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ORIGINAL ARTICLE

Reduction of Gastrointestinal Bleeding in Patients 
With Heyde Syndrome Undergoing Transcatheter 
Aortic Valve Implantation
Lia C.M.J. Goltstein , MD*; Maxim J.P. Rooijakkers , MD*; Natasha C.C. Görtjes , BSc; Reinier P. Akkermans , MSc;  
Erwin S. Zegers, MD; Ron Pisters , MD, PhD; Marleen H. van Wely , MD; Kees van der Wulp , MD, PhD;  
Joost P.H. Drenth , MD, PhD; Erwin J.M. van Geenen , MD, PhD; Niels van Royen , MD, PhD

BACKGROUND: Heyde syndrome is the co-occurrence of aortic stenosis and gastrointestinal bleeding secondary to 
angiodysplasias. Surgical aortic valve replacement effectively reduces bleeding, but the effects of transcatheter aortic valve 
implantation (TAVI) are largely unknown. This study aimed to describe the reduction of gastrointestinal bleeding in patients 
with Heyde syndrome after TAVI and to identify the factors associated with rebleeding.

METHODS: We enrolled patients with Heyde syndrome from a prospective TAVI registry. Gastrointestinal bleeding episodes 
were assessed by the Bleeding Academic Research Consortium classification, and cumulative incidence functions were 
used to calculate cessation rates. Factors potentially associated with rebleeding were analyzed using logistic regression. 
Differences between Heyde and non-Heyde patients were assessed through a case-cohort study.

RESULTS: Between December 2008 and June 2020, 1111 patients underwent TAVI. There were 70 patients with Heyde 
syndrome (6.3%). In the first year following TAVI, gastrointestinal bleeding ceased in 46 of 70 patients (62% [95% CI, 
50%–74%]). Bleeding episodes decreased from 3.2 (95% CI, 2.5–4.2) to 1.6 ([95% CI, 1.2–2.2] P=0.001) and hemoglobin 
levels increased from 10.3 (95% CI, 10.0–10.8) to 11.3 (95% CI, 10.8–11.6) g/dL (P=0.007). Between 1 and 5 years 
after TAVI (35 [interquartile range, 21–51] months), 53 of 62 patients (83% [95% CI, 72%–92%]) no longer experienced 
gastrointestinal bleeding. Paravalvular leakage (≥mild) was associated with rebleeding risk (odds ratio, 3.65 [95% CI, 1.36–
9.80]; P=0.010). Periprocedural bleeding was more common in Heyde than in control patients (adjusted odds ratio, 2.55 
[95% CI, 1.37–4.73]; P=0.003).

CONCLUSIONS: Patients with Heyde syndrome are at increased risk for periprocedural bleeding. Post-TAVI, gastrointestinal 
bleeding disappears in the majority of patients. Paravalvular leakage may curtail these clinical benefits.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: angiodysplasia ◼ aortic valve stenosis ◼ capillaries ◼ hemorrhage ◼ prevalence ◼ transcatheter aortic valve replacement

Heyde syndrome is an important differential diagnosis 
of gastrointestinal bleeding in patients with aortic 
stenosis (AS).1 Bleeding originates from angiodys-

plasias, which are vascular malformations that consist 

of thin-walled, dilated arterial or venous capillaries in the 
gastrointestinal mucosa.2 These frail vessels easily rup-
ture, which causes bleeding.3 Angiodysplasias have been 
described in 2% to 10% of patients with AS, but the true 
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prevalence is likely higher as small bowel assessment is 
not part of routine clinical workup in these patients.4–6

Patients with Heyde syndrome have an increased 
bleeding risk, as high shear stress around the stenotic 
valve causes inordinate proteolysis of von Willebrand 
factor multimers.7 This acquired form of von Willebrand 
disease combined with angiodysplasias results in a high 
requirement of blood transfusions, reduced quality of 
life, increased morbidity and mortality, and steep hospital 
costs.7, 8 The grade of AS is associated with the loss of 
von Willebrand factor multimers, which stresses the indi-
cation for valve replacement in these patients.9 Surgical 
aortic valve replacement (SAVR) has been described to 
reduce gastrointestinal bleeding episodes in up to 92% 
of Heyde patients.1,10

Transcatheter aortic valve implantation (TAVI) has 
become the standard treatment for patients with AS 
who have an increased surgical risk and is also gaining 
territory over SAVR in patients at intermediate and low 
surgical risk.11 Both gastrointestinal and periprocedural 
bleeding contribute greatly to morbidity and mortality 
after TAVI.12 A recent study showed that gastrointestinal 
bleeding ceased completely in 40% of Heyde patients 

in the first year following valve implantation.4 There are 
multiple outstanding questions. The extent and durability 
of the reduction in bleeding episodes and the concomi-
tant rise in hemoglobin levels are unknown.4,13 Residual 
paravalvular leakage (PVL) after TAVI might contribute to 
rebleeding, but the effect size is unclear.4,7 Lastly, the risk 
of periprocedural bleeding in Heyde patients is unknown. 
In the present study, we assessed the effect of TAVI on 
gastrointestinal bleeding in Heyde patients from a large 
prospective registry up to 5 years after the procedure and 
determined which factors are associated with rebleed-
ing. In a case-cohort study, we evaluated which baseline 
characteristics are associated with Heyde syndrome and 
whether Heyde patients are at an increased risk for peri-
procedural bleeding and adverse outcomes after TAVI.

METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request. This 
study was performed in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines for reporting observational studies.14 All patients 
undergoing TAVI in the Radboud University Medical Center 
are part of an ongoing prospective registry that collects clini-
cal and laboratory data. Informed consent for this registry was 
deemed unnecessary according to the Dutch Act on Medical 
Research Involving Human Subjects. To also collect data 
from the referring centers, the present study was approved 
by the Institutional Review Board of the Radboud University 
Medical Center, Nijmegen, the Netherlands (Commissie 
Mensgebonden Onderzoek Arnhem-Nijmegen; submission 
2020-6697), and the 5 referring centers gave local approval 
(Canisius-Wilhelmina Ziekenhuis, Nijmegen; Rijnstate, 
Arnhem; Maasziekenhuis Pantein, Boxmeer; Slingeland 
Ziekenhuis, Doetinchem; and VieCuri Medisch Centrum, 
Venlo). Informed consent was obtained from all patients who 
were not deceased when the data were obtained.

Study Enrollment and Data Collection
Heyde patients were identified through a manual and auto-
mated review of electronic medical records from all patients 
undergoing TAVI in one academic center between December 
2008 and June 2020. All patients were part of a strict pro-
tocol collecting predefined data points, including regular car-
diac ultrasounds and laboratory investigations.15 Additional 
details have been described in a previous publication.16 Heyde 
syndrome was defined as having gastrointestinal bleeding 
episodes (overt or occult) either (1) due to endoscopically 
diagnosed angiodysplasias or (2) due to a high suspicion of 
angiodysplasias (Table S1) but without complete endoscopic 
evaluation (consisting of gastroscopy, colonoscopy, and small 
bowel assessment through either capsule endoscopy or enter-
oscopy). We excluded patients diagnosed with an alternative 
explanation for gastrointestinal bleeding (eg, ulcer or cancer).

Baseline characteristics (including medical history and 
echocardiographic features) and data on gastrointestinal bleed-
ing episodes the year before and after TAVI were extracted ret-
rospectively from the electronic medical records. Hemoglobin 

Nonstandard Abbreviations and Acronyms

AS aortic stenosis
IQR interquartile range
OR odds ratio
PVL paravalvular leakage
SAVR surgical aortic valve replacement
TAVI transcatheter aortic valve implantation

WHAT IS KNOWN
• Heyde syndrome consists of aortic stenosis, 

acquired von Willebrand disease, and angiodys-
plasias and is an important differential diagnosis of 
gastrointestinal bleeding.

• Surgical aortic valve replacement effectively reduces  
gastrointestinal bleeding, but the effects of trans-
catheter aortic valve implantation on the reduction 
of gastrointestinal bleeding are less known.

WHAT THE STUDY ADDS
• Gastrointestinal bleeding ceased in 62% of patients 

in the first year following transcatheter aortic valve 
implantation, which was maintained up to 5 years 
after the procedure.

• Paravalvular leakage was the only factor associ-
ated with gastrointestinal rebleeding episodes after 
transcatheter aortic valve implantation.

• Periprocedural bleeding was more frequent in 
patients with Heyde syndrome than in controls and 
was primarily of gastrointestinal origin.
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levels one to several days before TAVI and ≈1 year after TAVI 
were noted. If multiple levels were determined, the levels clos-
est to TAVI and 1 year after TAVI were used. Hemoglobin levels 
determined <6 months after TAVI were omitted.

To perform a case-cohort study, we established a random 
cohort from the TAVI registry in a 1:3 ratio. Stratification was 
used based on the year each Heyde patient underwent TAVI, as 
the indication for this procedure changed over time.11 Control 
patients who had iron deficiency anemia before TAVI with an 
explanation for gastrointestinal bleeding other than angio-
dysplasias but without complete endoscopic evaluation were 
excluded because the concomitant presence of angiodyspla-
sias could not be ruled out (Table S1).

Primary and Secondary Outcomes
Our primary outcome measure was the proportion of Heyde 
patients with complete cessation of gastrointestinal bleeding 
episodes between 72 hours and 1 year after TAVI. All bleed-
ing episodes were scored in accordance with the Bleeding 
Academic Research Consortium classification, for which types 
2 to 5 were used. We expanded the definition of bleeding to 
also capture occult bleeding (Table S2). Of note, a positive fecal 
occult blood test and endoscopic evaluation without application 
of treatment modalities were not scored as bleeding episodes.

