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Transcatheter aortic valve implantation (TAVI) is a widely 
accepted procedure for the treatment of severe aortic valve 

stenosis in patients with high operative risk.1 The minimally 
invasive nature and excellent clinical outcome of TAVI have led 
to a widespread use of this procedure.2 However, several early 
complications after TAVI have been increasingly recognized as 
major drawbacks of this procedure and may affect the long-term 
outcome.3 Despite these limitations, clinicians are expanding the 
use of TAVI also into patients with intermediate- and low-oper-
ative risk.4,5 A recent randomized trial, the Nordic Aortic Valve 
Intervention Trial (NOTION), demonstrated that in patients with 

a mean European System for Cardiac Operative Risk Evaluation 
II (EuroSCORE II) of ≈2.0%, TAVI achieved 1-year results 
similar to surgical aortic valve replacement (SAVR).6 However, 
this study randomized only 18% of the screened patients and 
was likely underpowered. Three observational studies showed 
similar survival after TAVI and SAVR in intermediate-risk 
patients,7–9 whereas a recent analysis showed lower early mortal-
ity after SAVR with sutureless prosthesis compared with TAVI 
in patients with a mean EuroSCORE II of ≈4%.10

See Editorial by Young and Elmariah

Background—The proven efficacy of transcatheter aortic valve implantation (TAVI) in high-risk patients is leading to the 
expansion of its indications toward lower-risk patients. However, this shift is not supported by meaningful evidence of its 
benefit over surgical aortic valve replacement (SAVR). This analysis aims to describe outcomes of TAVI versus SAVR in 
low-risk patients.

Methods and Results—We compared the outcome after TAVI and SAVR of low-risk patients (European System for Cardiac 
Operative Risk Evaluation II [EuroSCORE II] <4%) included in the Observational Study of Effectiveness of SAVR–
TAVI Procedures for Severe Aortic Stenosis Treatment (OBSERVANT) study. The primary outcome was 3-year survival. 
Secondary outcomes were early events and major adverse cardiac and cerebrovascular events at 3 years. Propensity score 
matching resulted in 355 pairs of patients with similar baseline characteristics. Thirty-day survival was 97.1% after SAVR 
and 97.4% after TAVI (P=0.82). Cardiac tamponade, permanent pacemaker implantation, major vascular damage, and 
moderate-to-severe paravalvular regurgitation were significantly more frequent after TAVI compared with SAVR. Stroke 
rates were equal in the study groups. SAVR was associated with higher risk of cardiogenic shock, severe bleeding, and 
acute kidney injury. At 3 years, survival was 83.4% after SAVR and 72.0% after TAVI (P=0.0015), whereas freedom from 
major adverse cardiac and cerebrovascular events was 80.9% after SAVR and 67.3% after TAVI (P<0.001).

Conclusions—In patients with low operative risk, significantly better 3-year survival and freedom from major adverse 
cardiac and cerebrovascular events were observed after SAVR compared with TAVI. Further studies on new-generation 
valve prostheses are necessary before expanding indications of TAVI toward lower-risk patients.  (Circ Cardiovasc 
Interv. 2016;9:e003326. DOI: 10.1161/CIRCINTERVENTIONS.115.003326.)
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The aim of the present study is to evaluate the early 
and 3-year outcome after TAVI and SAVR in low-risk 
patients (EuroSCORE II <4%) from the multicenter nation-
wide prospective Observational Study of Effectiveness of 
SAVR–TAVI Procedures for Severe Aortic Stenosis Treatment 
(OBSERVANT) study.

Methods

Study Design and Data Collection
OBSERVANT is a national observational, prospective, multicenter, co-
hort study that enrolled consecutive patients undergoing TAVI or SAVR 
for severe aortic valve stenosis at 93 Italian cardiology/cardiac surgery 
centers between December 2010 and June 2012. Details on the study de-
sign, patient eligibility criteria, and data collection modalities have been 
reported elsewhere.9 This study was coordinated by the Italian National 
Institute of Health and led in cooperation with the Italian Ministry 
of Health, the National Agency for Regional Health Services, Italian 
Regions, and Italian scientific societies and federations representing 
Italian professionals involved in the management of aortic valve steno-
sis. The complete list of executive working group, participating centers, 
and investigators is reported in the Appendix in the Data Supplement. In 
the participating hospitals, both SAVR and TAVI could be offered to pa-
tients with aortic valve stenosis. The study protocol has been approved 
by the Ethical Committee of each participating center, and patients gave 
their informed consent to participate in this study.

Inclusion Criteria
The study population included consecutive adult patients admitted 
with a diagnosis of severe aortic valve stenosis (defined as an aortic 
valve area <1 cm2, maximum aortic velocity >4 m/s, or mean pressure 
gradient >40 mm Hg) and requiring an aortic valve replacement. Data 
on demographic characteristics, health status before intervention, 
comorbidities, and complete information on the type of intervention 
were collected into a standardized online datasheet on a password-
protected website. Collected data were stored and analyzed at the 
Italian National Institute of Health. CoreValve (Medtronic, MN) and 
Sapien XT (Edwards Lifesciences, Irvine, CA) valve prostheses were 
implanted in these patients.

