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Abstract
Background Aortic stenosis (AS) can cause acquired von Willebrand syndrome (AVWS) and valve replacement has been 
shown to lead to von Willebrand factor (vWF) recovery. The aim of the current study was to investigate the prevalence of 
AVWS in different severe AS phenotypes and its course after transcatheter aortic valve implantation (TAVI).
Methods 143 patients with severe AS undergoing TAVI were included in the study. vWF function was assessed at baseline, 
6 and 24 h after TAVI. AVWS was defined as a reduced vWF:Ac/Ag ratio ≤ 0.7. Phenotypes were classified by tricuspid 
(TAV) and bicuspid (BAV) valve morphology, mean transvalvular gradient (Pmean), stroke volume index (SVI), ejection 
fraction (EF) and indexed effective orifice area (iEOA).
Results AVWS was present in 36 (25.2%) patients before TAVI. vWF:Ac/Ag ratio was significantly lower in high gradi-
ent compared to low-gradient severe AS [0.78 (IQR 0.67–0.86) vs. 0.83 (IQR 0.74–0.93), p < 0.05] and in patients with 
BAV compared to TAV [0.70 (IQR 0.63–0.78) vs. 0.81 (IQR 0.71–0.89), p < 0.05]. Normalization of vWF:Ac/Ag ratio 
was achieved in 61% patients 24 h after TAVI. As in the overall study cohort, vWF:Ac/Ag ratio increased significantly in 
all severe AS subgroups 6 h after TAVI (each p < 0.05). Regarding binary logistic regression analysis, BAV was the only 
significant predictor for AVWS.
Conclusions BAV morphology is a strong predictor for AVWS in severe AS. TAVI restores vWF function in most patients 
with severe AS independently of AS phenotype and valve morphology.

Carsten Jungbauer and Kurt Debl contributed equally.

 * Nastasia Roth 
 nastasia.roth@klinik.uni-regensburg.de

1 Department of Internal Medicine II, University Medical 
Center, Regensburg, Germany

2 Department of Clinical Chemistry and Laboratory Medicine, 
University Medical Center, Regensburg, Germany

3 Department of Cardiothoracic Surgery, University Medical 
Center, Regensburg, Germany

4 Department of Anesthesiology, University Medical Center, 
Regensburg, Germany

http://orcid.org/0000-0002-8636-8396
http://crossmark.crossref.org/dialog/?doi=10.1007/s00392-022-02047-6&domain=pdf


1349Clinical Research in Cardiology (2022) 111:1348–1357 

1 3

Graphical abstract

vWF:Ac/Ag ratio ≤ 0.7vWF:Ac/Ag ratio ≤ 0.7 22

vWF coiled

vWF uncoiled

vWF Activity
vWF Antigen

Shear stress

ADAMTS 13 

Cleavage

vWF:Ac/Ag ratio is significantly 
lower in BAV vs. TAV (p = 0.019)

BAV (n = 13)
0.70 (IQR 0.63-0.78)

TAV (n = 130)
0.81 (IQR 0.71-0.89)

vWF:Ac/Ag ratio is significantly 
lower in HG vs. LG (p = 0.010)

High Gradient (n = 84)
0.78 (IQR 0.67-0.86)

Low Gradient (n = 59)
0.83 (IQR 0.74-0.93)

Baseline: 
25 % AVWS
0.79 (IQR 0.70-0.89)

vWF:Ac/Ag ratio increased 
significantly after TAVI (p < 0.001)

24h a�er TAVI: 
12 % AVWS
0.85 (IQR 0.75-0.96)

Keywords von Willebrand factor · Acquired von Willebrand syndrome · Bicuspid aortic valve · Aortic stenosis · 
Transcatheter aortic valve implantation

Abbreviations
AS  Aortic stenosis
AVWS  Acquired von Willebrand syndrome
BAV  Bicuspid aortic valve
EF  Ejection fraction
HMWM  High-molecular-weight von Willebrand 

multimers
iEOA  Indexed effective orifice area
PVL  Paravalvular leak
SVI  Stroke volume index
TAV  Tricuspid aortic valve
TAVI  Transcatheter aortic valve implantation
TTE  Transthoracic echocardiography

