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Abstract

Background and 
Aims

Transcatheter aortic valve implantation (TAVI) has become the first choice to treat older patients with severe symptomatic 
aortic stenosis (AS). This study aimed to compare TAVI with surgery in low-risk patients ≤75 years of age, including both 
tricuspid and bicuspid AS.

Methods The Nordic Aortic Valve Intervention (NOTION)-2 trial enrolled and 1:1 randomized low-risk patients aged ≤75 years with 
severe symptomatic AS to TAVI or surgery. The primary endpoint was a composite of all-cause mortality, stroke, or rehos
pitalization (related to the procedure, valve, or heart failure) at 12 months.

Results A total of 370 patients were enrolled with a mean age of 71.1 years and a median Society of Thoracic Surgeons risk score of 1.1%. 
A total of 100 patients had bicuspid AS. The 1-year incidence of the primary endpoint was 10.2% in the TAVI group and 7.1% in the 
surgery group [absolute risk difference 3.1%; 95% confidence interval (CI), −2.7% to 8.8%; hazard ratio (HR) 1.4; 95% CI, 0.7–2.9; 
P = .3]. Patients with TAVI, when compared to surgery, had lower risk of major bleeding and new-onset atrial fibrillation and high
er risk of non-disabling stroke, permanent pacemaker implantation, and moderate or greater paravalvular regurgitation. The risk 
of the primary composite endpoint was 8.7% and 8.3% in patients with tricuspid AS (HR 1.0; 95% CI, 0.5–2.3) and 14.3% and 3.9% 
in patients with bicuspid AS (HR 3.8; 95% CI, 0.8–18.5) treated with TAVI or surgery, respectively (P for interaction = .1).

Conclusions Among low-risk patients aged ≤75 years with severe symptomatic AS, the rate of the composite of death, stroke, or rehos
pitalization at 1 year was similar between TAVI and surgery. Transcatheter aortic valve implantation outcomes in young bi
cuspid AS patients warrant caution and should be further investigated. (NOTION-2, ClinicalTrials.gov, NCT02825134).

Trial  
Registration 
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* Corresponding author. Tel: +45 3545 7086, Email: ole.de.backer@regionh.dk
† The complete list of NOTION-2 Investigators is provided in the Supplementary Appendix.
© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology. All rights reserved. For commercial re-use, please contact reprints@oup.com for 
reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information 
please contact journals.permissions@oup.com.

European Heart Journal (2024) 45, 3804–3814 
https://doi.org/10.1093/eurheartj/ehae331

- CLINICAL RESEARCH 
Valvular heart disease

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/45/37/3804/7673297 by guest on 12 D

ecem
ber 2024

https://orcid.org/0000-0002-8422-7127
https://orcid.org/0009-0008-9229-4777
https://orcid.org/0000-0003-2861-682X
https://orcid.org/0000-0002-6906-8877
https://orcid.org/0000-0002-9955-6089
https://orcid.org/0000-0002-3242-7602
https://orcid.org/0000-0002-9674-0278
https://doi.org/10.1093/eurheartj/ehae537
http://ClinicalTrials.gov
http://ClinicalTrials.gov
mailto:ole.de.backer@regionh.dk


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Structured Graphical Abstract

A randomized comparison of transcatheter aortic valve implantation (TAVI) with surgical aortic valve replacement in young, low surgical 
risk patients with severe tricuspid or bicuspid aortic valve stenosis (AS) is missing. 

In the NOTION-2 trial at one year after aortic valve replacement, the risk of all-cause death, stroke or rehospitalisation (procedure-, 
valve- or heart failure-related) was 10.2% in the TAVI group and 7.1% in the surgery group (absolute risk difference 3.1%; 95% CI −2.7% 
to 8.8%). Of note, the risk of this same endpoint was 8.7% and 8.3% in patients with tricuspid AS and 14.3% and 3.9% in patients with 
bicuspid AS treated with TAVI or surgery, respectively (P for interaction=0.1)

For low-risk patients ≤75 years of age with severe AS, one-year outcomes are comparable between TAVI and surgery. However, in 
patients with bicuspid AS, TAVI outcomes should be further investigated due to higher rates of non-disabling stroke and paravalvular leak. 
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The Nordic Aortic Valve Intervention (NOTION)-2 trial is the first randomized controlled trial comparing transcatheter aortic valve implantation 
(TAVI) with surgical aortic valve replacement in young, low-surgical-risk patients with severe tricuspid or bicuspid aortic stenosis (AS). One year after 
aortic valve replacement, the risk of all-cause death, stroke, or rehospitalization was 10.2% in the TAVI group and 7.1% in the surgery group. 
Important differences in outcomes are observed in the tricuspid vs. bicuspid AS cohorts. CI, confidence interval.