Patients with EuroSCORE II <4%11 were the subjects of the pres-
ent analysis. To evaluate only low-risk patients avoiding any selection 

bias in the assignment to TAVI or SAVR, patients with porcelain 
aorta, hostile chest, active endocarditis, and oxygen therapy and tho-
seundergoing any combined procedure (coronary revascularization or 
intervention on other heart valves), as well as patients who underwent 
emergency procedure, were excluded from this analysis.

Data Quality Assessment
Data auditing was performed by independent observers after specific 
standard operating procedures. They monitored the participating hos-
pitals to assess the completeness of the enrolled cohort and compared 
the collected data with those of the original clinical records.

Outcomes and Follow-Up
Three-year survival was the primary outcome of this analysis. 
Secondary outcomes were 30-day mortality and in-hospital adverse 
events, such as stroke, vascular complications, severe bleeding, and 
acute kidney injury. Stroke was defined as any focal deficit lasting 
>24 hours or focal deficit lasting <24 hours with positive neuroimag-
ing studies. Vascular complications were defined as any access site 
complication requiring surgical or percutaneous vascular interven-
tion. Severe bleeding was defined as bleeding requiring >4 red blood 
cell units.12 Acute kidney injury was classified into 3 stages according 
to the Acute Kidney Injury Network (AKIN) definition criteria and 
taking into consideration only the baseline and postoperative serum 
creatinine levels.13 Other secondary outcomes were major adverse 
cardiac and cerebrovascular events (MACCE) at 3 years. MACCE 
were defined as the composite end point including any of the fol-
lowing adverse events: death from any cause, stroke, myocardial 
infarction, percutaneous coronary intervention, and coronary artery 
bypass graft. An administrative follow-up has been set up for each 
enrolled patient through a record linkage with the National Hospital 
Discharged Records database for in-hospital events and with the Tax 
Registry Information System for information on survival.

Statistical Analysis
Continuous variables are presented as the mean±standard deviation 
and were compared using the Student t test. Categorical variables are 
presented as counts and percentages and were compared with the χ2 
test or Fisher exact test when appropriate. As observational studies do 
not provide randomization, a propensity score–matching method was 
used to select 2 groups of patients undergoing SAVR and TAVI, re-
spectively, with similar baseline characteristics. The propensity score 
was estimated using a nonparsimonious logistic regression model 
with the treatment method as the dependent variable.14 The following 
variables have been included as covariates: age; sex; frailty status; 
previous percutaneous coronary intervention; previous balloon aor-
tic valvuloplasty; previous cardiac surgery; previous operation on the 
aorta; chronic dialytic treatment; diabetes mellitus; chronic obstruc-
tive pulmonary disease; previous myocardial infarction; peripheral 
arteriopathy; estimated glomerular filtration rate; critical preoperative 
state; unstable angina; neurological dysfunction; pulmonary hyper-
tension (systolic pulmonary arterial pressure >60 mm Hg); chronic 
liver disease; active neoplastic disease; New York Heart Association 
class; left ventricular ejection fraction; coronary artery disease; ur-
gent operation; and mitral valve regurgitation.

One-to-one propensity score matching was performed using the 
nearest neighbor method and a caliper of 0.2 of the standard deviation 
of the logit of the propensity score.15 When a patient of a pair is lost 
to follow up and the matched patient is still alive (or free from events 
when considering the MACCE outcome), the time of observation of 
both patients is truncated at the time of the last observation of the lost 
patient to guarantee the comparability between the 2 groups.

To evaluate the balance between the matched groups, the t test 
for paired sample for continuous variables, the McNemar test for 
dichotomous variables, the Stuart–Maxwell test for categorical vari-
ables, and the analysis of the standardized differences after match-
ing have been used (Table 1). The same tests have been used to test 
differences in the early adverse events of propensity score–matched 
groups. Differences in the outcomes of matched pairs at 3 years 

WHAT IS KNOWN

•	TAVI is widely recognized as an effective treatment 
method in high-risk patients with severe aortic valve 
stenosis.

•	The excellent results of TAVI are leading to the ex-
pansion of its indications toward lower-risk patients, 
without evidence of any benefit over surgical aortic 
valve replacement.

WHAT THE STUDY ADDS

•	This prospective study showed that surgical aortic 
valve replacement and TAVI can be performed in 
patients with EuroSCORE <4% with similar 30-day 
mortality rates.

•	Surgical aortic valve replacement had significantly 
better 3-year outcomes than TAVI.

