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1 Abstract 

2 Aims To investigate the prognostic role of stage 3 and 4 cardiac damage (CD) after transcatheter aortic valve 

3 intervention (TAVI), dependent on whether comorbidities contributing to right heart dysfunction were present. 

 

4 Methods and results Patients with severe aortic stenosis (AS) undergoing TAVI were included. Patients were 

5 divided into three groups: CD stage 0-2; CD stage 3-4, isolated AS (stage 3-4 CD without significant concomitant 

6 chronic obstructive pulmonary disease, mitral annular calcification, mitral stenosis, mitral regurgitation, 

7 previous coronary artery bypass graft surgery or cardiac amyloidosis); CD stage 3-4, AS with comorbidities 

8 (stage 3-4 CD with ≥ 1 of these comorbidities). Futility was defined as death or stage 3-4 NYHA class dyspnea 

9 one year after TAVI. 

 

10 Of 985 included patients, 822 (83%) had stage 1-2 CD, 101 (10%) had CD stage 3-4, isolated AS and 62 (6%) had 

11 CD stage 3-4, AS with comorbidities. Futility was not more common in stage 3-4 CD groups (stage 1-2 CD: 10%, 

12 CD stage 3-4, isolated AS: 17%, CD stage 3-4, AS with comorbidities: 15%, p=0.09). Baseline and one-year NYHA 

13 class was higher in stage 3-4 CD compared to stage 1-2 CD (p<0.01). 6-minute walking test distance increased 

14 similarly in all groups at one year. 

 

15 Conclusion Potential comorbidities contributing to right heart dysfunction were common among patients in 

16 stage 3-4 CD undergoing TAVI. Stage 3-4 CD was not associated with a significantly higher risk of futility, 

17 irrespective of comorbidities, and they experienced a similar functional improvement after TAVI. 

 

18 

 

19 Introduction 

20 Aortic stenosis (AS) is marked by increased pressure on the left ventricle (LV), which eventually leads to greater 

21 wall stress, LV remodeling, and heart failure. Initially, LV remodeling was viewed as an adaptive mechanism to 
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1 maintain normal wall stress, thus preventing heart failure.(1) However, it has become clear that the remodeling 

2 process negatively impacts LV diastolic properties, (2) triggering a harmful cascade. This cascade results in 

3 increased LV filling pressures, left atrial (LA) enlargement, right-ventricular dysfunction, poor hemodynamics, 

4 onset of heart failure symptoms, and poor prognosis. (3-6) 

 

5 Recently, a new classification system has been introduced to characterize the extent of extra-aortic valve 

6 cardiac damage (CD), including damage to the LV, LA, mitral valve apparatus, and right ventricle.(7) Studies 

7 have shown that the vast majority of patients with severe AS referred for transcatheter aortic valve 

8 intervention (TAVI) exhibit some degree of CD, which significantly impacts outcomes as it may not improve 

9 post-surgery.(8) However, a recent study has demonstrated that CD already has manifested in the early stages 

10 of AS and associates with coexisting comorbidities rather than AS severity.(9) Thus, it is possible that the 

11 association between CD and prognosis after TAVI reflects comorbidity burden rather than AS associated 

12 alterations. 

 

13 The aim of this study was to investigate the prognostic role of advanced stages of CD after TAVI, dependent on 

14 whether or not comorbidities potentially influencing right heart function were present. 

 
15 Methods 

16 The COMPARE-TAVI 1 trial is a multi-center, prospective, randomized controlled trial, in which all-comer 

17 patients were randomized 1:1 to receive transfemoral TAVI with either Sapien 3/Sapien 3 Ultra Transcatheter 

18 Heart Valve (THV) series (Edwards Lifesciences, Irvine, California, USA) and the Myval/Myval Octacor THV series 

19 (Meril Life Sciences Pvt. Ltd., Vapi, Gujarat, India).(10) 

 

20 Patients underwent a clinical examination including a six-minute walk test and echocardiogram prior to TAVI 

21 (baseline), at discharge, after 30 days and after 1 years follow-up. In the present sub-study we excluded 

22 patients with concomitant > moderate aortic regurgitation or patients with previous aortic valve replacement 
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1 (supplementary figure 1). At baseline a pulmonary function test was performed, and a medical history with 

2 relevant comorbidities as well as medical use was recorded. Cardiac amyloidosis was not an exclusion criteria, 

3 and patients were not systematically screened for this. 