Keywords Transcatheter aortic valve implantation • Surgical aortic valve replacement • Aortic valve stenosis • Bicuspid and tricuspid 
aortic valve

Introduction
The role of transcatheter aortic valve implantation (TAVI) in the treat
ment of patients with severe, symptomatic aortic stenosis (AS) has 
evolved on the basis of evidence from clinical trials.1–11 This resulted 
in a steady expansion of indications for TAVI in both the European 
Society of Cardiology/European Association for Cardio-Thoracic 
Surgery (ESC/EACTS) and the American College of Cardiology/ 
American Heart Association (ACC/AHA) guidelines for the manage
ment of valvular heart disease.12,13 Both guidelines highlight patient 

age and life expectancy as major considerations when deciding on sur
gical aortic valve replacement (SAVR) or TAVI. The European guide
lines recommend SAVR for low-surgical-risk patients <75 years of 
age and TAVI for patients ≥75 years of age. The American guidelines 
use an age threshold of <65 years or a life expectancy >20 years to rec
ommend SAVR and an age >80 years or a life expectancy <10 years to 
recommend TAVI. In addition, the American guidelines recommend 
SAVR for patients with a bicuspid aortic valve, whereas the European 
guidelines offer no formal recommendation but note that SAVR is 
more appropriate in case of bicuspid AS and associated aortopathy.
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Despite insufficient evidence regarding the comparison of TAVI with 
SAVR in patients younger than 75 years, there is already a strong adop
tion of TAVI to treat younger low-risk patients, especially in the 
USA.14,15 In this study, we report the findings of the Nordic Aortic 
Valve Intervention (NOTION)-2 trial, in which TAVI was compared 
with surgery in low-risk patients ≤75 years of age and including both 
tricuspid and bicuspid AS.

Methods
Trial design
The NOTION-2 trial was an investigator-initiated and -driven, multicenter, 
randomized trial in which transfemoral TAVI was compared with standard 
SAVR in patients ≤75 years of age with severe symptomatic aortic AS and a 
low-surgical-risk [Society of Thoracic Surgeons (STS) mortality risk score 
<4%]. Patients were enrolled across nine centres in Denmark, Norway, 
Sweden, Finland, and Iceland with the first patient enrolled 30 June 2016 
and enrolment ended February 2023. The regional ethical review boards ap
proved the study protocol at each site and the trial was conducted according 
to the principles of the Declaration of Helsinki. The trial sponsor was The 
Heart Center, Rigshospitalet, Copenhagen University Hospital, Copenhagen, 
Denmark. All data were collected and stored by the investigators and exter
nally monitored (Supplementary data online, Appendix, Section A,B).

Patients
Eligible patients were ≤75 years of age with a severe tricuspid or bicuspid 
AS (aortic valve area <1.0 cm2 or <0.6 cm2/m2 and mean transvalvular gra
dient >40 mmHg or peak jet velocity >4.0 m/s), with an estimated low 
30-day mortality risk after surgery (STS score <4%) and suitable to undergo 
both transfemoral TAVI or SAVR. Patients with an ascending aorta ≥45 mm 
or coronary artery disease not suitable for both percutaneous coronary 
intervention (PCI) and coronary artery bypass graft (CABG) surgery 
were excluded. A list of all in- and exclusion criteria can be found in the 
Supplementary data online, Appendix, Section D.

Study procedures
Patients were randomized in a 1:1 ratio; the randomization was stratified for 
gender, the need for coronary revascularization, and valve morphology (bicus
pid vs. tricuspid) as assessed by cardiac computed tomography scan. Screening 
and enrolment were performed by the local Heart Teams and investigators. 
The choice of type and size of transcatheter or surgical aortic bioprosthesis 
was left at the discretion of the treating physician. In case of need for coronary 
artery revascularization in the TAVI arm, PCI was performed prior to or con
comitant with TAVI. The choice of post-procedural anti-thrombotic therapy 
was as per local protocol. Patients were followed with registration of clinical sta
tus, New York Heart Association (NYHA) class, Kansas City Cardiomyopathy 
Questionnaire (KCCQ), and echocardiography at baseline, discharge, 1 month 
and 1 year, and then yearly up to 10 years after the procedure.

Study endpoints
The primary endpoint was a composite risk of death of any cause, stroke, or 
rehospitalization (related to the procedure, valve, or heart failure) at 1 year 
after the procedure.

The list of secondary endpoints includes death of any cause, stroke 
(disabling and non-disabling), major or life-threatening bleeding, new-onset 
atrial fibrillation, need for permanent pacemaker implantation, valve endo
carditis, valve thrombosis, need for valve re-intervention, and valve 
performance as assessed by transthoracic echocardiographic at 1 month 
and 1 year after the procedure (Supplementary data online, Appendix, 
Sections F,G).