•	These data suggest that expanding the use of TAVI in 
low-risk patients may not be justified.
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have been evaluated by the Kaplan–Meier method with the Klein–
Moeschberger stratified log-rank test.16

A subgroup analysis of the 3-year mortality among SAVR and 
TAVI propensity-matched patients has been made stratifying by the 
following variables: sex, age (≤80 versus >80), previous cardiac sur-
gery, mitral valve regurgitation, left ventricular ejection function, 

paravalvular leak, new pacemaker, and chronic obstructive pulmo-
nary disease. A Cox model able to account for propensity score 
matching has been used for each stratified analysis. In case of discor-
dant classification of patients within a pair, because of residual varia-
tion in baseline variables, we gave precedence to the characteristics of 
the TAVI patient.8 The risk of experiencing a morbid event has been 
presented by subgroup as hazard ratio with 95% confidence interval. 
These hazard ratios have been accompanied by test for interaction 
between treatment and patient characteristics from Cox model.

A Cox regression analysis on the overall low-risk population, 
adjusting by propensity score, has been performed to assess the ro-
bustness of the findings from the propensity-matched SAVR/TAVI 
groups.

Tests were 2-sided, and a P<0.05 was considered statistically sig-
nificant. Statistical analyses were performed using the SAS statistical 
package, version 9.2 (SAS Institute Inc, Cary, NC).

Results
The OBSERVANT study includes 7618 patients who under-
went either isolated TAVI or isolated SAVR. For the purposes 
of this study, 3402 patients (44.7%) fulfilled the inclusion 
criteria and were the subjects of this analysis. Their baseline 
characteristics are summarized in Table in the Data Supple-
ment. From this cohort of patients with EuroSCORE II <4%, 
2871 (84%) underwent SAVR and 531 (15.6%) patients 
underwent TAVI. Transfemoral access was used in 484 
patients (91.1%), whereas a transapical approach was used in 
47 patients (8.9%). As expected, significant differences in the 
baseline variables and operative risk were observed between 
SAVR and TAVI groups (EuroSCORE II, TAVI 2.7±0.8% ver-
sus SAVR 1.7±0.9%; P<0.001; Table in the Data Supplement).

Propensity score matching resulted in 355 pairs of patients 
whose baseline and echocardiographic characteristics are 
summarized in Tables 1 and 2. Figure 1 shows the changes 
in standardized differences in baseline covariates between 

Table 1. Baseline Clinical Characteristics of Propensity 
Score–Matched Pairs of Patients With EuroSCORE II <4%

SAVR, n=355 TAVI, n=355
P 

Value

Age, y ±SD 80.0±5.1 80.1±6.4 0.81

Male, n (%) 209 (58.9) 206 (58.0) 0.83

BMI, kg/m2 ±SD 27.0±4.3 27.1±5.2 0.88

Diabetes mellitus, n (%) 57 (16.1) 53 (14.9) 0.67

eGFR, mg/min per 1.73 m2 ±SD 66.6±19.0 66.3±20.6 0.84

Chronic dialytic treatment, n (%) 4 (1.1) 8 (2.3) 0.24

Smoking history, n (%) 38 (10.7) 37 (10.4) 0.91

Neurological dysfunction, n (%) 15 (4.2) 15 (4.2) 1.00

Chronic liver disease, n (%) 19 (5.4) 13 (3.7) 0.29

Active neoplastic disease, n (%) 16 (4.5) 20 (5.6) 0.49

Peripheral arteriopathy, n (%) 31 (8.7) 36 (10.1) 0.53

Pulmonary disease, n (%) 70 (19.7) 65 (18.3) 0.62

Pulmonary hypertension, n (%) 23 (6.5) 18 (5.1) 0.42

Previous cardiac surgery, n (%) 5 (1.4) 9 (2.5) 0.29

Previous op. on the aorta, n (%) 8 (2.3) 10 (2.8) 0.64

Previous BAV, n (%) 9 (2.5) 15 (4.2) 0.18

Previous AMI, n (%) 29 (8.2) 26 (7.3) 0.67

Previous PCI, n (%) 61 (17.2) 58 (16.3) 0.77

Coronary artery disease, n (%) 45 (12.7) 56 (15.8) 0.23

  One-vessel disease 29 (8.2) 37 (10.4) 0.65

  Two-vessel disease 11 (3.1) 12 (3.4)

  Three-vessel disease 5 (1.4) 7 (2.0)

NYHA classes, n (%)

  I 29 (8.2) 23 (6.5) 0.78

  II 144 (40.1) 152 (42.8)

  III 164 (46.2) 160 (45.1)

  IV 18 (5.1) 20 (5.6)

Unstable angina, n (%) 2 (0.6) 4 (1.1) 0.41

Frailty score (moderate–severe), 
n (%)

49 (13.8) 52 (14.6) 0.74

Urgent procedure, n (%) 5 (1.4) 6 (1.7) 0.76

Logistic EuroSCORE I, % ±SD 6.3±3.0 6.3±2.7 0.97

Logistic EuroSCORE II, % ±SD 2.5±0.8 2.6±0.8 0.60

P values refer to McNemar test for dichotomous variables, Stuart–Maxwell test 
for categorical variables and t test for paired sample for continuous variables. 
AMI indicates acute myocardial infarction; BAV, balloon aortic valvuloplasty; 
BMI, body mass index; eGFR, estimated glomerular filtration rate; EuroSCORE II, 
European System for Cardiac Operative Risk Evaluation II; NYHA, New York Heart 
Association; PCI, percutaneous coronary intervention; SAVR, surgical aortic valve 
replacement; and TAVI, transcatheter aortic valve implantation.

