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Abstract
Background Heyde syndrome (HS) is known as the association of severe aortic stenosis (AS) and recurrent gastrointestinal 
bleeding (GIB) from angiodysplasia. Data on the prevalence of HS and results after TAVI remain scarce.
Methods 2548 consecutive patients who underwent TAVI for the treatment of AS from 2008 to 2017 were evaluated for a 
history of GIB and the presence of HS. The diagnosis of HS was defined as a clinical triad of severe AS, a history of recurrent 
GIB, and an endoscopic diagnosis of angiodysplasia. These patients (Heyde) were followed to investigate clinical outcomes, 
bleeding complications and the recurrence of GIB and were compared to patients with GIB unrelated to HS (Non-Heyde).
Results A history of GIB prior to TAVI was detected in 190 patients (7.5%). Among them, 47 patients were diagnosed 
with HS (1.8%). Heyde patients required blood transfusions more frequently compared to Non-Heyde patients during 
index hospitalization (50.0% vs. 31.9%, p = 0.03). Recurrent GIB was detected in 39.8% of Heyde compared to 21.2% of 
Non-Heyde patients one year after TAVI (p = 0.03). In patients diagnosed with HS and recurrent GIB after TAVI, the rate 
of residual ≥ mild paravalvular leakage (PVL) was higher compared to those without recurrent bleeding (73.3% vs. 38.1%, 
p = 0.05).
Conclusion A relevant number of patients undergoing TAVI were diagnosed with HS. Recurrent GIB was detected in a sig-
nificant number of Heyde patients during follow-up. A possible association with residual PVL requires further investigation 
to improve treatment options and outcomes in patients with HS.
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Abbreviations
AS  Aortic stenosis
GI  Gastrointestinal
GIB  Gastrointestinal bleeding
HS  Heyde syndrome
PVL  Paravalvular leak
SAVR  Surgical aortic valve replacement
STS PROM  Society for Thoracic Surgeons—predicted 

risk of mortality
TAVI  Transcatheter aortic valve implantation
VWF  Von Willebrand factor
aVWS  Acquired von Willebrand syndrome

Introduction

The association of aortic valve stenosis (AS) and gastro-
intestinal bleeding (GIB) from angiodysplasia is known as 
Heyde syndrome (HS) [1]. The prevalence of GIB related 
to HS has been described as 1 to 3 percent of patients 
with aortic stenosis [2–5].

The prevalence, pathogenesis and treatment options 
of HS remain controversial. The development of angi-
odysplasia has been associated with mucosal ischemia 
leading to vessel dilatation and formation of coral-formed 
vessels throughout the GI tract with highest prevalence 
in the right colon and cecum [6]. The pathogenesis of 
HS involves hemostaseologic alterations leading to 
an acquired von Willebrand syndrome (aVWS). High 
shear stress caused by severe aortic stenosis leads to a 
decreased content of the high-molecular-weight multim-
ers (HMWM) and decreased collagen-binding activity of 
VWF [7–9]. The combination of both factors, vascular 
malformations, i.e. angiodysplasia, and hemostaseologic 
alterations due to AS, result in a higher bleeding risk in 
these patients [10].

Surgical or transcatheter implantation of an aortic 
valve prosthesis is commonly performed for the treatment 
of severe AS. A resolution of GIB from angiodysplasia 
in patients with HS by surgical aortic valve replacement 
(SAVR) in the majority of patients has been previously 
reported [11, 12]. Since transcatheter aortic valve implan-
tation (TAVI) has become the preferred treatment in the 
majority of patients with severe AS, it remains to be 
determined whether TAVI would likewise resolve recur-
rent GIB in patients with HS. First reports suggested a 
resolution of bleeding but these assumptions were drawn 
from small analyses including only few Heyde patients 
or case reports and evidence overall remains scarce [3, 
4, 8, 13–16].

Thus, we aimed to evaluate the prevalence of HS in a 
real-life cohort of patients undergoing TAVI, to identify 

variables associated with bleeding events in HS and to 
analyze the incidence of recurrent GIB during post-TAVI 
follow-up in these patients.