Secondary outcome measures included the mean dif-
ference in hemoglobin levels, the reduction in the number of 
bleeding episodes, and corresponding health care utilization 
(consisting of blood transfusions, intravenous iron infusions, 
emergency department visits, hospital admissions, and endo-
scopic procedures) the year before and after TAVI (including 
the periprocedural period of 72 hours), the cessation of gas-
trointestinal bleeding up to 5 years after TAVI, and character-
istics associated with rebleeding after TAVI. Comorbidities and 
medication previously related to rebleeding episodes of angio-
dysplasias (eg, chronic kidney disease, multiple angiodysplastic 
lesions, and use of antithrombotic therapy) and characteristics 
related to (acquired) von Willebrand disease (eg, blood group O, 
severe valvular disorders other than aortic valve stenosis, and 
PVL) were investigated.9,17–20

Sensitivity analyses including only patients with endoscopi-
cally confirmed Heyde syndrome were performed, as well as 
analyses including only patients who received a next-genera-
tion valve.

Heyde patients were compared with control patients to 
investigate baseline characteristics associated with Heyde 
syndrome, whether Heyde syndrome is associated with an 
increased proportion of periprocedural bleeding episodes 
(defined as bleeding episodes ≤72 hours after TAVI), and 
1-year all-cause mortality.

Statistical Analyses
Baseline characteristics and periprocedural bleeding epi-
sodes of Heyde patients and control patients are presented 
as mean with SD in case of normally distributed data or as 
median with interquartile range (IQR) in case of non-normally 
distributed data. Binary and categorical variables are presented 
as frequencies and percentages. Differences between Heyde 
and control patients in baseline characteristics and outcomes 
were analyzed with the independent t test or the Mann-Whitney 
U test when comparing continuous variables.21 Categorical 

variables were analyzed with the Pearson χ2 test or the Fisher 
exact test where appropriate.22

Time until gastrointestinal bleeding up to 1 year and 5 years 
after TAVI was assessed with cumulative incidence functions, 
using mortality as a competing event since this precludes 
bleeding. Cessation rates (1 minus the incidence rates) were 
displayed with 95% CIs.

The mean differences in bleeding episodes, hemoglobin 
levels, and health care utilization were compared with linear 
regression in case of continuous variables and negative bino-
mial regression in case of count variables. We accounted for 
reduced follow-up durations due to mortality using the logisti-
cally transformed follow-up time after TAVI as an offset term 
in the model. Outcomes of the negative binomial regression 
analyses were expressed as geometric mean differences and 
corresponding incidence rate ratios.

Logistic regression was used to adjust for possible dif-
ferences in baseline characteristics between Heyde patients 
and controls. The variable of interest (periprocedural bleed-
ing or 1-year mortality) and baseline characteristics that dif-
fered between both groups were selected for the multivariate 
model. Logistic regression was also used to look for a potential 
association between baseline characteristics and procedure-
related factors on the risk of gastrointestinal rebleeding after 
TAVI within the Heyde patients. We selected variables by using 
backward selection. Univariate analyses were performed, and 
variables with P<0.2 were selected for the multivariate model. 
Selected variables were entered at the same time into a model, 
and the least significant variable was removed from the model 
until only variables with a P of ≤0.05 were left. Outcomes were 
expressed as adjusted odds ratios (ORs) and 95% CIs.

A 2-tailed P of ≤0.05 was considered significant in all sta-
tistical analyses. Most statistical analyses and sampling of con-
trol patients were performed with the SPSS statistical software 
package, version 25.0 (IBM Corp, Armonk, NY). Cumulative 
incidence functions were performed with R, version 4.0.0 (R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
A total of 1111 patients underwent a TAVI procedure 
between December 2008 and June 2020 (Figure 1). 
We identified 70 Heyde patients (6.3%), concerning 44 
(63%) patients with endoscopically confirmed angiodys-
plasias and 26 patients with confirmed gastrointestinal 
bleeding episodes but incomplete endoscopic evaluation 
(ie, suspected Heyde syndrome). One hundred and ten 
patients experienced gastrointestinal bleeding attributed 
to a cause other than angiodysplasias.

Baseline Characteristics
Patients with Heyde syndrome had a median age of 78 
years (IQR, 73–83), with an equal number of men (n=35) 
and women (n=35). Comorbidities were common among 
patients, including diabetes (39%) and chronic kidney 
disease (33%; Table 1). Eighty-seven percent of patients 
used antithrombotic therapy before TAVI, primarily single 
antiplatelet or oral anticoagulant therapy (60%) and dual 
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antiplatelet therapy (24%). Most patients with endoscop-
ically diagnosed angiodysplasias had multiple lesions 
(64%). Angiodysplasias were mainly located in the colon 
(24%) and small bowel (21%). Sixty-four (91%) patients 
had gastrointestinal bleeding episodes in the year before 
TAVI. Most patients received a self-expanding valve 
(90%), consisting of the Medtronic CoreValve (25/63), 
the Medtronic Evolut R (23/63), and the Abbott Por-
tico (15/63). Seven (10%) patients received a balloon-
expandable Edwards SAPIEN 3 valve. The Medtronic 

Evolut R, Abbott Portico, and Edwards SAPIEN 3 are 
next-generation valves.