Table 2. Preoperative Echocardiographic Parameters of 
Propensity Score–Matched Pairs of Patients With EuroSCORE II 
<4%

SAVR, n=355 TAVI, n=355 P Value

LVEF, n (%)

  >50% 304 (85.6) 304 (85.6) 0.94

  30%–50% 46 (13.0) 47 (13.2)

  <30% 5 (1.4) 4 (1.1)

Mitral valve regurgitation, n (%)

  Mild 206 (58.0) 193 (54.4) 0.64

  Moderate 66 (18.6) 67 (18.9)

  Severe 3 (0.8) 2 (0.6)

Aortic valve pattern

  Aortic valve area, cm2 ±SD 0.71±0.25 0.67±0.26 0.048

  Peak gradient, mm Hg ±SD 86±22 84±21 0.37

  Mean gradient, mm Hg ±SD 53±15 53±15 0.64

  Annulus diameter, mm ±SD 21±2 22±2 <0.001

 P values refer to McNemar test for dichotomous variables, Stuart–Maxwell 
test for categorical variables, and t test for paired sample for continuous 
variables. EuroSCORE II indicates European System for Cardiac Operative Risk 
Evaluation II; LVEF, left ventricular ejection fraction; SAVR, surgical aortic valve 
replacement; and TAVI, transcatheter aortic valve implantation.
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patients undergoing TAVI and those undergoing SAVR after 
one-to-one propensity score matching. None of the covariates 
had a postmatch standardized difference >10%, which indi-
cates an excellent covariate balance.

Outcomes
Early outcome end points are reported in Table 3. Thirty-
day mortality was 2.9% after SAVR and 2.6% after TAVI 
(P=0.82). Stroke rate was rather low and similar in the 2 study 
groups (SAVR 1.1% versus TAVI 1.1%; P=1.00). The rates 
of cardiac tamponade (4.3% versus 1.7%; P=0.049), perma-
nent pacemaker implantation (12.7% versus 2.6%; P<0.001), 
major vascular damage (7.6% versus 0%; P<0.001), mild-
to-severe paravalvular regurgitation (48.2% versus 11.3%; 
P<0.001), and moderate-to-severe paravalvular regurgitation 
(9.7% versus 1.5%; P<0.001) were significantly higher after 
TAVI compared with SAVR. On the other hand, TAVI was 
associated with significantly lower risk of cardiogenic shock 
(1.7% versus 4.6%; P=0.025), severe bleeding (4.4% versus 
15.2%; P<0.001), and acute kidney injury (AKIN stages 1–3: 
26.0% versus 43.7%; P<0.001) compared with SAVR. TAVI 
was associated with lower mean transvalvular gradient (10.6 
versus 14.4 mm Hg; P<0.001).

One-, 2-, and 3-year survival were 92.2%, 87.2%, and 
83.4% after SAVR and 88.6%, 80.4%, and 72.0% after TAVI, 
respectively (stratified log-rank test; P<0.001; Figure 2). 
One-, 2-, and 3-year freedom from MACCE were 89.6%, 

84.6%, and 80.9% after SAVR and 84.6%, 75.9%, and 67.3% 
after TAVI, respectively (stratified log-rank test; P<0.001; 
Figure 2). Incidence of adverse events (stroke, myocardial 
infarction, and coronary revascularization) at 3-year follow-
up is reported in Table 4.

Results from stratified analyses are shown in Figure 3. 
Treatment effects in terms of 3-year mortality were similar 
across all subgroups.

Furthermore, a propensity score–adjusted analysis per-
formed on the overall low-risk population showed that TAVI 
was associated with significantly lower 3-year survival than 
SAVR (P=0.002, hazard ratio =1.59, 95% confidence interval: 
1.18–2.13); this result confirms the findings of the propensity 
score analysis performed on the matched groups (P=0.002, 
hazard ratio =1.70, 95% confidence interval: 1.22–2.37; 
Figure 3).

Discussion
The results of this study indicate that a rather large number 
of low-risk patients are treated by TAVI. The data from the 
OBSERVANT study suggest that the decision not to perform 
SAVR in such a large number of patients was made without 
any evident contraindication to conventional surgery. Indeed, 
the availability of information on the frailty status and on other 
important preoperative risk factors along with data on risk fac-
tors contraindicating SAVR made feasible the identification 
and matching of patients without prohibitive surgical risk. 