 
4 Echocardiography 

5 A comprehensive transthoracic echocardiography was performed according to a pre-specified core laboratory 

6 echocardiographic protocol using Vivid 9 (GE Healthcare, Horten, Norway) or EPIQ7 (Philips Professional 

7 Healthcare, Netherlands) machines, digitally archived locally, de-identified and transferred in raw format to a 

8 core laboratory. Echocardiograms were assigned to 5 readers that included highly experienced research fellows 

9 and board-certified cardiologists with level III certification in echocardiography, and were subsequently 

10 approved by the core-lab director. Echocardiograms were analyzed using Viewpoint 6 (GE Healthcare, Horten, 

11 Norway) and Intellispace Cardiovascular (Philips Healthcare Best, Netherlands) software. 

 

12 Doppler values were calculated as the average of three cardiac cycles for patients with sinus rhythm and five 

13 cycles for atrial fibrillation with horizontal sweep of 100cm/s and a frame rate of minimum 60/s. LV outflow 

14 tract diameter was measured in the parasternal long-axis view in early systole from the point of aortic cusp 

15 insertion into the interventricular septum to the point of aortic cusp insertion into the intervalvular fibrosis. 

16 AVA was estimated by quantitative Doppler ultrasound using the continuity equation. Peak and mean flow 

17 velocity across the valve were determined in the window where the highest velocity could be recorded using 

18 continuous wave Doppler with the cursor as parallel as possible with the flow across the valve. Peak and mean 

19 transvalvular gradients were estimated using the modified Bernoulli equation.(11) LVEF was calculated by the 

20 Simpson biplane method from the apical 4-chamber and 2-chamber views. SVi was calculated using pulsed- 

21 wave Doppler as the product of the LV outflow area and LV outflow tract time velocity integral indexed to body 

22 surface area. 
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1 LV mass index was estimated using the Devereux formula.(12) In men LV mass index > 115 g/m2 and in women 

2 > 95 g/m2 were considered indicative of LV hypertrophy. Relative wall thickness was calculated for assessment 

3 of LV geometry using the formula 2 * LV posterior wall thickness/LV internal diameter in diastole. Relative wall 

4 thickness was considered increased when > 0.42. Patients were classified as normal geometry, concentric 

5 geometry, concentric LV hypertrophy, and eccentric LV hypertrophy based on LV mass index and relative wall 

6 thickness.(13) Indexed left atrial volume and diastolic dysfunction grade were evaluated according to 

7 guidelines.(14) Diastolic function was not assessed in the case of atrial fibrillation, pace rhythm or severe mitral 

8 annular calcification. 

 

9 Tricuspid gradient was estimated from tricuspid jet using the simplified Bernoulli equation. Central venous 

10 pressure was estimated according to the diameter of the inferior caval vein.(15) Systolic pulmonary arterial 

11 pressure was estimated as the sum of these two estimations. 

 
12 Cardiac damage staging classification 

13 Patients were stratified according to the CD staging scheme proposed by Genereux et al. (7) (supplementary 

14 figure 2) as Stage 0, no extra-aortic valve CD; Stage 1, LV damage as defined by the presence of LV hypertrophy, 

15 severe LV diastolic dysfunction (lateral E/e’>12 chosen, as we did not have medial e’) and/or more than mild LV 

16 systolic dysfunction (LVEF<50%); Stage 2, LA and/or mitral valve damage defined by the presence of LA 

17 enlargement (LA volume index > 34 ml/m2), and/or atrial fibrillation and/or ≥moderate mitral regurgitation; 