Gastrointestinal Bleeding in Heyde Patients 
After TAVI
Of the 70 patients with Heyde syndrome, 46 (62% 
[95% CI, 50%–74%]) no longer experienced gastroin-
testinal bleeding episodes 72 hours to 1 year after TAVI. 
Thirty-seven (51% [95% CI, 40%–64%]) patients no 

Figure 1. Flowchart of the study.
The graph shows how patients with Heyde syndrome were selected from the Transcatheter Aortic Valve Implantation (TAVI) registry. 
Control patients were randomly selected in a 1:3 ratio. CE indicates capsule endoscopy; CT, computed tomography; EGD, 
esophagogastroduodenoscopy; and GI, gastrointestinal.
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longer experienced any gastrointestinal bleeding epi-
sodes, while 9 (11%) patients only experienced bleed-
ing episodes during the periprocedural period (≤72 
hours after TAVI). Twenty-four (38%) patients contin-
ued to experience gastrointestinal bleeding, of which 
11 (16%) had an increase in bleeding episodes in the 
year after TAVI. Three of these patients did not expe-
rience gastrointestinal bleeding episodes in the year 
before TAVI (Figure 2).

The mean number of gastrointestinal bleeding epi-
sodes significantly decreased in the year following TAVI 
compared with the year before from 3.2 (95% CI, 2.5–
4.2) to 1.6 ([95% CI, 1.2–2.2] P=0.001). The severity 
of gastrointestinal bleeding also decreased (Table 2). 
Recurrent gastrointestinal bleeding episodes were 
mainly seen directly or in the first months after TAVI, with 
a steady decline during follow-up (Figure 3; Figure S1). 
The reduction in bleeding episodes was accompanied 
by a significant increase in hemoglobin levels following 
TAVI (median, 375 [IQR, 361–409] days); from 10.3 
(95% CI, 10.0–10.8) to 11.3 (95% CI, 10.8–11.6) g/dL 
(P=0.007). The number of blood transfusions and iron 
infusions significantly decreased in the year after TAVI 
(4.8 versus 2.8, P=0.050 and 1.0 versus 0.5, P=0.033, 
respectively). The mean number of endoscopic proce-
dures, emergency department presentations, and days 
admitted to the hospital due to gastrointestinal bleeding 
decreased numerically, but these differences were not 
significant (Table 2). Sensitivity analyses including only 
patients with endoscopically confirmed Heyde syndrome 
(44/70) also showed a significant decrease in bleeding 
episodes (3.6–2.0; P=0.021) and a significant increase 
in hemoglobin levels (10.3–11.1 g/dL; P=0.041) after 
TAVI (Table S3). Sensitivity analyses including only 
patients who received a next-generation valve (45/70) 
showed a significant decrease in bleeding episodes 
(2.5–1.1; P=0.007) and an increase in hemoglobin levels 
(11.3–12.1 g/dL; P=0.084) after TAVI (Table S4).

In addition, we examined the occurrence of gastro-
intestinal bleeding episodes up to 5 years after TAVI. 
Patients with Heyde syndrome had a median follow-up of 
35 months (IQR, 21–51). Fifty-three of 62 (83% [95% 
CI, 72%–92%]) patients who had available data >1 year 
after TAVI did not experience gastrointestinal bleeding 
episodes 1 to 5 years after TAVI (Figure S2).

Characteristics Associated With Rebleeding 
After TAVI
More than trace PVL (≥mild) was independently asso-
ciated with a higher risk of rebleeding episodes than 
none or trace PVL (OR, 3.65 [95% CI, 1.36–9.80]; 
P=0.010). Comorbidities, number and location of 
angiodysplasias, and antithrombotic therapy after TAVI 
were not significantly associated with rebleeding after 
TAVI (Tables 3 and 4).

Table 1. Baseline Characteristics of Heyde Patients and 
Control Patients

 

Heyde 
patients 
(n=70)

Control 
patients 
(n=210) P value

Age, y 78.5 
(73.0–83.0)

77.0 
(73.0–83.0)

0.797*

Sex (male) 35 (50%) 112 (53%) 0.629

Blood group O 35 (50%) 82 (39%) 0.242

Smoking 14 (22%) 37 (18%) 0.529

COPD 19 (27%) 52 (25%) 0.692

Type 2 diabetes 27 (39%) 65 (31%) 0.240

Chronic kidney disease 23 (33%) 32 (15%) 0.001

Liver cirrhosis 3 (4%) 0 (0%) 0.015†

Hematologic disease 8 (11%) 8 (4%) 0.032†

Immunologic disease 21 (30%) 47 (22%) 0.198

Severe other valvular 
diseases

7 (10%) 13 (6%) 0.284

Antithrombotic regimen 0.165

 None 9 (13%) 38 (18%)  