Figure 1. Absolute standardized differences in baseline covariates between patients undergoing transcatheter aortic valve implantation 
and those undergoing surgical aortic valve replacement before and after propensity score matching. Post-match standardized difference 
<10% indicates excellent covariate balance. BAV indicates balloon aortic valvuloplasty; BMI, body mass index; eGFR, estimated glomer-
ular filtration rate; EuroSCORE II, European System for Cardiac Operative Risk Evaluation II; LVEF, left ventricular ejection fraction; NYHA, 
New York Heart Association; and PCI, percutaneous coronary intervention.
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Although there is not yet enough evidence on the efficacy of 
this approach,17 the decision to offer TAVI to these patients was 
likely based on Institutional policies of choosing TAVI instead 
of SAVR even if this indication drift was not supported by 
clear evidence of any benefit in low-risk patients. Furthermore, 
the minimally invasive nature of TAVI is attractive in elderly 
patients, and we suspect that several lower-risk patients might 
have denied SAVR and asked to be treated by TAVI.

The present analysis demonstrated that either TAVI or 
SAVR can be performed with similar 30-day mortality and 
stroke. TAVI seems to offer a clear advantage in terms of reduc-
tion of acute kidney injury and need of blood transfusion, but 

it was associated with a higher risk of permanent pacemaker 
implantation, moderate-to-severe paravalvular regurgitation, 
vascular damage, and cardiac tamponade. The occurrence of 
paravalvular regurgitation and risk of permanent pacemaker 
implantation occurring after TAVI is of particular concern in 
low-risk patients. The risk of such complications may likely 
be reduced by the current transcatheter technology,18 but 
still they may have negative prognostic implications in low-
risk patients in view of their longer expectancy of life.3 This 
applies also to octogenarians without significant comorbidi-
ties because a pooled analysis of octogenarians undergoing 
SAVR, mostly from pre-TAVI era, showed that their 5-year 
survival is 65%.19 The risk of complications typically associ-
ated with SAVR should be reduced as well by a strategy avoid-
ing major bleeding through a minimally invasive approach 
and by decreasing myocardial ischemia time and duration of 
cardiopulmonary bypass using sutureless valves.10

A few studies have previously reported on similar mid-
term outcome after TAVI and SAVR in patients with inter-
mediate operative risk.7–9 Another study reported on better 
operative survival with sutureless SAVR compared with 
TAVI.10 However, these study populations still belong to 
a gray area of uncertainty. Taking into consideration that 
patients with such an operative mortality risk may have an 
even higher risk of significant postoperative adverse events, 
it is reasonable to justify a less-invasive approach in these 
intermediate-risk patients. On the contrary, patients ran-
domized in the NOTION trial had a much lower operative 
risk (mean Society of Thoracic Surgeons score was ≈3%; 
mean EuroSCORE II was ≈2%), and the decision to perform 
TAVI in these patients should take into consideration the 
low risk of early adverse events occurring after SAVR and, 
even more importantly, the proven durability of conven-
tional aortic valve prostheses. The present analysis included 
patients with an operative risk similar to that of NOTION 
patients, but opposite to the NOTION trial, subjects with 
coronary artery disease, on chronic dialytic treatment, with 
history of cardiac surgery and coronary revascularization, 
and prior stroke were not excluded in this subanalysis of 
the OBSERVANT study. Furthermore, the lack of power is 
a clear limitation of the NOTION trial. The observational 
nature, the limited exclusion criteria, and a longer follow-up 
are the main differences between the present analysis and the 
NOTION trial and, to some extent, may explain the differ-
ences in terms of survival of these 2 studies. However, both 
studies showed an increased risk of bleeding, cardiogenic 
shock, and acute kidney injury with SAVR and an increased 
risk of paravalvular regurgitation, permanent pacemaker 
implantation, and vascular complications with TAVI.

Current development of transcatheter technology focuses 
on facilitating rapid and accurate implantation of the prosthe-
sis and on reducing the risk of vascular injury and paravalvular 
regurgitation. New transcatheter heart valve prostheses have 
been recently introduced and showed a potential for reducing 
such risks and may significantly improve the results of their 
predecessors.20 Therefore, the present results may be affected 
by the disadvantages of using second-generation prosthe-
ses, and the value of next-generation prostheses in low-risk 
patients should be reassessed in the near future.

Table 3. Early Outcome End Points in Propensity Score–
Matched Pairs of Patients With EuroSCORE II <4%

Adverse Events SAVR, n=355 TAVI, n=355 P Value

30 days mortality, n (%) 10 (2.8) 9 (2.5) 0.82

Stroke, n (%) 4 (1.1) 4 (1.1) 1.00

Valve migration, n (%) 0 7 (2.0) <0.001

Cardiogenic shock, n (%) 16 (4.6) 6 (1.7) 0.025

Cardiac tamponade, n (%) 6 (1.7) 15 (4.3) 0.049

Permanent pacemaker, n (%) 9 (2.6) 44 (12.7) <0.001

Major vascular damage, n (%) 0 25 (7.6) <0.001

Infection 21 (6.2) 16 (4.7) 0.40

  Wound, n (%) 6 (1.8) 4 (1.2) 0.24

  Lung or other organs, n (%) 9 (2.7) 11 (3.3)

