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A B S T R A C T

Background: The impact of early nonfatal complications on subsequent mortality and quality of life (QOL) after 
contemporary transcatheter aortic valve implantation (TAVI) remains unclear.
Methods: This post-hoc substudy of the LANDMARK trial included patients with severe aortic stenosis randomized 
to the Myval transcatheter heart valve (THV) series or to contemporary THV (Sapien or Evolut) series. Early 
nonfatal complications were defined as events occurring within 30 days after TAVI in patients surviving the first 
30 days and included stroke, type 3 bleeding, major vascular complications, acute kidney injury stages 2-4, 
moderate or severe aortic regurgitation, new permanent pacemaker implantation, or reintervention according 
to the VARC-3 early safety endpoint. The primary endpoint was all-cause mortality from 30 to 365 days. QOL was 
assessed using the Short Form-12 at baseline, 30 days, and 1 year.
Results: Of the 768 randomized patients, 742 were alive at 30 days. Of these, 177 (23.9%) experienced at least 1 
early nonfatal complication, whereas 565 (76.1%) did not. Age (80 ± 5 years vs. 80 ± 6 years, p = 0.67) and 
Society of Thoracic Surgeons score (median 2.6 [interquartile range: 1.6-3.9] vs. 2.6 [1.7-3.9], p = 0.76) were 
similar between groups. Patients with early nonfatal complications had higher mortality between 30 and 365 
days (8.0% vs. 3.9%, p = 0.03). Early nonfatal complications were independently associated with increased 1-
year mortality (hazard ratio = 2.14; 95% CI, 1.07-4.27; p = 0.03). One-year QOL did not differ between groups.
Conclusions: In this post-hoc, hypothesis-generating analysis, early nonfatal complications after TAVI were 
associated with increased 1-year mortality, whereas 1-year QOL was comparable among survivors; findings 
should be interpreted with caution due to potential survivor bias.
Trial registration number: ClinicalTrials.gov, NCT04275726.

A B B R E V I A T I O N S AKI, acute kidney injury; AS, aortic stenosis; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy Questionnaire;
MCS, mental component summary; PCS, physical component summary; PPI, permanent pacemaker implantation; 
PVR, prosthetic valvular regurgitation; QOL, quality of life; SAVR, surgical aortic valve replacement; SF-12, Short 
Form-12; STS, Society of Thoracic Surgeons; PROM, Predicted Risk of Mortality; TAVI, transcatheter aortic valve 
implantation; THV, transcatheter heart valve; VARC-3, Valve Academic Research Consortium-3.

Introduction 1

Aortic stenosis (AS) is a potentially life-threatening cardiac condition if 
left untreated. Moreover, its associated symptoms, such as the classical triad 
of dyspnea, angina, and syncope, significantly impair quality of life (QOL). 
Transcatheter aortic valve implantation (TAVI) is an established alternative
to surgical aortic valve replacement (SAVR) for treating severe AS. 1 Its
safety and effectiveness in terms of hard clinical endpoints, such as mortality 
and stroke, are comparable to, or even better than, those of SAVR. 2,3 

Compared with SAVR, TAVI is less invasive and allows faster postprocedural 
recovery, resulting in shorter hospital stays and better short-term QOL. 4 

Despite the less invasive nature of TAVI and ongoing technological 
advancements, a subset of patients still experience periprocedural or 
early postprocedural complications. Recent real-world data from the 
Society of Thoracic Surgeons (STS)/American College of Cardiology 
Transcatheter Valve Therapy registry reported that, among nearly 
70,000 patients at low surgical risk, the 30-day incidence of a composite 
endpoint of death, stroke, major or life-threatening bleeding, acute 
kidney injury (AKI) stage 3 or dialysis, or moderate or severe para-
valvular leak was 6.3%, whereas new permanent pacemaker implanta-
tion (PPI) occurred in 8.4% of patients. 5

As TAVI indications expand to younger and less symptomatic
patients, further reductions in procedural complications have become a 
critical challenge in contemporary TAVI practice. Many studies have 
shown that complications are associated with increased mortality. 6–12 

However, only a limited number of studies have evaluated the impact of
early nonfatal complications on both subsequent mortality and 
patient-reported QOL. 13–15

Recently, we reported the 1-year results of the LANDMARK trial, 
which showed comparable clinical and QOL outcomes in patients with 
symptomatic severe native AS randomized to the TAVI with the Myval 
transcatheter heart valve (THV) series or the contemporary standard 
Sapien and Evolut THV series. 16 In the present study, we investigated 
the impact of early nonfatal complications after TAVI on subsequent 
mortality and QOL at 1 year in the LANDMARK trial.

Methods

Study Design and Participants of the LANDMARK Trial

This was a post-hoc, hypothesis-generating substudy of the LAND-
MARK trial. The design and main results of the LANDMARK trial have
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been previously published. 16–20 In brief, the LANDMARK trial is a pro-
spective, multicenter, multinational, open-label, noninferiority trial
conducted across 31 sites in 16 countries (Germany, France, Sweden, the 
Netherlands, Italy, Spain, Portugal, Greece, Hungary, Poland, Slovakia,
Slovenia, Croatia, Estonia, New Zealand, and Brazil). A total of 768 
participants were enrolled and randomly assigned in a 1:1 ratio to either 
the Myval arm (n = 384) or the contemporary THV arm (Sapien or 
Evolut series, n = 384). The Myval THV series comprised the Myval THV 
and Myval Octacor with sizes 20 mm, 21.5 mm, 23 mm, 24.5 mm,
26 mm, 27.5 mm, and 29 mm. The Sapien THV series comprised the 
Sapien 3 and Sapien 3 Ultra with sizes 20 mm, 23 mm, 26 mm, and
29 mm. The Evolut THV series comprised the Evolut R, Evolut PRO,
Evolut PRO+, and Evolut FX with sizes 23 mm, 26 mm, 29 mm, and 
34 mm.