 Single therapy (AP/AC) 42 (60%) 129 (62%)  

 Dual therapy (AP) 17 (24%) 30 (14%)  

 Dual therapy (AP+AC) 2 (3%) 13 (6%)  

NYHA class 0.130

 NYHA II 25 (36%) 103 (49%)  

 NYHA III 42 (60%) 97 (46%)  

 NYHA IV 3 (4%) 10 (5%)  

Echocardiography

 LVEF, % 55.0±9.8 52.8±11.3 0.157

 AVA, cm2 0.71±0.24 0.80±0.34 0.069

 PGmax, mm Hg 71.7±22.8 70.3±24.1 0.876

 PGmean, mm Hg 43.3±14.4 43.0±18.8 0.138

 Vmax, m/s 3.9±1.17 4.1±1.0 0.225

Valve type 0.530

 Self-expanding 63 (90%) 194 (92%)  

  Medtronic CoreValve 25 (36%) 69 (33%)  

  Medtronic Evolut R 23 (33%) 93 (44%)  

  Abbott Portico 15 (22%) 32 (15%)  

 Balloon expandable 7 (10%) 17 (8%)  

  Edwards SAPIEN 3 7 (10%) 16 (8%)  

Hb levels, g/dL 10.3 
(8.9–11.9)

13.1 
(12.2–14.0)

<0.0001*

Multiple angiodysplasias 28 (64%) …  

Angiodysplasia location

 Stomach 4 (6%) …  

 Small bowel 15 (21%) …  

 Colon 17 (24%) …  

 Multiple locations 8 (11%) …  

 Unknown 26 (37%) …  

Values represent the number of patients (percentage of total in the col-
umn), mean (SD), or median (interquartile range). Total values do not always 
add up to 70 or 210 due to missing data. AC indicates anticoagulant; AP, 
antiplatelet therapy; AVA, aortic valve area; COPD, chronic obstructive pul-
monary disease; Hb, hemoglobin; LVEF, left ventricular ejection fraction; 
NYHA, New York Heart Association; PG, peak gradient; and Vmax, peak 
aortic valve velocity.

*The Mann-Whitney U test was used instead of the independent t test.
†The Fisher exact test was used instead of the Pearson χ2 test.



Goltstein et al TAVI Reduces Gastrointestinal Bleeding in Heyde Syndrome

Circ Cardiovasc Interv. 2022;15:e011848. DOI: 10.1161/CIRCINTERVENTIONS.122.011848 July 2022 610

Characteristics Associated With Heyde 
Syndrome and Procedural Outcomes
In Heyde syndrome patients, chronic kidney disease 
(33% versus 15%; P=0.001), hematologic disorders 
(11% versus 3%; P=0.015), and liver cirrhosis (4% ver-
sus 0%; P=0.032) were more prevalent than in control 
patients (Table 1). The aortic valve area was smaller in 
Heyde syndrome patients than in control patients, but 
this difference was not significant (0.71±0.24 versus 
0.80±0.34 cm2; P=0.069).

Periprocedural bleeding episodes (≤72 hours after 
TAVI) occurred more often in Heyde syndrome patients 
compared with control patients (39% versus 19%). This 
yielded an adjusted OR of 2.55 ([95% CI, 1.37–4.73] 
P=0.003). In Heyde patients, most periprocedural bleed-
ing episodes were gastrointestinal (15/27 [56%]), fol-
lowed by access site–related bleeding (10/27 [37%]) 
and non-access site–related bleeding other than gastro-
intestinal (2/27 [7%]). In control patients, periprocedural 
bleeding episodes were access site related in the majority 
of cases (34/40 [85%]), followed by an equal number of 
gastrointestinal and other non-access site–related bleed-
ing episodes (3/40 [8%]). The distribution and severity 
of periprocedural bleeding episodes among Heyde syn-
drome and control patients are displayed in Figure 4.

One-year mortality after TAVI occurred in 8 (11%) 
patients with Heyde syndrome. All of these patients died 
between 89 and 326 days after TAVI (median, 160 days). 
There were no periprocedural deaths, and no deaths 
were bleeding related. One-year mortality occurred in 
17 (8%) control patients (adjusted OR, 1.52 [95% CI, 
0.62–3.76]; P=0.363).

DISCUSSION
TAVI led to the complete cessation of gastrointestinal 
bleeding in 62% of Heyde syndrome patients in the 
first year after the procedure. This was associated with 
a large reduction in gastrointestinal bleeding episodes 
and a concomitant rise in hemoglobin levels. The ben-
eficial effect was durable, and 83% had no gastroin-
testinal bleeding during a 5-year follow-up (35 [IQR, 
21–51] months). Postprocedural PVL increased the 
risk of gastrointestinal rebleeding. The periprocedural 
bleeding rate was higher in patients with Heyde syn-
drome than in control patients, but 1-year mortality 
rates did not differ.