  Sepsis, n (%) 6 (1.8) 1 (0.3)

Emergency PCI, n (%) 0 2 (0.6) <0.001

Severe bleeding, n (%)* 48 (15.2) 14 (4.4) <0.001

Paravalvular regurgitation, n (%)

  Mild 32 (9.8) 126 (38.7) <0.001

  Moderate 5 (1.5) 29 (8.9)

  Severe 0 2 (0.6)

Acute kidney injury, n (%)† 146 (43.7) 87 (26.0) <0.001

AKIN stages

  Stage 1† 96 (28.7) 62 (18.6) <0.001

  Stage 2† 22 (6.6) 11 (3.3)

  Stage 3† 28 (8.4) 14 (4.2)

De novo dialysis, n (%)* 26 (7.6) 10 (2.9) 0.006

Mean transvalvular gradient, 
mm Hg ±SD

14.4±6.9 10.6±6.0 <0.001

Peak transvalvular gradient, 
mm Hg ±SD

25.7±11.2 19.4±8.5 <0.001

ICU stay, days ±SD 2.9±3.4 2.5±2.9 0.12

 P values refer to McNemar test for dichotomous variables, Stuart–Maxwell 
test for categorical variables, and t test for paired sample for continuous 
variables. AKIN indicates Acute Kidney Injury Network; EuroSCORE II, European 
System for Cardiac Operative Risk Evaluation II; ICU, intensive care unit; PCI, 
percutaneous coronary intervention; SAVR, surgical aortic valve replacement; 
and TAVI, transcatheter aortic valve implantation.

*Bleeding requiring transfusion of more than 4 U of red blood cells.
†Excluding patients with previous dialysis.
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Study Limitations
Several limitations related with this study should be acknowl-
edged. First, OBSERVANT is a multicenter, prospective 
observational study, and the lack of randomization may intro-
duce a selection bias. To compensate for the potential selec-
tion and evident baseline imbalance between the study groups, 
propensity score matching was performed and provided a 
well-balanced and rather large study population. The results 
of propensity score matching may still be biased by coun-
founders not taken into account in this analysis. However, the 
OBSERVANT is a prospective study including a quite large 

number of variables which are of significance in risk stratifica-
tion of patients with aortic valve stenosis. Importantly, con-
ditions contraindicating SAVR were collected prospectively, 
and these patients were excluded from this analysis. Further-
more, these findings were confirmed at subgroup analyses, 
which showed no significant interactions and an increased 
risk of mortality in patients without significant comorbidities.

Second, we recognize that the definition of low operative 
risk among these patients can be difficult. We adopted a cut 
off of 4% for EuroSCORE II for defining low-risk patients 
because these are the patients who are currently accepted 

Figure 2. Intermediate survival (log-rank test by Klein–Moeschberger: P=0.0075) and freedom from major adverse cardiac and cerebro-
vascular events (MACCE; log-rank test by Klein–Moeschberger: P=0.0023) in propensity score–matched pairs of patients with low opera-
tive risk (European System for Cardiac Operative Risk Evaluation II [EuroSCORE II] <4%) after transcatheter (TAVI; red line) or surgical 
aortic valve replacement (SAVR; blue line) for severe aortic valve stenosis.
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for SAVR.21 Furthermore, early experience showed that 
EuroSCORE II seems to be accurate in predicting early mor-
tality in patients undergoing SAVR.21 Third, the outcomes 
were not defined according to the Valve Academic Research 
Consortium criteria.22 The reason is that such definitions are 
specifically designed to define complications after TAVI and, 
therefore, may be misleading to illustrate complications after 
SAVR, likely resulting in their overestimation. Furthermore, 

the OBSERVANT study was started on before these guidelines 
were published. Fourth, the 3-year follow-up prevents conclu-
sive results on the long-term durability of these methods in 
these low-risk patients. Fifth, the OBSERVANT registry does 
not contain data on antithrombotic regimens at discharge. This 
limitation prevents the analysis of stroke events at 3 years, 
which in this series occurred more frequently after TAVI than 
SAVR. Although the optimal antithrombotic therapy after 
TAVI is a matter of debate, oral anticoagulation is usually 
administered after SAVR with a bioprosthesis for at least 3 
months followed by single antiplatelet therapy. In view of the 
recently reported subclinical valve thrombosis after TAVI,23 
we speculate that suboptimal antithrombotic therapy may 
partly explain the increased risk of stroke after TAVI herein 
observed. Finally, this analysis included only patients who 
underwent isolated SAVR or TAVI, and it is unknown whether 
these results also applies to patients requiring concomitant 
coronary revascularization.