The study was approved by the ethics committees of all participating 
centers and conducted in accordance with Good Clinical Practice 
guidelines and the Declaration of Helsinki. Eligible participants were 
adults aged ≥18 years with symptomatic severe native AS deemed
suitable for transfemoral TAVI using all 3 study devices. A prescreening 
committee assessed the appropriateness of TAVI, but the final decision
to enroll was made by the local heart team. Clinical outcomes were 
adjudicated by an independent clinical events committee, blinded to 
treatment allocation, according to the Valve Academic Research
Consortium-3 (VARC-3) criteria. 21 Transthoracic echocardiography and 
electrocardiograms at preprocedural baseline, discharge, 30 days, and 1
year were assessed by independent core laboratories (transthoracic 
echocardiography: CORRIB core lab, Galway, Ireland; electrocardio-
gram: CERC, Massay, France).

The trial demonstrated that the Myval THV series was noninferior to 
the contemporary THVs (Sapien and Evolut series) for the 30-day early
safety endpoint, and showed comparable performance for the 1-year
clinical, hemodynamic, and QOL endpoints. 16,17,22–24

Early Nonfatal Complications

Early nonfatal complications included the following events occurring 
within 30 days after TAVI in patients who remained alive at 30 days: 
nonfatal stroke, Type 3 bleeding, major vascular complications, AKI 
stages 2-4, moderate or severe prosthetic valvular regurgitation (PVR), 
new PPI, or surgery or intervention related to the device or to a major 
vascular, access-related, or cardiac structural complication as defined by 
the VARC-3 early safety endpoint. 21 All events were adjudicated by the 
clinical events committee, and PVR was assessed by the echo core lab.

Outcomes

All patients alive at 30 days after TAVI were included in the present 
analysis. All-cause mortality was assessed from 30 to 365 days after the 
index TAVI. In addition, the incidence of stroke, procedure- or valve-
related hospitalization, and the clinical efficacy composite endpoint 
(defined as all-cause death, all stroke, or procedure- or valve-related 
hospitalization) were also assessed during the same period (30 to 365 
days after TAVI).

QOL was assessed at preprocedural baseline, 30 days, and 1 year 
using the Short Form-12 (SF-12) questionnaire. The SF-12 is a generic 
health-related QOL assessment tool that is widely used in the cardio-
vascular field. 25 It is a shortened version of the original Short Form-36, 
consisting of 12 items covering the 8 health domains: physical func-
tioning, social functioning, role limitations (physical problems), role 
limitations (emotional problems), mental health, energy/vitality, bodily 
pain, and general health. 26 These 8 domains are aggregated into sum-
mary measures: the physical component summary (PCS) and the mental 
component summary (MCS) scores, with higher scores indicating better 
health-related QOL. The SF-12 can be completed in approximately 
1 minute. In the general population of the United States, the mean PCS 
and MCS scores are both 50 with an SD of 10. Among individuals aged

≥75 years, the mean PCS and MCS scores are 39 (SD 11) and 50 (SD 11), 
respectively. 27

A decrease of ≥2.5 points from baseline was defined as QOL dete-
rioration, based on previously reported minimally clinically important 
differences in the SF-12 score. 21,28

Mortality was assessed in patients who underwent TAVI, were alive 
at 30 days, and had not withdrawn consent at 30 days, regardless of the 
availability of SF-12 scores. Changes in SF-12 scores at 30 days and 1 
year were assessed in patients with available baseline and corresponding 
30-day or 1-year SF-12 scores, respectively. Multiple imputations were 
performed for patients with missing 1-year SF-12 data, who were alive at 
1 year and had not withdrawn consent.

Statistical Analysis

For baseline characteristics, continuous variables are presented as 
mean ± SD or median [interquartile range], as appropriate. p-values 
were calculated using a 2-sample t-test comparing patients with and 
without early nonfatal complications. Categorical variables are pre-
sented as counts and percentages and compared using Pearson’s χ 2 test 
or Fisher exact test, as appropriate. Mortality and other clinical out-
comes were assessed from 30 to 365 days after TAVI using Kaplan–Meier 
estimates. Log-rank tests were used to compare survival between pa-
tients without early nonfatal complications and those with any early 
complication, as well as between patients without complications and 
those with each individual complication component. Changes in SF-12 
scores at 30 days (ΔSF-12 at 30 days) were calculated as the differ-
ence between the 30-day and baseline SF-12 scores (30-day minus 
baseline SF-12 scores) and are presented as mean ± SD. Changes in SF-
12 scores at 1 year (ΔSF-12 at 1 year) were calculated as the difference 
between 1-year and baseline SF-12 scores (1-year minus baseline SF-12 
scores) and are presented as mean ± SD. These changes were calculated 
only for patients with SF-12 assessments available at both baseline and 
the corresponding follow-up point. Between-group comparisons used 
the two-sample t-test. The proportion of patients with clinically mean-
ingful deterioration in SF-12 scores (decrease of ≥2.5 points from 

baseline) was compared between groups using the chi-square test or 
Fisher's exact test, as appropriate. Univariable and multivariable cox 
regression analyses were performed to identify predictors of 1-year all-
cause mortality. Variables which were statistically significant in the 
univariable analysis were included in the multivariable model.

Missing SF-12 data at 1 year among patients who were alive and had 
not withdrawn consent were imputed using multiple imputation by the 
chained equation method. 16 This method assumes that data are missing 
at random and iteratively imputes missing values based on observed 
data. The following parameters were used for multiple imputation for 
missing SF-12: age, gender, body mass index, STS Predicted Risk of 
Mortality (PROM) (STS-PROM) score, hypertension, chronic obstructive 
pulmonary disease, diabetes, previous stroke, coronary artery disease, 
peripheral vascular disease, previous myocardial infarction, previous 
percutaneous coronary intervention, previous coronary artery bypass 
grafting, bicuspid valve, mitral insufficiency, aortic annulus area, mean 
pressure gradient, stroke volume, left ventricular ejection fraction, PCS 
and MCS at preprocedural baseline and 30 days, 6 minute-walk test 
distance at preprocedural baseline and 30 days, and New York Heart 
Association functional class at preprocedural baseline. Sensitivity ana-
lyses were also performed without imputing missing SF-12 scores.

Statistical analyses were performed using R software (version 4.3.3; 
R Foundation for Statistical Computing, Vienna, Austria).