The NOTION-2 trial has been an externally monitored study and all pri
mary events were assessed and revalidated by an independent Clinical Event 
Adjudication Committee.

Statistical analyses
For the study sample size calculation, it was estimated that a sample of 372 
patients would provide the trial 90% power to show the non-inferiority of 
TAVI to surgery with regard to the primary endpoint at 1 year, assuming a 
Kaplan–Meier estimate of the primary endpoint of 10% in the TAVI group 
and 15% in the surgery group. To test for non-inferiority, we determined 
whether the upper boundary of the 95% confidence interval (CI) for the dif
ference in the rate of the primary endpoint between the TAVI and surgery 
group was less than the pre-specified non-inferiority margin of 5% points.

The primary analysis was calculated and compared in the intention-to- 
treat (ITT) population. Further sub-analyses should be considered explora
tory and were calculated for the as-treated population, as well as for the 
tricuspid and bicuspid AS populations separately.

Categorical values were presented as counts and percentages and com
pared with a χ2 or Fisher’s exact test. Continuous variables were presented 
as mean and standard deviation or median and interquartile range (IQR) and 
respectively compared with a Student’s t-test or Wilcoxon signed-rank test. 
Time-to-event analyses were performed with Kaplan–Meier estimates and 
comparisons with a log-rank test. The cumulative incidence of stroke, 
rehospitalization, bleeding, vascular complications, acute kidney injury, new- 
onset atrial fibrillation, permanent pacemaker, endocarditis, myocardial in
farction, valve thrombosis, and aortic re-intervention was estimated with 
the Aalen–Johansen method with death as competing risk and groups 
were compared using Gray’s test. Patients with atrial fibrillation or a per
manent pacemaker at baseline were excluded from the respective analyses 
to calculate the cumulative incidence of new-onset atrial fibrillation and 
need for a permanent pacemaker implantation. The association between 
exposure and the primary and secondary endpoints was analysed with 
Cox regression and reported as hazard ratio (HR) with a 95% CI. 
Sub-analyses of the association between exposure and primary and second
ary endpoints in patients with bicuspid and tricuspid AS were performed 
with calculation of risk differences in percentage points. All tests used a two- 
sided significance level of 5%. All statistical analyses were performed by 
means of SAS Guide 8.3 (SAS Institute, Cary, NC, USA).

Results
Patients
A total of 376 patients were enrolled, five patients withdrew consent, and 
one patient was a screening failure, resulting in 187 and 183 patients ran
domized to TAVI and surgery in the ITT population (n = 370), 
respectively. Two patients crossed over from TAVI to surgery and nine 
patients crossed over from surgery to TAVI prior to intervention, result
ing in 194 patients in the TAVI and 176 patients in the surgery group in the 
as-treated population (see Supplementary data online, Figure S1, Figure 1).

Baseline characteristics were balanced between the two groups. The 
mean age of the patients was 71.1 years, with 42.7% of patients being 70 
years or younger and the median STS score was 1.1%. A total of 100 
patients (27%) had a native bicuspid aortic valve verified by cardiac 
computed tomography (Table 1), (For baseline characteristics of as- 
treated population see Supplmentary data online, Table S1 and S5).

In the TAVI group, self-expanding and balloon-expandable transcath
eter aortic valves were used to treat 72.7% and 25.7% of patients, re
spectively, and 5.9% of patients were revascularized prior to or during 
TAVI. A cerebral embolic protection device was used in 15.5% of TAVI 
patients. In the surgery group, 68.8% of patients were treated with a CE 
Magna or Perimount bioprosthesis and 9.8% underwent concomitant 
CABG (see Supplementary data online, Table S4).

Primary endpoint
At 1 year, data regarding the primary endpoint were available for 100% 
of the patients. In the ITT population, the risk of death from any cause, 
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stroke, or rehospitalization at 1 year was 10.2% in the TAVI group and 
7.1% in the surgery group, with an absolute risk difference between the 
TAVI and surgery group of 3.1% (95% CI, −2.7% to 8.8%; P = .3) and an 
HR of 1.4 (95% CI, 0.7–2.9; P = .3). The risk estimates of the individual 
components are also shown in Figure 2 and Table 2.

The results were similar in the as-treated population with a primary 
endpoint risk of 9.8% in the TAVI group and 7.4% in the surgery group; 
resulting in an absolute risk difference of 2.4% (95% CI, −3.3% to 8.1%; 
P = .4) and an HR of 1.3 (95% CI, 0.7–2.7; P = .4) (see Supplementary 
data online, Figure S3 and Table S9).