18 Stage 3, pulmonary vasculature and/or tricuspid valve damage defined by the presence of systolic pulmonary 

19 hypertension (systolic pulmonary arterial pressure ≥ 60 mmHg) and/or the presence of moderate or greater 

20 tricuspid regurgitation; Stage 4, RV damage defined as a tricuspid annular plane systolic excursion <16 mm 

21 (Central illustration, left panel). 
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1 Patients with stage 3-4 CD were sub-stratified according to the presence of concomitant chronic obstructive 

2 pulmonary disease of GOLD stage B or higher (i.e. obstructive expiratory pattern and forced expiratory volume 

3 in one second < 80% of predicted), severe mitral regurgitation, severe mitral annular calcification, mitral valve 

4 mean gradient ≥ 5 mmH, previous coronary artery bypass graft surgery or the presence of known cardiac 

5 amyloidosis. Patients were labeled as “AS with comorbidities” if one or more of these comorbidities were 

6 present, and “isolated AS” if none were present. 

 

7 We also performed CD staging using the modified approach by Tastet et al,(16) (supplementary figure 2), the 

8 primary difference being that patients with severe low flow (SVi < 30 ml/m2) are classified as stage 4 CD. Using 

9 this classification we divided patients into the same three groups as described above. 

 
10 Outcomes 

11 We wanted to choose a primary outcome that reflected survival with tolerable symptoms. In the lack of a 

12 uniform definition of “futility”,(17) we defined a combined futility endpoint as mortality or stage 3-4 NYHA 

13 class dyspnea at one year. Secondary outcomes were mortality one year after TAVI, changes in NYHA class and 

14 in 6-minute walk test one year after TAVI and changes in tricuspid return gradient. 

 
15 Statistics 

16 Data are presented as mean ± SD or number (percentages) as appropriate. Normality was tested with quantile - 

17 quantile plots. Oneway ANOVA was used to compare continuous variables between several groups, while the 

18 Kriskal-Wallis test was used for non-parametric multi-group comparison. For two-group comparison Student’s 

19 t-test was used. Chi-square test was used to compare categorical variables. A p-value < 0.05 was considered 

20 statistically significant. 
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1 To compare changes in 6-minute walk test distance, NYHA class and tricuspid return gradient over time, mixed- 

2 effects linear regression models were performed. An interaction term was implemented between time and 

3 CD/comorbidity group. 

 

4 StataNow/BE 18 was used for all analyses (StataCorp. 2024. Stata Statistical Software: Version 18.0. College 

5 Station, Texas, USA). 

 
6 Results 

7 After exclusion of 40 patients with previous aortic valve replacement and six patients with more than moderate 

8 aortic regurgitation, 985 patients were available for analysis (81±6 years, 581 (59%) males). Of these, 76 (8%) 

9 had no sign of CD, 133 (14%) had CD stage 1, 613 (62%) had CD stage 2, 67 (7%) had CD stage 3 and 98 (10%) 

10 had CD stage 4. Combining the CD stage and presence or absence of comorbidities as described, 822 (83%) 

11 were in CD stage 0-2, 101 (10%) had CD stage 3-4, isolated AS and 62 (6%) had CD stage 3-4, AS with 

12 comorbidities (Central illustration, left panel). 

 

13 Before TAVI, patients in CD stage 3-4 more commonly had atrial fibrillation and congestive heart failure as well 

14 as higher Euroscore 2- and STS scores. They had higher NYHA class, the 6-minute walk test distance was lower 

15 and they had higher creatinine levels (Table 1). Echocardiograms revealed lower LV ejection fraction and global 

16 longitudinal strain as well as higher LV wall mass index for higher CD classes. Furthermore, a restrictive filling 

17 pattern and a dilated left atrial size was more common with higher CD classes (Table 2). By definition, tricuspid 

18 annular plane systolic excursion, tricuspid regurgitation severity and PASP were more abnormal in higher CD 

19 classes, but with no difference dependent on whether comorbidities were present (p>0.05 for all). 