Aortic valve replacement has long been recognized 
as a favorable treatment option in patients with Heyde 
syndrome, as it resolves acquired von Willebrand dis-
ease.1 Not only does this dispel the bleeding diathesis 
of patients but also halts angiogenesis secondary to a 
lack of the von Willebrand factor.23 Both would result 
in a durable reduction of gastrointestinal bleeding epi-
sodes. Two studies analyzed patients with angiodyspla-
sias who underwent SAVR. They included 16 and 57 
patients and reported complete cessation in 92% and 
79%, respectively.1,10 TAVI has become the preferred 
treatment option in frail patients with severe AS.11 
Similar to SAVR, the proportion of Heyde patients with 
gastrointestinal bleeding decreased significantly after 
TAVI in our study, albeit at a lower rate. Our results 
are consistent with the outcomes reported by Wald-
schmidt et al.4 The number of gastrointestinal bleed-
ing episodes decreased in the months following TAVI 
in most patients with continuous bleeding (Figure 3). 

Figure 2. Difference in gastrointestinal bleeding episodes before and after transcatheter aortic valve implantation (TAVI).
Graph of the difference in the number of gastrointestinal bleeding episodes per patient in the year before and after TAVI. Bleeding episodes 
within the periprocedural period (≤72 h) are included.



Goltstein et al TAVI Reduces Gastrointestinal Bleeding in Heyde Syndrome

Circ Cardiovasc Interv. 2022;15:e011848. DOI: 10.1161/CIRCINTERVENTIONS.122.011848 July 2022 611

Late bleeding episodes (30–365 days), which oth-
ers have recognized as an important cause of mor-
bidity and mortality after TAVI, occurred in a minority 
(25%) of patients.12 Effects of TAVI on bleeding cessa-
tion were maintained up to 5 years thereafter in most 
(83%) patients (Figure S2).

We found that ≥mild PVL was associated with a 
higher risk of rebleeding episodes after TAVI (OR, 3.65). 
The presence of PVL maintains von Willebrand fac-
tor multimer deficiency, supporting the assumption that 
acquired von Willebrand disease plays a vital role in the 

pathogenesis.18 Indeed, balloon dilatation performed 
post-TAVI to reduce the degree of PVL resolves sus-
tained acquired von Willebrand disease.24 Similarly, we 
reported fewer gastrointestinal bleeding episodes in 
patients who received a next-generation TAVI valve (1.1 
versus 1.6), which could be a result of the lower rate of 
≥mild PVL in this group (40% versus 60%). Since PVL is 
more prevalent after TAVI than SAVR, this could explain 
the difference in rates of bleeding cessation between 
both procedures.25 The design of procedural strategies 
to further reduce PVL after TAVI is pivotal.

Table 2. Difference in the Number of Gastrointestinal Bleeding Episodes and Corresponding Health Care 
Utilization 1 Year Before and After TAVI in Heyde Patients (n=70)

 Mean±95% CI before TAVI Mean±95% CI after TAVI  P value

Hemoglobin level (g/dL) 10.3 (10.0–10.8) 11.3 (10.8–11.6)  0.007*

 Geometric mean±95% CI Geometric mean±95% CI IRR P value

Bleeding episodes 3.2 (2.5–4.2) 1.6 (1.2–2.2) 0.5 (0.3–0.8) 0.001

 BARC type II 0.4 (0.2–0.5) 0.6 (0.5–0.9) 1.8 (1.1–3.0) 0.017

 BARC type IIIa 2.6 (2.0–3.5) 1.5 (1.1–2.0) 0.6 (0.4–0.9) 0.007

 BARC type IIIb 0.7 (0.4–1.1) 0.6 (0.4–1.0) 1.0 (0.5–1.8) 0.907

 BARC type IV 0.5 (0.3–0.8) 0.4 (0.2–0.7) 0.8 (0.4–1.8) 0.619

Blood transfusions 4.8 (3.3–6.9) 2.8 (1.9–4.1) 0.6 (0.3–1.0) 0.050

Iron infusions 1.0 (0.7–1.5) 0.5 (0.3–0.8) 0.5 (0.3–0.9) 0.033

Emergency department visits 1.0 (0.6–1.5) 0.9 (0.6–1.4) 0.9 (0.5–1.8) 0.858

Hospital admissions, d 6.1 (3.1–12.0) 3.8 (1.9–7.6) 0.6 (0.2–1.6) 0.333

Endoscopic procedures 1.4 (1.0–2.1) 1.2 (0.8–1.8) 0.8 (0.5–1.4) 0.487

Values represent the mean number or the IRR interaction (95% CI in the column). The periprocedural period (≤72 h) is included. Logistically 
transformed follow-up time after TAVI was used as an offset term in the models. The models contained no other covariates. BARC indicates 
Bleeding Academic Research Consortium; IRR, incidence rate ratio; and TAVI, transcatheter aortic valve implantation.

*Logistic regression was used.