Secondary clinical endpoints
At 1 year, the cumulative incidence rates in the TAVI group compared 
with the surgery group were lower for major or life-threatening bleed
ing (4.8% vs. 17.5%; HR 0.3; 95% CI, 0.1–0.5) and new-onset atrial fib
rillation (3.2% vs. 41.7%; HR 0.06; 95% CI, 0.03–0.2) and higher for 
non-disabling stroke (3.7 vs. 0.5%; HR 7.0; 95% CI, 0.9–56.5) and 
permanent pacemaker implantation (15.1% vs. 8.0%; HR 2.0; 95% CI, 
1.1–3.8). The risk of major vascular complications and myocardial 
infarction were similar between the two groups. A similar trend in 
outcomes was observed after just 1 month of follow-up (see 
Supplementary data online, Table S8). Finally, the length of index hospi
talization was significantly shorter in the TAVI group as compared to 
the surgery group (median: 3 days vs. 7 days; P < .001; Table 2).

Valve performance
At 30 days, the mean trans-prosthetic gradient was 12.0 mmHg in the 
TAVI group and 12.9 mmHg in the surgery group. The mean aortic 
valve orifice area was 1.8 and 1.7 cm2, respectively (Figure 3A). The 
TAVI group had a higher risk of moderate or greater paravalvular regur
gitation (PVR) as compared to the surgery group (4.7% vs. 0%; P < .01) 
(see Supplementary data online, Figure S9), a lower risk of severe 
patient–prosthesis mismatch (10.1% vs. 19.4%; P = .02) and a similar 

risk of aortic valve re-intervention (1.1 vs. 2.2; P = .4) at 1 year of follow- 
up (Table 2). Analyses in the as-treated population showed similar re
sults and can be found in Supplementary data online, Figure S6 and 
Table S9.

Functional outcomes
Dyspnoea as measured by NYHA Class II–IV was experienced at 
1 month and 1 year of follow-up in 28% and 22% of patients in the 
TAVI group and 42% and 29% in the surgery group, respectively 
(Figure 3B). The KCCQ overall summary score improved from baseline 
to 1 month by 16% in the TAVI group and 4% in the surgery group and 
improved by 17% in both groups at 1 year of follow-up (Figure 3C) 
(Supplmentary data online, Figure S10). At 1 year of follow-up, 85% 
of patients in both groups had a KCCQ overall summary score ≥50 
points (fair or greater health status) and avoided a decline of >10 points 
(equivalent to a moderate deterioration). Analyses for the as-treated 
population showed similar results and are shown in Supplementary 
data online, Figure S6.

Outcomes in tricuspid vs. bicuspid AS
In the overall study population, 270 patients had a tricuspid AS and 100 
patients a bicuspid AS. Patients in the tricuspid cohort had a mean age 
of 71.5 years, whereas patients with a bicuspid AS had a mean age of 
69.9 years. Baseline characteristics were balanced between the two 
treatment groups in both patient cohorts (see Supplementary data 
online, Tables S2, S3, S6, and S7).

In the tricuspid cohort, the risk of the primary endpoint was 8.7% in the 
TAVI and 8.3% in the surgery group, resulting in an absolute risk differ
ence of 0.4% (95% CI, −6.3% to 7.0%) and an HR of 1.0 (95% CI, 0.5– 
2.3; P = .9). The risk of death or disabling stroke at 1 year was 2.2% in 
the TAVI and 1.5% in the surgery group, resulting in an absolute risk dif
ference of 0.7% (95% CI, −2.5% to 3.9%) and an HR of 1.4 (95% CI, 0.2– 
8.5; P = .7) (Figure 4, Supplementary data online, Figure S4, S7 and 
Table S10).

Figure 1 Flow chart of study population selection and treatment. AT, as-treated; ITT, intention-to-treat; TAVI, transcatheter aortic valve implant
ation. ̂ Patients enrolled in the study, excluding one screen failure and five consent withdrawals. §A detailed overview of the reasons for cross-over are 
reported in Supplementary data online, Figure S1
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Table 1 Characteristics of the patients at baselinea

Characteristic TAVI (n = 187) Surgery (n = 183)

Age (years) 71.1 ± 3.1 71.0 ± 3.2

Male sex, no. (%) 119 (63.6) 113 (61.7)

STS-PROM score (%)b 1.1 (0.9 − 1.5) 1.1 (0.8 − 1.5)

EuroSCORE II score (%)c 1.0 (0.8 − 1.3) 1.1 (0.8 − 1.4)

Arterial hypertension, no. (%) 128 (68.4) 131 (71.6)

Diabetes mellitus, no. (%) 37 (19.8) 41 (22.4)

Body mass index (kg/m2)d 28.0 ± 4.4 27.5 ± 4.3

Coronary artery disease, no. (%)e 25 (13.4) 18 (9.8)