Conclusions
The results of this multicenter observational study showed that 
in patients with low operative risk, TAVI and SAVR achieve 
comparable early survival, whereas TAVI increases the risk 
of paravalvular regurgitation and implantation of pacemaker. 
Furthermore, significantly better 3-year survival and freedom 

Table 4. Adverse Events at 3-Year Follow-Up

Late Events

SAVR, n=355 TAVI, n=355

n IR, % n IR, %

Death from any cause 56 16.6 91 28.0

Stroke 13 3.0 33 9.4

Acute myocardial infarction 5 1.7 6 1.9

Coronary revascularization 3 1.6 5 1.6

MACCE 67 19.1 114 32.7

Incidence rates are computed as actuarial estimates at the specific time point 
and reported as percentage. IR indicates incidence rates; MACCE, major adverse 
cardiac and cardiovascular events (defined as the composite of death from any 
cause, stroke, acute myocardial infarction, and coronary revascularization); 
SAVR, surgical aortic valve replacement; and TAVI, transcatheter aortic valve 
implantation.

Figure 3. Analysis of the 3-year mortality in different subgroups of patients with testing for interaction. CI indicates confidence interval; 
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; IR, incidence rate; LVEF, left 
ventricular ejection fraction; SAVR, surgical aortic valve replacement; and TAVI, transcatheter aortic valve implantation.
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from MACCE were observed after SAVR compared with 
TAVI. These results suggest that, at this stage, expanding the 
indications of TAVI toward lower-risk patients may not be 
justified. Because next generation transcatheter heart valve 
prostheses may decrease the risk of paravalvular regurgitation, 
permanent pacemaker implantation, and access site complica-
tions, further studies on the results with these new valve pros-
theses are necessary to support this approach in patients with 
low operative risk.
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SUPPLEMENTAL MATERIAL 

  



Supplemental Table. Baseline characteristics of unmatched patients with EuroSCORE II < 

4% 

 SAVR  

n=2871 

TAVR 

n=531 

p-value 

Age (years±SD) 71.3±9.9 81.3±6.1 <0.0001 

Male, n (%) 1367 (47.6) 290 (54.6) 0.003 

BMI (kg/m2±SD) 27.4±4.5 26.9±5.3 0.07 

Diabetes mellitus, n (%) 520 (18.1) 80 (15.1) 0.09 

eGFR (mg/min/1.73 m2±SD) 75.0±20.2 65.2±20.8 <0.0001 

Chronic dialysis, n (%) 18 (0.6) 14 (2.6) <0.0001 

Smoking history, n (%) 559 (20.0) 59 (11.3) <0.0001 

Neurologic dysfunction, n (%) 40 (1.4) 29 (5.5) <0.0001 

Chronic liver disease, n (%) 37 (1.3) 23 (4.3) <0.0001 

Active neoplastic disease, n (%) 31 (1.1) 28 (5.3) <0.0001 

Peripheral arteriopathy, n (%) 221 (7.7) 53 (10.0) 0.07 

Pulmonary disease, n (%) 243 (8.5) 124 (23.4) <0.0001 

Pulmonary hypertension, n (%) 95 (3.3) 29 (5.5) 0.01 

Previous cardiac surgery, n (%) 53 (1.8) 12 (2.3) 0.52 

Previous op. on the aorta, n (%) 35 (1.2) 17 (3.2) 0.0006 

Previous BAV, n (%) 21 (0.7) 72 (13.6) <0.0001 

Previous AMI, n (%) 132 (4.6) 45 (8.5) 0.0002 

Previous PCI, n (%) 194 (6.8) 130 (24.5) <0.0001 

Coronary artery disease, n (%) 288 (10.0) 100 (18.8) <0.0001 

One-vessel disease 186 (6.5) 63 (11.9) 

<0.0001 Two-vessels disease 39 (1.4) 13 (2.4) 

Three-vessels disease 63 (2.2) 24 (4.5) 

LVEF, n (%)    

> 50% 2525 (87.9) 456 (85.9) 

0.15 30-50% 330 (11.5) 68 (12.8) 

< 30% 18 (0.6) 7 (1.3) 

NYHA classes, n (%)    

I 461 (16.1) 28 (5.3) 
<0.0001 

II 1444 (50.3) 217 (40.9) 



III 851 (29.6) 249 (46.9) 

IV 111 (3.9) 29 (5.5) 

Unstable angina, n (%) 58 (2.0) 7 (1.3) 0.28 

Frailty score (moderate-severe), n (%) 103 (3.7) 110 (20.7) <0.0001 

Urgent procedure, n (%) 40 (1.4) 6 (1.1) 0.63 

Logistic EuroSCORE I (% ±SD) 3.6±2.3 6.9±3.3 <0.0001 

Logistic EuroSCORE II (%±SD) 1.7±0.9 2.7±0.8 <0.0001 

Abbreviations: SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement; BMI, body 

mass index; AMI, acute myocardial infarction; eGFR, estimated glomerular filtration rate; PCI, percutaneous coronary 

intervention; BAV, balloon aortic valvuloplasty; NYHA, New York Heart Association. P-values refer to McNemar test 

for dichotomous variables, Stuart-Maxwell test for categorical variables and t-test for paired sample for continuous 

variables. 
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Participating hemodynamic centers 