Introduction

Heart valve disease can be associated with acquired type 
2a von Willebrand syndrome (AVWS), characterized by a 
selective deficiency of high-molecular-weight von Wille-
brand multimers (HMWM) [1]. The shear stress caused by 
valvular stenosis or regurgitation induces the cleavage of 
HMWM by the protease ADAMTS13 resulting in bleeding 
tendency [1, 2]. Heyde’s syndrome, first described in 1958, 
refers to the association between aortic valve stenosis (AS) 
and bleeding from angiodysplasia [3, 4]. AVWS has been 
evaluated in several cardiovascular diseases [5]. Previous 
studies have shown that mean transvalvular gradient (Pmean) 
correlates with vWF function loss in patients with severe 

AS [6, 7]. Interestingly, AVWS may resolve after surgical 
and transcatheter aortic valve implantation (TAVI) [8, 9]. 
Furthermore, monitoring of HMWM defects during TAVI 
is predictive of the presence of aortic regurgitation and has 
prognostic implications [10]. Current guidelines propose 
an AS classification system by mean transvalvular gradient, 
ejection fraction (EF) and stroke volume index (SVI) [11]. 
However, vWF function has not been investigated in these 
AS subgroups. Additionally, influence of bicuspid (BAV) 
and tricuspid (TAV) valve morphology on vWF function 
has not been studied yet.

The aim of this study was therefore to investigate the 
prevalence of AVWS in different subgroups and valve mor-
phologies of severe AS and its course after TAVI.

Methods

Study population

From May 2017 to October 2018, 143 patients with severe 
symptomatic AS presenting at the University Medical Center 
Regensburg were prospectively enrolled in the investiga-
tor initiated single-center study. All included patients gave 
informed consent, and the study was approved by the local 
ethics committee. No external funding was obtained to sup-
port the study. Clinical data were collected from all partici-
pants. The decision for TAVI was made by the local Heart 
Team after careful evaluation of each case (Fig. 1).
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Classification of severe AS phenotypes and valve 
morphology

AS severity and phenotype were assessed by transtho-
racic echocardiography (TTE) using an integrated and 
stepwise approach. To define the different phenotypes of 
severe AS (valve area ≤ 1.0  cm2) the new classification 
system by gradient, flow and ejection fraction was used 
[12]: high gradient (Pmean ≥ 40 mmHg) vs. low gradient 
(Pmean < 40 mmHg); normal flow (SVI ≥ 35 ml/m2) vs. 
low flow (SVI < 35 ml/m2), preserved ejection fraction 
(EF ≥ 50%) vs. reduced ejection fraction (EF < 50%). The 
influence of indexed effective orifice area (iEOA) was 
analyzed comparing iEOA < median vs. iEOA ≥ median. 
Anatomic evaluation and classification of TAV and BAV 
were based on established criteria using echocardiography 
and cardiac computed tomography [13].

Procedural data and device success

TAVI was performed in a hybrid operating room using bal-
loon-expandable (48.3%) or self-expandable (51.7%) aor-
tic valve protheses of the second generation. Transfemoral 
access with two ProGlides (Abbott Vascular, Abbott Park, 
Illinois, USA) or a MANTA vascular closure device (Tele-
flex, Wayne, Pennsylvania) was used in 132 patients (92.3%). 
Transapical (6.3%) and transsubclavian approaches (1.4%) 
were used if transfemoral access was not feasible. Vascular 
complications and bleeding events were carefully assessed 

according to VARC-2 criteria [14]. Prosthetic valve function 
was evaluated by TTE before discharge using established 
criteria [14, 15]. Paravalvular leak (PVL) was referred to as 
significant if it was at least moderate (≥ II°) corresponding to 
VARC-2 criteria. The measurements of mean transprosthetic 
gradient (Pmean after TAVI) were not conducted in three 
patients, iEOA after TAVI was not measured in 11 patients. 
Severe patient–prosthesis mismatch (PPM) was defined as 
iEOA < 0.65  cm2/m2 for BMI < 30 kg/m2 and iEOA < 0.60 
 cm2/m2 for BMI ≥ 30 kg/m.2. [14]