Previous myocardial infarction, no. (%) 13 (7.0) 5 (2.7)

Previous percutaneous coronary intervention, no. (%) 23 (12.3) 18 (9.8)

Atrial fibrillation, no. (%) 32 (17.1) 27 (14.8)

Previous stroke, no. (%) 12 (6.4) 14 (7.7)

Peripheral arterial disease, no. (%) 2 (1.1) 4 (2.2)

Estimated glomerular filtration rate < 45 mL/min/1.73 m2, no. (%) 5 (2.7) 2 (1.1)

Chronic obstructive pulmonary disease, no. (%) 21 (11.2) 19 (10.4)

NYHA Class III or IV, no. (%) 51 (27.3) 40 (21.9)

Moderate pulmonary hypertension, no. (%)f 9 (4.8) 6 (3.3)

Left bundle branch block, no. (%) 4 (2.1) 3 (1.6)

Right bundle branch block, no. (%) 8 (4.3) 8 (4.4)

Pre-existing pacemaker or defibrillator, no. (%) 7 (3.7) 8 (4.4)

Echocardiography

Aortic valve area (cm2) 0.7 ± 0.2 0.7 ± 0.2

Mean aortic valve gradient (mmHg) 50.4 ± 13.8 51.6 ± 14.1

Left ventricular ejection fraction (%) 58.9 ± 6.6 58.9 ± 8.5

Moderate or severe aortic regurgitation, no./total no. (%) 26/177 (14.7) 18/172 (10.5)

Moderate or severe mitral regurgitation, no./total no. (%) 7/173 (4.0) 3/172 (1.7)

Cardiac computed tomography

Systolic annular perimeter (mm) 79.5 ± 9.4 78.9 ± 11.4

Systolic annular area (mm2) 495 ± 97 498 ± 78

Bicuspid aortic valve, no. (%) 49 (26.2) 51 (27.9)

Type 0, no. (%) 3 (1.6) 4 (2.2)

Type 1, no. (%) 45 (24.1) 47 (25.7)

Type 2, no. (%) 1 (0.5) 0 (0)

TAVI, transcatheter aortic valve implantation; NYHA, New York Heart Association. 
aPlus–minus values are means ± SD. There were no significant between-group differences in baseline characteristics. Data on aortic valve area were available for 185 patients in the TAVI 
group and 178 patients in the surgery group; mean aortic valve gradient, 184 and 176, respectively; left ventricular ejection fraction, 186 and 183; and systolic annular perimeter and area on 
cardiac computed tomography, 185 and 174. 
bSociety of Thoracic Surgeons Predicted Risk of Mortality (STS-PROM) scores range from 0% to 100% and provide an estimate of the risk of death at 30 days among patients undergoing 
surgical aortic valve replacement on the basis of several demographic and procedural variables. 
cScores on the European System for Cardiac Operative Risk Evaluation (EuroSCORE) II range from 0% to 100%, with higher scores indicating a greater risk of death within 30 days after 
the procedure. 
dThe body mass index is the weight in kilograms divided by the square of the height in metres. 
eCoronary artery disease defined as previous myocardial infarction or coronary revascularization. 
fModerate pulmonary hypertension defined as an echocardiographic tricuspid regurgitation gradient ≥40 mmHg.
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In the bicuspid cohort, the risk of the primary endpoint was 14.3% in 
the TAVI and 3.9% in the surgery group, resulting in an absolute risk dif
ference of 10.4% (95% CI, −0.8% to 21.5%) and an HR of 3.8 (95% CI, 
0.8–18.5; P = .07). The risk of death or disabling stroke at 1 year was 
6.1% in the TAVI and 2.0% in the surgery group, resulting in an absolute 
risk difference of 4.1% (95% CI, −3.6% to 11.9%) and an HR of 3.1 (95% 

CI, 0.3–30.0; P = .3) (Figure 4, Supplementary data online, Figure S5, S8
and Table S11). The P-value for interaction between TAVI and surgery 
as well as bicuspid and tricuspid AS was .1.

Regarding valve performance, there was a markedly higher rate of 
moderate or greater PVR in the bicuspid TAVI cohort as compared 
to the bicuspid surgery cohort, resulting in an absolute risk difference 

A B

C D

E F

Figure 2 Time-to-event curves for the primary composite endpoint and key secondary endpoints. Shown are Kaplan–Meier estimates of the rate of 
the primary composite endpoint (A), the rate of death from any cause or disabling stroke (B), and the rate of death from any cause (C ), cumulative 
incidence of all stroke (D), rehospitalization (E), and disabling stroke (F ) in patients who underwent transcatheter aortic valve implantation and surgical 
aortic valve replacement. The inserts show the same data on an enlarged y-axis, also including the 95% confidence intervals
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of 9.1% (95% CI, 0.6%–17.6%); this is a three-fold higher risk as ob
served in the tricuspid cohort. Finally, the risk for a permanent pace
maker between treatment groups was not markedly different in the 
tricuspid vs. bicuspid cohorts (Figure 4C).

