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1. Introduction 

Aortic stenosis (AS) is the most common valvular disease in developed countries (1, 2). 

Its prevalence significantly rises with increasing age and AS has a significant impact on 

both morbidity and mortality (3). Currently, the standard treatment for patients with 

severe AS is surgical aortic valve replacement (SAVR). However, transcatheter aortic 

valve implantation (TAVI) has emerged as a safe and effective alternative to SAVR in 

symptomatic patients with high or prohibitive risk and as a valid alternative to SAVR in 

patients with intermediate risk (4-9). TAVI has been recently expanded to lower risk 

patient population. According to the 2020 US guideline TAVI can be considered for 

symptomatic patients between the ages of 65 and 80 years, and in asymptomatic patients 

below 80 years of age with an ejection fraction less than 50% (10, 11). It has been shown, 

that medical therapy and ballon valvuloplasty is inferior to TAVI in patients who are not 

suitable for open-heart surgery (12, 13). Moreover, TAVI could potentiate reverse the 

remodelling of the left ventricle (14) resulting in improved cardiac function and better 

outcomes (15). As the indication for TAVI expands to lower-risk populations, it becomes 

increasingly important to consider the prognostic role of left ventricular remodelling and 

cerebrovascular events (CVE) in patients undergoing this procedure. With the potential 

for more patients to undergo TAVI, it is crucial to carefully evaluate the impact of the 

procedure on left ventricular reverse remodelling and the incidence of cerebrovascular 

events and effect on long term cognitive function which could have a significant impact 

on short and long-term morbidity and mortality. Therefore, understanding the prognostic 

significance of these factors will be essential in ensuring the continued success and safety 

of TAVI in lower-risk patient populations. 

1.1. Left ventricular remodelling 

AS leads to adaptational adverse cardiac remodelling due to chronic pressure overload of 

the LV (3). Left ventricular hypertrophy (LVH) is strongly associated with significant 

risk of cardiovascular mortality and morbidity regardless of its etiology (4, 5). Moreover, 

chronic pressure overload and subsequent remodelling are accompanied by diastolic 

and/or systolic LV dysfunction (6-9). LV reverse remodelling will occur immediately 

after the elimination of afterload (after surgical or transcatheter valve replacement), which 

means immediate improvement of cardiac function occurs, followed by benefitial reverse 
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remodelling (LV mass regression) at medium- and long-term. According to the literature, 

the regression of LV mass (LVM) is a protective factor (15) and is associated with 

reduced hospitalization rate (16, 17). 

1.2. Hypo-attenuated leaflet thickening 

Hypo-attenuated leaflet thickening (HALT) of transcatheter aortic valve leaflets has been 

described on cardiac computed tomography angiography (CTA) datasets in patients after 

TAVI (18-20). HALT is considered an early imaging feature of subclinical leaflet 

thrombosis (SLT), which is a common finding after TAVI, the reported frequencies 

varying from 0.6% to 40% (19, 21). Patients with HALT are mostly asymptomatic, do 

not exhibit increased transvalvular gradients on echocardiography, and have overt 

prosthetic valve thrombosis infrequently. HALT can develop despite established post-

procedural antiplatelet regimens and, in many cases, may resolve completely after the 

initiation of anticoagulation therapy. A previous study suggested that valve thickening or 

thrombosis is considered to have a significant impact on hemodynamic prosthetic valve 

deterioration (22), which has been linked with less LV reverse remodelling after aortic 

valve replacement (23). However, whether HALT affects LV reverse remodelling after 

TAVI and the clinical relevance of SLT is still under debate, some studies find increased 

risk for stroke or transient ischemic attack (TIA) (18, 24-26), whereas others did not find 

any associations between SLT and CVE (27-30). 

1.3. Cerebral embolization and cerebrovascular events 

Cerebrovascular events after TAVI are among the most devastating complications with 

elevated risk of morbidity and mortality in both the short and long term. (31-33). There 

is a large variety in defining CVE in prior studies and meta-analyses. The incidence of 

CVE after TAVI ranges from 1-11%, albeit it was found thast the incidence of 

periprocedural stroke is slightly higher in patients with first generation transcatheter 

valves compared to the new generation devices (33-36). According to the Partner 3 trial 

-which was aimed to investigate whether TAVI could be considered a suitable alternative 

to SAVR in patients with low surgical risk in patients with severe symptomatic AS- 

showed a significant reduction in the primary endpoint (composite of death from any 

cause or disabling stroke) demonstrating superiority against SAVR in this low risk group 
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(37). The Partner 3 trial reported 3.0% rate of stroke in the TAVI group, and 7.0% in the 

SAVR group at 30 days. The results of Partner 3 were further strengthened by the 

publication of the Evolut trial which found that TAVI was non-inferior to SAVR for the 

primary composite endpoint of death from any cause or disabling stroke at 24 months The 

Evolut trial found 3.4% rate of stroke in both the TAVI and the SAVR group at 30 days 

(38). 

Besides the clinically apparent ischemic brain lesions, numerous cerebral magnetic 

resonance imaging (MRI) studies have found a very high (58-91%) incidence of clinically 

silent new ischemic lesions after TAVI, regardless of the transcatheter valve type and 

approach (39-42). Although the majority of these lesions did not manifest as an overt 

stroke, and presents only in a small proportion of patients, silent cerebral embolism is a 

common finding associated with this procedure. These silent cerebral ischemic lesions 

(SCIL) might led to impaired cognitive function and the development of future cerebral 

complications, but the clinical relevance of SCILs is still controversial (43-45). It has 

been suggested that SCILs after TAVI are associated with increased risk of dementia, 

cognitive decline and depression (44, 46-48). However, a recently published subgroup 

analysis from a meta-analysis showed that despite of new cerebral lesions after TAVI, 

there is a cognitive improvement in 19% and impairment in only 7% of the subjects (49). 

Also, an inverse correlation was found between low pre-TAVI cognitive performance and 

post-TAVI cognitive improvement. TAVI could affect cognitive function in either way. 

The treatment of severe AS by TAVI could improve systolic and diastolic LV function, 

cerebral perfusion and cognition (50). Nonetheless, it has to be underlined that these 

fragile patient cohorts have several cerebrovascular risk factors, which might commit to 

their ischemic brain injury (51). Therefore, state-of-the-art cardiovascular imaging aims 

to provide accurate assessment of bioprosthetic valve degeneration and provides a 

possible target for intervention (HALT) and allows for the evaluation of reverse 

remodelling processes. 

1.4. CT angiography (CTA) 

CT angiography is a non-invasive modality for the assessment of cardiac function and 

anatomy, and has a well-defined role in the guidelines for the planning of TAVI procedure 

(52). CTA is also increasingly used to detect structural valve abnormalities following 
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TAVI (25, 53-55). To date, most studies evaluating valve function and LV reverse 

remodelling after TAVI using traditional 2D-echocardiography. Nonetheless, this 

modality is limited by intra- and interobserver variability and utilizes geometrical 

assumptions for the calculation of left ventricular mass (LVM), which represents an 

important source of error in LVM quantification. Due to its exceptional spatial resolution, 

CTA is a powerful tool that permits accurate LVM assessment with good intra- and 

interobserver variability and 3-dimensional evaluation of the cardiac chambers (56). 

LVM evaluated by CTA has really good correlation to the clinical standard method, 

cardiac magnetic resonance imaging (57). In addition, neither 2D nor 3D transthoracic or 

transoesophageal echocardiography can directly visualize subclinical leaflet thrombosis 

(25, 58, 59), which can be depicted using CTA (14). Therefore, in clinical routine, CTA 

is the method of choice to evaluate HALT and SLT. 

1.5. Diffusion MRI 

Diffusion weighted imaging (DWI) describes three-dimensional (3-D) diffusion of water 

molecules, and provides image contrast based on differences in the magnitude of water 

molecule diffusion within tissues. Diffusion tensor imaging (DTI) is another 

interpretation method of diffusion MRI data, a promising non-invasive tool for 

assessment of white matter (WM) connectivity, integrity. widely used to demonstrate 

microstructural changes in variety of diseases (stroke, schizophrenia, Alzheimer’s 

disease, etc.). This method is also a helpful tool to assess WM changes following TAVI.  

The diffusion tensor is a 3 × 3 real, symmetric matrix representation of the three-

dimensional water displacement probability in tissue, and it can be represented as an 

ellipsoid with 3 main axes (51, 59). The length of the longest half-axis reflects diffusion 

parallel to the supposed WM fibres, i.e. axial diffusivity (AD), the averaged lengths of 

the two shorter half-axes represent diffusivity perpendicular to the fibres; radial 

diffusivity (RD) (59, 60, 61). Fractional anisotropy (FA) is a measure of the directionality 

of diffusion within a voxel. FA value ranges between 0 (isotropic diffusion) and 1 

(perfectly anisotropic diffusion). An FA value of 0 means unrestricted diffusion in all 

directions, 1 means that diffusion occurs along one axis only and is fully restricted along 

all other directions (62). FA is the highest in compact fibre bundles oriented parallelly, 

such as the corpus callosum. Whereas myelin damage alone is associated with increased 
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RD, subacute and chronic axonal damage with a combined myelin injury is shown to 

result in an increase in AD relative to RD and a decreased FA (59, 63, 64). Decrease in 

FA is linked with loss of fibre integrity (65) and is observed in age-related WM changes 

(66, 67) and various diseases (68). Mean diffusivity (MD) is the mean of the three 

ellipsoid half-axis lengths. MD reflects the magnitude of water diffusion and is 

proportional to the extracellular water content within a voxel, mainly used for detection 

of acute brain ischaemia (51). Increased of diffusivity values (MD, AD, RD) can be 

observed during ageing (66, 69), in mild cognitive impairment (70), in Alzheimer’s 

disease (71), in Parkinson’s disease related cognitive impairment (72), and multiple 

sclerosis (73). DTI might emerge as an useful technique to assess and quantify WM 

microstructural changes after TAVI.  
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2. Objectives 

 

2.1. To investigate independent predictors of reverse remodelling after TAVI and to 

assess the prognostic value of LV reverse remodelling on mortality and hospitalisation 

for heart failure. 

 

2.2. To assess independent predictors of cerebral embolization after TAVI, and to assess 

the neurological consequences  

 To define independent predictors of patient and procedural related predictors of 

ischemic lesion volume and stroke 

 To evaluate the occurrence and distribution of ischemic brain lesions using 

diffusion MRI 

 To assess the effect of SCILs on the patient’s neurocognitive function. 

 

2.3 To assess WM microstructural alterations between the discharge and 6 months brain 

MRI following TAVI 

 To assess DTI metric changes in the corpus callosum and cingulum,  

 To correlate DTI metrics with postprocedural ischemic lesion volume (ILV) and 

evaluate the cognitive trajectory of subjects undergoing TAVI.  
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3. Methods 

3.1. Study population and design 

3.1.1. Study population and design for the evaluation of reverse remodelling after TAVI 

In a single center, prospective cohort study we analysed 117 consecutive patients who 

underwent CT angiography for pre-TAVI planning and were assessed following TAVI to 

determine the presence or absence of SLT as part of the RETORIC study (Rule out 

Transcatheter Aortic Valve Thrombosis with Post Implantation Computed Tomography 

trial, NCT02826200) (74). We excluded patients for whom CTA was contraindicated per 

institutional standard of care (history of severe and/or anaphylactic reaction, severe renal 

insufficiency defined as ≤30 mL/min/1.73m2), or who had poor image quality for the 

evaluation of LVM. As part of the standard clinical evaluation, pre-TAVI imaging was 

conducted to assess the aortic root anatomy and determine the appropriate access routes 

(iliofemoral and supraaortic arteries) for transcatheter heart valve sizing and TAVI 

eligibility. CTA imaging was also utilized to evaluate bioprosthetic valve function and 

LV morphology after TAVI. All patients received a self-expandable transcatheter aortic 

valve. Follow-up echocardiography was performed on the same day to to assess LV 

morphology at various time points following TAVI (average of 1.7 years). Patients with 

contraindications to CTA per institutional standards of care (such as a history of severe 

and/or anaphylactic reaction, severe renal insufficiency defined as ≤30 mL/min/1.73m2) 

or those with inadequate image quality for assessing left ventricular mass were excluded 

from the study (14).  

3.1.2. Study population and design for the evaluation of procedural predictors of CVE 

and neurological consequences following TAVI 

In a single-center, prospective cohort study, from 153 patients we analyzed 113 

consecutive patients after exclusion (consent withdrawal in 6 cases, pacemaker 

implantation in 19 cases, lack of cooperation in 15 cases) who underwent CT angiography 

for pre-TAVI planning and brain MRI following TAVI and at six-month (6M) as part of 

the RETORIC study (29). The valve implantations were performed between November 

2016 and June 2018, and patients were followed up until 1 year.  
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3.1.3. Study population and design for DTI metric and microstructural WM changes 

 

As a part of the previous study, we included subjects into the DTI substudy with complete 

and adequate discharge TAVI and 6M follow-up MRI datasets. The final DTI study 

cohort consisted of 78 participants. Inclusion criterion of the cognitive study was the 

accomplishment of the pre-TAVI baseline and at least one of the three further 

neurocognitive tests (divided into “DTI cognitive” and “non-DTI cognitive” cohorts) 

(51). 