Data Availability

The LANDMARK trial plans to continue follow-up for up to 10 years. 
Patient-level data collected for this study will not be made publicly 
available but can be shared upon request after the final long-term 

follow-up is published.
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Results

Of the 768 randomized patients, 756 underwent TAVI, and 742 were 
alive at 30 days and had not withdrawn consent; these patients 
comprised the cohort for the 1-year mortality analysis. Six patients had 
died before TAVI, and 12 died within 30 days after TAVI. All 18 deaths 
were cardiovascular deaths, of which 8 were procedure-related 
(Figure 1). Among the 742 patients in the analysis cohort, 177 
(23.9%) experienced at least 1 early nonfatal complication (complica-
tion group), whereas 565 (76.1%) did not (no-complication group).
Early nonfatal complications included (not mutually exclusive) nonfatal 
stroke (n = 18; disabling, n = 7; nondisabling, n = 11), type 3 bleeding 
(n = 10), major vascular complications (n = 12), AKI stages 2–4 (n = 8), 
moderate PVR (n = 27), new PPI (n = 120), and surgery or intervention 
(n = 14). The occurrence of early nonfatal complications according to 
valve type is presented in Supplementary Table 1.

Baseline and procedural characteristics of the 742 patients alive at 30 
days are shown in Table 1. Patients with early nonfatal complications 
had a significantly higher prevalence of atrial fibrillation or flutter (31% 

vs. 23%, p = 0.03) and baseline right bundle branch block (19% vs. 8%, 
p < 0.01). The proportion of male patients tended to be higher (58% vs. 
50%, p = 0.07) and left ventricular ejection fraction tended to be lower 
(57% ± 11% vs. 58% ± 10%, p = 0.06) in the complication group. The 
mean age (80 ± 5 years vs. 80 ± 6 years, p = 0.67), median [interquartile 
range] STS-PROM score (2.6 [1.6–3.9] vs. 2.6 [1.7–3.9], p = 0.76), and 
THV type (Myval 46% vs. 49%, Sapien 24% vs. 27%, and Evolut 29% vs. 
24%, p = 0.30) did not differ significantly between groups.

Mortality and Other Clinical Outcomes at 1 Year

The mortality rate between 30 and 365 days after the index TAVI was 
significantly higher in the complication group than in the no-
complication group (8.0%, n = 14 vs. 3.9%, n = 22, p = 0.03; Table 2 
and Figure 2). In the complication group, there were no deaths among 
patients with nonfatal stroke or type 3 bleeding; however, patients with

major vascular complications, AKI stages 2-4, and moderate PVR had 
significantly higher 1-year mortality than the no-complication group 
(major vascular complications: n = 2 [16.7%], p = 0.03; AKI stage 2-4, 
n = 3 [37.5%], p < 0.01; moderate PVR, n = 5 [18.5%], p < 0.01). There 
was an overlap of 4 patients between the type 3 bleeding and major 
vascular complication groups. The 2 patients who died in the major 
vascular complication group had major vascular complications alone, 
without concomitant type 3 bleeding. No significant between-group 
differences in 1-year mortality were observed among patients with 
either new PPI (n = 8 [6.7%], p = 0.16) or surgery/intervention (n = 1 
[7.1%], p = 0.50; Table 2). The forest plot of hazard ratios (HRs) for each 
complication is shown in Supplementary Figure 1. All-cause mortality 
stratified by the number of early nonfatal complications is presented in 
Supplementary Figure 2.

The complication group also had significantly higher rates of pro-
cedure- or valve-related hospitalizations (n = 10 [5.8%] vs. n = 6 
[1.1%], p < 0.01) and of the clinical efficacy composite endpoint at 1 
year (n = 22 [12.5%] vs. n = 33 [5.9%], p < 0.01, Supplementary 
Table 1).

In the multivariable Cox regression analysis, early nonfatal compli-
cations were independently associated with increased 1-year mortality 
(HR = 2.14; 95% CI, 1.07 - 4.27; p = 0.03, Table 3).

QOL at 30 Days

Both baseline and 30-day SF-12 scores were available for 678 pa-
tients (Figure 1). The absolute values of SF-12 scores at baseline and 30 
days are presented in Table 4. The baseline PCS-12 score did not differ 
significantly between the complication and no-complication groups 
(32.23 ± 11.82 vs. 33.59 ± 11.34, p = 0.20), whereas the baseline MCS-
12 was significantly lower in the complication group (40.23 ± 15.12 vs. 
43.50 ± 14.98, p = 0.02, Figure 3). At 30 days, the MCS-12 score 
remained significantly lower in the complication group (45.62 ± 15.24 
vs. 49.06 ± 13.99, p = 0.01). There was no significant difference in the 
incidence of QOL deterioration at 30 days, defined as ≥2.5 points

Figure 1. Patient flowchart. One-year mortality was assessed in 742 patients who were alive and had not withdrawn their consent at 30 days. QOL was assessed 
using SF-12. Thirty-day QOL was assessed among patients in whom both preprocedural baseline and 30-day SF-12 were available. One-year QOL was assessed in 662 
patients with both preprocedural baseline and 1-year SF-12 available. Multiple imputation was performed for 40 patients with missing SF-12 at 1 year who were alive 
and had not withdrawn their consent. Sensitivity analysis was also performed excluding these 40 patients with imputation.
Abbreviations: QOL, quality of life; SF-12, Short Form-12; TAVI, transcatheter aortic valve implantation.

A. Tobe et al. Structural Heart 10 (2026) 101101

4



decrease from baseline, between the complication and no-complication 
groups (PCS-12: 17.6% vs. 15.2%, p = 0.55; MCS-12: 25.2% vs. 22.4%, 
p = 0.53; Table 5).

There were no significant differences in the changes in PCS-12 or MCS-
12 between baseline and 30-days, in the complication versus the non-
complication group (ΔPCS-12 at 30 days: 7.40 ± 11.88 vs. 8.36 ± 11.70, 
p = 0.37; ΔMCS-12 at 30 days: 5.39 ± 12.67 vs. 5.56 ± 12.57,

p = 0.89 Table 5). When analyzed by complication type, patients with type 
3 bleeding showed a significantly smaller improvement (i.e., a greater 
decline) in PCS-12 compared with the no-complication group (ΔPCS at 30 
days: − 0.13 ± 8.28, p = 0.02), whereas no significant differences were 
observed for other complication types.