Discussion
There are three main findings of the NOTION-2 trial. First, there was clin
ical equipoise for TAVI vs. surgery in the overall study cohort with regard 

to the primary composite endpoint of death, stroke, or rehospitalization at 
1 year, although the underpowered sample size complicates a definitive as
sessment of the study hypothesis. Second, analysis of key secondary end
points showed that TAVI was associated with a significantly higher rate of 
non-disabling stroke, PVR, and new pacemaker implantation, but also a sig
nificantly lower rate of new-onset atrial fibrillation and major bleeding than 
surgery. The between-group differences in non-disabling stroke and PVR 
can mainly be ascribed to a higher rate of these events in the bicuspid 
TAVI cohort (Structured Graphical Abstract). Third, patients who 

. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Primary and key secondary endpoints at 1 yeara

End point TAVI Surgery TAVI vs. surgery P-valuec

% of patients HR (95% CI)b

Death from any cause, stroke, or rehospitalization 10.2 7.1 1.4 (0.7–2.9) .3

Death from any cause, disabling stroke, or rehospitalization 6.4 6.6 1.0 (0.4–2.1) .9

Death from any cause or disabling stroke 3.2 1.6 2.0 (0.5–7.8) .3

Death from any cause 2.1 1.1 2.0 (0.4–10.7) .4

Death from cardiovascular cause 2.1 1.1 2.0 (0.4–10.7) .4

Stroke 5.4 1.6 3.3 (0.9–12.0) .05

Disabling stroke 1.6 1.1 1.5 (0.2–8.8) .7

Non-disabling stroke 3.7 0.5 7.0 (0.9–56.5) .03

Transient ischaemic attack 2.7 1.6 1.6 (0.4–6.8) .5

Rehospitalization—procedure-, valve- or heart failure-related 3.7 4.9 0.7 (0.3–2.0) .6

Rehospitalization—procedure-related 1.1 4.0 0.3 (0.06–1.3) .09

Rehospitalization—valve-related 2.2 1.1 1.9 (0.3–10.3) .5

Rehospitalization—heart failure-related 0.6 0 .3

Major or life-threatening bleeding 4.8 17.5 0.3 (0.1–0.5) <.001

Life-threatening bleeding 1.1 3.3 0.3 (0.1–1.6) .2

Major vascular complication 1.6 1.6 1.0 (0.2–4.8) 1.0

Acute kidney injury Stage 2 or 3 0.5 0.5 1.0 (0.1–15.5) 1.0

Length of index hospitalization—median no. of days (IQR) 3 (2–4) 7 (6–9) 4 (4–5) <.001

New-onset atrial fibrillationd 3.2 41.7 0.06 (0.03–0.2) <.001

New permanent pacemaker implantatione 15.1 8.0 2.0 (1.1–3.8) .03

Endocarditis 1.1 1.6 0.6 (0.1–3.9) .6

Myocardial infarction 2.1 1.6 1.3 (0.3–5.9) .7

Valve thrombosis 1.1 0 .2

Moderate or greater paravalvular regurgitationf 4.7 0 .005

Severe patient–prosthesis mismatchg 10.1 19.4 0.5 (0.3–0.9) .02

Aortic re-intervention 1.1 2.2 0.5 (0.1–2.7) .4

TAVI, transcatheter aortic valve replacement; IQR, interquartile range; HR, hazard ratio. 
aThe percentages are Kaplan–Meier estimates. Except for the length of index hospitalization, the values are median and IQR. 
bThe reported TAVI vs. surgery difference values are HRs. Except for the length of index hospitalization, the value is a difference in medians estimated. 
cThe P-values are based on the log-rank test (for the primary endpoint and death from any cause) and Gray’s test (for other endpoints). Except for the length of index hospitalization, the 
P-value is based on the Wilcoxon rank-sum test. Caution should be exercised regarding drawing inferences about absolute treatment effects, owing to the fact that these are secondary 
endpoint comparisons. 
dPatients who had atrial fibrillation before the procedure were excluded from the analysis. 
ePatients with a pre-existing permanent pacemaker or defibrillator were excluded from the analysis. 
fModerate or greater paravalvular regurgitation rate at 30 days. 
gSevere patient–prosthesis mismatch rate at 30 days.
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underwent TAVI had a more rapid improvement in NYHA class and 
KCCQ than those who underwent surgery.