Written informed consent was obtained from all patients for all of the above described 

studies. These studies were approved by the local and national ethical committees and 

were performed in accordance with the Helsinki declaration.  

3.2. Image acquisition for TAVI planning and follow-up 

We used the following CTA protocol for every pre-TAVI planning CT: first, we acquired 

a prospectively ECG triggered non-contrast scan from the entire heart (120 kV, slice 

thickness of 3 mm, increment 1.5 mm). This was followed by a retrospectively ECG-

gated CTA of the aorta (from the level of thoracic inlet to the level of the femoral head), 

and the heart, during a single breath-hold, using a 256-slice CT scanner (Philips 

Healthcare, 270 msec rotation time, tube voltage of 100-120 kV based on body mass 

index) for TAVI planning. We administered 75 ml contrast agent with 4.5 ml/s flow, and 

images were acquired with 1 mm slice thickness, and 1 mm increment using iterative 

reconstruction (iDose4 and IMR, Philips Healthcare). Follow-up CT examinations were 

performed using retrospective gating with similar scan protocol, with shorter scan length 

covering the volume of the heart and the ascending aorta. CTA was performed in all 

patients—who did not have contraindication—irrespective of symptoms or 

echocardiographic results (14). 
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3.3. Cardiac CTA image analysis 

Two radiologists assessed the calcification of aortic valve, annulus, left ventricular 

outflow tract, ascending aorta and aortic arch on the planning CTA. The severity of 

calcification was qualitatively graded as mild, moderate, severe. Aortic valve calcium 

score (AVCS) was measured on the non-contrast cardiac CT, by the Agatston method 

(Figure 1), with care taken to exclude calcium originating from extravalvular structures 

(75). LVM was measured at the baseline pre-TAVI and at the follow-up on CTA images 

in the end-systolic or end-diastolic phases. Semi-automated software tool (Heartbeat-CS, 

Philips Intellispace v6.0.4) was used for both assessments. For the LVM assessment first, 

the software segmented the heart and created a short-axis stack through the LV. We 

adjusted the epi- and endocardial contours manually if needed. The software 

automatically calculated LVM based on volumetric analysis. The calculated LVM value 

was indexed to the patients’ body surface area. LV reverse remodelling was defined as a 

reduction of >20% in calculated LVM and LVM index detected on post-TAVI CT scans 

as compared with pre-TAVI CT scans. The measurements were performed in a random 

order and investigators were blinded to the scan date and patient data (14). 

 

Figure 1. Non-enhanced CT of severe aortic valve calcification (total AVCS: 4538). 

Calcium scoring of the aortic valve using post-processing software by the Agatston 
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method. RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle. Image 

by the author. 

The presence of SLT was evaluated on follow-up CT (average 1.7 years) by three 

radiologists with at least 5 years of experience in cardiac CT imaging. All readers were 

blinded to echocardiographic or clinical parameters and assessed SLT within the 

bioprosthetic valve in the end-diastolic phase. All cusps were evaluated separately for the 

presence of leaflet thrombosis and the number of involved cusps was recorded. The 

images were assessed by all three readers as part of a consensus read. In long-axis view 

the thickness of each leaflet was measured in parallel and perpendicular axes to the frame. 

An average thickness of >3 mm of the hypo-attenuated mass (based on both the parallel 

and the perpendicular axis measurements) was considered as leaflet thickening 

corresponding to SLT (Figure 2) (14).  

 

Figure 2. Representative cases for the assessment of reverse remodelling and SLT. CTA 

images were analysed to quantify LVM using a semi-automated software. Valve 

assessment was performed by three radiologists on the follow-up images. LVM was 

measured on pre- and post-TAVI images to calculate change in LVM (ΔLVM). Case 1 

(upper panels) depicts a patient without SLT and a prominent reverse remodelling, 
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whereas Case 2 (lower panels) shows a patient with SLT and a reduced degree of reverse 

remodelling (see cross-sections). Image by the author. 

3.4. Echocardiography Assessment Prior to the TAVI procedure and During Follow-

up 

We performed TTE for all 117 patients using an EPIQ 7C system (Philips Medical 

System, Andover, MA, USA), equipped with X5-1 matrix transducer. The 2D grey-scale 

images were recorded over three heart cycles and analysed using QLab software (version 

10.0 Philips Medical System, Andover, MA, USA) by one of four experienced 

echocardiographers, blinded to the CT data. Transaortic peak and mean pressure gradients 

were calculated using the simplified Bernoulli equation (Table 1). The change in mean 

pressure gradient was determined by calculating the difference between the pre-

procedural pressure gradient values and those obtained during the follow-up period. 

Laboratory, imaging, and clinical data were evaluated at follow-up study visits by a 

cardiologist at the same day of CT and echocardiographic imaging (14). 

3.5. Endpoint definition for adverse events in patients evaluated for LV reverse 

remodelling 

We defined hospitalization for heart failure as any hospitalization event that lasted for 

>24 h during the follow-up period, at which patient demonstrated at least two heart 

failure-related symptoms (i.e. oedema and dyspnoe) and required intravenous diuretic 

therapy (76).   

To ensure the accuracy and integrity of mortality data, official death records from the 

National Health Insurance Fund were collected and carefully verified. This meticulous 

process aimed to prevent any loss of patient information during the follow-up period. 

Mean follow-up time was 2.6 years for this patient cohort. Composite endpoint was 

defined as heart failure hospitalization or all-cause mortality during follow-up. Survival 

time was calculated from the date of TAVI to the date of confirmed death, hospitalization 

or last contact with the patient. We compared clinical outcomes in patients with more and 

less than 20% reduction in LV mass (the definition of reverse remodelling) (14). 
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3.6. TAVI procedure and periprocedural complications 

In our study assessing the periprocedeural risk factors and complications in 113 patients 

prosthetic valves were implanted with the standard technique, using local anesthesia with 

conscious sedation during the procedure. Transfemoral route was the preferred access, 

transsubclavian or transcarotid routes were considered as an alternative route. Embolic 

protection devices were not used in this cohort. Adverse events were defined according 

to the Valve Academic Research Consortium-3 definitions (VARC-3) (77, 78). 

Procedural factors such as balloon pre- and postdilatations, the number of attempts to 

position and events of valve dislocation were evaluated and collected in a dedicated 

database (Table 2) (79).  

3.7. Discharge- and follow-up MRI 

In our study evaluating periprocedural complications in 113 patients, we performed 

discharge brain MRI in the first week (4 days after TAVI on average) to detect cerebral 

ischemic lesions. Patients were excluded, if there was a contraindication to MRI, or they 

had poor image quality. After applying the above mentioned exclusion criteria 113 

patients were analyzed. The MRI examinations were performed on a 1.5T MR scanner 

(Achieva, Philips Medical Systems) using an 8-channel head coil after TAVI (referred to 

as discharge MRI). Fluid-Attenuated Inversion Recovery (FLAIR), T2-weighted, T2*-

gradient echo, high resolution 3D T1-weighted gradient echo sequences were obtained 

with diffusion MRI. MRI was repeated at 6 months (6M) in order to assess the gliotic 

transformation of procedural ischemic lesions. Follow-up MRI examination was 

performed with the same protocol. Diffusion MRI acquisitions were performed using a 

single shot spin echo, echo-planar imaging sequence in 32 diffusion encoding directions 

with b=800 s/mm2 and one b=0 measurement. Whole brain coverage was obtained with 

2 mm-thick contiguous axial slices. From the diffusion MRI dataset averaged diffusion-

weighted images commonly referred to as ’trace’ and mean diffusivity and ADC maps 

were automatically derived and used to calculate the ischemic lesion volume (ILV). New 

ischemic lesions were detected at discharge diffusion-weighted imaging (DWI), and they 

were considered completely resolved if neither DWI nor FLAIR positive lesions were 

detected in the same location at follow-up; gliotic transformation was considered if there 
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was FLAIR hyperintensity in the same location of the discharge DWI positive lesion (51, 

79). 

3.8. Assessment of DTI metrics and white matter region of interests 

Diffusion MRI data was processed in the Matlab-based ExploreDTI toolbox (80). To 

correct distortions originating from patient motion, the diffusion weighted images 

(b = 800) were registered to the first b = 0 measurement volume. Motion artifacts and 

distortions caused by variations in magnetic susceptibility, as well as those associated 

with the echo-planar imaging readout, were simultaneously corrected in a single 

interpolation step. This correction was achieved by aligning each subject's 3D T1-

weighted images as the registration target (81). Robust tensor fitting with outlier rejection 

was performed (82) and the average MD, AD, RD and FA values in ROI covering major 

WM tracts were calculated on the corrected diffusion MRI data. We included 78 subjects 

into the DTI substudy with complete and adequate discharge and 6M follow-up MRI 

datasets. The Johns Hopkins University WM tractography atlas was used for WM 

segmentation [44]. The atlas labels were transformed to each subject’s individual image 

space, for which ExploreDTI utilises the Elastix software [45]. Seven WM ROIs were 

analysed: 3 callosal segments (genu, body, splenium of the corpus callosum) and 2 

bilateral parts of the cingulum (right/left cingulate gyrus and right/left parahippocampal 

cingulum). These ROIs were subsequently corrected manually to avoid contamination 

from the grey matter or cerebrospinal fluid using the drawing functions of MRIcron 

(www.nitrc.org) by an experienced neuroradiologist (Figure 3) (51). 
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Figure 3. A 3D left anterior–posterior view; b 3D right posterior-anterior view of one 

study subject’s regions of interest projected over the fused colour coded fractional 

anisotropy and T1 weighted images. Purple = genu of corpus callosum, orange = body of 

corpus callosum, yellow = splenium of corpus callosum, emerald green = right cingulate 

gyrus, jade green = left cingulate gyrus, dark blue = right parahippocampal cingulum, 

light blue = left parahippocampal cingulum. Image by the author. 
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3.9. Ischemic lesion volume measurement 

The localisation, number and size in three perpendicular diameters of all lesions with 

restricted diffusion were recorded using a PACS workstation (Impax 6.5.2.657, Agfa 

HealthCare). ILV was calculated as the sum of lesion volumes using the formula of a x b 

x c x 0.52 (a, b and c are the three lesion diameters) (83). The ILV measurements were 

performed in a random order and the investigator was blinded to the scan date and patient 

data (51,79). 

  In the DTI substudy based on ILV three groups were created as follows: 

- Group I: patients with ILV < 100 mm3 (31 subjects). 

- Group II: 100 mm3 < ILV < 300 mm3 (25 subjects). 

- Group III: 300 mm3 < ILV (22 subjects) 

3.10. Neurocognitive assessment 

Patients underwent a serial evaluation of the cognitive status pre-TAVI, post-TAVI 

before hospital discharge, 6M, and 1Y following TAVI. We used the Hungarian version 

of the Addenbrooke’s Cognitive Assessment (ACE) test (84), which encorporated the 

Mini Mental State Examination (MMSE), and the evaluation was performed by one of 

two trained investigators blinded to CTA and MRI data (51,79).  

Among all enrolled patients 113 participants completed the pre-TAVI, 83 subjects the 

post-TAVI, 93 subjects the 6M, finally 79 patients the 1Y cognitive tests. Patients with 

periprocedural stroke (6/113, 5.3%) were excluded from the further neurocognitive 

assessment. Inclusion criterion of the cognitive study was the accomplishment of the pre-

TAVI baseline and at least one of the three further neurocognitive tests (divided into “DTI 

cognitive” and “non-DTI cognitive” cohorts) (51,79).  

3.11. Statistical analysis 

Continuous variables are presented as mean and standard deviation, whereas categorical 

variables are presented as frequency with percentages. Categorical variables were 

compared using the chi-squared test. Continuous clinical and imaging variables between 

baseline, discharge and follow-up were compared using Wilcoxon signed-rank test. 
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To detect the association between LV reverse remodelling and clinical parameters, 

echocardiographic parameters, cardiovascular risk factors, and SLT univariate and 

multivariate logistic regression analyses were performed according to our first 

objective.  To assess the prognostic value of LV reverse remodelling Cox proportional 

hazard regression models were derived. Kaplan–Meier curves were generated for the 

composite endpoint of hospitalization for heart failure and all-cause mortality (14). 

Regarding our second aim, Kruskall-Wallis test was used to analyse the association 

between ILV and the number of positioning of the valve during TAVI. Because of non-

normal distribution of ILV, data were log-transformed. Univariate linear regression 

analysis was performed to detect the association between patient and procedural related 

risk factors and log-transformed ILV. Multivariate linear regression models were 

performed using the backward method. We also aimed to identify predictors of 

periprocedural stroke using uni- and multivariate logistic regression. Repeated-measures 

analysis of variance was performed to evaluate changes in neurocognition over time; 

pairwise differences were assessed using Duncan’s multiple comparison test (79).  

To evaluate the differences between the averages of discharge TAVI and 6M DTI scalar 

metrics (FA, AD, MD, AD) student’s two tailed, paired sample t-test was used. 