Methods

Study population

We conducted a retrospective single-center analysis of 
2548 consecutive patients who underwent TAVI for the 
treatment of severe AS at a single academic heart center 
between 2008 and 2017. The diagnosis of severe AS was 
made according to the current ESC/EACTS guidelines for 
the treatment of valvular heart disease [17]. Among all 
patients treated with TAVI at our institution, those with 
a history of GIB were identified. A history of GIB was 
defined as an episode of GIB recorded in a patient’s chart, 
earlier diagnoses or endoscopy reports. The diagnosis of 
HS was based on the clinical triad of severe AS, a history 
of recurrent GIB, and an endoscopic (esophagogastroduo-
denoscopy or colonoscopy) diagnosis of angiodysplasia. 
GIB of unknown origin or related to other causes (e.g. 
malignant process, ulcer) was defined as bleeding unre-
lated to angiodysplasia. We collected baseline and follow-
up data of both groups (a) Heyde patients (n = 47) and (b) 
those with GIB unrelated to angiodysplasia (Non-Heyde 
patients, n = 143).

Patient follow‑up

Baseline and follow-up variables were recorded from 
patients’ charts and entered into a dedicated database. Mean 
follow-up was 11.2 months. Clinical outcomes were evalu-
ated with emphasis on bleeding complications and recur-
rence of GIB. Clinical endpoints and periprocedural compli-
cations were defined in accordance with the updated Valve 
Academic Research Consortium-2 (VARC-2) definitions 
[18]. Endpoint adjudication was performed independently 
from this study by a team of experienced cardiologists who 
were blinded to the study groups.

Statistical analyses

Continuous variables were shown as median (25th and 75th 
percentile) or as mean ± standard deviation. Binary variables 
or absolute and relative frequencies were shown as number 
(n) and percentage. Differences to total n were due to miss-
ing values, the calculation of proportions did not include 
missing values in the denominator. For two group compari-
son Mann–Whitney test was used for continuous variables, 
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and χ2 test for binary ones. Survival curves for GIB after 
TAVI during 1-year follow-up were produced using the 
Kaplan–Meier method. Survival curve differences were 
tested using the log-rank test. For overall tests p < 0.05 was 
considered statistically significant. All statistical analyses 
were performed using R version 4.0.3 (R Foundation for 
Statistical Computing).

Results

Baseline characteristics

The median age of all patients undergoing TAVI (n = 2548) 
was 81.2 years (76.4, 85.0) and 49.3% were male. Among 
these patients, a total of 190 patients (7.5%) had a history of 
GIB. Overall 47 patients (1.8%) fulfilled the clinical char-
acteristics for HS (history of recurrent GIB and an endo-
scopic diagnosis of angiodysplasia of the GI tract), while 
143 patients (5.6%) had a history of GIB unrelated to angi-
odysplasia (Non-Heyde patients, see Fig. 1). Both groups 
were similar with regard to age, gender, comorbidities, 
and risk profiles (see Table 1). Antithrombotic regimens in 
Heyde vs. Non-Heyde patients did not differ significantly at 
baseline (single antiplatelet: 44.4% vs. 50.0%, p = 0.61; dual 
antiplatelet: 8.9% vs. 6.5%, p = 0.74; oral anticoagulation: 
28.9% vs. 39.9%, p = 0.22). Hemoglobin levels were lower 
in patients with HS compared to those with GIB unrelated to 
angiodysplasia (all results as follows Heyde vs. Non-Heyde, 
Hb 10.0 (8.7,11.1) g/dl vs. 10.8 (9.4,12.2) g/dl; p = 0.02, see 
Table 1). The number of patients with hemoglobin concen-
trations < 8 g/dl was numerically higher in Heyde vs. Non-
Heyde, albeit not statistically significant.