Figure 3. Gastrointestinal bleeding (GIB) episodes before and after transcatheter aortic valve implantation (TAVI).
Graph of the total number of GIB episodes per month in the year before and after TAVI.
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Patients with gastrointestinal rebleeding more often 
used dual antiplatelet therapy or dual therapy with oral 
anticoagulants after TAVI than patients without rebleed-
ing (93% versus 81%), but this difference was not signif-
icant (P=0.193). Previous studies reported contradicting 
results about the association between antithrombotic 
treatment strategies and gastrointestinal rebleeding.1,4 
An explanation for these differing results could be that 
the bleeding diathesis caused by acquired von Willebrand 
disease outweighs that of antithrombotics. Moreover, 
as the recovery of von Willebrand factor halts angio-
genesis, the influence of antithrombotics could lessen 
over time.23 Supporting this hypothesis, Dietrich et al26 
recently reported that major late bleeding complications 
after TAVI were associated with unresolved acquired von 
Willebrand disease, while no relationship with the use of 
antithrombotics was found.

We also found that patients with rebleeding epi-
sodes more often had multiple angiodysplasias 
(52% versus 27%) located in the small bowel (30% 
versus 14%). These differences were not signifi-
cant, likely due to the low number of patients, as 
only 14% underwent complete small bowel assess-
ment. Notably, small bowel assessment is usually 
performed in patients with a more severe pheno-
type, which could contribute to the difference in 
rebleeding rates.27

Roughly 80% of patients with AS have acquired von 
Willebrand disease, but only a small fraction develops 
symptomatic angiodysplasias.3,7 We compared patients 
with Heyde syndrome to control patients who under-
went TAVI and identified chronic kidney disease, 
hematologic disorders, and liver cirrhosis as additional 
risk factors for Heyde syndrome. These comorbidities 
are associated with the clinical severity risk of angio-
dysplasias.17 Interestingly, the risk of gastrointestinal 
rebleeding after TAVI was not related to any associated 
comorbidities, again underlining the importance of von 
Willebrand factor. Heyde patients also tended to have 
a smaller aortic valve area than control patients (0.71 
versus 0.80 cm2), albeit not significant (P=0.069). 
Previous studies reported lower von Willebrand factor 
levels in patients with smaller aortic valve areas and 
found a significantly more reduced aortic valve area 
in patients with acquired von Willebrand disease (0.7 
versus 0.8 cm2).5,28

We also found that patients with Heyde syndrome 
have a higher rate of periprocedural bleeding than con-
trol patients (adjusted OR, 2.55 [95% CI, 1.37–4.73]), 
which was mainly attributed to gastrointestinal bleed-
ing. Angiodysplasia-related bleeding after aortic valve 
replacement can be massive and even fatal.29,30 The 
high rate of periprocedural gastrointestinal bleeding 
seems contradictory, as the overall number of bleeding 
episodes decreases after TAVI. Nevertheless, previous 
research has linked anemia before valve replacement 
to an increased risk of periprocedural bleeding.31 Even 
though the von Willebrand factor increases after valve 
replacement, it could take several days before normal 
levels are achieved.32 The use of heparin during the 
procedure, while the characteristic bleeding diathe-
sis of Heyde syndrome is still present, could result 
in a surplus of bleeding. Since most patients with AS 
have acquired von Willebrand disease, desmopressin 
therapy has been applied successfully to increase von 
Willebrand factor multimers and reduce periprocedural 
bleeding.30,33

We did not find a significant difference in mortality 
rates between Heyde syndrome and control patients, 
and no deaths related to gastrointestinal bleeding were 
reported in our cohort.

Current treatment options for angiodysplasias 
are often inadequate, as lesions tend to be multiple 

Table 3. Baseline Characteristics of Heyde Patients With 
and Without Rebleeding After TAVI

 

Bleeding  
episodes 
(n=33)

No bleeding 
episodes 
(n=37) P value

Blood group O 19 (56%) 16 (43%) 0.231

Chronic kidney disease 13 (34%) 10 (27%) 0.271

Liver cirrhosis 0 (0%) 3 (8%) 0.242*

Hematologic disease 4 (12%) 4 (11%) 1.000*

Severe other valvular diseases 3 (9%) 4 (11%) 1.000*

Multiple angiodysplasias 17 (52%) 10 (27%) 0.242

Location of angiodysplasias 0.306

 Colon 7 (21%) 10 (27%)  

 Small bowel 10 (30%) 5 (14%)  

 Stomach 1 (3%) 3 (8%)  

 Multiple 5 (15%) 3 (8%)  

Antithrombotic regimen (after TAVI)† 0.175

 Single therapy (AP/AC) 2 (6%) 6 (28%)  

 Dual therapy AP 23 (74%) 17 (53%)  

 Dual therapy AP+AC 6 (19%) 9 (28%)  

Change in antithrombotic regimen (after TAVI)‡ 0.197

 Same therapy 13 (42%) 7 (21%)  

 Addition of AP or AC 14 (45%) 21 (64%)  

  Addition of dual AP or 
AP+AC

4 (13%) 5 (15%)  

PVL 0.009

 None/trace 12 (36%) 25 (68%)  

 Mild/moderate 21 (64%) 12 (32%)  

Values represent the number of patients (percentage of total in the column). 
Total values do not always add up to 33 or 37 due to missing data. AC indi-
cates anticoagulant; AP, antiplatelet therapy; PVL, paravalvular leakage; and TAVI, 
transcatheter aortic valve implantation.