Bonferroni correction for the 7 ROI comparisons was employed; p-values < 0.0071 were 

considered significant. The effects of sex, ILV, and age on the DTI metric changes from 

discharge to 6M MRI were assessed using repeated measures analysis of variance 

(ANOVA) (p < 0.05) with post hoc tests between each pair of ILV groups in Matlab 

(MATLAB 8.3, The MathWorks Inc, Natick, MA, 2000). Regarding the three pairwise 

comparisons in the post hoc analysis, we applied Bonferroni correction and p < 0.0167 

was considered significant. The increase or decrease of each DTI metric was appreciated 

with the help of box plots. Spearman correlation test was performed to analyse the 

association of DTI metrics in each ROI and the cognitive results using Matlab 

(p < 0.0071). We analysed the ACE and MMSE scores of the DTI study participants (DTI 

cognitive cohort) and those who underwent only cognitive testing without DTI (labelled 

as non-DTI cognitive cohort) with the Kruskal–Wallis test. We also compared the trends 

of all cognitive domains between the DTI and non-DTI groups using box plots (51).  
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In other statistical test p value <0.05 was considered statistically significant for all studies. 

All calculations were performed using SPSS software (SPSS version 23; IBM Corp.). 
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4. Results 

4.1. Assessment of LV reverse remodelling after TAVI   

In total 144 patients were included in this study. 7 patients were excluded because of 

inadequate image quality for the assessment of LVM, or the presence of HALT. Due to 

the presence of a contraindication, in 20 cases follow-up CT could not be performed, 

therefore, these patients were excluded. In effect a total, 234 CTAs of 117 patients (mean 

age 79.0 ± 7.5 years, 53.8% female, mean BSA and mean BMI 26.9 ± 4.7 kg/m2) were 

included in the final analysis. 24.8% of the patients had prior myocardial infarction, 

98.3% had hypertension and 78.6% had hyperlipidemia. Oral anticoagulant medication 

was administered in 30.8% of all cases. HALT was reported in 30/117 (25.6%) cases. 

Patient characteristics and imaging data are summarized in Table 1. All patients were 

successfully implanted with CoreValve (76.1%), Evolut R (16.2%), Portico (6.0%) or 

Lotus (1.7%) self-expandable valves (14). 

Table 1. Patient characteristics 

Parameters                                                                                   n=117                                                                                                                      

Male, n (%) 54 (46.2) 

Age, years 79.0 ± 7.5 

Body mass index, kg/m2 26.9 ± 4.7  

Body surface area, m2 1.8 ± 0.2 

  Cardiovascular risk factors  

Hypertension, n (%) 115 (98.3)  

Diabetes mellitus, n (%) 34 (29.1)  

Hyperlipidaemia, n (%) 92 (78.6)  

Smoking in history, n (%) 40 (34.2)  

Prior myocardial infarction, n (%) 29 (24.8) 
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  Echocardiographic parameters  

Mean aortic transvalvular gradient (pre-TAVI) mmHg 52.2 ± 14.6 

Mean aortic transvalvular gradient (Follow-up) mmHg 8.8 ± 4.6 

Peak aortic transvalvular gradient (pre-TAVI) mmHg 85.9 ± 23.1 

Peak aortic transvalvular gradient (Follow-up) mmHg 16.7 ± 8.3 

Change in mean aortic transvalvular gradient 43.4 ± 15.2  

Change in peak aortic transvalvular gradient 69.1 ± 24.4 

  Medication  

Statin therapy, n (%) 84 (71.8) 

ACE-I/ARB therapy, n (%) 94 (80.3) 

Beta-blocker therapy, n (%) 90 (76.9) 

Oral anticoagulant therapy, n (%) 36 (30.8) 

Dual antiplatelet therapy, n (%) 36 (30.8) 

ACE-I: Angiotensin-converting-enzyme inhibitor; ARB: Angiotensin II receptor 

blockers; BMI: Body mass index; BSA: Body surface area 

Continuous variables are presented as mean ± SD, categorical parameters are presented 

as frequencies and percentages. 

LVM and LVMi decreased substantially following TAVI 180.5 ± 53.0 vs. 137.1 ± 44.8 g 

(p<0.001) and 99.7 ± 25.4 vs. 75.4 ± 19.9 g/m2 (p<0.001) for pre- and post TAVI 

respectively) (Figure 4).  
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Figure 4. Boxplots demonstrating the impact of TAVI on LVM 

We detected an average 43.4 grams reduction in LVM which corresponds to a 22.8 % 

change after TAVI. In 73/117 patients (62.4%) we found more than 20 % reduction in 

myocardial mass. We also found that patients with lesser LV reverse remodelling had 

significantly higher prevalence of SLT and prior myocardial infarction (all p < 0.05, Table 

2). A larger reduction in transaortic mean and peak pressure gradient values at follow-up 

were detected among patients with reverse remodelling as compared with those without 

(both p < 0.05, Table 2). Image by the author. 
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Table 2. Reverse remodelling after TAVI.  

 

Patients with less than 

20% reverse 

remodelling (N=44) 

Patients with more 

than 20% reverse 

remodelling (N= 

73) 

P value 

Male, n(%) 25 (56.8) 44 (60.3) 0.072 

Age, years 78.4 ± 9.4 79.4 ± 6.0 0.504 

Body mass index, kg/m2 26.4 ± 4.3 27.3 ± 5.0 0.302 

Hypertension, n(%) 44 (100) 71 (97.3) 0.268 

Diabetes mellitus, n(%) 14 (31.8) 20 (27.4) 0.610 

Hyperlipidaemia, n(%) 35 (79.5) 57 (78.1) 0.852 

Prior myocardial infarction, n(%) 19 (43.2) 10 (14.0) <0.001 

Medication    

Statin therapy, n(%) 32 (72.7) 52 (71.2) 0.862 

ACE-I/ARB therapy, n(%) 38 (86.4) 56 (76.7) 0.203 

Beta-blocker therapy, n(%) 37 (84.1) 53 (72.6) 0.153 

Oral anticoagulant therapy, n(%) 16 (36.4) 20 (27.4) 0.309 

SLT 17 (38.6) 13 (17.8) 0.012 

Change in mean aortic 

transvalvular pressure gradient 

(Hgmm) 

34.6 ± 11.6 48.9 ± 14.6 <0.001 
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Change in peak aortic 

transvalvular pressure gradient 

(Hgmm) 

54.8 ± 19.1 70.1 ± 23.1 <0.001 

 

ACE-I: Angiotensin-converting-enzyme inhibitor, ARB: Angiotensin II receptor 

blockers,  SLT: Subclinical leaflet thrombosis 

Continuous variables are presented as mean ± SD, categorical parameters are presented 

as frequencies and percentages. 

4.1.1. Predictors of LV reverse remodelling  

We evaluated clinical and imaging parameters for association with LV reverse 

remodelling (Table 3-uni- and multivariate analysis). We did not find any association 

between age, gender, valve type, anticoagulant therapy or cardiovascular risk factors or 

paravalvular leak and between reverse remodelling (all p>0.05). In univariate analysis, 

we found that previous myocardial infarction (p = 0.002), the change in mean aortic 

transvalvular pressure gradient (p = 0.002) and the presence of SLT (P = 0.025) showed a 

significant association with LV reverse remodelling following TAVI. We found that SLT 

was inversely and independently associated with LV remodelling over age, gender, prior 

myocardial infarction change in mean pressure gradient and traditional risk factors 

(hypertension, dyslipidaemia, body mass index, and diabetes mellitus) in multivariate 

logistic regression analysis; OR 0.27, P = 0.022 (Table 3). The number of leaflets affected 

by SLT did not show an association with reverse remodelling (P = 0.391).  
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Table 3. Predictors of LV reverse remodelling following TAVI.  

Parameters with significant association with LV reverse remodelling on univariate 

regression were entered into a multivariate model and also the model was also corrected 

for age, gender and following risk factors: hypertension, BMI, diabetes mellitus and 

hyperlipidaemia. 

ACE-I: Angiotensin-converting-enzyme inhibitor; ARB: Angiotensin II receptor 

blockers; OR: Odds ratio; SLT: Subclinical leaflet thrombosis 

 

4.1.2. Prognostic relevance of LV reverse remodelling  

Over an average follow-up period of 2.6 years, a total of 13 adverse events were recorded, 

including 9 deaths and 4 hospitalizations due to heart failure. Patients who showed a 

reduction in left ventricular (LV) mass of more than 20% following TAVI demonstrated 

better event-free survival compared to those with a lower degree of reverse remodelling 

(Figure 5). The reduction in LV mass by more than 20% remained a significant 

independent predictor of event-free survival even after considering other relevant factors 

in the multi-variate analysis (HR: 0.27; p=0.0033) (see Table 4). 

   

Parameters Univariate model Multivariate model 

 OR  P value OR  P value 

ACE-I/ARB therapy 0.57 0.311   

Myocardial infarction in history 0.28 0.002 0.22 0.006 

SLT 0.35 0.025 0.27 0.022 

Atrial fibrillation 0.74 0.497   

Oral anticoagulant therapy 0.79 0.599   

Change in mean aortic 

transvalvular pressure gradient 

(10 Hgmm change) 

1.52 0.002 1.51 0.004 
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Figure 5. Kaplan Meier curve for mortality and repeat hospitalization following TAVI. 

Patients with reverse remodelling (defined as >20% decrease in myocardial mass -red 

line) had improved clinical outcome as compared with patients without reverse 

remodelling (blue line; log-rank P= 0.019). During a mean follow-up time of 2.6 years, 

13 adverse events occurred. Image by the author. 
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Table 4. Cox regression models to define independent predictors of events 

 Univariate model Multivariate model 

 HR  P value HR  P value 

Age 1.07 0.149   

Body mass index 1.01 0.925   

Diabetes mellitus 4.13 0.016 3.57 0.031 

Hypertension 20.63 0.763   

ACE-I/ARB therapy 0.68 0.591   

Myocardial infarction in 

history 

1.54 0.481   

Reverse remodelling >20% 0.23 0.019 0.27 0.033 

SLT 0.87 0.829   

Atrial fibrillation 1.36 0.604   

Oral anticoagulant therapy 1.56 0.445   

Change in mean aortic 

transvalvular pressure 

gradient 

0.964 0.102   

ACE-I: Angiotensin-converting-enzyme inhibitor; ARB: Angiotensin II receptor 

blockers; OR: Odds ratio; SLT: Subclinical leaflet thrombosis 
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4.2. Predictors and neurological consequences of periprocedural cerebrovascular 

events following TAVI 

Among all patients, 113 patients were included in the analysis evaluating the 

periprocedural findings and complications (mean age 79.2 ± 6.7 years, 65.8% male, and 

mean BMI 27.3 ± 4.7 kg/m2). Overall, 23.9% (27/113) of the patients had prior 

myocardial infarction, 90.3% (102/113) had hypertension and 65.5% (74/113) had 

hyperlipidaemia. Oral anticoagulant medication was administered in 29.2% (33/113), 

while 74.3% (84/113) of the patients received antiplatelet therapy. Patient characteristics 

are summarized in Table 5. 

Table 5. Demographic parameters and cardiovascular risk factors 

Patient data (N=113)  

  Age (years) 79.2 ± 6.7 

  Female sex, n (%) 50 (44.2) 

  BMI (kg/m2) 27.3 ± 4.7 

  Diabetes, n (%) 54 (47.8) 

  Hypertension, n (%) 102 (90.3) 

  Hyperlipidemia, n (%) 74 (65.5) 

  Previous AMI, n (%) 27 (23.9) 

  PAD, n (%) 57 (50.4) 

  Atrial fibrillation, n (%) 38 (33.6) 

  Previous TIA/stroke, n (%) 15 (13.3) 

  Chronic kidney disease 64 (56.6) 

  Antiplatelets, n (%) 84 (74.3) 

  Anticoagulants, n (%) 33 (29.2) 
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BMI: Body mass index; AMI: Acute myocardial infarction; PAD: Peripheral artery 

disease; TIA, Transient ischemic attack. 

Continuous variables are expressed as mean ± standard deviation (SD) and categorical 

variables are expressed as numbers and percentages. 

4.2.1. Procedural characteristics 

Procedural characteristics and procedural complications are summarized in Table 6. 

Prosthetic valves were implanted successfully in all patients (Medtronic CoreValve 8.0%, 

Medtronic CoreValve Evolut R 66.3%, Portico 25.7%). The mean AVCS was 3332 ± 

1944, 13.3% patients had a bicuspid aortic valve (BAV). Transfemoral approach was used 

in 105 cases (92.9%), transsubclavian acces in 6 patients (5.3%), while transcarotid route 

in 2 cases (1.8%). Balloon predilatation was performed in 15 patients (15.3%), while most 

of the valves (78.8%) were postdilated. According to the operators’ visual judgement, 

predilatations were performed in case of heavily calcified native aortic valve, however no 

significant difference in AVCS could be observed in patients with predilatation compared 

to those without predilatation (median AVCS: 2774 [IQR:1885-4271] vs. median AVCS: 

3612 [IQR:1847.4-6366]; p=0.44). The mean number of positional attempts was 1.7 ± 

0.9. In 60 (53.1%) cases, the implantation was successful at the first positional attempt, 

in 39 (34.5%) cases at the second, and in 14 patients (12.4%) at the third or fourth time. 