Fig. 1  Distribution of patients with GIB among all patients with 
severe AS treated with TAVI

Table 1  Baseline characteristics 
and comorbidities in all TAVI 
patients and patients with 
Heyde syndrome compared to 
patients with GIB unrelated to 
angiodysplasia (Non-Heyde)

Values are n (%), mean ± SD or median (interquartile range). P values are Heyde vs. Non-Heyde
AV  aortic valve, CAD coronary artery disease, COPD chronic obstructive pulmonary disease, EOA effec-
tive orifice area, GFR glomerular filtration rate, LVEF left ventricular ejection fraction, Pmean mean pres-
sure gradient, STS PROM Society of Thoracic Surgeons Predicted Risk of Mortality

All (n = 2548) Heyde (n = 47) Non-Heyde (n = 143) p Value

Baseline data
Age (years) 81.2 (76.4,85.0) 80.7 (75.3,84.0) 80.1 (74.2,84.2) 0.68
Male (%) 1255 (49.3) 23 (48.9) 74 (51.7) 0.87
STS PROM (%) 4.9 (3.2,7.6) 4.7 (2.7,9.0) 5.3 (3.6,8.3) 0.39
Atrial fibrillation (%) 783 (31.8) 21 (44.7) 73 (54.1) 0.31
Arterial hypertension (%) 2132 (84.6) 39 (83.0) 130 (90.9) 0.18
Diabetes (%) 732 (29.0) 16 (34.0) 45 (31.5) 0.86
CAD (%) 1640 (64.9) 29 (61.7) 105 (73.9) 0.14
Prior PCI (%) 904 (35.7) 18 (38.3) 53 (37.3) 1.00
COPD (%) 520 (20.4) 11 (23.4) 32 (22.4) 1.00
Hemoglobin (g/dl) 11.9 (10.6,13.1) 10.0 (8.7,11.1) 10.8 (9.4,12.2) 0.02
Hemoglobin < 8 g/dl (%) 28 (1.1) 5 (10.6) 6 (4.2) 0.14
GFR (CKD-EPI) (ml/min/1.73m2) 57.2 (40.8,74.9) 54.1 (37.1,70.8) 49.5 (36.4,67.8) 0.31
LVEF < 30% (%) 264 (10.6) 2 (4.3) 13 (9.4) 0.36
EOA AV  (cm2) 0.8 (0.6, 0.9) 0.9 (0.7,0.9) 0.8 (0.6,0.9) 0.10
Pmean (mmHg) 32 (22.0, 45.0) 33.0 (23.7, 45.3) 36.0 (24.1, 47.0) 0.56
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Periprocedural data

TAVI was performed with immediate technical success in 
all cases (n = 190), most frequently by endovascular access 
(68.1% vs. 76.2%, p = 0.34). Effective orifice areas (EOA) 
increased from 0.8 ± 0.2  cm2 to 2.1 ± 0.5  cm2 overall and 
similar in both groups. VARC-2 defined complications 
including major access site complications (12.8% vs. 9.1%, 
p = 0.57), any stroke or TIA (4.8% vs. 4.2%, p = 1.00) and 
permanent pacemaker implantations (16.7% vs. 20.3%, 

p = 0.66) were similar in both groups. We observed a trend 
to more acute renal failure (AKIN ≥ 2) in Heyde vs. Non-
Heyde patients (9.5% vs. 2.5%, p = 0.08). Periprocedural 
major or life-threatening bleeding events were numerically 
higher in Heyde vs. Non-Heyde patients, albeit not statisti-
cally significant (21.3% vs. 13.4%, p = 0.24). Among these 
patients GIB occurred more often in patients with HS dur-
ing 30-day follow-up (19.4 vs. 7.0%, p = 0.05, see Table 2). 
The incidence of GIB in the overall TAVI cohort was 1.5%. 
50.0% of Heyde patients required transfusion of 2.3 ± 4.6 

Table 2  Periprocedural and discharge data in patients with Heyde syndrome compared to patients with GIB unrelated to angiodysplasia (Non-
Heyde)