*The Fisher exact test was used instead of the Pearson χ2 test.
†Single therapy consisted of acenocoumarol (6), clopidogrel (1), and acetyl-

salicylic acid (1). AC combined with AP consisted of acenocoumarol (12), rivar-
oxaban (2) and apixaban (1).

‡Acenocoumarol was initiated in 4 patients (in 1 patient together with clopido-
grel) and apixaban in 1 patient.
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and are often difficult to reach endoscopically.3 Our 
study highlights the efficacy of TAVI to treat angio-
dysplasias in Heyde syndrome. As indications of 
TAVI continue to expand, more patients with Heyde 
syndrome will be subjected to this intervention.11 It is 
important that clinicians recognize Heyde syndrome, 
particularly in patients with idiopathic anemia and 
associated comorbidities, and realize the benefits 
of TAVI, as the often frail patients could be denied 
the procedure due to presumed lack of improve-
ment.34 Moreover, Heyde syndrome, consisting of all 
3 associated disorders, has also been reported in 
mild AS.35 This raises the question whether patients 
with Heyde syndrome could benefit earlier on from 
TAVI, especially since the incidence of postproce-
dural PVL has dropped over the years.36 Some cen-
ters have already implemented valve replacement 
to treat severe gastrointestinal bleeding rather than 
AS symptoms. A small prospective study reported 
that SAVR also effectively reduces gastrointestinal 
bleeding in these patients.37

An evident strength of our study is that our cohort 
consisted of patients who were part of a prospec-
tive registry.15 The registry captured all AS patients 

necessitating TAVI since the introduction of the pro-
cedure in our center in 2008 and allowed us to have 
an extended follow-up. A limitation of this study is 
that small bowel assessment was not part of the 
clinical workup, therefore, underestimating the true 
prevalence of Heyde syndrome. We decided to also 
include patients with a high suspicion of angiodys-
plasias, as vascular malformations are the dominant 
cause of small bowel bleedings in elderly patients, 
particularly in those with acquired von Willebrand 
disease.5,27 Excluding these patients could falsely 
diminish TAVI effects, as patients with a more severe 
phenotype generally undergo additional small bowel 
assessment.27 To circumvent misclassification bias, 
we performed sensitivity analyses in patients with 
confirmed Heyde syndrome (44/70). As expected, 
patients with endoscopically established angiodys-
plasias had slightly more bleeding episodes in the 
year before TAVI (3.6 versus 3.2), but the decrease 
in bleeding episodes in the year after TAVI was 
identical.

In conclusion, patients with Heyde syndrome expe-
rience a durable reduction of gastrointestinal bleed-
ing following TAVI, which becomes evident after the 

Table 4. Factors Associated With Rebleeding After TAVI

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Blood group O 1.78 (0.69–4.60) 0.233   

Chronic kidney disease 1.76 (0.64–4.80) 0.274   

Liver cirrhosis 0.00 (0.00–0.00) 0.999   

Hematologic disease 1.14 (0.26–4.96) 0.863   

Severe other valvular diseases 0.83 (0.17–3.99) 0.811   

Multiple angiodysplasias 2.08 (0.61–7.14) 0.245   

Location of angiodysplasias  0.331   

 Colon Reference    

 Small bowel 2.86 (0.67–12.11)    

 Stomach 0.48 (0.04–5.58)    

 Multiple 2.38 (0.42–13.39)    

Antithrombotic regimen (after TAVI)  0.193  0.546

 Single therapy (AP/AC) Reference  Reference  

 Dual therapy AP 4.06 (0.73–22.64)  2.12 (0.34–13.10)  

 Dual therapy AP+AC 2.00 (0.30–13.44)  1.19 (0.16–8.72)  

Change in antithrombotic regimen (after TAVI)  0.206   

 Same therapy Reference    

 Addition of AP or AC 0.36 (0.12–1.12)    

 Addition of dual AP or AP+AC 0.43 (0.09–2.14)    

PVL  0.010  0.032

 None/trace Reference  Reference  

 Mild/moderate 3.65 (1.36–9.80)  3.42 (1.11–10.51)  

Values represent odds ratios with 95% CIs. AC indicates anticoagulant; AP, antiplatelet therapy; OR, odds ratio; PVL, paravalvular leakage; and 
TAVI, transcatheter aortic valve implantation.
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periprocedural period. Postprocedural PVL is associated 
with gastrointestinal bleeding recurrence.
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