According to the VARC-3 criteria 9 patients had major and 17 patients had minor vascular 

and access-related complications. 
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Table 6. Procedural characteristics 

Patient data (N=113)  

  Aortic valve calcium score 3322 ± 1945 

  Bicuspid aortic valve, n (%) 15 (13.3) 

  Access route (TF vs. TS/TC), n (%) 105 (92.9) vs. 6 (5.3) vs. 2 (1.8) 

  Predilatation, n (%) 15 (13.3) 

  CoreValve vs. EvolutR vs. Portico, n (%) 
9 (8.0) vs. 75 (66.3) vs. 29 

(25.7) 

  Number of attempts to position 1.7 ± 0.9 

  Malposition/Migration, n (%) 5 (4.4) 

  Postdilatation, n (%) 89 (78.8) 

  New-onset atrial fibrillation n (%) 8 (7.1) 

  Vascular and access-related complications, n 

(%) 
26 (23.0) 

    Minor (according to VARC-3 criteria) 17 (15.0) 

    Major (according to VARC-3 criteria) 9 (8.0) 

VARC-3: Valve Academic Research Consortium, TF: Transfemoral, TS: Transsubclavian, 

TC: Transcarotid 

Continuous variables are expressed as mean ± standard deviation (SD) and categorical 

variables are expressed as numbers and percentages 
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4.2.2. Cerebral embolization after TAVI in the study evaluating periprocedural 

characteristics 

We detected new cerebral ischemic lesions on discharge brain MRI in 104 patients 

(92.0%) (Figure 6), among them 6 (5.3%) patients had periprocedural stroke. The median 

number of lesions per patient was 6 (IQR: 2-10), and the median ILV was 257.3 µl (IQR: 

97.1-718.8 µl). 944 new ischemic brain lesions were found on brain MRI, most of the 

lesions were supratentorial (781/944, 81.9%), and the majority were located in the cortical 

subcortical area (796/944, 84.3%). The left and right cerebral and cerebellar hemispheres 

were equally affected (Table 7). On the follow-up 6M MRI 46/113 (40.7%) patients had 

gliotic transformation on FLAIR images. Most of the lesions were under 5 mm (558, 

59.1%).  

Figure 6. New ischemic lesion after TAVI. Yellow arrow demonstrates a larger lesion 

with restricted diffusion in the right frontal lobe (left). Red arrows show smaller cortical-

subcortical lesions with restricted diffusion in the left and right parietal and frontal lobes. 

Image by the author. 
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Table 7. Results of discharge assessment with MRI 

Patient data (N=113)  

  Patients with new cerebral ischemic lesions, n 

(%) 
104 (92.0) 

  Patients with periprocedural stroke, n (%) 6 (5.3) 

  Number of lesions per patient 6 [2-10] 

  Ischemic load per patient (µl) 257.3 [97.1-718.8] 

  Number of lesions: left vs. right, n (%) 500 (52.97) vs. 444 (47.03) 

  Volume of lesions: left vs. right (µl) 
123.3 [29.7-357.9] vs. 89.1 [14.6-

226.1] 

  No. of lesions: supra- vs. infratentorial, n (%) 781 (82.7) vs. 163 (17.3) 

  Volume of lesions: supra- vs. infratentorial (µl) 
58.3 [14.58-215.6] vs. 0.0 [0.0-

53.1] 

  Cortical-subcortical lesions, n (%) 796 (83.4) 

  Deep lesions, n (%) 158 (16.6) 

  Lesions <5 mm, n (%) 558 (59.1) 

  Lesions 5-10 mm, n (%) 332 (35.2) 

  Lesions > 10 mm, n (%) 54 (5.7) 

Continuous variables are expressed as median and interquartile ranges [IQR] and 

categorical variables are expressed as numbers and percentages. 
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4.2.3. Predictors of ischemic lesion volume and stroke after TAVI 

In order to identify potential predictors of ILV and stroke, the association of various 

clinical and imaging parameters were investigated. Age, cardiovascular risk factors, 

aortic calcification, access route, valve type and size, and postdilatation did not show any 

association with ILV (all statistically non-significant, p>0.05, Table 8). We found that 

sex, AVCS, number of valve positioning attempts, and predilatation showed association 

with log-transformed ILV in univariate analysis. AVCS was not an independent predictor 

of log-transformed ILV after adjustments. Regarding ILV, it seems that the manipulations 

during TAVI are more relevant than the aortic valve calcification: positioning the device 

three or more times resulted in a significant increase in ILV (Figure 7).  

 

Figure 7. Total ischemic volume on MRI and the number of TAVI positioning attempts. 

The number of procedural manipulations shows a strong correlation with the ischemic 

lesion volume (ILV), Three or more positioning attempts of the device resulted in 

significantly increased ILV. Image by the author. 
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In multivariate linear regression analysis, predilatation (=1.13, 95% CI:0.32-1.93; 

p=0.01), and positioning attempts (=0.28, 95 % CI: 0.06-0.50; p=0.02) were 

independent predictors of log-transformed ILV after adjusting for covariates using the 

backward method (Table 8). We found that predilatation (OR:12.04; 95%CI: 1.46-99.07; 

p=0.02) and alternative access route (OR: 7.84; 95%CI: 1.01-61.07; p=0.049) were 

independent factors of periprocedural stroke in multivariate logistic regression analysis 

(Table 9).  

Table 8. Multivariate linear regression analysis of the predictors of total ILV. 

 Univariate Multivariate 

 β 
95% CI,  

lower-upper 
p β 

95% CI,  

lower-upper 
p 

Sex 0.48 0.10 0.86 0.02 0.25 -0.15 0.66 0.22 

New-onset AF 0.65 -0.11 1.40 0.09     

Previous AF 0.39 -0.02 0.80 0.06 0.33 -0.04 0.71 0.08 

Anticoagulant 

therapy 
0.002 -0.008 0.01 0.65     

Previous 

stroke/TIA 
0.14 -0.45 0.74 0.64     

Aortic valve ca 

score 
0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.055 

Bicuspid aortic 

valve 
-0.22 -1.03 0.59 0.59     

Alternative 

access route 
0.50 -0.26 1.26 0.19 0.68 -0.04 1.40 0.06 

Predilatation 0.93 0.08 1.79 0.03 1.13 0.32 1.93 0.01 

Malposition 0.24 -0.71 1.19 0.62     



40 

 

AF: Atrial fibrillation; CI: Confidence interval; TIA: Transient ischemic attack. Numbers 

marked in bold are significant predictors of the outcome based on multivariate analysis 

(p<0.05).  

Postdilatation -0.17 -0.65 0.31 0.49     

Number of 

attempts to 

position 

0.23 0.03 0.44 0.03 0.28 0.06 0.50 0.02 
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Table 9. Multivariate logistic regression analysis of the predictors of 

periprocedural stroke. 

 Univariate Multivariate 

 OR 
95% CI,  

lower-upper 
p OR 

95% CI,  

lower-

upper 

p 

Sex 2.65 0.47 -15.11 0.27    

New-onset AF 2.86 0.29-27.92 0.37    

Previous AF -0.99 0.17-5.64 0.99    

Anticoagulant 

therapy 
-0.04 -0.75-1.23 0.77    

PAD 0.98 0.19-5.08 0.98    

Previous 

stroke/TIA 
1.58 0.17-14.72 0.69    

Aortic valve ca 

score 
1.00 1.00-1.00 0.99    

Bicuspid aortic 

valve 
3.62 0.60-21.74 0.21    

Alternative access 

route 
8.42 1.28-55.53 0.03 7.84 

1.01-

61.07 
0.049 

Pre-dilatation 12.88 1.80-92.27 0.01 12.04 
1.46-

99.07 
0.02 

Malposition 0.00 0.00-0.00 1.00    

Post-dilatation 0.52 0.09-3.01 0.46    
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Number of attempts 

to position 
1.49 0.81-2.75 0.20    

AF: Atrial fibrillation; CI: Confidence interval; PAD: Peripherial artery disease; TIA: 

Transient ischemic attack. Numbers marked in bold are significant predictors of the 

outcome based on multivariate analysis (p<0.05). 

 

4.2.4. Changes in neurocognitive function 

In total of 79/113 patients had serial neurocognitive assessment and post-TAVI MRI, 

these subjects were included in our subanalysis. The overall cognitive performance of the 

cohort was stable over the 1Y follow-up period (Figure 8), with mean baseline, discharge, 

6M and 1Y Addenbrooke’s scores of 72.3±13.1, 74.8±14.2, 72.8±16.6 and 73.4±13.4, 

p=0.32 and MMS score: 25.9±2.8, 26.1±3.5, 25.8±4.1 and 26.3±3.0, p=0.92, respectively 

(Table 10). We found that neither ILV nor the presence of gliotic transformation of these 

procedural lesions was associated with neurocognitive change at any time during the 

follow-up period (at discharge, at 6M, at 1Y, p>0.05 for all). 

 

Figure 8. Neurocognitive examination results in the 79 patients based on serial 

assessments. The overall neurocognitive function was stable during the one-year follow-

up (Mean Addenbrooke’s and MMS score and SD; p > 0.05 for all. 
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4.3. Assessment of DTI metric changes 

4.3.1. Analysis of ischemic volumen. 

In this substudy 78 subjects were included. The patient characteristics are shown in Table 

11. 74 out of 78 study subjects (95%) had recent ischemic lesions with restricted 

diffusion, 71 of them supratentorial (91%), most of them multiple (57/70, 81%) ranging 

from 2-20 mm. 

We excluded infratentorial ischemic brain lesions (IBLs) from the analysis because we 

considered that these lesions are not relevant regarding cognitive function. 363 

supratentorial lesions were found, more in the left cerebral hemisphere (194 vs 169). The 

majority of these lesions were small (268/363, 74%, ≤5mm; 109/363, 30%), mostly 

located at the cortical-subcortical region. The median lesion volume was 38.88 mm3 

(range 14 mm3–17.4 cm3). Three larger posterior cerebral artery territorial infarcts were 

detected (two on the left, another one on the right, neither involved our ROIs). With 

special regard to ischemic injury in our ROIs, if the ROI was affected we excluded from 

the further analysis. We have to exclude only two ROIs during manual correction, when 

part of the left parahippocampal cingulum and a small segment of the splenium was 

affected. At 6 months, 7 out of 78 participants (9%) had new supratentorial IBL(s) with 

 

Table 10. Results of serial neurocognitive assessments. 

 
Baseline Discharge 6-month 

follow-up 

1Y follow-up p 

  Mini-mental state 

score 

25.9 ± 

2.8 

26.1 ± 3.5 25.8 ± 4.1 26.3 ± 3.0 0.92 

  Adenbrook’s 

score 

72.3 ± 

13.1 

74.8 ± 

14.2 

72.8 ± 16.6 73.4 ± 13.4 0.32 

Parameters are shown as mean ± SD 
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restricted diffusion: one lesion in 4 subjects, two lesions in 2, finally 7 lesions in 1 subject. 

The ILV ranged from 14-232 mm3 (50% of the lesions were dot-like, measuring 3 mm). 

 

 

Table 11. Age, gender, co-morbidities and medical therapy of the 78 diffusion tensior 

imaging study subjects 

 

Demographics n: 78 

Male gender n (%) 44 (56) 

Mean age ± SD (years) 79 ± 6  

  

Body Mass Index ± SD (kg/m2) 27.2 ± 4.8 

Body Surface Area ± SD (m2) 1.8 ± 0.2 

CHA2DS2-VASc score 5 ± 3 

Co-morbidities  

Hypertension n (%) 79 (90)  

Diabetes mellitus type2 n (%) 33 (42)  

Hyperlipidemia n (%) 53 (70)  

Current smoking n (%) 5 (6) 

Former smoking n (%) 5 (6)  

Atrial fibrillation/flutter n (%) 26 (33)  

Previous TIA n (%) 2 (3) 

Previous minor stroke n (%) 3 (4) 

Coronary artery disease – post myocardial infarction n (%) 17 (22) 



45 

 

Coronary artery disease – no myocardial infarction n (%) 18 (23) 

Coronary revascularization – PCI n (%) 26 (33) 

Coronary revascularization – CABG n (%) 5 (6) 

Non-significant carotid artery stenosis n (%) 40 (51) 

Previous carotid artery intervention n (%) 3 (4) 

Heart failure NYHA II n (%) 40 (51) 

Heart failure NYHA III n (%) 34 (44) 

Heart failure NYHA IV n (%) 4 (5) 

Liver disease n (%) 2 (3) 

Any malignancy n (%) 15 (19) 

Chronic obstructive pulmonary disease n (%) 13 (17) 

Renal failure (GFR<30) n (%) 3 (4) 

Medication  

Anticoagulant therapy (vitamin K antagonist) n (%) 13 (17) 

Anticoagulant therapy (NOAC) n (%) 10 (13) 

Current antiplatelet therapy (single) n (%) 38 (49) 

Current antiplatelet therapy (dual) n (%) 17 (22) 

Statin therapy n (%) 50 (64) 

ACE inhibitor/ARB n (%) 62 (80) 

Beta blocker n (%) 66 (85) 

ACE = angiotensin converting enzyme inhibitors; ARB = angiotensin II receptor blocker; 

BMI = body mass index; CABG = coronary artery bypass grafting; CHA2DS2-VASc = 

Congestive heart failure, Hypertension, Age, Diabetes, Stroke/TIA and VAScular disease 

score; NOAC = novel oral anticoagulant; NYHA = New York heart association functional 

classification; PCI = percutaneous coronary intervention; SD = standard deviation 
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4.3.2. Analysis of DTI scalar metrics changes 

In 4 out of the 7 WM ROIs significant reduction of AD was detected (genu and body: 

p<0.0001; splenium and right parahippocampal cingulum: p=0.0023), coupled with 

significant decrease of the MD in the body of corpus callosum (p=0.0006) and FA in the 

splenium (p<0.0001) using the paired sample t-test with Bonferroni-correction. We found 

significant reduction of RD and MD in the cingulate gyrus bilaterally significant 

reduction of RD and MD (right cingulate gyrus: MD - p=0.0025, RD - p=0.0053; left 

cingulate gyrus: MD - p=0.0004, RD - p=0.0010). The other changes were not significant. 