QOL at 1 Year

Baseline and 1-year SF-12 assessments were available for 662 pa-
tients, including 40 patients with imputed 1-year SF-12 scores who were 
alive and had not withdrawn consent at 1 year (Figure 1). At 1 year, 
there were no significant differences in PCS-12 and MCS-12 scores (PCS-
12: 38.76 ± 12.96 vs. 40.50 ± 13.35, p = 0.15; MCS-12 at 1 year: 
47.13 ± 16.20 vs. 48.15 ± 15.50, p = 0.50; Table 4), nor was there a 
significant difference in the incidence of QOL deterioration (≥2.5 points 
decrease from baseline) between the complication and no-complication 
groups (PCS-12: 17.9% vs. 21.9%, p = 0.34; MCS-12: 25.2% vs. 29.4%, 
p = 0.37; Table 6). There were no significant differences in changes from 

baseline to 1 year in either PCS-12 or MCS-12 between the complication 
and no-complication groups (ΔPCS-12 at 1 year: 6.67 ± 13.08 vs. 
6.85 ± 13.47, p = 0.88; ΔMCS-12 at 1 year: 6.62 ± 15.14 vs. 
4.71 ± 16.02, p = 0.18; Table 6). No significant differences were 
observed when each complication type was compared with the no-
complication group. Sensitivity analysis excluding patients with 
imputed 1-year SF-12 scores (n = 622) showed similar results, with no 
significant differences between the complication and noncomplication 
groups (Supplementary Tables 2 and 3).

Table 1
Baseline and procedural characteristics in patients who were alive at 30 d

Characteristics With early 
complications 

(n = 177)

Without early 
complications 

(n = 565)

p value

Age (y) 80.3 ± 5.3 80.1 ± 5.7 0.67
Male sex 103 (58.2%) 282 (49.9%) 0.07
Body mass index (kg/m 2) 28.19 ± 5.4 28.1 ± 4.7 0.84
STS score (%) 2.55 [1.61, 3.93] 2.58 [1.71, 3.91] 0.76

Low risk (<4%) 134 (75.7%) 430 (76.1%) 0.99
Intermediate risk (4%-8%) 34 (19.2%) 114 (20.2%) 0.86
High risk (>8%) 9 (5.1%) 21 (3.7%) 0.56

Diabetes 50 (28.3%) 166 (29.4%) 0.85
Dyslipidemia 23 (13.0%) 54 (9.6%) 0.24
Hypertension 113 (63.8%) 376 (66.6%) 0.57
eGFR <60 ml/min 76/168 (45.2%) 259/534 (48.5%) 0.52
eGFR <30 ml/min 18/168 (10.7%) 83/534 (15.5%) 0.15
Chronic obstructive

pulmonary disease 
15 (8.5%) 64 (11.3%) 0.35

History of atrial fibrillation 
or flutter

55 (31.1%) 129 (22.8%) 0.03

Previous stroke 4 (2.3%) 15 (2.7%) 0.10
Previous MI 12 (6.8%) 35 (6.2%) 0.92
Previous CABG 9 (5.1%) 24 (4.3%) 0.79
Previous PCI 16 (9.0%) 37 (6.6%) 0.34
NYHA III/IV 90 (50.9%) 298 (52.7%) 0.72
6MWT (m) 282 ± 115 275 ± 107 0.49
Preprocedural

electrocardiogram 

n = 177 n = 561

LBBB 13 (7.3%) 31 (5.5%) 0.46
RBBB 34 (19.2%) 42 (7.5%) <0.01
Atrial fibrillation 43 (24.3%) 99 (17.7%) 0.06

Preprocedural 
echocardiogram 

LVEF (%) 56.6 ± 10.9 58.4 ± 10.0 0.06
Mean pressure gradient

(mmHg)
39.0 ± 15.3 39.5 ± 13.3 0.64

Effective orifice area (cm 2) 0.75 ± 0.23 0.72 ± 0.22 0.17
Preprocedural CT

Small annulus (≤430 mm 2) 50 (28.3%) 185 (32.7%) 0.30
Bicuspid valve 14 (7.9%) 38 (6.7%) 0.71
Aortic valve calcification

(mm 3)
1091 ± 769 986 ± 670 0.08

None 2 (1.1%) 4 (0.7%) 0.63
Mild 29 (16.4%) 96 (17.0%) 0.94
Moderate 56 (31.6%) 217 (38.5%) 0.12
Severe 90 (50.9%) 247 (43.8%) 0.12

Procedural characteristics 
Valve type*

Myval 81 (45.8%) 278 (49.2%) 0.48
Sapien 43 (24.3%) 150 (26.5%) 0.62
Evolut 52 (29.4%) 135 (23.9%) 0.17
Myval and Sapien 0 (0%) 1 (0.2%) 1.00
Evolut and Evolut 0 (0%) 1 (0.2%) 1.00
Portico 1 (0.6%) 0 (0%) 0.24

Predilatation 81 (45.8%) 221 (39.1%) 0.14
Postdilatation 34 (19.2%) 81 (14.3%) 0.15
Cerebral protection device 18/171 (10.5%) 62/534 (11.6%) 0.80

Data are presented as mean ± SD, median [Q1, Q3], or n (%), as appropriate. 
Abbreviations: 6MWT, 6-minute walk test; CABG, coronary artery bypass 
grafting; CT, computed tomography; eGFR, estimated glomerular filtration rate; 
LBBB, left bundle branch block; LVEF, left ventricle ejection fraction; MI, 
myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous 
coronary intervention; RBBB, right bundle branch block; STS, Society of Thoracic 
Surgeons.

* Analysis was restricted to Myval/Sapien/Evolut valve categories because of 
extremely small numbers in other categories.