 
20 Outcomes 

21 One year after TAVI, 59 (6%) patients had died. The mortality rate was highest in the CD stage 3-4, isolated AS 

22 group (CD stage 0-2 group: 6%; CD stage 3-4, isolated AS: 11%; CD stage 3-4, AS with comorbidities: 2%, 
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1 p=0.04). Futility was not significantly different between groups (CD stage 0-2 group 10 %; CD stage 3-4, isolated 

2 AS: 17%; CD stage 3-4, AS with comorbidities: 15%, p=0.09) (Central illustration, upper right panel & table 3). 

 

3 NYHA class at one year was available in 910 patients, 98% of surviving patients. Overall NYHA improved 1-year 

4 following TAVI (baseline mean NYHA 2.3±0.6 vs 1-year mean NYHA 1.3±0.6, p<0.0001, figure 3) and similarly 6- 

5 minute walk test distance improved 1-year following TAVI (338±103 vs 392±104 m, p<0.0001, central 

6 illustration, lower right panel). While the improvement in NYHA was uniform across groups (CD stage 0-2 as 

7 reference; CD stage 3-4, isolated AS: -0.10, [95% CI -0.25 to 0.06]; CD stage 3-4, AS with comorbities: -0.02 [95% 

8 CI -0.22 to 0.17]), NYHA class remained higher after one year in patients with CD stage 3-4 groups regardless of 

9 comorbidities (Figure 1). 

 

10 6-minute walk test distance at one year was available in 506 patients, 55% of surviving patients. Changes in 6- 

11 minute walk test distance from baseline to one year were similar between groups (CD stage 0-2 as reference; 

12 CD stage 3-4, isolated AS: -3 m [95% CI -27 to 20 m]; CD stage 3-4, AS with comorbidities: +27 m [95% CI -1 to 

13 55 m]), but 6-minute walk test distance 1-year after TAVI remained lowest in patients with CD stage 3-4 groups 

14 regardless of comorbidities (Figure 2). We compared the patients alive at one year with a 6-minute walking test 

15 at baseline and 12 months (N=409, 66%) with the ones alive with a 6-minute walking test only at baseline 

16 (N=213, 34%). The patients that did not perform a follow-up 6-minute walking test had higher baseline NYHA 

17 class, shorter baseline 6-minute walking test and higher creatinine levels but were otherwise similar with 

18 regards to comorbidities, echocardiography and CD stage (supplementary table 3). 

 

19 Tricuspid gradient decreased more in the higher CD groups (CD stage 0-2 as reference, CD stage 3-4, isolated 

20 AS: -7 mmHg [95% CI -9 to -5 mmHg], CD stage 3-4, AS with comorbidities: -7 mmHg [95% CI -10 to -4 mmHg]), 

21 but remained significantly higher in CD stage 3-4 groups after one year (24±9 vs 30±12 vs 31±13 mmHg, 

22 p<0.0001) (Central illustration, lower right panel). 
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1 Tastet’ cardiac damage classification 

2 The above analyses were repeated using the modified Tastet’ classification to stage CD. Using this classification, 

3 655 patients were in CD stage 0-2, 221 were in CD stage 3-4, isolated AS and 109 were in CD stage 3-4, AS with 

4 comorbidities (supplementary tables 4-5). One year after TAVI, mortality was borderline higher in the higher 

5 CD stage groups (CD stage 0-2: 5%; CD stage 3-4, isolated AS: 9%; CD stage 3-4, AS with comorbidities: 7%, 

6 p=0.05), while futility was significantly higher (CD stage 0-2: 9 %; CD stage 3-4, isolated AS: 15 %; CD stage 3-4, 

7 AS with comorbidities: 16 %, p=0.03) (Supplementary table 6, supplementary figure 3). The secondary 

8 outcomes of improvement in NYHA class, 6-minute walking test distance and tricuspid gradient one year 

9 showed the same tendency as for the original CD staging, with similar relative improvements in all three 

10 groups. However, as above, CD stage 0-2 group achieved the lowest NYHA class, highest 6-minute walking test 

11 distance and lowest tricuspid return gradient (supplementary table 6, supplementary figures 4-6). 