1. A.O.U. Molinette - San Giovanni Battista di Torino, Torino. Marra S., D'Amico M. 

2. A.O.U. Molinette - San Giovanni Battista di Torino, Torino. Gaita F., Moretti C. 

3. Ospedale Mauriziano "Umberto I", Torino. De Benedictis M., Aranzulla T. 

4. A.O. Nazionale Ss. Antonio e Biagio e Cesare Arrigo, Alessandria. Pistis G., Reale M. 

5. Istituto Clinico S.Ambrogio, Milano. Bedogni F., Brambilla N. 

6. Fondazione San Raffaele del Monte Tabor, Milano. Colombo A., Chieffo A., Ferrari A. 

7. I.R.C.C.S. Policlinico San Donato, San Donato M.se (MI). Inglese L., Casilli F. 

8. Spedali Civili di Brescia - Università, Brescia. Ettori F., Frontini M. 

9. Ospedale Luigi Sacco - A.O. - Polo Universitario, Milano. Antona C., Piccaluga E. 

10. A.O. Ospedale Niguarda Cà Granda, Milano. Klugmann S., De Marco F. 

11. A.O. Bolognini Seriate, Seriate (BG). Tespili M., Saino A. 

12. Ospedale "S. Maria di Ca' Foncello", Treviso. Franceschini Grisolia E. 

13. A.O. di Padova, Padova. Isabella G., Fraccaro C. 

14. A.O.U. Santa Maria Della Misericordia di Udine, Udine. Proclemer A., Bisceglia T., 

Armellini I. 

15. A.O.U. San Martino, Genova. Vischi M., Parodi E. 



16. A.O.U. Pisana, Pisa. Petronio S., Giannini C. 

17. A.O.U. Senese Le Scotte, Siena. Pierli C., Iadanza A. 

18. A.O.U. Careggi, Firenze. Santoro G., Meucci F. 

19. European Hospital, Roma. Tomai F., Ghini A. 

20. Policlinico Umberto I, Roma. Sardella G., Mancone M. 

21. A.O.U. Integrata Verona, Verona. Ribichini F., Vassanelli C., Dandale R. 

22. A.O.OO.RR.S. Giovanni di Dio e Ruggi d`Aragona - A.O.U. di Salerno, Salerno. Giudice 

P., Vigorito F. 

23. A.O.U. Consorziale Policlinico di Bari, Bari. Bortone A., De Luca Tupputi Schinosa L., De 

Cillis E. 

24. A.O.U. Mater Domini, Catanzaro. Indolfi C., Spaccarotella C. 

25. A.R.N.A.S. Ospedale Civico - Di Cristina - Benfratelli, Palermo. Stabile A., Gandolfo C. 

26. A.O.U. Policlinico - Vittorio Emanuele - Ospedale Ferrarotto, Catania. Tamburino C., 

Barbanti M., Ussia G.P.,  

Participating cardiac surgery centers 

1. A.O.U. Molinette - San Giovanni Battista di Torino, Torino. Rinaldi M., Salizzoni S. 

2. A.O. S. Croce e Carle, Cuneo. Grossi C., Di Gregorio O. 

3. A.O. Nazionale Ss. Antonio e Biagio e Cesare Arrigo, Alessandria. Scoti P., Costa R. 

4. Ospedale Mauriziano "Umberto I", Torino. Casabona R., Del Ponte S. 

5. Istituto Clinico S.Ambrogio, Milano. Panisi P., Spira G. 

6. Fondazione Poliambulanza Istituto Ospedaliero, Brescia. Troise G., Messina A. 

7. Fondazione I.R.C.S.S. Policlinico San Matteo, Pavia. Viganò M., Aiello M. 

8. Fondazione San Raffaele del Monte Tabor, Milano. Alfieri O., Denti P. 

9. I.R.C.C.S. Policlinico San Donato, San Donato M.se (MI). Menicanti L., Agnelli B. 

10. Spedali Civili di Brescia - Università, Brescia. Muneretto C., Frontini M. 

11. Spedali Civili di Brescia - Università, Brescia. Rambaldini M., Frontini M. 



12. A.O. Ospedale di Lecco - Presidio Alessandro Manzoni, Lecco. Gamba A., Tasca G. 

13. Ospedali Riuniti di Bergamo - A.O., Bergamo. Ferrazzi P., Terzi A. 

14. Ospedale Luigi Sacco - A.O. - Polo Universitario, Milano. Antona C., Gelpi G. 

15. A.O. Ospedale Niguarda Cà Granda, Milano. Martinelli L., Bruschi G. 

16. Presidio Ospedaliero S.Chiara - Ospedale di Trento, Trento. Graffigna A.C.  

17. A.O.U. Integrata Verona, Verona. Mazzucco A.  

18. A.O.U. Ospedali Riuniti di Trieste - Ospedale di Cattinara, Trieste. Pappalardo A., Gatti G. 

19. A.O.U. Santa Maria Della Misericordia di Udine, Udine. Livi U., Pompei E. 
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