Table 2
Mortality from 30 to 365 d after TAVI

All-cause 
mortality 

n (%)

p value

Patients without complications within 30 d, n = 565 22 (3.9%) -
Patients with any complications within 30 d*, n = 177 14 (8.0%) 0.03

Nonfatal stroke*, n = 18 (2.4%) 0 (0.0%) 0.38
Disabling stroke*, n = 7 (0.9%) 0 (0.0%) 0.57
Nondisabling stroke*, n = 11 (1.5%) 0 (0.0%) 0.49

Bleeding type 3*, n = 10 (1.3%) 0 (0.0%) 0.51
Major vascular complications*, n = 12 (1.6%) 2 (16.7%) 0.03
AKI stage 2-4*, n = 8 (1.1%) 3 (37.5%) <0.01
≧moderate PVR*, n = 27 (3.6%) 5 (18.5%) <0.01
New permanent pacemaker*, n = 120 (16.2%) 8 (6.7%) 0.16
Surgery or intervention related to the device,

n = 14 (1.9%)
1 (7.1%) 0.50

All-cause mortality from 30 days to 365 days after TAVI in patients who were 
alive at 30 days.
p values were calculated using log-rank test between patients without early non-
fatal complications and those with complications.
Abbreviations: AKI, acute kidney injury; PVR, prosthetic valvular regurgitation; 
TAVI, transcatheter aortic valve implantation.

* Not mutually exclusive.

Figure 2. Cumulative incidence of all-cause mortality from 30 days to 1 
year.
Abbreviation: TAVI, transcatheter aortic valve implantation.
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Discussion

The key findings of this post-hoc substudy of the LANDMARK trial 
are the following.

1. Patients with early nonfatal complications had significantly higher 
mortality between 30 and 365 days after TAVI compared with those 
without.

2. Early nonfatal complications were independently associated with 
1-year mortality.

3. There were no significant differences in QOL outcomes at 1 year 
between patients with and without early nonfatal complications, 
provided patients survived.

A key novelty of this study is the evaluation of a composite of early 
nonfatal complications, defined according to the VARC-3 early safety 
endpoint, in the context of contemporary TAVI. The current study 
demonstrated that a composite of early nonfatal complications was 
associated with increased mortality, procedure- or valve-related hospi-
talizations, and clinical efficacy composite endpoints at 1 year. Multi-
variable analysis confirmed the prognostic impact of the VARC-3 early 
safety endpoint.

Previous studies have reported an association between individual 
periprocedural complications after TAVI and subsequent mortality.

Arnold et al. 13 evaluated complications occurring within 30 days after 
TAVI, among 3763 patients enrolled in the PARTNER 2 studies who 
were alive at 30 days, and reported markedly higher 1-year mortality in 
patients with major versus minor stroke (49.3% vs. 3.8%); major stroke 
was independently associated with 1-year mortality, but minor stroke 
was not. Avvedimento et al. investigated the impact of postprocedural 
neurologic events in 2924 TAVI patients and reported significantly 
higher 1-year mortality among patients with neurologic events 
compared with those without (18.2% vs. 6.3%; HR, 1.91; 95% CI, 
1.23–2.97; p = 0.004), with early divergence of the Kaplan–Meier curves 
within the first 30 days after TAVI. 7 Previous studies also reported that 
patients with bleeding, major vascular complications, AKI stages 2-4, 
and moderate PVR had higher 1-year mortality compared with those 
without. 6,8–10,13,14 In contrast, the impact of new PPIs on mortality after 
TAVI remains controversial, with some studies suggesting no adverse 
effect or even a protective effect on mortality, 15,29,30 whereas others 
have reported an association between PPIs and increased long-term
mortality. 11,31 In addition, not only PPI itself but also the ventricular 
pacing burden may influence long-term outcomes. 32 These findings pose 
a question of whether the inclusion of PPI in the early safety composite 
endpoint is essential.

In the current study, the occurrence of composite early safety com-
plications was associated with higher 1-year mortality. This is consistent 
with the findings of Gonz� alvez-García et al. 12 , who reported that

Table 3
Cox regression analysis for predicting 1-y all-cause mortality (from 30 to 365 d)

Variables Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Presence of any of early nonfatal complications 2.08 (1.06, 4.07) 0.03 2.14 (1.07, 4.27) 0.03
Age 1.04 (0.98, 1.11) 0.18
Male 2.16 (1.06, 4.39) 0.03 2.81 (1.31, 6.04) 0.01
Body mass index 1.01 (0.94, 1.08) 0.80
STS score, continuous value 1.10 (1.02, 1.20) 0.02 1.14 (1.03, 1.26) 0.01
STS categorical value

Low risk (<4%) Reference -
Intermediate risk (4%-8%) 1.61 (0.77, 3.38) 0.20
High risk (>8%) 1.59 (0.38, 6.75) 0.53

Diabetes 1.98 (1.03, 3.82) 0.04 1.58 (0.78, 3.22) 0.20
Hypertension 1.17 (0.58, 2.38) 0.66
Dyslipidemia 0.24 (0.03, 1.77) 0.16
eGFR <60 ml/min 1.24 (0.63, 2.43) 0.54
eGFR <30 ml/min 2.17 (1.01, 4.66) 0.046 1.83 (0.82, 4.11) 0.14
Chronic obstructive pulmonary disease 1.68 (0.70, 4.04) 0.25
History of atrial fibrillation or flutter 2.24 (1.15, 4.34) 0.02 1.92 (0.96, 3.84) 0.07
Previous stroke 1.09 (0.15, 7.98) 0.93
Permanent pacemaker 3.26 (1.15, 9.21) 0.03
Previous MI 0.41 (0.06, 3.02) 0.38
Previous CABG 0.60 (0.08, 4.39) 0.62
Previous PCI 1.19 (0.37, 3.88) 0.77
Preprocedural electrocardiogram

RBBB 1.76 (0.73, 4.23) 0.21
LBBB 0.94 (0.23, 3.92) 0.94

Preprocedural echocardiogram
LVEF 0.97 (0.94, 1.00) 0.06
Mean pressure gradient 0.98 (0.95, 1.00) 0.07

Preprocedural CT
Small annulus (≤430 mm 2) 0.99 (0.97, 1.02) 0.59
Bicuspid valve 1.20 (0.37, 3.92) 0.76
Valve calcification, mm 3, continuous value 1.00 (1.00, 1.00) 0.65