(Table 12.) 

 

Table 12. One tailed paired T-test results with Bonferroni-correction of diffusion  

tensor metrics in seven white matter regions of interest 

 

DTI  

metric

s 

mean (SD) 

baseline 

mean (SD) 

6-month follow-up 
p-value  T 

body of CC 

FA 0.5402 (0.0401) 0.5371 (0.0379) 0.0739 1.4623 

MD 1.2341 (0.0720) 1.2134 (0.0700) 0.0006 3.3586 

AD 2.0252 (0.0974) 1.9854 (0.1033) <0.0001 5.4712 

RD 0.8386 (0.0802) 0.8274 (0.0741) 0.0412 1.7604 

righ CG 

FA 0.4853 (0.0372) 0.4892 (0.0395) 0.8651 -1.1113 

MD 0.8328 (0.0354' 0.8230 (0.0286) 0.0025 2.8961 

AD 1.3173 (0.0699) 1.3070 (0.0657) 0.0562 1.6112 

RD 0.5906 (0.0386) 0.5810 (0.0372) 0.0053 2.6212 

left CG 

FA 0.5207 (0.0405) 0.5251 (0.0410) 0.8675 -1.1229 

MD 0.8215 (0.0306) 0.8099 (0.0289) 0.0004 3.5074 

AD 1.3482 (0.0669) 1.3360 (0.0721) 0.0405 1.7685 

RD 0.5581 (0.0374) 0.5469 (0.0356) 0.0010 3.1907 
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right PHC 

 

FA 0.4306 (0.0441) 0.4284 (0.0430) 0.3009 0.5239 

MD 0.8560 (0.0835) 0.8356 (0.0339) 0.0133 2.2615 

AD 1.2831 (0.1053) 1.2514 (0.0500) 0.0023 2.9265 

RD 0.6424 (0.0828) 0.6277 (0.0458) 0.0501 1.6643 

left PHC 

FA 0.4246 (0.0357) 0.4211 (0.0387) 0.2038 0.8325 

MD 0.8273 (0.0547) 0.8213 (0.0419) 0.1720 0.9522 

AD 1.2306 (0.0860) 1.2171 (0.0596) 0.0529 1.6369 

RD 0.6256 (0.0505) 0.6233 (0.0475) 0.3639 0.3493 

genu of CC 

FA 0.5556 (0.0426) 0.5495 (0.0404) 0.0202 2.0853 

MD 1.1252 (0.0710) 1.1095 (0.0682) 0.0121 2.2989 

AD 1.8902 (0.1113) 1.8523 (0.1161) <0.0001 4.1680 

RD 0.7428 (0.0748) 0.7381 (0.0671) 0.2494 0.6795 

splenium 

 of CC 

FA 0.6404 (0.0373) 0.6305 (0.0338) <0.0001 4.2235 

MD 1.0249 (0.0687) 1.0269 (0.0640) 0.6559 -0.4028 

AD 1.8682 (0.0923) 1.8504 (0.0886) 0.0023 2.9221 

RD 0.6032 (0.0729) 0.6152 (0.0662) 0.9855 -2.2261 

CC: corpus callosum; CG: cingulate gyrus; PHC: parahippocampal cingulum; AD: axial 

diffusivity; FA: fractional anisotropy; MD: mean diffusivity; RD: radial diffusivity; SD: 

standard deviation; Metric dimensions: FA: dimensionless MD, AD, RD: 10−4 mm2/s; 

 

4.3.3. Effect of sex and age on DTI metric changes 

The repeated measures ANOVA confirmed significant effect of female sex on AD/MD 

reduction. We found significantly greater decrease of AD and MD in women in the body 

of corpus callosum and in the right cingulate gyrus (body: AD - p=0.0065, MD - 

p=0.0254; right cingulate gyrus: AD - p=0.0001, MD - p=0.0035) with a significantly 

greater reduction of AD alone in the left cingulate gyrus (p=0.0062). (Figure 9 and 
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Supplementary Table 1). No significant effect of age was detected in any of the other 

studied ROIs. 

   

Figure 9. Box plots of significant associations of change in diffusion tensor imaging 

metrics with sex. Top row: change of axial diffusivity (left) and mean diffusivity (right) 

from post-TAVI to 6 months in the body of corpus callosum in females versus males. 

Bottom row: change of axial diffusivity (left) and mean diffusivity (middle) from baseline 

to 6 months in the right cingulate gyrus; change of axial diffusivity from baseline to 6 

months in the left cingulate gyrus (right) in females versus males. (Red line = median; top 

of box = 25th percentile; bottom of box = 75th percentile; plotted whisker = the most 

extreme data value that is not an outlier; red cross = outlier) Image by the author. 

 

4.3.4. Effects of ILV on DTI metric changes 

The repeated measure ANOVA showed significant effect of ILV on certain DTI metric 

changes in 3 out of 7 ROIs. Figure 10 and Supplementary Table 1. In the body of the 

corpus callosum the repeated measures ANOVA detected a significant effect of ILV on 

the change of AD, MD and RD across the groups (p=0.0045, 0.0050, and 0.0175, 

respectively). As revealed by the post hoc comparison, the difference was the most 

pronounced between the ILV group I (decrease of AD and MD) and the ILV group III 
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(increase of AD and MD); p=0.0183 for AD and p=0.0457 for MD. In group III the RD 

increased and the FA decreased (as opposed to groups I-II), without reaching the level of 

significance. 

In the left cingulate gyrus significant difference in MD reduction was found between the 

ILV group II and group III (p=0.0087). The decrease of MD was more marked in the 

intermediate group relative to the group with the highest ILV. 

In the splenium of the corpus callosum the increase of MD differed significantly 

comparing group II with group III (p=0.0399). The more pronounced increase in MD and 

a non-significant increase of AD in ILV group III versus the reduction of AD in groups 

I-II) point towards unfavorable microstructural alteration associated with higher ILV. 

The other associations were non significant. 

 

Figure 10. Box plots of association of change in diffusion tensior imaging metrics with 

ischemic lesion volume (ILV). Top row (from left to right): change of fractional 

anisotropy, axial diffusivity, mean diffusivity and radial diffusivity from baseline to 6 

months in the body of corpus callosum in ILV groups I, II and III. Bottom row (from left 

to right): change of fractional anisotropy and mean diffusivity from baseline to 6 months 

in the left cingulate gyrus; change of axial diffusivity and mean diffusivity from baseline 

to 6 months in the splenium of the corpus callosum in ILV groups I, II and III. (Red 

line = median; top of box = 25th percentile; bottom of box = 75th percentile; plotted 



50 

 

whisker = the most extreme data value that is not an outlier; red cross = outlier). Image by 

the author. 

* p-values from repeated measures analysis of variance across ILV groups.  

¥ p-value from post hoc analysis indicating significant between-group difference 

 

4.3.5. Cognitive trajectory 

106 participants completed the pre-TAVI, 83 subjects the post-TAVI, 93 subjects the 6M, 

finally 79 patients the 1Y cognitive tests. Neurocognitive tests were completed in the DTI 

group in 51, 42, 57, 49 cases respectively. The Kruskall-Wallis test did not reveal a 

significant difference in the distribution of ACE and MMSE scores between the DTI and 

the non-DTI groups, and the corresponding boxplots showed a very similar trend in all 

cognitive domains, therefore we opted for analysing the cognitive performance of the 

whole study cohort. Supplement Table 1. 

Although there was an improvement in 3 domains and ACE score (Figure 11.), the 

repeated-measures linear mixed-effect model revealed no significant change in cognitive 

function over one year. The pre-TAVI cognitive function had a significant effect on later 

scores at any timepoints (p<0.0001): the lower the ACE score was prior to the 

intervention, the more pronounced improvement was observed after TAVI. In ILV group 

III there was a significant decline in retrograde memory (p=0.0489) and visual scores 

(p=0.0151) compared to ILV groups I+II. Table 13. Apart from the improvement of 

evocation scores from pre-TAVI to post-TAVI, the Wilcoxon signed-rank test showed no 

significant change, in particular deterioration, regarding any domains across any different 

timepoints.  
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Figure 11.  Box plots of cognitive scores pre-TAVR, post-TAVR, at 6 months and 1 year. 

Red line = median; top of box = 25th percentile; bottom of box = 75th percentile; plotted 

whisker = the most extreme data value that is not an outlier; red cross = outlier. Image by 

the author. 
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Table 13. Trend analysis of cognitive scores over time 

 

Outcome Variables Regression 

coefficient (β) 

95% CI p 

ACE score 

at different 

timepoints 

Intercept 15.3131 4.7209; 25.9053 0.0052 

pre-TAVI score 0.8184 0.6748; 0.9621 <0.0001 

Time from TAVI -0.0358 -0.2508; 0.1792 0.7411 

Change of 

ACE score 

Intercept 15.6595 4.9801; 26.3388 0.0046 

 pre-TAVI score -0.1844 -0.3292; -0.0395 0.0137 

 Time from TAVI -0.0766 -0.2829; 0.1298 0.4618 

Effect of 

ILV on 

retrograde 

memory 

Intercept 0.7391 0.0255; 1.4527 0.0425 

pre-TAVI score 0.7499 0.5465; 0.9533 <0.0001 

ILV -0.4175 -0.8328; -0.0021 0.0489 

Time from TAVI -0.0056 -0.0362; 0.0250 0.7189 

Effect of 

ILV on 

visuospatial 

processing 

Intercept 1.6757 1.0666; 2.2848 <0.0001 

pre-TAVI score 0.5988 0.4433; 0.7542 <0.0001 

ILV -0.5514 -0.9914; -0.1113 0.0151 

Time from TAVI -0.0039 -0.0360; 0.0281 0.8071 

ACE: Addenbrooke’s cognitive examination; ILV: ischemic lesion volumen;  

TAVI: transcatheter aortic valve implantation 
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4.3.6. Correlation of DTI metrics and cognitive output 

Low diffusivities showed a trend towards higher cognitive scores in many ROIs but in 

most cases, it did not reach statistical significance after correction of the p-value for 

multiple comparisons. However, the negative correlation remained significant in some 

instances: in the left cingulate gyrus (association of low RD values and high language 

scores: p = 0.0012; low RD and high verbal fluency scores: p = 0.007) and in the genu 

(low AD and high retrograde memory scores: p = 0.0034). 
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5. Discussion 

We conducted a prospective study in a large real-world cohort of patients who have 

underwent TAVI to assess the impact of SLT on LV reverse remodelling and on clinical 

outcome using CTA, and to evaluate the patient- and procedure-related predictors of new 

ischemic brain lesions and stroke following TAVI, as well as their occurrence and 

distribution utilizing diffusion MRI. We also assessed the effect of SCILs on the patients' 

neurocognitive function. Furthermore, our aim was to detect the microstructural WM 

changes following TAVI using DTI MRI. The implantation rate of transcatheter 

bioprosthetic valves is steeply increasing and the indication of TAVI is shifting towards 

lower risk patients (85, 86), it is therefore crucial to to understand the clinical 

consequences of HALT, and to accurately identifythe patient- and procedural related risk 

factors of subsequent ischemic brain lesions and stroke after TAVI, and to better 

understand their neurological impact and consequences. 

5.1. The association of SLT with adverse cardiac remodelling and clinical outcome 

CTA imaging has the capability to identify initial alterations in implanted bioprosthetic 

valves without the need for invasive procedures. At present, there are no established 

guidelines for the diagnostic evaluation of individuals suspected of subclinical leaflet 

thrombosis (SLT). However, experts suggest that echocardiographic surveillance should 

be used to identify patients displaying elevated pressure gradients, thickened valve cusps, 

or limited cusp movement. Such patients may then be considered for follow-up CT 

imaging. (87, 88). In our study, the prevalence of SLT was almost 26%, which is in line 

with the literature (89-91). However, consensus or unified criteria for HALT assessment 

is needed based on CT images (29, 90, 92). The findings of this study are a valuable 

addition to the existing literature, as they provide important supplementary evidence 

regarding the correlation between subclinical leaflet thrombosis and clinical prognosis. 

We found that TAVI results in significant LVM reduction. Our findings indicate that the 

presence of SLT may act as a risk factor, impeding the beneficial changes in left 

ventricular reverse remodelling following TAVI. Additionally, our findings demonstrated 

an association between impaired left ventricular reverse remodelling and negative clinical 

outcomes defined as mortality and heart failure hospitalisation. 
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Our research provides deeper understanding of how SLT and the process of reverse 

remodelling interact, emphasizing the importance of structural LV changes in patients 

treated with TAVI utilizing CTA. Magalhaes et al. examined 333 TAVI patients and 

sought to evaluate alterations in LV geometry using TTE (93). In their study, reverse 

remodelling process was not complete even at 1 year following TAVI. Cardiac MRI 

studies demonstrated that detectable reverse remodelling could be present even within 

few days after TAVI (94, 95), suggesting that the process of LV recovery can occur more 

rapidly than previously anticipatedand the most substantial decrease in LVM can be 

observed in the first few weeks after the transaortic pressure gradient normalizes. 

