions can be drawn regarding the durability of 
the prosthesis in low-intermediate risk patients.

Taking real world registry data from Germany—
the country with highest penetration rate of TAVR, the 
German Aortic Valve Registry recently reported on clinical 
management of severe AS in 20,549 patients at low surgical 
risk. Adjusted analysis demonstrated that TAVR (mean age 
78.9 years) was associated with improved 30-day survival 
(98.3% vs. 97.0%; P=0.001) and similar 12-month survival 
(90.4% vs. 91.2%; P=0.368) rates compared with SAVR 
(mean age 67.5 years). TAVR was rarely performed (<5%) 
in patients under 70 years old but was the predominant 
treatment in patients older than 75 at low surgical risk 
(4,760/8,439, 56%) (22).

Our analysis has limitations. First, a meta-analysis is 
always limited by the quality of enrolled studies. Second, 
there always exist differences in the enrolled patients among 
different trials due to varying inclusion criteria. Third, 
significant heterogeneity was seen in some secondary 
outcomes e.g., AF and PPM implantation even while using 
random effects model. However, to mitigate this, we only 
included RCTs in our analysis and believe that our results 
were robust for most of our outcomes and specifically, 
the primary outcome of mortality. As we used the studies’ 
defined endpoints for our analyses, the definitions of clinical 
outcomes may be slightly different across studies, however, 
we tried to standardize outcomes wherever possible. The 
choice of access route might have affected TAVR related 
outcomes. Even though 88% of the patients in our analysis 
underwent TAVR through transfemoral access, alternate 
access like transapical approach has been associated with 
worse clinical outcomes (23). Also, the number of patient-
year follow-up in our study is limited due to lack of 
availability of longer-term follow-up in the available data.

Conclusions

Although the data regarding TAVR in intermediate and 
low risk populations is encouraging, the question remains 
regarding the longevity and performance of TAVR 
prostheses in younger patients with a longer projected life 
expectancy than higher risk patients. A potential approach 
could be initially selecting “older” low-risk patients for 
TAVR till more data on the long-term performance of the 
TAVR prostheses is available.
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Figure S1 Quality assessment of studies with Cochrane risk of bias tool. 

Table S1 Baseline and demographic variables

Variable
TAVR SAVR

P value
Patients (n) Value* Patients (n) Value*

Total 3,477 3,301

Age 3,275 78.08±3.42 3,120 78.14±3.79 0.9

STS-PROM 3,275 3.82±1.5 3,120 3.9±1.52 0.91

Male 3,275 1,932 (59.0) 3,120 1,853 (59.4) 0.76

CAD 2,371 1,378 (58.1) 2,271 1,317 (58.0) 0.95

Diabetes 3,275 1,086 (33.2) 3,120 1,022 (32.8) 0.75

Hypertension 1,734 1,518 (87.6) 1,609 1,381 (85.8) 0.15

Prior MI 3,241 394 (12.2) 3,084 355 (11.5) 0.44

Prior PCI 2,745 572 (20.8) 2,630 550 (20.9) 0.95

Peripheral vascular disease 3,275 644 (19.7) 3,120 675 (21.6) 0.06

COPD 2,381 468 (19.7) 2,295 468 (20.4) 0.53

Cerebrovascular disease 3,275 498 (15.2) 3,120 500 (16.0) 0.37

Creatinine >2 mg/dL 3,275 72 (2.2) 3,120 73 (2.3) 0.74

Atrial fibrillation 3,238 785 (24.2) 3,084 787 (25.5) 0.24

Permanent pacemaker 3,241 242 (7.5) 3,084 240 (7.8) 0.67

NYHA III–IV 3,096 1,639 (52.9) 2,949 1,540 (52.2) 0.59

Mean AV gradient (mmHg) 3,275 49.96±14.3 3,120 46.51±8.2 0.71

AV area (cm2) 3,275 0.76±0.06 3,120 0.76±0.05 0.81

LVEF (%) 2,266 60.0±4.5 2,189 59.6±5.1 0.98

*, data presented as n (%) unless otherwise specified. AV, aortic valve; CAD, coronary artery disease; COPD, chronic obstructive 
pulmonary disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; PCI, 
percutaneous coronary intervention; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.
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Table S3 Comparison of TAVR with SAPIEN 3 OR EVOLUT R/PRO versus SAVR at 1-year

Outcome Studies
Event rate

Odds ratio (95% CI) I2 P value
TAVR SAVR

All-cause mortality 2 22/1,221 (1.8%) 31/1,132 (2.7%) 0.65 (0.37–1.17) 5% 0.15

Cardiac mortality 2 16/1,221 (1.3%) 27/1,132 (2.4%) 0.55 (0.29–1.02) 0% 0.06

Stroke 2 36/1,221 (2.9%) 43/1,132 (3.8%) 0.67 (0.28–1.62) 63% 0.37

Atrial fibrillation 2 100/1,221 (8.1%) 410/1,132 (36.2%) 0.15 (0.11–0.21) 36% <0.0001

Permanent pacemaker 2 177/1,221 (14.5%) 69/1,132 (6.09%) 2.23 (0.94–5.31) 86% 0.007

All-cause rehospitalization 2 59/1,221 (4.8%) 93/1,132 (8.2%) 0.56 (0.40–0.79) 0% 0.001

Mod-severe paravalvular
regurgitation

2 18/871 (2.06%) 4/708 (0.6%) 3.00 (0.60–15.01) 48% 0.18

CI, confidence interval; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.