Procedural characteristics
Valve type

Myval Reference -
Sapien 0.82 (0.36, 1.88) 0.63
Evolut 1.08 (0.50, 2.34) 0.85

General anesthesia 0.99 (0.44, 2.27) 0.99
Predilatation 0.72 (0.36, 1.44) 0.35
Postdilatation 1.11 (0.46, 2.67) 0.81
Cerebral protection device 0.27 (0.04, 1.97) 0.20

Abbreviations: CABG, coronary artery bypass grafting; CT, computed tomography; eGFR, estimated glomerular filtration rate; LBBB, left bundle branch block; LVEF, 
left ventricle ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; RBBB, right bundle branch block; STS, Society of Thoracic Sur-
geons; HR, hazard ratio.
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patients with early safety complications had a threefold higher risk of 
1-year mortality, and that this association persisted in a 30-day land-
mark analysis. However, the relationship between individual compli-
cations and 1-year mortality was inconsistent. Major vascular 
complications, AKI stages 2-4, and ≥moderate PVR were associated with 
higher 1-year mortality, whereas stroke, type 3 bleeding, and new PPI 
were not. This variation may be attributed to the relatively small sample 
size and the lower incidence of early complications in the LANDMARK 
trial compared with previous TAVI studies. For example, in a substudy of 
the PARTNER 2 studies, the early event rates for major stroke, 
life-threatening bleeding, major bleeding, vascular complication, and
≥moderate paravalvular leak were 1.5, 6.9, 16.8, 6.5, and 8.1%, 
respectively. 13 In contrast, in the LANDMARK trial, the rates of disabling

stroke, VARC-3 type 3 bleeding, major vascular complication, and
≥moderate PVR were 0.9%, 1.3%, 1.6%, and 3.6%, respectively. In 
addition, patient characteristics differed substantially between studies.
Compared with our cohort, prior studies included patients with higher 
STS-PROM scores and enrolled patients who underwent non-
transfemoral TAVI. In contrast, the LANDMARK trial population pre-
dominantly consisted of low-risk patients (median STS-PROM 2.6%) 
treated via the transfemoral approach, which is likely associated with 
lower subsequent mortality, even in the presence of early complications.

Major vascular complications, AKI stages 2-4, and ≥moderate PVR 
were associated with increased 1-year mortality in the present study.
Importantly, some of these complications are potentially preventable 
through meticulous procedural planning and optimization. For vascular

Table 4
Baseline and 30-d or 1-y SF-12 scores

Baseline and 30-d SF-12 scores* (n = 678) PCS-12 MCS-12

Baseline p † 30-d p † Baseline p † 30-d p †

Patients without complications, n = 519 33.59 ± 11.34 - 41.94 ± 12.57 - 43.50 ± 14.98 - 49.06 ± 13.99 -
Patients with any complications, n = 159 32.23 ± 11.82 0.20 39.63 ± 13.51 0.06 40.23 ± 15.12 0.02 45.62 ± 15.24 0.01

Nonfatal stroke, n = 16 29.82 ± 11.69 0.22 39.53 ± 12.74 0.47 40.99 ± 15.74 0.54 46.99 ± 15.43 0.60
Disabling stroke, n = 6 29.14 ± 16.81 0.55 34.23 ± 12.06 0.18 35.99 ± 17.07 0.33 38.63 ± 16.27 0.18
Nondisabling stroke, n = 10 30.23 ± 8.38 0.24 42.72 ± 12.65 0.85 44.00 ± 14.97 0.92 52.01 ± 13.24 0.50

Bleeding type 3, n = 9 37.64 ± 11.01 0.30 37.52 ± 10.98 0.26 40.98 ± 17.22 0.67 41.31 ± 13.54 0.13
Major vascular complications, n = 10 36.00 ± 4.99 0.17 44.36 ± 10.03 0.47 38.68 ± 11.26 0.21 49.74 ± 11.57 0.86
AKI stage 2-4, n = 7 29.49 ± 6.34 0.14 35.21 ± 13.20 0.23 38.46 ± 6.41 0.09 44.93 ± 11.67 0.39
≧moderate PVR, n = 24 35.78 ± 13.53 0.44 42.82 ± 10.93 0.71 44.50 ± 13.99 0.74 49.72 ± 13.77 0.82
New permanent pacemaker, n = 109 31.82 ± 11.84 0.16 39.38 ± 14.11 0.08 39.64 ± 15.36 0.02 45.15 ± 15.54 0.02
Surgery or intervention, n = 6 36.52 ± 4.75 0.20 45.18 ± 8.84 0.41 42.94 ± 9.71 0.89 54.19 ± 4.94 0.05

Baseline and 1-y SF-12 scores (n = 662) ‡ PCS-12 MCS-12

Baseline p † 1-y p † Baseline p † 1-y p †

Patients without complications, n = 511 33.66 ± 11.34 - 40.50 ± 13.35 - 43.44 ± 14.91 - 48.15 ± 15.50 -
Patients with any complications, n = 151 32.09 ± 11.78 0.15 38.76 ± 12.96 0.15 40.51 ± 15.37 0.04 47.13 ± 16.20 0.50

Nonfatal stroke, n = 18 30.43 ± 11.14 0.24 36.76 ± 11.20 0.18 41.00 ± 15.05 0.51 49.42 ± 14.60 0.72
Disabling stroke, n = 7 29.73 ± 15.42 0.53 31.66 ± 9.97 0.06 37.88 ± 16.36 0.41 46.51 ± 16.62 0.80
Nondisabling stroke, n = 11 30.88 ± 8.23 0.30 40.01 ± 11.12 0.89 42.99 ± 14.59 0.92 51.27 ± 13.68 0.47

Bleeding type 3, n = 9 37.64 ± 11.01 0.31 41.13 ± 11.59 0.88 40.98 ± 17.22 0.68 43.86 ± 17.82 0.49
Major vascular complications, n = 9 36.80 ± 4.56 0.08 45.29 ± 6.57 0.06 40.14 ± 10.89 0.40 45.45 ± 10.55 0.47
AKI stage 2-4, n = 5 30.56 ± 7.40 0.41 37.30 ± 7.39 0.39 39.95 ± 6.80 0.32 55.78 ± 8.41 0.11
≧moderate PVR, n = 20 35.63 ± 13.82 0.54 40.09 ± 12.67 0.89 44.88 ± 13.72 0.65 49.89 ± 15.53 0.63
New permanent pacemaker, n = 102 31.42 ± 11.88 0.08 38.19 ± 13.49 0.11 39.62 ± 15.84 0.03 46.35 ± 17.00 0.33
Surgery or intervention, n = 7 35.37 ± 5.29 0.43 37.62 ± 11.06 0.52 44.46 ± 9.73 0.79 42.36 ± 8.88 0.14

Abbreviations: AKI, acute kidney injury; MCS, mental component summary; PCS, physical component summary; PVR, prosthetic valvular regurgitation; SF-12, Short 
Form-12.