Values are n (%), mean ± SD or median (interquartile range). P values are Heyde vs. Non-Heyde
* SAPIEN XT, 3, Ultra
a Evolut R, Portico, ACU RAT E neo, ALLEGRA 
b Lotus (edge).
c Proportion of GIB within VARC-2 major/life-threatening bleeding at 30 days DAPT dual antiplatelet therapy, EOA effective orifice area, GFR 
glomerular filtration rate, GIB gastrointestinal bleeding, LMH low molecular heparin, LVEF left ventricular ejection fraction, (O)AC (oral) anti-
coagulants (Phenprocoumon, new anticoagulants, (low molecular weight) heparin), Pmean mean pressure gradient, PCI percutaneous coronary 
intervention, PRBC packed red blood cells, PVL paravalvular leakage, SAPT single antiplatelet therapy, VARC  Valvular Academic Research 
Consortium
d Duration of DAPT or (O)AC + SAPT, (O)AC + DAPT.

All (n = 2548) Heyde (n = 47) Non-Heyde (n = 143) p Value

Periprocedural Data
 Endovascular access (%) 1721 (67.5) 32 (68.1) 109 (76.2) 0.34
 Balloon-expandable devices* (%) 1206 (47.3) 27 (57.4) 72 (50.3) 0.41
 Self-expandable  devicesa (%) 1180 (46.3) 16 (34.0) 67 (46.9) 0.13
 Mechanically expandable  devicesb (%) 130 (5.1) 4 (8.5) 4 (2.8) 0.11

Discharge Data and Follow-Up according to VARC-2 at 30 days
 Major access site complications (%) 194 (7.7) 6 (12.8) 13 (9.1) 0.57
 Acute renal failure (AKIN ≥ 2) (%) 131 (6.1) 4 (9.5) 3 (2.5) 0.08
 Any stroke or TIA (%) 105 (4.9) 2 (4.8) 5 (4.2) 1.00
 Permanent pacemaker implantation (%) 386 (17.8) 7 (16.7) 24 (20.3) 0.66
 Bleeding VARC (major/life-threatening) (%) 291 (13.3) 10 (21.3) 19 (13.4) 0.24
 Proportion of GIB (%)c 32 (1.5) 7 (19.4) 7 (7.0) 0.05
 Transfusion of PRBC (%) 737 (30.2) 23 (50.0) 45 (31.9) 0.03
 Number of PRBC transfusions during indexstay 1.2 ± 3.3 2.3 ± 4.6 1.5 ± 4.0 0.03
 Single antiplatelet therapy (SAPT) (%) 356 (15.1) 12 (30.0) 30 (22.6) 0.40
 Dual antiplatelet therapy (DAPT) (%) 850 (36.1) 15 (37.5) 46 (34.6) 0.85
 (O)AC (%) 111 (4.7) 1 (2.5) 8 (6.0) 0.69
 (O)AC + SAPT (%) 663 (28.2) 10 (25.0) 40 (30.1) 0.69
 (O)AC + DAPT (%) 339 (14.4) 2 (5.0) 9 (6.8) 1.00
 Duration of intensified antithrombotic therapy (months)d 1.0 (0, 3.0) 1.0 (0, 3.0) 1.5 (0, 3.0) 0.61
 EOA AV  (cm2) 1.7 (1.4, 2.1) 2.3 (1.7, 2.5) 2.3 (1.8, 2.5) 0.55
 Pmean (mmHg) 9.0 (6.0, 12.7) 9.0 (6.0, 14.1) 9.0 (6.0, 12.0) 0.34
 PVL ≥ mild (%) 1012 (44.4) 25 (54.3) 77 (56.2) 0.86
 Hemoglobin (g/dl) 9.4 (8.7,10.3) 9.5 (8.8,10.2) 9.3 (8.7,10.4) 0.87
 GFR (CKD-EPI) (ml/min/1.73m2) 56.3 (38.5,60.0) 56.8 (38.5,60.0) 56.2 (38.5,60.0) 0.71
 30-day mortality (%) 185 (7.3) 4 (8.5) 8 (5.6) 0.50
 1-year mortality (%) 535 (21.2) 13 (27.7) 33 (23.1) 0.56
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packed red blood cells (PRBC) during the index hospitaliza-
tion compared to 1.5 ± 4.0 PRBC in 31.9% of patients with 
a history of GIB unrelated to angiodysplasia (Non-Heyde) 
(p = 0.03, see Table 2).