Blood sampling and laboratory analysis

vWF activity (vWF:Ac), vWF antigen (vWF:Ag) and activ-
ity-to-antigen-ratio (vWF:Ac/Ag ratio) were assessed at 
baseline before TAVI and 6 h and 24 h after TAVI. vWF:Ac 
was analyzed using the  Innovance® vWF Ac system pro-
vided by SIEMENS (Siemens Healthcare GmbH, Erlangen/
Germany), and vWF:Ag was measured by immunoturbi-
dimetry using the measuring devices of Siemens Health-
care Diagnostics or Sysmex (Sysmex Corporation). AVWS 
was defined as vWF:Ac/Ag ratio ≤ 0.7 [16]. vWF:Ag and 
vWF:Ac levels above measurable range were determined as 
the highest measurable value, each at 600 U/dl.

Statistics

In descriptive statistics for not normally distributed data 
median with interquartile range (IQR) was used. To assess 
correlations between two variables Spearman’s rank corre-
lation coefficient was calculated. Non-normally distributed, 
independent variables were tested with Mann–Whitney-U 
test. To compare categorical variables the Chi-square test 
was used. To evaluate related variables Wilcoxon signed 
rank test was used. Among different parameters charac-
terizing AS, predictors for AVWS were identified with 
binary logistic regression analysis with backward elimina-
tion. Commercially available statistical software was used 
for analysis (IBM SPSS statistics 25, SPSS Inc., Chicago, 
Illinois).

Results

Study population and baseline vWF parameters

Baseline characteristics of the study population are depicted 
in Table 1. The median patient age was 82 years (IQR 
78–85) and 55.2% were men. No relevant differences in 
demographic data and comorbidities were found between 
patients with and without AVWS. Median vWF:Ac/Ag ratio 

Fig.1  Flowchart patients
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was 0.79 (IQR 0.70–0.89) in the whole study cohort and 
AVWS (as defined as a vWF:Ac/Ag ratio ≤ 0.7) was pre-
sent in 36 (25.2%) patients before TAVI. vWF:Ac/Ag ratio 
was negatively correlated with Pmean (r = − 0.22, p < 0.05). 
At baseline, vWF:Ac/Ag ratio was significantly lower in 
high gradient AS compared to low gradient AS [0.78 (IQR 
0.67–0.86) vs. 0.83 (IQR 0.74–0.93), p < 0.05, Fig. 2a] 
and in BAV compared to TAV [0.70 (IQR 0.63–0.78) vs. 

0.81 (IQR 0.71–0.89), p < 0.05, Fig. 2b]. AVWS was sig-
nificantly more prevalent in BAV than in TAV (53.8% vs. 
22.3%, p < 0.05), while there were no differences in baseline 
TTE parameters observed between BAV and TAV (SVI, EF, 
iEAO and Pmean each p = n.s., Table 2).

No differences regarding vWF:Ac/Ag ratio were observed 
in severe AS classified by SVI (normal flow vs. low flow), 

Table 1  Baseline characteristics

All
(n = 143)