 
12 Discussion 

13 In this large trial including all-comers with severe AS undergoing TAVI, we demonstrate that a large proportion 

14 of patients with stage 3-4 CD had comorbidities that may contribute to the extent of CD. However, 

15 irrespectively of these comorbidities and extent of CD, futility after TAVI was rare, suggesting that with proper 

16 patient selection, these findings should not preclude TAVI. Despite a similar relative improvement in functional 

17 capacity, patients with CD stage 3-4 remained more symptomatic one year after TAVI. 

 

18 The progression of AS from milder to more severe states imposes an increasing afterload on the LV, which may 

19 lead to increasing wall stress and decreasing LVEF and stroke volume.(18) Although the adaptive mechanism of 

20 increasing wall thickness to balance end-systolic wall stress has been considered a benign physiological 

21 countermeasure(1), it may lead to diastolic dysfunction, left atrial dilatation, myocardial fibrosis and in later 

22 stages pulmonary hypertension and right ventricular dysfunction, which may lead to a poorer prognosis after 

23 aortic valve replacement.(3, 5, 19) This has led to the concept of CD staging, introduced by Généreux et al(7) in 
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1 a sub-study from the PARTNER 2 trials, showing that higher degrees of CD were associated with poorer 

2 prognosis after aortic valve replacement. 

 

3 CD has later been found to be common also in asymptomatic severe AS and even moderate AS patients, 

4 impacting their prognosis negatively,(16, 20) questioning whether AS should be treated in earlier stages. 

5 However, CD may also be caused by comorbidities common in AS patients, such as atrial fibrillation, 

6 hypertension, mitral valve disease and pulmonary disease. A recent study showed that CD stage > 1 was 

7 present in more than 60% of patients with mild AS, and was more related to the number of comorbidities than 

8 the severity of AS.(21) In the present study we focused on the two highest CD stages with involvement of 

9 pulmonary pressure, tricuspid regurgitation and right ventricular function. Although this could be caused by 

10 backward failure from a failing LV and from increased LA pressure, other mechanisms could be involved as well. 

11 Indeed, it has previously been shown that there is not a graded increase in LV hypertrophy or LA volume from 

12 CD stage 2 to 4.(20, 21) A few studies have showed that CD is reversible in only a minority of cases after aortic 

13 valve replacement.(8, 22) These findings could suggest that TAVI should be avoided in patients with extensive 

14 CD stage. It is thus paramount, that we demonstrate that although futility was borderline higher in higher CD 

15 stages, a futile course was rare even in advanced CD stages, as this would suggest that TAVI should not 

16 automatically be precluded despite advanced CD stages. 

 

17 While previous studies on CD in AS have focused on its impact on mortality, this is the first study to 

18 meticulously study its impact on changes in 6-minute walk test and NYHA class. Not surprisingly patients with 

19 stage 3-4 CD had lower baseline 6-minute walk test distance and higher NYHA class. Interestingly, although 

20 patients with stage 3-4 CD experienced a similar relative increase in 6-minute walk test and decrease in NYHA 

21 class, they remained more symptomatic after one year compared to patients with stage 0-2 CD. It has 

22 previously been shown, that more advanced dyspnea before TAVI increases the risk of death or cardiovascular 

23 hospitalization after TAVI(23), and our findings likely reflects the higher symptom burden before TAVI in the 
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1 patients with higher CD stage. These findings are important and may improve patient information prior to TAVI, 

2 as they suggest that the extent of CD should raise the awareness of the possibility of residual symptoms 

3 despite TAVI therapy. 

 

4 Surprisingly, patients with isolated AS experienced a similar significant decrease in tricuspid gradient to 

5 patients with AS with comorbidities. This suggests that even patients with significant comorbidities may 

6 experience a hemodynamic improvement in pulmonary pressure, when the AS is severe. Hence, the 

7 comorbidities used in this study are important to consider in the selection of patients suitable for TAVI, and 

8 should be incorporated in the total assessment of patient, but with proper patient selection some of these 

9 patients may experience a significant improvement in symptoms and hemodynamics with an acceptable risk of 

10 futility. 