Recurrence of GI‑bleeding during follow‑up

Freedom from GIB after TAVI during 1-year follow-up 
was significantly lower in Heyde patients (60.2%) com-
pared to patients with GIB unrelated to angiodysplasia 
(Non-Heyde, 78.8%; p = 0.03, see Fig.  2). During the 
follow-up period 15 (44%) patients with Heyde syndrome 
compared to 26 (26%) of Non-Heyde patients had recur-
rent GIB (p = 0.02, see table S1, Supplementary Material). 
A total of 9 (60%) Heyde patients had a diagnosis of upper 
or lower GIB, 6 of whom had an endoscopic diagnosis of 
angiodysplasia. In the remaining 9 Heyde patients there 
was either no evidence of angiodysplasia or endoscopy 
was not completed. In Non-Heyde patients 11 (42%) had 
a diagnosis of upper of lower GIB during follow-up and 15 
(58%) had GIB of unknown origin. The source of bleeding 
was multifactorial (e.g. ulcers, gastritis) but angiodyspla-
sia was found in two cases, one of whom had moderate 
PVL at the time of endoscopy.

Antithrombotic and anticoagulation regimens after 
TAVI were similar among Heyde vs. Non-Heyde patients 
(see Table 2). The duration of intensified antithrombotic 
therapy (i.e. combination of (oral) anticoagulation (OAC) 
and single or dual antiplatelet therapy (SAPT/DAPT)) did 
not differ between both groups. Antithrombotic strategies 
did not differ in HS patients with and without recurrent 
bleeding during follow-up. A trend towards higher rates 
of intensified antithrombotic therapy (OAC + SAPT or 
DAPT) was observed in Non-Heyde patients with recur-
rent GIB (see figure S2, Supplementary Material).

Fig. 2  Freedom from GIB in patients with Heyde syndrome com-
pared to those with GIB unrelated to angiodysplasia (Non-Heyde) 
during 1  year of follow-up (post TAVI). Significantly higher GI-
bleeding complications in patients with Heyde syndrome during 
1 year of follow-up were revealed (p = 0.03)

Fig. 3  Distribution of paraval-
vular leakage (PVL) in patients 
with and without Heyde syn-
drome with regard to recurrence 
of gastrointestinal bleeding 
during follow-up
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In patients diagnosed with HS and recurrent GIB after 
TAVI the rate of residual mild or moderate paravalvular 
regurgitation was higher compared to those with an unre-
markable course while statistically this difference reached 
borderline significance (73.3% vs. 38.1%, p = 0.05, see 
Fig. 3).

Discussion

In the present study we assessed the prevalence of HS in 
a real-life cohort of patients with severe AS undergoing 
TAVI and evaluated bleeding complications and GIB dur-
ing follow-up.

Three key findings can be drawn from this retrospec-
tive single-center analysis: First, HS was prevalent in a 
relevant number of TAVI patients (1.8%) which was in 
line with previously published data from smaller obser-
vational analyses [2–5]. To date, the present study is the 
largest cohort of TAVI patients evaluating the prevalence 
of HS. Second, during a follow-up period of 12 months 
after TAVI the recurrence of GIB in Heyde patients was 
significant (39.8%) and higher compared to patients with 
GIB unrelated to angiodysplasia. Third, patients with HS 
and recurrent GIB during follow-up had more residual 
paravalvular regurgitation compared to Heyde patients 
with an unremarkable course.