vWF:Ac/Ag ratio ≤ 0.7 (n = 36) vWF:Ac/Ag ratio > 0.7 (n = 107) P value

Age (years) 82 (IQR 78–85) 81 (IQR 75–86) 82 (IQR 78–85) 0.985
Sex, n (% male) 79 (55.2%) 18 (50%) 61 (57%) 0.464
BMI (kg/m2) 27.2 (IQR 24.1–29.7) 27.1 (IQR 24.2–29.7) 27.2 (IQR 24.0–29.9) 0.963
STS-Score (%) 2.84 (IQR 1.84–4.76) 3.35 (IQR 1.71–4.72) 2.74 (1.87–4.76) 0.759
Hypertension, n (%) 130 (90.9%) 33 (91.7%) 97 (90.7%) 0.855
Diabetes, n (%) 47 (32.9%) 9 (25%) 38 (35.5%) 0.245
Obesity (BMI ≥ 30 kg/m2), n (%) 33 (23.1%) 8 (22.2%) 25 (23.4%) 0.888
History of PCI, n (%) 32 (22.4%) 8 (22.2%) 24 (22.4%) 0.979
History of CABG, n (%) 13 (9.1%) 2 (5.6%) 11 (10.3%) 0.394
Peripheral artery disease, n (%) 25 (17.5%) 2 (5.6%) 23 (21.5%) 0.029
COPD, n (%) 19 (13.3%) 6 (16.7%) 13 (12.1%) 0.490
History of stroke/ TIA, n (%) 21 (14.7%) 6 (16.7%) 15 (14%) 0.698
Permanent dialysis, n (%) 3 (2.1%) 1 (2.8%) 2 (1.9%) 0.742
Medication, n (%)
 Aspirin 75 (52.4%) 16 (44.4%) 59 (55.1%) 0.266
 Clopidogrel 21 (14.7%) 6 (16.7%) 15 (14.0%) 0.698
 Ticagrelor 3 (2.1%) 1 (2.8%) 2 (1.9%) 0.742
 Prasugrel 0 0 0 –
 Phenprocoumon 20 (14%) 8 (22.2%) 12 (11.2%) 0.100
 NOAC 21 (14.7%) 4 (11.1%) 17 (15.9%) 0.484
 LMWH 7 (4.9%) 3 (8.3%) 4 (3.7%) 0.269
 Beta-blocker 93 (65%) 24 (66.7%) 69 (64.5%) 0.812
 Digitalis 6 (4.2%) 2 (5.6%) 4 (7.3%) 0.638
 Ca-channel blocker 46 (32.2%) 3 (8.3%) 43 (40.2%) 0.000
 ACE-I/ARB 105 (73.4%) 24 (66.7%) 81 (75.7%) 0.288
 Diuretics 102 (71.3%) 28 (77.8%) 74 (69.2%) 0.323
 Aldosterone antagonist 27 (18.9%) 8 (22.2%) 19 (17.8%) 0.554

Aortic valve
 Bicuspid aortic valve, n (%) 13 (9.1%) 7 (19.4%) 6 (5.6%) 0.012
 Low gradient stenosis, n (%) 59 (41.3%) 11 (30.6%) 48 (44.9%) 0.123
 Low flow stenosis, n (%) 67 (46.9%) 17 (47.2%) 50 (46.7%) 0.959
 Pmean (mmHg) 42 (IQR 33–53) 45 (IQR 34–59) 40 (IQR 32–52) 0.140
 SVI (ml/m2) 36 (IQR 30–43) 36 (IQR 30–42) 36 (IQR 31–44) 0.632
 EF (%) 56 (IQR 51–61) 57 (IQR 51–61) 56 (IQR 51–62) 0.688
 iEOA  (cm2/m2) 0.37 (IQR 0.31–0.43) 0.35 (IQR 0.30–0.39) 0.38 (IQR 0.32–0.45) 0.084

vWF parameters
 vWF:Ac (U/dl) 154 (IQR 128–198) 150 (IQR 111–198) 157 (IQR 131–198) 0.351
 vWF:Ag (U/dl) 195 (IQR 160–256) 231 (IQR 180–314) 186 (IQR 158–233) 0.002
 vWF:Ac/Ag ratio 0.79 (IQR 0.7–0.89) 0.63 (IQR 0.58–0.67) 0.83 (IQR 0.77–0.91)  < 0.001
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EF (preserved EF vs. reduced EF) and iEOA (< vs. ≥ median, 
Fig. 3).

Before hospital admission, 48 patients (33.6%) were 
treated with an anticoagulant (Phenprocoumon 14.0%, 
NOAC 14.7%, LMWH 4.9%) and 82 patients (57.3%) 
received antiplatelet therapy (Acetylsalicyclic acid 52.4%, 
Clopidogrel 14,7%, Ticagrelor 2.1%). There was no signifi-
cant difference in vWF:Ac/Ag ratio between patients with 
and without anticoagulants or antiplatelet therapy (each 
p = n.s.).