 

11 We tested our model with the modified Tastet’ CD classification(7, 16). This resulted in more patients being 

12 reclassified to severe CD stages, due to severe low-flow AS being classified as CD stage 4. Our primary and 

13 secondary results were essentially similar for the original and Tastet’ CD classification, with the main difference 

14 that futility was now significantly higher in higher CD classes. As the absolute rates of futility were similar 

15 between the two CD classifications, we interpret this as superior statistical power using the Tastet’ 

16 classification due to a more even distribution of patients in CD classes. We do not believe this impacts our main 

17 results, but the Tastet’ classification may provide incremental prognostic value in AS risk stratification(16), 

18 which should be a topic of further research. 

 

19 Limitations 

 

20 There are some important limitations to our study. Although this was an all comer study, including virtually all 

21 patients treated with TAVI from three tertiary centers, they were only included after being discussed in a heart 
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1 team, which likely rejected the patients with the highest likelihood of a futile course. Care should therefore be 

2 taken before extending our findings to all patients with severe AS. 

 

3 The one-year mortality and occurrence of severe CD in our cohort was lower than in the PARTNER 2 trials (7), 

4 possibly owing to a more selective approach to offering TAVI in our setting. Moreover, with the short follow -up 

5 of only one year, we cannot rule out a smaller association between higher CD class and mortality. 

 

6 Due to the relative small group size of patients with stage 3-4 CD, we cannot rule out a type 2 error masking 

7 smaller differences in futility between groups. With a post-hoc power calculation, we estimated that a sample 

8 size of 984 patients was necessary, which is close to the actual sample size. 

 

9 The list of comorbidities used in this study to define comorbidities is not exhaustive, and others could have 

10 been considered. We chose the ones from the available dataset that we would expect to impact right heart 

11 remodeling, and that would cause concern about functional recovery in the clinician when referring a patient 

12 to TAVI. Further studies could look at some of these comorbidities individually in the context of CD. Further, we 

13 did not systematically screen for cardiac amyloidosis and have likely underdiagnosed this in the population. 

 

14 There were a significant proportion of missing 6-minute walking tests, and these patients were more 

15 symptomatic at baseline. This may have introduced a bias in our evaluation, and may have overestimated the 

16 improvement in 6-minute walking test. 

 
17 Conclusion 

18 Advanced CD stages are common among patients undergoing TAVI, and is associated with a higher 

19 symptomatic burden before and after TAVI, however these patients have a similar relative symptomatic and 

20 functional improvement compared to patients in lower CD stages. Although comorbidities may be involved in 

21 the development of advanced CD, with proper patient selection the presence of comorbidities does not 

22 exclude symptomatic or functional improvement after TAVI. 
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33 the final grouping. Upper right panel: The primary outome of futility (death or NYHA 3-4 dyspnea at one year), 

34 showing no significant difference between groups. Numbers presented on figure are proportions (%). Lower 

35 right panel: The secondary endpoint of change in tricuspid gradient at one year, showing larger relative change 

36 in higher CD class groups, but larger absolute tricuspid gradient at all time-points in higher CD class groups. 
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1 Abbreviations: AS is Aortic stenosis, CABG Coronary artery bypass graft, CD cardiac damage stage COPD Chronic 

2 obstructive pulmonary disease, MAC Mitral annular calcification, MR Mitral regurgitation, MS Mitral stenosis, 

3 NYHA New York Heart Association dyspnea scale, LA Left atrium, LV Left ventricle, RV Right ventricle, TAVI 

4 Transcatheter aortic valve intervention 

 

5 Figure 1 – Histograms showing changes in NYHA function class at baseline, 1 month and 1 year after TAVI 

6 stratified by cardiac damage stage and presence or absence of comorbidities. Numbers presented on figures 

7 are proportions (%). 