Previous studies reported a resolution of GIB from 
angiodysplasia after SAVR in the majority of Heyde 
patients, although systematic evidence was lacking [11, 
12, 19–22]. Hemostaseologic findings with a correction 
of the HMWM content after SAVR suggested a “surgi-
cal cure” of HS [9, 23]. Within the past decade, TAVI 
has become the preferred treatment option for AS in most 
patients [24, 25]. A normalization of hemostasis param-
eters including vWF was reported after TAVI, especially 
in those with pre-existing aVWS [4, 8]. Few small studies 
and case series reported no recurrence of GIB in patients 
with HS after TAVI, albeit limited due to short-term fol-
low-up and small patient numbers [3, 4, 8, 13–15]. In con-
trast to these earlier publications, we observed that a sub-
stantial number of Heyde patients suffered from recurrent 
GIB after TAVI already during 1-year follow-up despite 
adequate treatment of AS.

An association of paravalvular leakage (PVL), late 
bleeding complications and impaired survival was dem-
onstrated before. An analysis from the PARTNER (Place-
ment of Aortic Transcatheter Trial) trial found late bleed-
ing events, mainly GIB, in a relevant number of patients 
(5.9%) after TAVI, which were associated with a fourfold 
increase in late mortality (26). Interestingly, PVL was 
the strongest predictor of these bleeding events between 
30 days and 1 year after TAVI [26]. Moreover, mild to 

moderate PVL was discovered in patients without recov-
ery of abnormal multimer levels, emphasizing the effect 
of persistent shear stress as cause of HMWM deficiency 
[8] Consistent with these findings, we discovered a sig-
nificantly higher rate of ≥ mild PVL in Heyde patients 
with recurrent GIB after TAVI compared to those with 
an unremarkable course. As angiodysplasias persist after 
replacement of the aortic valve [2] this suggests that the 
association between PVL and recurrent GIB is caused by 
hemostaseologic rather than vascular alterations associ-
ated by PVL. Future studies should evaluate if individual-
ized antithrombotic strategies, e.g. guided by post-TAVI 
HMWM levels or vWF activity can prevent GIB events in 
patients with HS (with PVL) after TAVI.

Furthermore, we found more periprocedural transfu-
sion of packed red blood cells in Heyde patients, possibly 
related to lower baseline hemoglobin values and numeri-
cally higher rates of bleeding complications. The adverse 
impact of red blood cell transfusion after TAVI was previ-
ously described [27–29], emphasizing the need for close 
monitoring of this vulnerable patient cohort.

Individualized antithrombotic treatment will be essen-
tial to minimize bleeding risk in these patients at risk. 
Recent evidence demonstrated superiority for restrictive 
antithrombotic strategies after TAVI [30, 31]. Additional 
analyses suggested that patients after TAVI may have 
hemostatic disorders apart from aVWS that may cause 
bleeding complications [32]. Whether bleeding com-
plications can be reduced with tailored antithrombotic 
strategies in these vulnerable HS patients, needs further 
investigation.

Limitations of the current study relate to the retrospective 
single-center study design. Since TAVI patients from 2008 
to 2017 were included, early data include the learning curve, 
high rates of non-transfemoral access, paravalvular regur-
gitation and notable rates of short- and mid-term mortality 
compared to current practice. Despite careful evaluation of 
clinical documentation and discharge letters, incomplete 
detection of bleeding episodes cannot entirely be ruled out. 
Our focus was on the evaluation of clinical bleeding events 
rather than hemostaseologic parameters. Hence, levels of 
vWF were not be included in this analysis. Additional pro-
spective studies with larger patient samples may address 
these shortcomings in the future.

Conclusion

In this large cohort, we demonstrated that Heyde syndrome 
was prevalent in a relevant number of patients presenting 
for the treatment of AS. In contrast to earlier publications, 
a substantial number of recurrent GIB events was observed 
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despite correction of AS by TAVI. Patients with residual 
paravalvular regurgitation after TAVI may be at higher risk 
of GIB and should be monitored more closely for bleeding 
events. In the meantime, optimal hemodynamic results and 
individualized antithrombotic strategies should be targeted 
to minimize bleeding risk and improve outcomes in these 
vulnerable patients with Heyde syndrome.
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