Bleeding complications

Major bleeding events at least 3 months prior TAVI were 
recorded in six (4.2%) patients. In two cases the bleed-
ing resulted from vascular complications during coronary 
angiography. Four (2.8%) patients suffered from TAVI-
related life-threatening or major bleeding complication, 
in all cases associated with major vascular complica-
tion according to VARC-2 criteria. A significant differ-
ence between patients with or without AVWS was only 
observed regarding bleeding events occurring 3 months 
prior TAVI not due to vascular complications (p < 0.05, 
Table 3). These non-vascular major bleeding complica-
tions were also significantly more often in patients treated 
with anticoagulants (p < 0.05).

Postprocedural evolution of vWF:Ac/Ag ratio

In the overall study cohort vWF:Ac/Ag ratio increased 
significantly from baseline 0.79 (IQR 0.70–0.89) to 0.85 
(IQR 0.75–0.96) 24 h after TAVI (p < 0.001). In 61% of the 
patients with AVWS at baseline vWF:Ac/Ag ratio increased 
to > 0.7 within 24 h after TAVI, while 97% of the patients 
with a baseline vWF:Ac/Ag ratio ≥ 0.7 remained above 
this level (Fig. 4). As in the overall study cohort, vWF:Ac/
Ag ratio increased significantly in all severe AS subgroups 
classified by SVI, EF, iEOA, Pmean and valve morphology 
within 6 h after TAVI with no further significant increase 
after 24 h (Fig. 3).

Device success and vWF function

Pre-discharge TTE showed moderate PVL in 4.2%, where 
as severe PVL was not detected. Median iEOA after TAVI 
was 0.91  cm2/m2 (IQR 0.77–1.09), whereas severe PPM was 
present in 7.0%. There was no difference in vWF:Ac/Ag 
ratio 24 h after TAVI between patients with ≥ II° PVL or 
severe PPM compared to others (each p = n.s.). Median mean 
transprosthetic gradient was 10 mmHg (IQR 7–12) and did 
not differ significantly between patients with and without 
AVWS 24 h after TAVI (p = n.s.).

Fig.2  vWF function at 
baseline—mean gradient and 
valve morphology. Boxplots: 
vWF:Ac/Ag ratio at baseline 
depending on valve morphology 
and mean transvalvular gradient 
(low gradient compared to high 
gradient at baseline p = 0.010; 
TAV compared to BAV, 
p = 0.019)
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Predictors of AVWS

In the binary logistic regression model including valve 
morphology, Pmean, SVI, EF and iEOA, BAV mor-
phology was the only significant independent predictor 
for vWF:Ac/Ag ratio ≤ 0.7 (p < 0.05, all others p = n.s.; 
Table 4).

Discussion

The aim of the present study was to investigate the preva-
lence of AVWS in different phenotypes and valve mor-
phologies of severe AS and its course after TAVI. The 
major findings of this study are that vWF:Ac/Ag ratio did 
not differ in severe AS subgroups classified by SVI, EF 

Table 2  Aortic valve 
morphology and 
echocardiographic parameters

Echocardiographic parameters and vWF function in bicuspid (BAV) and tricuspid aortic valve (TAV) 
cohorts

All (n = 143) BAV (n = 13) TAV (n = 130) P value

Pmean (mmHg) 42 (IQR 33–53) 41 (IQR 36–54) 42 (IQR 32–53) 0.894
SVI (ml/m2) 36 (IQR 30–43) 38 (IQR 30–43) 36 (IQR 30–43) 0.707
EF (%) 56 (IQR 51–61) 55 (IQR 49–60) 57 (IQR 51–62) 0.342
iEOA  (cm2/m2) 0.37 (IQR 0.31–0.43) 0.34 (IQR 0.30–0.43) 0.37 (IQR 0.31–0.44) 0.514
vWF:Ac/Ag ratio 0.79 (IQR 0.70–0.89) 0.70 (IQR 0.63–0.78) 0.81 (IQR 0.71–0.89) 0.019

Fig.3  Periprocedural vWF function—different phenotypes of aor-
tic stenosis. Boxplots: vWF:Ac/Ag ratio at baseline, 6 and 24 h after 
TAVI depending on Pmean (A), valve morphology (B), SVI (C), EF 