Thereafter, there is a trend for a slower and more modest improvement that can last up to 

a 12-24 months (96, 97). Similarly, studies suggest that the occurrence of HALT varies 

in time individually (28, 87, 91). HALT can develop within weeks (acute) or months (late) 

after TAVI, and progress over time without treatment. Makkar et al. found HALT as early 

as 3-5 days after the TAVI with increasing incidence up to 1 year (98). Subclincal leaflet 

thrombosis can affect the function of the bioprosthesis which is associated with elevated 

transvalvular pressure gradients on TEE imaging (87) and thus might impact remodelling 

processes. These observation are reflected by our results as well.  

LV hypertrophy poses an elevated risk for various cardiovascular complications, 

including sudden cardiac death, congestive heart failure, and adverse cardiovascular 

events. This increased risk can be attributed to various suggested mechanisms, such as 

accelerated atherosclerosis, impaired pump function, adverse structural remodelling, and 

ischemia-related arrhythmias (99, 100). Once the afterload is normalised, a favorable 

structural alterations can begin in the LV (101, 102). Nonetheless, the extent of these 

changes varies among individuals, and LV recovery can be influenced by various clinical 

and imaging factors. Our findings, as well as previous echocardiography and cardiac MRI 

studies, consistently reveal a substantial decrease in LVM following SAVR (95, 103). In 

a study by Vizzardi et al. 135 TAVI patients underwent serial TTE imaging, and it was 

observed that more than 30% of the patients experienced a greater than 30% reduction in 

LVM. Furthermore, data from the PARTNERregistry indicated a 17% reduction in LVM 

one year after valve implantation (104). However, the magnitude of changes show 

individual differences and LV recovery can be influenced by several clinical and imaging 

parameters. Our results and prior echocardiography or cardiac MRI studies have 
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consistently demonstrated a significant regression in LVM after AVR (95, 103). In the 

study of Vizzardi et al. 135 TAVI patients were evaluated using serial TTE imaging, and 

more than 30% decrease in LVM was detected in 37% of the patients. Also, results from 

the PARTNER (Placement of Aortic Transcatheter Valves) registry demonstrated a 

reduction of 17% in LVM 1 year after implantation (104). We found that more than 20% 

reduction was seen in 66% of the patients corresponding to a 22.8% reduction on average. 

It remains unclear which patients exhibit complete remodelling of the LV, while in others 

only partial resolution of LV hypertrophy occurs. Puls et al. found that histological 

myocardial fibrosis is in correlation with LV remodelling and clinical heart failure, and it 

is associated with the delay of reverse LV remodelling and clinical benefit following 

TAVI. They also found that myocardial fibrosis was an independent predictor of 

cardiovascular mortality after TAVI (105). However, TEE and MRI studies could not 

evaluate properly HALT as a potentially factor, which may have a significant influence 

on LV remodelling. We found that HALT and prior myocardial infarction are inversely 

associated with reverse remodelling and thus can reshape risk prediction in this patient 

cohort (14).  

Identifying the clinical and imaging factors that predict left ventricular (LV) recovery is 

crucial, as it has been shown that reverse remodelling is linked to improved outcomes 

following SAVR. Vizzardi et al. found that only the initial LV mass (LVM) value 

independently predicted subsequent reverse changes (106). Other studies have suggested 

the severity of aortic regurgitation (107) or myocardial fibrosis as potential risk factors 

(96, 105). It has been proposed that early adverse remodelling tends to occur in patients 

without myocardial fibrosis, which may offer long-term benefits. Our results suggest that 

patients who suffered myocardial infarction (replacement fibrotic changes is already 

there) – irrespectively of the presence of SLT- have lower reduction in myocardial mass 

(14).  

Comprehensive data regarding the predictive significance of reverse remodelling after 

TAVI is still limited. Our findings highlight an association between the presence of 

HALT and limited reverse remodelling and the lower rates of LV reverse remodelling is 

independently associated with the composite endpoint of death or heart failure 

hospitalisation. In our study we recorded 13 adverse events during the follow-up with a 

mean follow-up time of 2.6 years. Significantly higher event rates were observed among 
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patients with less than 20% reduction in LVM versus those with more prominent LVM 

changes. However, Kuneman et al. found that improvement in LVEF and LV reverse 

remodelling was not associated with HALT. They did not find any difference in 

cardiovascular events in patient with or without HALT (108). This difference between 

the results could be related to differences in imaging modality to assess LV mass (CTA 

versus echocardiography) and the timing of assessing LV mass after TAVI (12 months 

versus 3 months) (14). 

Ali et. al have described that lower reduction in LVM was associated with poor long term 

prognosis in patients after surgical aortic valve replacement using TEE. In the PARTNER 

randomized trial, the researchers found that a more substantial reduction in left ventricular 

mass (LVM), as assessed by echocardiography, was linked to decreased hospitalization 

rates. However, there was no significant variation in all-cause mortality after one year 

(103). Difference in all-cause mortality as compared with our result might be the result 

of shorter follow-up time period. Our results are consistent with the previously mentioned 

findings, demonstrating that more significant regression in left ventricular mass (LVM) 

following aortic valve replacement could lead to long-term benefits by reducing both all-

cause mortality and the frequency of repeat hospitalizations for heart failure. More 

importantly, HALT and reverse remodelling are proposed as novel imaging targets in the 

future for post-TAVI patient management.  

5.2. Cerebrovascular embolization and events following TAVI, periprocedural data 

The main findings of our substudy are the following: 1) 92% of the patients had new 

cerebral ischemic lesions, however most of them were clinically silent; 2) Balloon 

predilatation and the number of valve positioning attempts during the procedure were 

independently associated with a larger log-transformed ILV, whereas predilatation and 

alternative access route were associated with periprocedural stroke; 3) The ILV was not 

associated with cognitive decline after TAVI (79). 

Despite the extensive research on risk factors for CVE and SCIL during TAVI, the 

identified predictors differ among studies. This highlights the intricate nature of factors 

related to both patients and the TAVI procedure itself (31, 33, 35, 36, 39-41, 48, 49, 109-

118). While CVEs are relatively uncommon, they pose a major concern in this frail patient 
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population with multiple comorbidities and are linked to poor outcomes. Nombela-Franco 

et al. reported that valve dislodgement/embolization and balloon postdilatation were 

predictors of acute CVE, and new-onset atrial fibrillation was associated with the 

incidence of subacute CVE (31). Keiko et al. reported that self-expandable valves were 

independently associated with acute cerebral embolization on MRI after TAVI (112). A 

meta-analysis described that chronic kidney disease, female sex, new-onset atrial 

fibrillation and level of operator’s experience were associated with CVE post-TAVI (35). 

Regarding vascular access, Rodés et al. (41) did not observe any significant difference 

when comparing the transfemoral and transapical approaches. However, Eggebrecht et 

al. (32) reported an association between stroke risk and the choice of approach, with 

transapical TAVI showing the lowest risk of stroke. In a meta-analysis conducted by Lu 

et al. transcarotid access was identified as a predictor of 30-day mortality and was 

associated with an increased risk of 30-day neurovascular complications (119). A 

nationwide study conducted in Sweden revealed that diabetes impaired renal function, 

age, male gender, and a history of stroke were risk factors for stroke after the TAVI 

procedure (120). Regarding the vascular access, Rodés et al. did not find any difference 

when comparing transfemoral vs. transapical approaches (41), however Eggebrecht et al. 

(32) found an association between stroke and the type of approach, with transapical TAVI 

carrying the lowest risk of stroke. A meta-analysis from Lu et al. found that transcarotid 

access was a predictor of 30-day mortality, and was associated with an increased risk of 

30-day neurovascular complications (119). A nationwide study from Sweden described 

that impaired renal function, age, diabetes, male sex and history of stroke were risk factors 

for developing stroke following TAVI (120). Also, a recent meta-analysis showed that 

next-generation devices were associated with lower risk of TAVI related complications 

including valve malpositioning, paravalvular regurgirgation and periprocedural stroke as 

well (34). We found that predilatation and valve positioning maneuvers were significant 

predictors of larger ILV, while predilatation and the chosen vascular access route were 

identified as risk factors for periprocedural stroke (79). 

SCILs are highly common following TAVI, but their impact on neurocognitive function 

is still on debate and remains controversial (42, 44, 48, 49, 110). Several brain MRI 

studies have shown a high incidence (58-91%) of new ischemic lesions after transcatheter 

aortic valve replacement, regardless of the approach and valve type (40-42, 111). Various, 
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different predictors for SCIL have been identified: Carlo et al. demonstrated that baseline 

age-related white matter damage on MRI increased the risk for SCIL, together with the 

use of non-balloon-expandable prostheses (110). A meta-analysis by Woldendorp found 

that predilatation, kidney disease, and diabetes were associated with prevalence of SCIL 

(48).  

We found that the number of positioning attempts of the valve resulted a significant 

increase in log-transformed ILV following TAVI. Interestingly, we did not found 

correlation between aortic valve calcium score and ILV. Importantly, the vascular access 

route, the valve type, or the presence of bicuspid aortic valve did not influence the log-

transformed ILV either. While the alternative access route did not demonstrate a 

statistically significant association with indexed left ventricular mass (ILV), there was a 

noticeable trend. The absence of statistical significance in the ILV and alternative access 

route relationship could be attributed to the relatively low number of alternative access 

(7.1%) in our TAVI patient cohort. Particularly, some studies demonstrated association 

between AVCS and cerebral embolization as well as acute periprocedural CVE (121, 

122). Based on our results, it appears that aortic valve calcification has limited impact on 

cerebrovascular events as well.  

In a study published by Fan et al. the authors found that patients with bicuspid aortic valve 

had more ischemic brain lesions after TAVI (123). In our study we found that the aortic 

valve calcium score was lower in patients with tricuspid valve compared to patients with 

bicuspid valve, however, the procedural characteristics and ILV did not differ between 

these two groups (Supplement Table 2).  

In our study, we found that 5.3% of the patients had periprocedural stroke, which is 

consistent with the findings reported by Auffret and their colleagues (35). Our results 

indicated that periprocedural stroke was associated with predilatation and the use of 

alternative access routes. Predilatation was typically performed when there was 

significant leaflet calcification, as determined visually by the interventional cardiologist. 

However, there was no significant difference in AVCS between patients who underwent 

predilatation and those who did not. We did not observe a clear link between the number 

of device positioning maneuvers and the occurrence of stroke, although it's worth noting 

that the incidence of stroke in our study was relatively low. 
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Some studies found neurocognitive impairment following TAVI (46, 48), however 

Kahlert et al. did not find significant changes in cognitive function (111). Within a recent 

meta-analysis, a subgroup analysis yielded interesting findings regarding transcatheter 

aortic valve implantation (TAVI). Despite the emergence of new cerebral lesions 

following TAVI, the data revealed that 19% of participants experienced cognitive 

improvement, while only 7% exhibited cognitive impairment (49). Furthermore the 

utilization of cerebral embolic protection devices was correlated with a reduced 

occurrence of cognitive decline in the initial week following TAVI. Interestingly, pre-

existing cognitive impairment before the TAVI procedure was associated with subsequent 

cognitive improvement at 6-month. It's important to note that studies with longer follow-

up (46) can significantly impact the ability to identify potential associations with 

cognitive dysfunction compared to studies with shorter follow-up (48). Regarding to 

cerebral embolic protection devices according to a meta-analysis by Woldendorp they 

found that the use of such a devices decreased the volume of SCILs, however did not 

result a significant decrease in the occurrence of SCIL (48).   In our study, we found that 

neurocognitive function remained stable throughout the one year follow-up period. We 

could not find any association between ILV or gliotic transformation of the procedural 

lesions and changes in neurocognitive function. To our knowledge, our study represents 

the largest patient population to date that underwent both brain MRI and underwent serial 

neurocognitive assessments for a year following TAVI. Furthermore, our research is the 

first to reveal an association between the number of device positioning maneuvers and 

ILV. 

Procedural complications, notably CVE and SCIL, continue to pose challenges. The 

impact of SCIL on neurocognitive function remains a subject of debate. Hence, it is of 

paramount importance to identify patient and procedure related risk factors in order to 

attain the most favorable long-term results (79). 

5.3. Microstructural white-matter changes following TAVI 

In our substudy we found significant decrease of AD in 4 out of 7 white-matter ROIs 

(genu, body, splenium of corpus callosum and right parahippocampal cingulum). 

Significant MD and FA reduction were found in the body of the corpus callosum and in 

the splenium. We also found significant reduction of MD and RD in the left cingulate 
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gyrus and significant decrease of MD in the right cingulate gyrus. Overall we found 

significant decrease of diffusivity in 5 out of 7 WM ROIs between the post-TAVI and 

6M DTI, in one ROI (splenium) we found controversial changes (reduction in AD and 

FA). 

Among women, we observed a notably more pronounced decrease in both axial 

diffusivity (AD) and mean diffusivity (MD) within the body of the corpus callosum and 

the right cingulate gyrus. Additionally, there was a significant reduction in AD 

specifically within the left cingulate gyrus. Furthermore we found that ILV had a 

significant on DTI metrics in 3 out of 7 ROIs. 