* PCS and MCS scores at baseline and 30 days in 678 patients with both baseline and 30-days SF-12 data available. No imputation for missing SF-12 data was 
performed.

† p values were calculated using chi-square or Fisher exact test between the patients without early nonfatal complications and those with complications.
‡ PCS and MCS scores at baseline and 30 days in 662 patients with both baseline and 1-year SF-12 data available. Imputation for missing SF-12 data was performed in 

40 patients.

Figure 3. SF-12 scores at preprocedural baseline, 30 days, and 1 year. p values are for the comparison between patients with and without early nonfatal 
complications at each time point.
Abbreviations: MCS, mental component summary; PCS, physical component summary; SF-12, Short Form-12.
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complications, computed tomography–based preprocedural planning, 
ultrasound-guided femoral puncture, and appropriate use of closure 
device may reduce risk. 33–35 Prevention of AKI may involve adequate 
periprocedural hydration, minimization of contrast volume, and the
avoidance of bleeding and hemodynamic instability. 36,37 The risk of 

≥moderate PVR may be mitigated by computed tomography–based 
sizing, appropriate implantation depth, and the use of postdilatation 
when necessary. 38 The findings of this study highlight the importance of 
procedural refinement and standardized techniques to improve clinical 
outcomes in contemporary TAVI.

Table 5
Changes in SF-12 from baseline to 30 d

ΔPCS-12 (30 d - baseline) p* ΔMCS-12 (30 d - baseline) p*

Patients without complications, n = 519 8.36 ± 11.70 - 5.56 ± 12.57 -
Patients with any complications, n = 159 7.40 ± 11.88 0.37 5.39 ± 12.67 0.89

Nonfatal stroke, n = 16 9.71 ± 12.26 0.67 6.00 ± 9.42 0.86
Disabling stroke, n = 6 5.09 ± 12.27 0.54 2.64 ± 5.47 0.26
Nondisabling stroke, n = 10 12.49 ± 12.00 0.31 8.01 ± 10.92 0.50

Bleeding type 3, n = 9 − 0.13 ± 8.28 0.02 0.33 ± 16.79 0.38
Major vascular complications, n = 10 8.36 ± 10.45 1.00 11.06 ± 10.37 0.13
AKI stage 2-4, n = 7 5.73 ± 8.84 0.47 6.47 ± 8.54 0.79
Moderate PVR, n = 24 7.04 ± 12.03 0.60 5.22 ± 14.09 0.91
New permanent pacemaker, n = 109 7.57 ± 12.14 0.53 5.51 ± 12.83 0.98
Surgery or intervention, n = 6 8.66 ± 12.05 0.95 11.25 ± 9.56 0.21

≧2.5 points decrease in PCS-12 at 30 d, n (%) p* ≧2.5 points decrease in MCS-12 at 30 d, n (%) p*

Patients without complications, n = 519 79 (15.2%) - 116 (22.4%) -
Patients with any complications, n = 159 28 (17.6%) 0.55 40 (25.2%) 0.53

Nonfatal stroke, n = 16 3 (18.8%) 0.72 3 (18.8%) 1.00
Disabling stroke, n = 6 2 (33.3%) 0.23 1 (16.7%) 1.00
Nondisabling stroke, n = 10 1 (10.0%) 1.00 2 (20.0%) 1.00

Bleeding type 3, n = 9 3 (33.3%) 0.15 3 (33.3%) 0.43
Major vascular complications, n = 10 1 (10.0%) 1.00 1 (10.0%) 0.70
AKI stage 2-4, n = 7 1 (14.3%) 1.00 0 (0.0%) 0.36
Moderate PVR, n = 24 6 (25.0%) 0.24 8 (33.3%) 0.32
New permanent pacemaker, n = 109 18 (16.5%) 0.85 28 (25.7%) 0.53
Surgery or intervention, n = 6 1 (16.7%) 1.00 1 (16.7%) 1.00

Changes in SF-12 from baseline to 30 days were assessed in 678 patients with both baseline and 30-day SF-12 data available. No imputation was performed for missing 
SF-12 data.
Abbreviations: AKI, acute kidney injury; MCS, mental component summary; PCS, physical component summary; PVR, prosthetic valvular regurgitation; SF-12, Short 
Form-12.

* p values were calculated between the patients without early nonfatal complications and those with complications.

Table 6
Changes in SF-12 from baseline to 1 y

ΔPCS-12 (1 y - baseline) p* ΔMCS-12 (1 y - baseline) p*

Patients without complications, n = 511 6.85 ± 13.47 - 4.71 ± 16.02 -
Patients with any complications, n = 151 6.67 ± 13.08 0.88 6.62 ± 15.14 0.18

Nonfatal stroke, n = 18 6.33 ± 12.49 0.87 8.42 ± 8.92 0.11
Disabling stroke, n = 7 1.93 ± 14.34 0.40 8.63 ± 6.79 0.18
Nondisabling stroke, n = 11 9.14 ± 10.94 0.51 8.28 ± 10.37 0.29

Bleeding type 3, n = 9 3.49 ± 5.37 0.11 2.88 ± 9.58 0.59
Major vascular complications, n = 9 8.49 ± 7.08 0.52 5.30 ± 8.37 0.84
AKI stage 2-4, n = 5 6.74 ± 5.92 0.97 15.83 ± 12.46 0.12
Moderate PVR, n = 20 4.46 ± 18.84 0.58 5.00 ± 20.63 0.95
New permanent pacemaker, n = 102 6.76 ± 13.27 0.95 6.73 ± 16.37 0.26
Surgery or intervention, n = 7 2.25 ± 9.59 0.26 -2.09 ± 11.02 0.16