(D) and iEOA (E). vWF:Ac/Ag ratio increased significantly from 
baseline to 6 and 24 h after TAVI in all subgroups (each p < 0.05). No 
significant change from 6 to 24 h after TAVI (each p = n.s.).
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and iEOA, but vWF:Ac/Ag ratio was significantly lower 
in patients with BAV compared to TAV and in high gradi-
ent compared to low-gradient severe AS. Binary logistic 
regression analysis showed that BAV morphology is a 
strong predictor for AVWS in severe AS. vWF:Ac/Ag ratio 

increased in all subgroups and after the procedure there 
was no significant difference remaining between groups.

Bicuspid aortic valve morphology leading to AVWS

The current study showed for the first time that valve 
morphology has an important impact on vWF function in 
patients with severe aortic stenosis. As previous studies have 
shown, mean transvalvular gradient was inversely correlated 
with vWF:Ac/Ag ratio, supporting the hypothesis of high 
shear stress causing reduced vWF function [6, 7, 9]. The 
present study demonstrated that patients with BAV had sig-
nificantly lower levels of vWF:Ac/Ag ratio. According to 
binary logistic regression analysis, BAV was the only signifi-
cant predictor for decreased vWF:Ac/Ag ratio. These find-
ings suggest valve morphology to be an additional and inde-
pendent factor affecting vWF function. Using computational 
fluid–structure interaction models, Chandra et al. revealed 
that non-calcified type-1-BAV had a sixfold increase in the 
temporal shear magnitude (TSM) at the base of the leaflets 
compared to tricuspid valves [17]. Since similar pressure 
gradients were applied to all models, increased TSM pro-
vides a possible explanation for significantly lower vWF:Ac/
Ag ratio in BAV patients.

Recovery of vWF function after TAVI

King et al. first published in 1987 that recurrent bleeding 
episodes in patients with aortic stenosis ceased in most cases 
after surgical aortic valve replacement [18]. Several stud-
ies have shown that a restoration of vWF parameters can 
be obtained with TAVI as well [7, 8, 10, 19]. In our cohort 
of 143 patients, 25.2% had vWF:Ac/Ag ratio ≤ 0.7 before 
the intervention. Caspar et al. reported a similar incidence 
using the same cut-off value [7]. After TAVI the number 
of patients with AVWS decreased from 25.2 to 11.9% 24 h 
after the procedure. The significant differences in vWF:Ac/

Table 3  Periprocedural 
bleeding events and vascular 
complications

Major bleeding events 3 months prior TAVI, postprocedural bleeding events and vascular complications 
according to VARC-2 criteria in patients with and without AVWS at baseline

All (n = 143) vWF:Ac/
Ag ratio ≤ 0.7 
(n = 36)

vWF:Ac/
Ag ratio > 0.7 
(n = 107)

P value

Major bleeding prior TAVI, n (%)
  ≤ 3 months prior TAVI 6 (4.2%) 3 (8.3%) 3 (2.8%) 0.154
 Vascular complication due to PCI 2 (1.4%) 0 2 (1.9%) 0.410
 Non-vascular 4 (2.8%) 3 (8.3%) 1 (0.9%) 0.020
  Peptic ulcer 3 (2.1%) 2 (5.6%) 1 (0.9%) 0.095
  Tooth extraction 1 (0.7%) 1 (2.8%) 0 0.085

TAVI procedure
 Life threatening/ major bleeding, n (%) 4 (2.8%) 2 (5.6%) 2 (1.9%) 0.248
 Major vascular complication, n (%) 5 (3.5%) 2 (5.6%) 3 (2.8%) 0.438

Fig.4  AVWS before and after TAVI procedure. Flowchart: abnormal 
vWF:Ac/Ag ratio at baseline and 24  h after TAVI. The number of 
patients with AVWS reduces from 36 (25%) at baseline to 17 (12%) 
24 h after TAVI.