8 Figure 2 – Six minute walk test distance at baseline, 1-month and 1-year after TAVI stratified by cardiac damage 

9 stage and presence or absence of comorbidities. 

10 

 
11 Tables 

Table 1: Baseline table according to CD stage and presence or absence of secondary causes to CD 
 CD stage 0-2 CD stage 3-4, 

isolated AS 
CD stage 3-4, AS 

with comorbidities 

 

N=822 N=101 N=62 P-value 

Age (years) 81 (6) 82 (6) 81 (6) 0.04 

Male sex 480 (58) 63 (62) 38 (62) 0.70 

Body mass index (kg/m2) 28 (5) 27 (4) 26 (4) 0.03 

NYHA class    <0.001 

1 81 (10) 4 (4) 0 (0)  

2 440 (54) 44 (43) 28 (46)  

3 291 (36) 49 (49) 33 (53)  

4 8 (1.) 4 (4) 1 (2)  

Euroscore 2 (%) 2.3 [1.5-3.7] 3.3 [1.9-6.6] 4.6 [2.3-7.8] 0.0001 

STS-score (%) 2.1 [1.5-3.3] 3.0 [2.1-4.4] 3.2 [2.5-5.2] 0.0001 

6-min walk test (m) (N=655) 333 [244-406] 308 [212-376] 272 [199-349] 0.01 

Systolic BP (mmHg) 140 (21) 133 (21) 133 (21) 0.0005 

Diastolic BP (mmHg) 75 (12) 74 (12) 73 (12) 0.48 

Heart-rate (beats/min) 72 (13) 73 (14) 76 (16) 0.11 

Hypertension 620 (76) 73 (72) 49 (79) 0.67 

Diabetes mellitus 178 (22) 26 (26) 10 (16) 0.39 

Atrial fibrillation 248 (30) 67 (66) 34 (55) <0.001 
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Previous acute myocardial infarction 81 (10) 10 (10) 11 (18) 0.13 

Cardiac amyloidosis 6 (1) 0 (0) 1 (2) 0.48 

Congestive heart failure 139 (17) 32 (33) 19 (29) <0.001 

Peripheral vascular disease 55 (7) 3 (3) 8 (13) 0.05 

Previous stroke 132 (16) 11 (11) 9 (15) 0.38 

Chronic obstructive pulmonary disease 122 (15) 0 (0) 31 (48) <0.001 

Pacemaker before TAVI 76 (9) 13 (13) 11 (18) 0.06 

TAVI valve 
Sapien 

 
416 (51) 

 
50 (50) 

 
33 (53) 

0.84 

Myval 406 (49) 50 (50) 29 (47)  

Creatinine (mmol/L) 97 (59) 111 (73) 115 (70) 0.01 

Abbreviations: CD is Cardiac Damage, NYHA New York Heart Association, BP Blood Pressure, TAVI 
Transcatheter Aortic Valve Replacement 

1 

 Table 2: Echocardiographic data according to CD stage and presence or absense of secondary causes to CD  
 CD stage 0-2 CD stage 3-4, 