Numerous studies have shown increased AD as a sign of loss of fiber integrity linked to 

ageing (69, 124), cognitive impairment in Parkinson’s disease (72), multiple sclerosis 

(125), Alzheimer’s disease (71) and age-related cognitive impairment (67).  

The increase in AD can be attributed to sustained axonal damage, which subsequently 

reduces the restriction of water diffusion along the axons. Consequently, this leads to an 

elevation in MD. Along with AD, though to a lesser extent, RD also increases, causing 

diffusion to become more isotropic, a pattern reminiscent of what is observed in chronic 

cerebral ischemia (64). 

Regarding the specific anatomical structures we investigated, prior research has reported 

a significant elevation in AD within the genu of the corpus callosum in individuals with 

Parkinson's disease compared to control subjects (72). Additionally, increases in AD were 

observed in the body of the corpus callosum when comparing elderly individuals to young 

subjects (69) and in demented patients with Parkinson's disease when compared to those 

without cognitive impairment. In the two latter studies a significant increased of MD was 

also found. In our patient population the majority of TAVI candidates had chronic small 

vessel disease, we might assume an existing increase in diffusivities in line with the 

literature (121).  

With improved cardiac output and cerebral perfusion following TAVI (116, 126), it 

becomes plausible that preexisting microstructural abnormalities could potentially be 

reversed. This reversal may lead to the normalization of abnormally elevated axial 

diffusivity, resulting in a net decrease in AD, as our study demonstrated in the genu and 
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right parahippocampal cingulum. Additionally, a net decrease in the combination of AD 

and MD was detected in the body of the corpus callosum. In a similar vein to our findings, 

previous studies reported a significant decrease in AD (127) and a significant decrease in 

the combination of AD and fractional anisotropy (128) in the corticospinal tract of 

patients with idiopathic normal pressure hydrocephalus who underwent cerebrospinal 

fluid derivation (127, 128). It has to be acknowledged hydrocephalus was not a prominent 

feature in our study group, in contrast to the other study. Nonetheless, it's important to 

note that both sets of patients were elderly, and they shared common characteristics such 

as high cardiovascular risks and associated ischemic white matter damage (129). Another 

potential explanation for the reduction in axial diffusivity (AD), either with or without a 

decrease in mean diffusivity (MD), could be attributed to several factors. These factors 

may include a decrease in the extracellular volume fraction, which may signify a 

reduction in subtle, otherwise imperceptible vasogenic white matter edema. Additionally, 

it could be associated with increased membrane density and a higher volume fraction of 

axons that have been preserved (130) since AD is not or only marginally affected in WM 

injury with predominant myelin degeneration. In contrast, RD experiences an increase, 

signifying a greater extent of unrestricted water movement perpendicular to axons (63). 

Previous studies found elevated mean and radial diffusivity in the cingulate gyri when 

comparing Alzheimer's disease patients to healthy elderly adults (71). Similar MD and 

RD increases were noted in older individuals compared to younger participants in a 

separate study (69). Moreover, higher RD values in cingulate bundles in older subjects 

were linked to better prediction of cognitive performance (131). In our study, we found 

significant reduction in MD and RD in the left cingulate gyrus, this finding contrasts with 

earlier reports and may indicate a potential reorganization of damaged myelin in this 

region. In a small cohort, a statistically significant decrease in both mean diffusivity (MD) 

and radial diffusivity (RD) across the entire brain was observed, along with a notable 

increase in MMSE scores, after 12 months of uncomplicated carotid endarterectomy 

(132). These findings may lend support to our results concerning the left cingulate gyrus. 

We observed a significant reduction in fractional anisotropy (FA) and, to a lesser extent 

in axial diffusivity (AD), along with a subtle increase in radial diffusivity (RD) in the 

splenium. These findings may be connected to persistent white matter (WM) deterioration 

that TAVI does not alleviate. They could indicate ongoing microscopic-level ischemic 
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WM damage, characterized by irreversible axonal loss and reactive gliosis (60). In our 

study, we noticed that certain changes in diffusion tensor imaging (DTI) metrics appeared 

to be more pronounced in female participants. Specifically, we observed a significant and 

more substantial reduction in axial and mean diffusivity in the body of the corpus 

callosum and the right cingulate gyrus among women. Additionally, there was a notably 

greater decrease in AD in the left cingulate gyrus in females. It's important to highlight 

that our study cohort exhibited significant gender differences in cardiovascular risk 

factors, such as lower incidence of diabetes mellitus in females, as well as differences in 

comorbidities, with a lower prevalence of previous myocardial infarction in female 

patients. However, we cannot definitively conclude whether these DTI changes are 

directly linked to gender or if the observed gender-specific differences in cardiovascular 

risk factors contribute to the alterations in DTI metrics. Given these variations in 

cardiovascular risks and comorbidities, one might speculate that men in our cohort may 

have more advanced white matter damage, resulting in less microstructural reserve, 

potentially leading to less favorable outcomes. Nevertheless, it's crucial to acknowledge 

that this explanation remains theoretical and elusive, primarily due to the limitations of 

our small study cohort, which do not allow us to establish causal relationships between 

differences in cardiovascular risks and changes in diffusivities.  

In a large TAVI population with gender characteristics similar to our study (including 

variations in diabetes mellitus and myocardial infarction rates), short-term outcomes did 

not differ significantly between males and females. but males had significantly higher all-

cause mortality one year after the procedure (133). 

Regarding post-TAVI ischemic injury, we observed that ILV had a notable impact on 

changes in diffusivity metrics within three of our seven ROIs, as depicted in Figure 10. 

In the body of the corpus callosum, we found significant inverse correlations between 

ILV and all diffusivity changes (axial, mean and radial diffusivity). Notably, the most 

substantial difference was observed between the decrease in AD and MD in ILV groups 

I-II and the increase in AD and MD in ILV group III. Additionally, there was an increase 

in RD and a decrease in fractional anisotropy (FA) in group III, contrasting with the 

reduction in RD in groups I-II and a modest increase in FA in group II, although it did 

not reach the significance threshold. Essentially, higher ILV was associated with 

unfavorable microstructural changes, characterized by an overall increase in diffusivity 
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metrics and some loss of diffusion directionality. Furthermore, in the left cingulate gyrus, 

we identified a significant difference in MD reduction between ILV group II and group 

III. The less pronounced (though not statistically significant) decrease in FA in ILV group 

III, compared to the increase in FA in groups I-II, may also be linked to the absence of 

white matter reorganization in the presence of a higher ischemic load. In the splenium of 

the corpus callosum, where DTI metric changes indicated ongoing white matter 

degeneration, a similar effect of ILV was evident across the different ILV groups. 

Although a reduction in MD was observed in ILV group I, it contrasted with the slightly 

increased MD in group III, although the difference did not reach statistical significance 

following Bonferroni correction. The increase in MD and the smaller reduction in AD in 

ILV group III, as opposed to the more pronounced reductions in AD and MD in groups 

I-II, align with our earlier findings, collectively suggesting that higher ILV is associated 

with a lesser likelihood of reversing WM integrity loss. 

The moderate improvement in several cognitive domains and the stability of overall 

cognitive function despite the recurrent post-TAVI ischemic brain damage in this elderly, 

fragile, and comorbid patient population provided evidence for the functional significance 

of the observed microstructural variations. In our Spearman correlation test, lower 

diffusivity values tended to be associated with higher cognitive scores in many regions of 

interest (ROIs), although statistical significance was not reached in most cases. However, 

notable negative correlations were observed, such as the association between radial 

diffusivity (RD) and language/verbal fluency in the left cingulate gyrus and the 

association between axial diffusivity (AD) and retrograde memory in the genu. It's 

essential to interpret our results cautiously, as we did not assess all white matter tracts, 

and the role of the studied anatomical structures in specific cognitive functions is 

multifaceted and goes beyond the scope of our present study. 

The significance of TAVI-related cerebral ischemic injury is underscored by the finding 

that higher ILV was significantly associated with decreased retrograde memory and 

visual performance. Our findings align with a meta-analysis that demonstrated a 

significant positive relationship between post-TAVI cognitive dysfunction and the 

number of silent brain infarcts. However, it's important to note that the etiology of these 

infarcts is multifaceted, encompassing various patient-specific factors (such as atrial 

fibrillation, heart failure, and vascular disease) and procedure-specific factors (such as 
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pre-dilatation and valve positioning). This diversity in causes may explain the 

inconsistent associations with post-procedural cognitive changes reported in the 

literature. Additional research is required to determine the long-term impact of IBLs on 

cognition, particularly given that TAVI is now indicated for younger patients with better 

baseline cognition. 

5.4. Limitations 

Several limitations of the LVH remodelling study need to be acknowledged. Firstly, the 

lack of standardized diagnostic criteria for subclinical leaflet thrombosis (SLT) makes it 

challenging to compare our findings with other relevant studies. However, despite this 

limitation, the incidence of SLT in our study population appears consistent with 

previously published data (25, 133). Regarding imaging timing, the process of reverse 

remodelling is gradual, and SLT can develop at different time points. To address this 

uncertainty, we performed post-TAVI imaging at various intervals. It is important to note 

that our study focused on identifying more severe forms of SLT, which could potentially 

lead to obstruction and reduced leaflet motion. We did not specifically assess reduced 

leaflet motion in our investigation. 

Moreover, evaluating reduced leaflet motion through CT scans poses additional 

challenges compared to echocardiography, primarily due to the limited temporal 

resolution of current CT scanners. Despite having a relatively long mean follow-up time, 

the composite endpoint exhibited a relatively low event rate, and we utilized all-cause 

mortality as one of the outcome measures. Nevertheless, our study is the first to provide 

evidence of the association between reverse remodelling and adverse events using CT 

imaging. Nonetheless, to better guide clinical practice for the diagnosis and management 

of SLT, further studies examining long-term outcomes are warranted (14). 

 

We must acknowledge several limitations in the brain MRI study which analyzed 113 

patients. Firstly, it was a single-center study that included 153 patients for the overall 

evaluation, but only 113 patients underwent brain MRI. The exclusion of patients who 

received a pacemaker post-TAVI or were unable to cooperate with the brain MRI may 

have introduced selection bias. Additionally, the proportion of patients who did not 
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participate in the serial neurocognitive assessment could potentially influence the 

observed rates of neurocognitive decline. 

Furthermore, a longer follow-up duration could provide more comprehensive insights 

into the association between subclinical leaflet thrombosis (SCIL) and neurocognitive 

decline. 

Moreover, the use of alternative access routes and predilatation in a limited number of 

patients might restrict the generalizability of our findings. 

In summary, these limitations should be taken into account when interpreting the results, 

and further research with larger and more diverse patient populations, along with 

extended follow-up periods, would be valuable to gain a deeper understanding of the 

relationship between SCIL and neurocognitive decline (79). 

 

Our investigation regarding the microstructural changes in the white matter has several 

limitations, which can be summarized as follows: 

DTI is a mathematical representation of brain structure and may not always precisely 

reflect true brain anatomy. Factors such as noise, partial volume effects, and crossing 

fibers within a voxel can lead to false positive or negative results. 

The interpretation of DTI indices and their relation to pathological processes remains 

somewhat theoretical. Having histological data would have allowed for a more direct link 

between changes in diffusivity and microstructural alterations. We only studied specific 

white matter tracts with reliable manual correction of the automated segmentation, which 

means other potential areas of interest were not analyzed. We did not investigate the 

impact of chronic cerebral microbleeds or the effects of anticoagulant and/or antiplatelet 

therapy on DTI indices or cognition. These aspects were beyond the scope of our study. 

There might be a selection bias as patients with improved general and cognitive states 

were more likely to participate in follow-up assessments, potentially leading to an 

underestimation of cognitive decline. A larger sample size would have provided more 

statistical power for the study. 

It's important to note that the diffusion properties and their changes following TAVI have 

not been extensively studied, and many of the effects observed in our research may be 

due to factors such as aging and other pathological processes that cannot be reversed. 

Therefore, interpreting the reduced AD, MD, and RD is challenging, as these findings 
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seem to contradict numerous studies related to neurodegeneration and aging. While our 

results suggest potential microstructural improvements attributed to TAVI, caution is 

necessary since the changes could also be influenced by the clearance of subtle edema or 

ongoing ischemic white matter degeneration (51).  
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6. Conclusion 

6.1. Adverse left ventricular remodelling and subclinical leaflet thrombosis 

following TAVI 

 

Our study demonstrates the favorable long-term effects of TAVI on LV morphology 

using serial CT imaging. Our study provides insight into the interplay of HALT, reverse 

remodelling and clinical outcomes. We found that TAVI resulted a significant LVM 

regression on CT, and we demonstrated that the presence of SLT of the bioprosthetic 

valve and prior myocardial infarction might inhibit reverse remodelling process. 

Moreover, larger reverse remodelling following TAVI is associated with improved long-

term prognosis and clinical outcome. 

6.2. Predictors and neurological consequences of periprocedural cerebrovascular 

events after TAVI using MRI 

 

We found that 92% of the patients had new cerebral ischemic lesions, however most of 

them were clinically silent. Balloon predilatation and the number of valve positioning 

attempts during the procedure were independently associated with a larger log-

transformed ILV, whereas predilatation and alternative access route were associated with 

periprocedural stroke. The ILV was not associated with cognitive decline after TAVI. 