Table 4  Predictors for AVWS—binary logistic regression analysis

Binary logistic regression analysis with backward elimination regard-
ing vWF:Ac/Ag ratio ≤ 0.7

Odds ratio 95% CI P value

BAV 4.06 1.27–13.04 0.018
High gradient 1.55 0.64–3.73 0.328
SVI 1.01 0.97–1.06 0.529
EF 1.01 0.97–1.06 0.552
iEOA 38.09 0.46–3190 0.107
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Ag ratio associated with gradient and morphology receded 
within 6 h after TAVI. This supports the hypothesis that 
pathological shear stress, which is reduced by valve replace-
ment represents the main reason for AVWS.

Regarding the change in vWF parameters due to valve 
replacement van Belle et al. have observed an immediate 
restoration of vWF multimers within 5 min after valve 
implantation [20]. With a half-life of 6–9 h for vWF antigen 
[21], reduced degradation cannot be the only reason for the 
correction of vWF-HMWM within minutes. Therefore, the 
authors hypothesized that the altered luminal pressure after 
valve replacement could cause an increased vWF-release 
from endothelial cells [20].

Bleeding disorder in patients with severe aortic 
stenosis

The incidence of AVWS varies widely between studies using 
different endpoint definitions and laboratory methods rang-
ing between 22.4% [7] and 80% [22]. The interpretation of 
bleeding complications in the present study is limited by the 
low amount of bleeding events and by further influencing 
factors as antithrombotic medication. Patients with AVWS 
suffered more often from major bleeding not caused by vas-
cular complications, but all four patients were also treated 
with anticoagulants providing an adequate explanation for 
an elevated bleeding risk. Furthermore, no patient met all 
criteria for Heyde’s syndrome, defined as proven bleeding 
angiodysplasia associated with AVWS. Previous studies 
using similar endpoint definitions reported an incidence of 
approximately 3% [19, 23]. All TAVI-related major or life-
threatening bleeding events were caused by major vascular 
complications. Contrary to preprocedural bleeding events 
not due to vascular injury, TAVI-related major bleeding 
complications were not associated with AVWS, confirming 
the finding of previous studies [7, 9].

Use in clinical practice

Patients with BAV frequently develop symptomatic AS 
at a younger age compared to patients with TAV [24]. At 
present patients with BAV are mostly treated with surgi-
cal aortic valve replacement (SAVR) [25]. In opposition 
to TAVI in which most bleeding complications result from 
vascular complications, SAVR-patients with AVWS are at 
higher risk for major bleeding [9]. This emphasizes the clini-
cal importance of the finding that BAV is associated with 
AVWS. However, data comparing the outcome of patients 
with different valve morphologies after SAVR are missing 
in the current literature.

More attention for AVWS in patients with aortic ste-
nosis would be desirable not only in patients with general 
high bleeding risk, but also in younger patients with BAV, 

potentially representing a high-risk population. Further stud-
ies at a larger scale are required to confirm this finding. A 
higher number of patients with BAV will be necessary to 
evaluate if relevant differences between different types of 
BAV exist. Periprocedural management could be adapted 
to patients with elevated bleeding risk. Some patients could 
possibly benefit from desmopressin or vWF-concentrate 
administration before SAVR [26, 27] to reduce life-threat-
ening bleeding complications.

Limitations

The comparability between studies investigating AVWS is 
possible only to a limited extent because of various labo-
ratory methods and endpoint definitions being used for 
AVWS, Heyde’s syndrome, bleeding complications and 
vWF function. In the present study HMWM-analysis was 
not conducted. Due to the cohort size and the spread width 
of vWF parameters the conducted analyses have large con-
fident intervals limiting the transferability of these findings 
on an individual basis. The incidence for Heyde’s syndrome 
was lower than that in other studies reported. Possible rea-
sons for this discrepancy are small cohort sizes, different 
clinical practice concerning the indication for endoscopic 
examination and the fact that the treatment of high-risk 
patients became possible only in the last few years with the 
development of TAVI. Because of the low amount of bleed-
ing complications in the present study it is not possible to 
distinguish the effect of antithrombotic medication from a 
possible influence of vWF function on the bleeding risk. 
Larger cohorts will be required to evaluate the influence of 
different types of BAV morphology on vWF function.
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