TAVI has revolutionized the treatment of patients with severe, symp
tomatic AS. Initially limited to high-surgical-risk patients, indications for 
TAVI have expanded to intermediate- and low-risk patients through a rigor
ous series of clinical trials comparing TAVI with SAVR.1–11 Currently, there 
are three randomized clinical trials—NOTION, PARTNER 3, and Evolut 
Low-Risk—which evaluated TAVI in low-surgical-risk patients.3,7,10,16 All 
three trials showed that TAVI was non-inferior to surgery and this with 
4- to 10-year follow-up data available. An important limitation of these 
low-risk TAVI trials is that patients were in their mid-70s or older when 
enrolled in the trial and bicuspid aortic valves were excluded.

The NOTION-2 trial is the first-ever trial comparing TAVI with sur
gery in patients ≤75 years of age and not excluding bicuspid aortic valves. 
As bicuspid AS is more commonly diagnosed in young patients, it is highly 
relevant to include bicuspid AS in a trial comparing both treatment mo
dalities in a young population.17 The NOTION-2 study population has 
a mean age of 71.1 years with a median STS score of 1.1%.18 In compari
son, the mean age of the PARTNER 3 and Evolut Low-Risk study popu
lations was 73.9 and 73.5 years, respectively, with a mean STS score of 
1.9% in both populations.19,20

In the NOTION-2 trial, surgical outcomes were favourable; the rate 
of death at 30 days was 1.1%, and the rate of a composite of death or 
disabling stroke at 1 year was 1.6%. In the TAVI group, the rate of death 

Figure 3 Haemodynamic valve performance, functional Status, and quality of life at 30 days and 1 year. (A) The effective aortic valve orifice area (solid 
lines, cm2) and transvalvular mean gradient (dashed lines, mmHg) are shown for the transcatheter aortic valve implantation group and the surgery group 
at all time points after the procedure until 1-year follow-up. (B) The functional status (New York Heart Association functional class) at 30 days and 1 
year, respectively. (C ) The mean relative change (%) from baseline in Kansas City Cardiomyopathy Questionnaire overall summary score as a measure 
of quality of life in both groups
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Figure 4 Primary composite endpoint and key secondary endpoints in the tricuspid and bicuspid cohorts. Shown are Kaplan–Meier estimates of the 
rate of death or disabling stroke in the tricuspid (A) and bicuspid (B) cohorts. (C ) Subgroup analyses for the primary composite endpoint and key sec
ondary endpoints in the tricuspid and bicuspid cohorts comparing transcatheter aortic valve implantation (TAVI) and surgery. All percentages are 
Kaplan–Meier estimates or cumulative incidence at 1 year, except for moderate or greater paravalvular regurgitation rates which are the 30-day inci
dence rates (§). The risk differences with 95% confidence intervals between TAVI and surgery are shown in percentage points per subgroup (tricuspid 
vs. bicuspid cohorts)
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at 30 days was even lower (0.5%), whereas the rate of death or disabling 
stroke at 1 year was 3.2% in the overall TAVI cohort—however, with a 
striking difference in this outcome between the tricuspid (2.2%) vs. bi
cuspid (6.1%) TAVI cohort. In comparison, the 1-year incidence of 
death or disabling stroke has been reported to be 1.0%, 2.9%, and 
3.8% in the TAVI cohorts of the PARTNER 3, Evolut Low-Risk, and 
DEDICATE trials, respectively.9,19,20 Unfortunately, the reported out
comes in these trials are difficult to compare as different in- and exclu
sion criteria were applied.

Three disabling strokes were noted in the NOTION-2 TAVI cohort: 
one haemorrhagic stroke (Day 9), one infective endocarditis-related 
stroke (Day 107), and one ischaemic stroke (Day 181). In addition, se
ven non-disabling strokes were noted. Complete symptom resolution 
was noted after few days/weeks in five patients. In two patients, there 
was only partial or no resolution of the neurological symptoms; these 
were two bicuspid AS patients treated with TAVI and without use of 
cerebral embolic protection. Remarkably, 5 out of 10 strokes in the 
TAVI cohort occurred beyond 30 days (all in the tricuspid cohort); 
whether this is related to (a) specific transcatheter aortic valve type(s), 
valve under-expansion or the prescribed anti-thrombotic therapy 
should be investigated in future properly powered studies 
(Supplementary data online, Figure S2).