6.3. Microstructural white-matter changes after TAVI using diffusion MRI 

 

Significant effect of TAVI on cerebral microstructural properties was found with reduced 

diffusivities opposite to the general trends reported in studies of various 

neurodegenerative conditions and ageing, notably in women (in line with the lower 

cardiovascular risk revealed in females of our cohort) and lower ILV when comparing 

the result of the discharge brain MRI to 6M MRI results. Moreover, the overall cognitive 

function was maintained despite the high intrinsic ischemic load following TAVI with 

significant inverse relationship between ILV and cognitive scores in some domains.  
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7. Summary 

7.1. LVH remodelling after TAVI 

We investigated 117 patients with severe, symptomatic aortic stenosis who underwent 

CT scanning before and after TAVI procedure with a mean follow-up time of 2.6 years 

after TAVI. We found a significant reduction in LV mass and LVM indexed to body 

surface area comparing pre- vs. post-TAVI images. SLT was detected in 25.6% patients. 

More than 20% reduction in LVM was defined as reverse remodelling and was detected 

in 62.4% of the patients. SLT and prior myocardial infarction were independently 

associated with LV reverse remodelling after adjusting for age, gender, and traditional 

risk factors. Reverse remodelling was independently associated with favourable 

outcomes.  

7.2. Predictors of CVE after TAVI 

We investigated the predictors of TAVI-related ILV and periprocedural stroke in 113 

consecutive patients. Neurocognitive evaluation was performed before and following 

TAVI at 6-month and one-year follow-up. After TAVI, 104 patients (92%) had new 

cerebral ischemic lesions, with 95% of these being clinically silent, while 5% of patients 

had stroke. In the our study, we highighted a new predictor for ILV namely the number 

of attempts to position. We found that more procedural manipulations and predilatation 

resulted in larger log-transformed ILV on discharge MRI following TAVI. We found that 

predilatation and alternative acces routes were associated with stroke after TAVI. 

7.3. Microstructural changes after TAVI 

In a study with 78 patients who had baseline and 6-month follow-up MRIs, TAVI 

positively affected cerebral microstructure, reducing diffusivities, which differs from the 

usual trends seen in neurodegenerative and aging studies. This effect was particularly 

observed in women and lower ischemic lesion volume (ILV) when comparing the results 

of the discharge brain MRI to the 6M MRI findings. Furthermore, despite the high 

intrinsic ischemic burden associated with TAVI, overall cognitive function remained 

preserved, although there was a significant inverse relationship between ILV and 

cognitive scores in certain domains. 
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11. Supplementary data 

Supplement Table 1. Results of repeated measures analysis of variance on effects of sex, 

age and ischemic lesion volumen on diffusion tensor imaging metric changes 

 

Repeated measures modell covariants: (Intercept), Sex female, Age, ILV group I, ILV group II 

BODY OF CORPUS CALLOSUM 

FA 

 F p-value* 

(Intercept):Time 1,0178 0,3164 

Sex:Time 0,1784 0,6740 

Age:Time 1,2683 0,2638 

ILV group:Time 1,2427 0,2947 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9991 

I - III  0,9836 

II - III  0,9785 

MD 

 F p-value* 

(Intercept):Time 0,0253 0,8742 

Sex:Time 5,2154 0,0254 

Age:Time 0,1947 0,6603 
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ILV_group:Time 5,7180 0,0050 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,7509 

I - III  0,0457 

II - III  0,2601 

AD 

 F p-value* 

(Intercept):Time 0,5819 0,4481 

Sex:Time 7,8653 0,0065 

Age:Time 1,5269 0,2206 

ILV_group:Time 5,8505 0,0045 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,6973 

I - III  0,0183 

II - III  0,1662 

RD 

 F p-value* 

(Intercept):Time 0,0380 0,8461 
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Sex:Time 2,8593 0,0952 

Age:Time 0,0030 0,9562 

ILV_group:Time 4,2827 0,0175 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,8963 

I - III  0,3167 

II - III  0,6183 

CINGULATE GYRUS RIGHT 

FA 

 F p-value* 

(Intercept):Time 0,1624 0,6881 

Sex:Time 2,8449 0,0960 

Age:Time 0,0979 0,7553 

ILV_group:Time 1,1007 0,3382 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,6935 

I - III  0,7418 

II - III  0,9960 
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MD 

 F p-value* 

(Intercept):Time 1,0753 0,3032 

Sex:Time 9,1228 0,0035 

Age:Time 0,5434 0,4634 

ILV_group:Time 1,1831 0,3122 

Error(Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,5721 

I - III  0,3976 

II - III  0,0832 

AD 

 F p-value* 

(Intercept):Time 0,8880 0,3492 

Sex:Time 16,7079 0,0001 

Age:Time 0,5556 0,4585 

ILV_group:Time 2,9204 0,0603 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,3155 
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I - III  0,9565 

II - III  0,2332 

RD 

 F p-value* 

(Intercept):Time 0,3923 0,5330 

Sex:Time 0,5624 0,4557 

Age:Time 0,1481 0,7015 

ILV_group:Time 0,6144 0,5438 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9925 

I - III  0,3557 

II - III  0,4707 

CINGULATE GYRUS LEFT 

FA 

 F p-value* 

(Intercept):Time 3,9937 0,0494 

Sex:Time 2,6541 0,1076 

Age:Time 3,6973 0,0585 

ILV_group:Time 0,4648 0,6301 

Error (Time) 1,0000 0,5000 
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Post hoc analysis (ILV group):  p-value** 

I - II  0,9609 

I - III  0,8884 

II - III  0,9827 

MD 

 F p-value* 

(Intercept):Time 0,0001 0,9923 

Sex:Time 3,2490 0,0757 

Age:Time 0,0974 0,7559 

ILV_group:Time 0,9744 0,3823 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,3121 

I - III  0,1790 

II - III  0,0087 

AD 

 F p-value* 

(Intercept):Time 1,4348 0,2349 

Sex:Time 7,9737 0,0062 

Age:Time 1,9016 0,1722 
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ILV_group:Time 1,6466 0,1999 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,4454 

I - III  0,8015 

II - III  0,1999 

   

RD 

 F p-value* 

(Intercept):Time 1,1942 0,2781 

Sex:Time 0,0141 0,9059 

Age:Time 0,7101 0,4022 

ILV_group:Time 0,2506 0,7790 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,8536 

I - III  0,2971 

II - III  0,1447 

PARAHIPPOCAMPAL CINGULUM RIGHT 

FA 
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 F p-value* 

(Intercept):Time 0,0008 0,9773 

Sex:Time 0,8925 0,3480 

Age:Time 0,0031 0,9558 

ILV_group:Time 0,3322 0,7184 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,7997 

I - III  0,7695 

II - III  0,9991 

MD 

 F p-value* 

(Intercept):Time 1,7424 0,1910 

Sex:Time 0,1480 0,7015 

Age:Time 2,2941 0,1342 

ILV_group:Time 0,1328 0,8758 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,6278 

I - III  0,3976 
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II - III  0,9373 

   

AD 

 F p-value* 

(Intercept):Time 2,0353 0,1580 

Sex:Time 0,9604 0,3304 

Age:Time 2,7919 0,0991 

ILV_group:Time 0,0755 0,9273 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,8251 

I - III  0,6110 

II - III  0,9433 

RD 

 F p-value* 

(Intercept):Time 1,3039 0,2573 

Sex:Time 0,0001 0,9911 

Age:Time 1,6630 0,2013 

ILV_group:Time 0,1850 0,8315 

Error (Time) 1,0000 0,5000 

   



103 

 

Post hoc analysis (ILV group):  p-value** 

I - II  0,6372 

I - III  0,4488 

II - III  0,9597 

PARAHIPPOCAMPAL CINGULUM LEFT 

FA 

 F p-value* 

(Intercept):Time 1,9876 0,1629 

Sex:Time 0,4981 0,4826 

Age:Time 2,1288 0,1489 

ILV_group:Time 2,7031 0,0738 

Error (Time) 1,0000 0,5000 

 1,9876 0,1629 

    

Post hoc analysis (ILV group):  p-value** 

I - II  0,9767 

I - III  0,6799 

II -III  0,5932 

MD 

 F p-value* 

(Intercept):Time 0,7559 0,3875 

Sex:Time 2,8307 0,0968 
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Age:Time 0,6430 0,4253 

ILV_group:Time 0,9344 0,3975 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis:   

ILV_group  p-value** 

I - II  0,9202 

I - III  0,9990 

II -III  0,9128 

AD 

 F p-value* 

(Intercept):Time 0,0464 0,8301 

Sex:Time 1,2850 0,2607 

Age:Time 0,0127 0,9105 

ILV_group:Time 0,0984 0,9064 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9859 

I - III  0,9405 

II - III  0,9862 

RD 
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 F p-value* 

(Intercept):Time 1,4764 0,2283 

Sex:Time 3,3644 0,0708 

Age:Time 1,3985 0,2409 

ILV_group:Time 1,7538 0,1804 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,8887 

I - III  0,9382 

II - III  0,7316 

GENU OF CORPUS CALLOSUM 

FA 

 F p-value* 

(Intercept):Time 0,5981 0,4418 

Sex:Time 0,4440 0,5073 

Age:Time 0,8617 0,3564 

ILV_group:Time 1,4027 0,2526 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,4764 
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I - III  0,6600 

II - III  0,9542 

MD 

 F p-value* 

(Intercept):Time 0,1937 0,6612 

Sex:Time 1,4284 0,2359 

Age:Time 0,3453 0,5586 

ILV_group:Time 0,6402 0,5302 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9115 

I - III  0,8223 

II - III  0,6146 

AD 

 F p-value* 

(Intercept):Time 0,6010 0,4407 

Sex:Time 1,9831 0,1634 

Age:Time 1,1466 0,2878 

ILV_group:Time 1,0326 0,3613 

Error (Time) 1,0000 0,5000 
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Post hoc analysis (ILV group):  p-value** 

ILV_group  p-value** 

I - II  0,8927 

I - III  0,4006 

II -III  0,7162 

RD 

 F p-value* 

(Intercept):Time 0,0253 0,8739 

Sex:Time 0,7564 0,3873 

Age:Time 0,0361 0,8498 

ILV_group:Time 0,8269 0,4415 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,5728 

I - III  0,9697 

II - III  0,7437 

SPLENIUM OF CORPUS CALLOSUM 

FA 

 F p-value* 

(Intercept):Time 0,2723 0,6034 

Sex:Time 1,9443 0,1675 
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Age:Time 0,6844 0,4108 

ILV_group:Time 0,0519 0,9495 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9445 

I - III  0,8838 

II -III  0,7372 

MD 

 F p-value* 

(Intercept):Time 0,7679 0,3838 

Sex:Time 0,0352 0,8518 

Age:Time 0,7272 0,3966 

ILV_group:Time 0,4999 0,6087 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9811 

I - III  0,1063 

II -III  0,0986 

AD 

 F p-value* 
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(Intercept):Time 2,8627 0,0950 

Sex:Time 0,2242 0,6373 

Age:Time 3,7012 0,0583 

ILV_group:Time 1,5172 0,2263 

Error(Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9788 

I - III  0,0462 

II -III  0,1023 

RD 

 F p-value* 

(Intercept):Time 0,0999 0,7528 

Sex:Time 0,2744 0,6020 

Age:Time 0,0244 0,8763 

ILV_group:Time 0,1275 0,8805 

Error (Time) 1,0000 0,5000 

   

Post hoc analysis (ILV group):  p-value** 

I - II  0,9183 

I - III  0,3766 

II -III  0,2427 
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AD= axial diffusivity; F= F-statistic; FA= fractional anisotropy; FU= follow up; ILV= 

ischemic lesion volumen; MD= mean diffusivity; RD= radial diffusivity. 

*P-values with Greenhouse-Geisser, Huynh-Feldt and lower bound adjustment (not 

included) were similar to p-values for the corresponding F-statistics in all categories. 

**Bonferroni-corrected p-values significant if <0.0167. 
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TF: Transfemoral; TS: Transsubclavian; TC: Transcarotid; VARC-3, Valve Academic 

Research Consortium. 

Continuous variables are described as mean ± SD, whereas categorical variables are 

represented as frequencies and percentage. 

 

Supplement Table 2. Procedural characteristics of patients with 

bicuspid and tricuspid valve 

  

Patient data  Bicuspid Tricuspid p 

(n=113) (n=15) (n=98)  

  Aortic valve calcium score 4913 ±2800 3078 ±1668 <0.001 

  Ischemic load (mm3) 4789 ± 21800 4086 ± 17450 0.95 

  Access route (TF vs. TS vs. 

TC), n (%) 

12 (80.0) vs. 3 

(20.0) 

93 (94.9) vs. 5 (5.1) 0.04 

  Pre-dilatation, n (%) 3 (20.0) 12 (12.2) 0.41 

  CoreValve vs. Portico, n (%) 
13 (86.7) vs. 2 

(13.3) 

71 (72.4) vs. 27 (27.6) 0.24 

  Malposition/Migration, n (%) 0 (0.0) 3 (3.1) 1.00 

  Post-dilatation, n (%) 14 (93.3) 75 (76.5) 0.14 

  Stroke (%) 2 (13.3) 4 (4.1) 0.14 

  Vascular 

complications/bleeding, n (%) 
 

  

    Minor (according to VARC-

3 criteria) 
2 (13.3) 

15 (15.3) 0.84 

    Major (according to VARC-

3 criteria) 
2 (13.3) 

8 (8.2) 0.51 