isolated AS 
CD stage 3-4, AS 

with comorbidities 
 

N=822 N=101 N=62 P-value 

Aortic Peak Velocity (m/s) 431 (60) 394 (76) 409 (69) <0.0001 

Aortic Mean Gradient (mmHg) 49 (14) 42 (15) 44 (14) <0.0001 

Aortic Valve Area (cm2) 0.72 (0.20) 0.65 (0.18) 0.70 (0.20) 0.02 

LV ejection fraction (%) 57 (13) 50 (16) 50 (16) <0.0001 

Global longitudinal strain (-%) 13 (3) 11 (4) 10 (4) <0.0001 

Stroke volume index (ml/m2) 39.5 (11) 32.2 (10.3) 34.8 (10.6) <0.0001 

LV wall mass index (g/m2) 119 (31) 130 (31) 129 (29) 0.0003 

Relative wall thickness 0.55 (0.18) 0.56 (0.16) 0.54 (0.17) 0.72 

LA volume index (ml/m2) 44 (16) 56 (26) 54 (21) <0.0001 

E/e' lateral 16 (9) 15 (7) 18 (10) 0.14 

Trucuspid return gradient (mmHg) 27 (11) 39 (15) 40 (16) <0.0001 

PASP (mmHg) 32 (12) 48 (17) 48 (17) <0.0001 

TAPSE (mm) 24 (4) 17 (5) 16 (5) <0.0001 

Cardiac damage staging, n (%)    <0.001 

No cardiac damage 76 (9) NA NA  

Stage 1 136 (17) NA NA  

Stage 2 610 (74) NA NA  

Stage 3 NA 46 (46) 21 (34)  

Stage 4 NA 55 (55) 41 (66)  

Diastolic function grade, n (%)    <0.001 

No diastolic dysfunction 55 (13) 3 (8) 2 (11)  

Impaired relaxation 30 (7) 5 (14) 2 (11)  

Pseudonormal diastolic function 187 (44) 16 (43) 4 (22)  

Restrictive diastolic function 52 (12) 13 (35) 5 (28)  

Indeterminate diastolic function 101 (24) 0 (0) 5 (28)  
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Flow gradient pattern, n (%)    <0.001 

High gradient 594 (73) 56 (56) 38 (61)  

Normal flow low gradient 110 (14) 10 (10) 6 (10)  

Paradoxical low flow low gradient 51 (6) 11 (11) 8 (13)  

Classical low flow low gradient 62 (8) 23 (23) 10 (16)  

Abbreviations: CD is Cardiac Damage, LV Left Ventricle, LA Left Atrium, PASP Pulmonary Artery Systolic Pressure, 
TAPSE Tricuspid Annulus Plane Systolic Excursions 

1 
Table 3: Follow up clinical and echocardiographic data according to CD stage and presence or absence 
of secondary causes to CD 

 

CD stage 0-2 CD stage 3-4, 
isolated AS 

CD stage 3-4, AS 
with 

comorbidities 

 

One month after TAVI 
N=822 N=101 N=62 P-value 

All-cause mortality, n (%) 14 (2) 1 (1.0) 0 (0.0) 0.52 

NYHA class, n (%)    0.01 

1 547 (69) 56 (57) 35 (57)  

2 200 (25) 37 (38) 21 (34)  

3 47 (6) 3 (3) 6 (10)  

4 3 (0) 2 (2) 0 (0)  

6-minute walk test distance (m) (N=555) 397 [315-454] 339 [240-420] 348 [270-380] 0.0001 

Tricuspid return gradient (mmHg) (N=780) 24 (9) 31 (12) 32 (13) <0.0001 

12 months after TAVI 

All-cause mortality, n (%) 
 

47 (6) 
 

11 (11) 
 

1 (2) 
 

0.04 

NYHA class, n (%) 

1 
 

565 (74) 
 

55 (62) 
 

33 (55) 

0.002 

2 159 (21) 28 (32) 19 (32)  

3 36 (5) 7 (7) 7 (12)  

4 1 (0) 0 (0) 1 (2)  

6-minute walk test distance (m) (N=506) 400 [306-462] 360 [275-445] 350 [294-396] 0.04 

Futility, n (%) 84 (10) 17 (17) 9 (15) 0.09 

Tricuspid return gradient (mmHg) (N=750) 24 (9) 30 (12) 31 (13) <0.0001 

Abbreviations: CD is Cardiac Damage, TAVI Transcatheter Aortic Valve Replacement, NYHA New York 
Heart Association 

2 

3 



 

 

1
 

2
 

Fi
g

u
re

s 

Fi
gu

re
 1

 

3
 

4
 

5
 

6
 

1
8
 



 

 

1
 

Fi
gu

re
 2

 

2
 

3
 

4
 

5
 

Fi
gu

re
 3

 

6
 

1
9
 



 

 

1
 

2
 

3
 

G
ra

p
h
ic

a
l 
A

b
st

ra
ct

 

1
8
0
x
1
1
0
 m

m
 (
 x

 D
P
I)

 

2
0
 