In line with these observations, reported stroke rates at 1 year after 
TAVI in bicuspid AS in the non-randomized prospective BIVOLUTX 
(5.3%), Low-Risk TAVI Bicuspid (1.6%), and Evolut Low-Risk Bicuspid 
(4%)  registries have been higher than in contemporary low-risk 
TAVI trials in patients with tricuspid AS.21–23 Higher stroke rates 
with TAVI in bicuspid AS were also observed in registry studies with 
intermediate- and high-risk patients.24–26 Excessive aortic valve calcifi
cation, more need for balloon pre- and post-dilation, and more fre
quent valve repositioning may be reasons for an increased stroke risk 
in bicuspid AS patients treated with TAVI.26,27

Contrarily, the primary event rate in the surgery group was lower in 
patients with a bicuspid (3.9%) as compared a tricuspid (8.3%) aortic 
valve. This may be related to a slightly younger age and better cardio
vascular risk profile of the bicuspid AS cohort. Similar differences in 
baseline characteristics and outcomes in bicuspid vs. tricuspid AS pa
tients undergoing SAVR have recently been reported by Hirji et al.28

On the other hand, we also have to be humble and aware of that 
this may simply be a play of chance, taking into account the relatively 
small bicuspid AS cohort in this trial.

Similar to previous trials, new-onset atrial fibrillation and major 
bleeding occurred less frequently with TAVI than with surgery. 
Results of other secondary endpoints, including new pacemaker im
plantation and PVR, favoured surgery.1–11 The rates of new pacemaker 
implantation were not different in TAVI patients with a native bicuspid 
(14.6%) vs. tricuspid AS (15.2%). However, there was a marked differ
ence in moderate or greater PVR rates in TAVI patients with a bicuspid 
(9.1%) vs. tricuspid AS (3.1%). Finally, the trial results indicate that TAVI 
patients had a more rapid improvement in NYHA class and KCCQ 
score than those who underwent surgery. Importantly, patients 
reached a similar clinical and functional status at 1-year post-procedure 
in both groups. This is in line with previous TAVI vs. SAVR trials includ
ing high-, intermediate-, or low-surgical-risk patients.1–11

The most important limitations of this trial and report are the under
powered sample size and the fact that current results only reflect 
1-year outcomes. The small sample size complicates a definitive assess
ment of the study hypothesis, with an absolute risk difference between 
both groups for the primary endpoint of 3.1%, but also surpassing the 
pre-specified non-inferiority margin of 5% with the upper limit of the 

95% CI. This 1-year study report also does not address long-term clin
ical or valvular aspects. Definitive conclusions regarding the possible 
(dis)advantages of TAVI and surgery when treating a young AS popula
tion should depend on long-term outcomes.

Besides the limited sample size and follow-up time, this trial has sev
eral other limitations. First, the results apply only to the defined trial 
population. Second, the outcomes obtained in this trial are the result 
of a valve choice which was left at the physician’s discretion; results can
not be extrapolated to one particular valve type and further research is 
needed to investigate whether some transcatheter valve types may be 
associated with better clinical outcomes than others, in particular when 
treating bicuspid AS. Third, a bias in the diagnosis of all stroke cannot be 
excluded, as most TAVI was performed in local anaesthesia with imme
diate hospitalization at the regular ward post-procedure vs. cardiac sur
gery which was performed in general anaesthesia and with a minimum 
24 h hospitalization at the intensive care unit. This may have led to a bias 
in diagnosis of early post-procedural non-disabling stroke. Fourth, this 
study did not discriminate different types of bicuspid AS. This issue 
will be examined in a sub-study, in which clinical outcomes and valve 
performance will be studied in relation to the underlying bicuspid AS 
phenotype and implanted valve type. Fifth, echocardiography was per
formed as per local protocol without core lab adjudication.

Previous low-risk TAVI trials have shown equipoise between TAVI 
and surgery when treating patients with severe tricuspid AS.18–20 The 
findings in this trial suggest that TAVI may be a valuable option to treat 
low-risk patients aged 65–75 years with a tricuspid AS. However, long- 
term clinical outcomes and valve durability are still unknown and life
time management aspects should be considered when treating this 
patient group. Although this trial was not powered to study and com
pare outcomes between TAVI and surgery in young bicuspid AS pa
tients, the study findings urge caution for a (too) liberal use of TAVI 
in this specific patient population and indicate that SAVR should be 
the first-line recommendation.

Dedicated randomized trials comparing TAVI with surgery in young 
bicuspid patients are needed to provide a final answer to this clinical 
question. In the meantime, when opting for TAVI in younger bicuspid 
patients, one should consider the risk of stroke and PVR, with a higher 
vigilance to prevent cerebral embolic events and a careful selection of 
bicuspid aortic valve morphologies, linked with a lower risk of PVR.

Conclusions
In this randomized trial involving low-risk patients aged ≤75 years with 
severe AS, the risk of death from any cause, stroke, or rehospitalization 
at 1 year was similar between TAVI and surgery. However, TAVI out
comes in young bicuspid AS patients warrant caution with respect to 
non-disabling stroke and PVR.

Supplementary data
Supplementary data are available at European Heart Journal online.
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