≧2.5 points decrease in PCS-12 at 1 y, n (%) p* ≧2.5 points decrease in MCS-12 at 1 y, n (%) p*

Patients without complications, n = 511 112 (21.9) - 150 (29.4) -
Patients with any complications, n = 151 27 (17.9) 0.34 38 (25.2) 0.37

Nonfatal stroke, n = 18 5 (27.8) 0.57 2 (11.1) 0.16
Disabling stroke, n = 7 3 (42.9) 0.19 0 (0.0) 0.20
Nondisabling stroke, n = 11 2 (18.2) 1.00 2 (18.2) 0.52

Bleeding type 3, n = 9 2 (22.2) 1.00 3 (33.3) 0.73
Major vascular complications, n = 9 1 (11.1) 0.69 2 (22.2) 1.00
AKI stage 2-4, n = 5 0 (0.0) 0.59 0 (0.0) 0.33
Moderate PVR, n = 20 6 (30.0) 0.41 5 (25.0) 0.87
New permanent pacemaker, n = 102 15 (14.7) 0.13 28 (27.5) 0.79
Surgery or intervention, n = 7 3 (42.9) 0.19 3 (42.9) 0.43

Changes in SF-12 from baseline to 1 year were assessed in 662 patients with both baseline and 1-year SF-12 data available. Imputation for missing SF-12 data at 1 year 
was performed in 40 patients.
Abbreviations: AKI, acute kidney injury; MCS, mental component summary; PCS, physical component summary; PVR, prosthetic valvular regurgitation; SF-12, Short 
Form-12.

* p values were calculated between the patients without early nonfatal complications and those with complications.
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The VARC-3 recommends assessing patients’ QOL at follow-up, 
emphasizing the importance of evaluating not only hard clinical end-
points but also patients’ perspectives. 21 Although the Kansas City Car-
diomyopathy Questionnaire (KCCQ), a disease-specific patient-reported 
outcome measure, is the first-line recommended tool in the VARC-3, the 
SF-12, a generic QOL assessment tool, is considered a suitable alterna-
tive. Although numerous studies have evaluated changes in QOL before 
and after TAVI, data on the association between complications and QOL 
are limited.

Arnold et al. 13 assessed the relationship between early nonfatal 
complications and 1-year mortality (n = 3763) and QOL using KCCQ 

(n = 2875) and SF-12 (n = 2147) in patients undergoing TAVI from 

the PARTNER 2 studies. Patients without complications had an 
average increase of 5.0 ± 10.0 points in PCS and 3.8 ± 10.5 points in 
MCS at 1 year. Patients with major stroke had an average decrease in 
both PCS (− 1.7 ± 8.8) and MCS (− 0.7 ± 18.4), and patients with AKI 
stage 3 had an average decrease in PCS (− 3.6 ± 16.6). In their 
multivariable analysis, major stroke, life-threatening bleeding, major 
bleeding, and AKI were associated with a significant reduction in PCS, 
whereas moderate or severe PVR was associated with a significant 
reduction in MCS at 1 year. Van Nuland et al. 14,15 assessed the impact 
of stroke, bleeding and PPI after TAVI on QOL during the first year 
after TAVI, using data from the POPular TAVI trial. In univariable 
analysis, there were no significant differences in PCS and MCS be-
tween patients with and without major bleeding, whereas patients 
with stroke had a lower PCS at 3 months and a lower MCS at 3 and 12 
months. 14 No significant differences in QOL were observed between
patients with and without new PPI after TAVI. 15 A substudy of the
SCOPE I trial also found no significant difference in QOL outcomes, as
measured by the KCCQ, between those with and without PPI. 30 In 
contrast, a report from the FRANCE-TAVI registry identified new PPI 
as a predictor of deterioration in QOL, as assessed by the 
EuroQoL-5-dimension-5-level, at 1 year. 39

The QOL data from the current analysis showed that patients who 
survived early complications eventually recovered their QOL by 1 year. The 
MCS-12 in the complication group was lower than that in the no-
complication group at baseline and at 30 days but was similar by 1 year. 
Indeed, the increase in MCS score from baseline to 1 year tended to be 
higher in the complication group (6.62 ± 15.14 vs. 4.71 ± 16.02, p = 0.18).
In contrast, the PCS-12 score did not differ between the complication and 
no-complication groups throughout the 1-year follow-up. These results are 
at variance with previous studies, such as PARTNER 2, which showed a 
significant negative impact of complications on 1-year QOL. 13 Reassur-
ingly, in the contemporary era, early post-TAVI complications have mini-
mal impact on QOL at 1-year, provided that patients survive to 1 year.

Limitations

There are several limitations in the current study. First, this was a 
post-hoc substudy of the LANDMARK trial and the analyses were not 
prespecified; therefore, the findings should be interpreted as hypothesis-
generating. Multiple comparisons involving numerous p values may 
have increased the risk of type I error. Second, the number of patients 
with each specific complication was relatively small, which may have 
limited the statistical power to detect differences in outcomes across 
individual complication subgroups. Third, health-related QOL was 
assessed using the generic SF-12 questionnaire rather than disease-
specific instruments such as the KCCQ or the Toronto Aortic Stenosis 
Quality of Life Questionnaire. Notably, the KCCQ is recommended as a 
first-line measure by the VARC-3. The absence of KCCQ data reduces 
comparability with other studies and may have limited the sensitivity to 
detect clinically meaningful changes in patient-reported outcomes. 
Fourth, the analysis was restricted to patients who survived the first 30 
days, which may have introduced survivorship bias. Fifth, although 
VARC-3 includes type 2 bleeding in the early safety endpoint, it was not 
included in the LANDMARK trial. Sixth, the study population

predominantly consisted of low-risk patients, and almost all procedures 
were performed via the transfemoral approach. Therefore, the general-
izability of the present findings to higher-risk populations or to patients 
undergoing TAVI via alternative access routes may be limited.

Conclusions

Early nonfatal complications after TAVI, as defined according to the 
VARC-3 early safety endpoint, have a significant prognostic impact at 1-
year follow-up. However, once patients survive these early complica-
tions, their QOL recovers to the same level as that of patients without 
complications at 1 year.
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