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ABSTRACT
Objective Heyde’s syndrome (HS), a rare condition 
characterised by a unique relationship between severe 
aortic stenosis and angiodysplasia, is often diagnosed 
late increasing the risk for a prolonged hospital course 
and mortality in the elderly. The leading hypothesis 
explaining the aetiology of HS is acquired von Willebrand 
syndrome (AVWS) but not all studies support this claim. 
While individual cases of HS have been reported, here we 
present the first systematic review of case reports and 
focus on the prevalence of AVWS.
Design A systematic search was conducted through 
PubMed/MEDLINE, CINAHL- EBSCO, Web of Science and 
Google Scholar since inception. The resulting articles 
were screened by two independent reviewers based on 
inclusion criteria that the article must be a case report/
series or a letter to the editor in English describing HS in 
an adult patient.
Results Seventy- four articles encompassing 77 cases 
met the inclusion criteria. The average age was 74.3±9.3 
years old with a slight female predominance. The small 
intestine, especially the jejunum, was the most common 
location for bleeding origin. Capsule endoscopy and double 
balloon enteroscopy were superior at identifying bleeding 
sources than colonoscopy (p=0.0027 and p=0.0095, 
respectively) and oesophagogastroduodenoscopy 
(p=0.0006 and p=0.0036, respectively). The mean 
duration from symptom onset to diagnosis/treatment of 
HS was 23.8±39 months. Only 27/77 cases provided 
evidence for AVWS. Surgical and transcutaneous aortic 
valve replacement (AVR) were superior at preventing 
rebleeding than non- AVR modalities (p<0.0001).
Conclusion Further research is warranted for a stronger 
understanding and increased awareness of HS, which may 
hasten diagnosis and optimal management.

INTRODUCTION
Diverticular disease and angiodysplasia/arte-
riovenous malformations (AVMs) are the 
predominant causes of lower gastrointestinal 
bleeding (LGIB) in the elderly population.1 
Heyde’s syndrome, a rare condition most 
commonly observed in the elderly, is char-
acterised by a unique relationship between 
aortic stenosis and gastrointestinal bleeding, 
where the source of bleeding is characteris-
tically angiodysplasia.2 The current leading 

hypothesis explaining the pathophysiology 
of Heyde’s syndrome is acquired von Wille-
brand syndrome (AVWS).2 Specifically, 
evidence for the destruction of high molec-
ular weight (HMW) von Willebrand factor 
(vWF) multimers on gel electrophoresis 
secondary to shearing by a stenotic aortic 

Key messages

What is already known on this topic
 ⇒ The leading hypothesis explaining the pathophys-
iology of Heyde’s syndrome (HS) is acquired von 
Willebrand syndrome (AVWS).

 ⇒ HS is classically associated with severe aortic 
stenosis.

 ⇒ Angiodysplasia is classically located in the right 
colon.

 ⇒ The gold- standard treatment for HS is aortic valve 
replacement.

What this study adds
 ⇒ A majority of cases of HS are diagnosed without pro-
viding evidence for AVWS and a minority of cases 
cannot be explained by AVWS.

 ⇒ HS is possible in the context of moderate aortic 
stenosis.

 ⇒ Angiodysplasia in HS is predominantly located in the 
small intestine.

 ⇒ Capsule endoscopy and double balloon en-
teroscopy (DBE) are superior at identifying 
bleeding sources in HS than colonoscopy and 
oesophagogastroduodenoscopy.

 ⇒ Balloon aortic valvuloplasty and endoscopic clipping 
may be treatment modalities to consider if there are 
relative/absolute contraindications to aortic valve 
replacement.

How this study might affect research, practice 
and/or policy

 ⇒ When conventional diagnostic tools such as oe-
sophagogastroduodenoscopy and colonoscopy are 
unremarkable in suspected HS, gastroenterologists 
should follow up with capsule endoscopy, followed 
by DBE to assess for small bowel angiodysplasia.

 ⇒ Moderate aortic stenosis should not rule out HS.
 ⇒ Laboratory evidence of AVWS should be sought in 
HS but the absence of AVWS does not rule out the 
diagnosis.
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valve resulting in AVWS, and consequent gastrointestinal 
haemorrhage has been demonstrated in the literature.3 
However, there have been cases where no such evidence 
was found, making this hypothesis somewhat controver-
sial.3 While many cases of Heyde’s syndrome have been 
reported since 1958, when Dr. Heyde first discovered this 
unique association, no comprehensive systematic review 
of case reports has been conducted. Here, we present 
such a systematic review and summarise the epidemi-
ology, risk factors, clinical features, diagnostic workup, 
including the prevalence of AVWS, and management of 
Heyde’s syndrome as based on reported cases.

METHODS
We enlisted MK- H, an information services and instruc-
tion librarian, to conduct an extensive systematic search 
through major databases including PubMed/MEDLINE, 
CINAHL- EBSCO, Web of Science (Core Collection, 
Biological Abstracts, SciELO Citation Index), and Google 
Scholar since inception, limiting the search to articles 
in English. The search was performed in June 2021. We 
built search strategies (online supplemental appendix A) 
to contain sets of terms reflecting our topic of interest, 
including Heyde’s syndrome, aortic stenosis, gastroin-
testinal bleeding, angiodysplasia, AVWS and the patient 
population (adults). Deduplication and screening of arti-
cles were undertaken using EndNote reference manage-
ment software and systematic review tool, Rayyan QCRI.4 
Specifically, two authors (BS and NF) independently 
screened all titles and abstracts retrieved in the literature 
search for relevance. The remaining articles underwent 
a full- text assessment to determine eligibility for data 
synthesis based on the inclusion criteria that the article 
must be in English, be a case report/series or a letter 
to the editor, but not a review, where the patient must 
be ≥18 years old and present with Heyde’s syndrome 
involving a native aortic valve. Additional information 
regarding the inclusion and exclusion criteria can be 
found in online supplemental appendix B. Any disa-
greements between the two reviewers were mediated by 
discussion or resolved by a third reviewer (EW).

We collected information regarding study ID (author 
information and year of publication), population demo-
graphics (age and sex), patient comorbidities, severity 
of the aortic stenosis (modality used for diagnosis, 
valve area, transvalvular pressure gradients, peak blood 
velocity across the valve, left ventricular ejection fraction 
(EF)), characteristics of the gastrointestinal bleed (loca-
tion, cause of the bleed), diagnostics (modality utilised 
to identify source of bleed(s), number of modalities used 
until source was discovered, time from symptom onset 
to diagnosis/treatment, evidence of AVWS), manage-
ment (surgical or transcutaneous aortic valve replace-
ment (SAVR/TAVR) or another type of therapeutic), 
and outcomes (improvement of AVWS, recurrence of 
bleeding) using a standardised data abstraction form.

Statistical analysis
Descriptive statistics were calculated to summarise 
patient characteristics. Specifically, means and SD were 
calculated for continuous variables whereas percent-
ages and frequencies were calculated for categorical 
variables. To compare between groups, statistical tests 
used included two- tailed Student’s t- test as well as two- 
tailed Fisher’s exact test. These tests were conducted 
using Microsoft Excel and GraphPad Prism V.9.2.0. Our 
results were reported following an adapted version of the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines.

RESULTS
Demographics/risk factors
Our search yielded 597 titles, but only 166 articles were 
eligible for full- text assessment after deduplication and 
the screening procedure (figure 1). Ninety- two of these 
studies did not meet the inclusion criteria (figure 1). 
The remaining 74 articles encompassed 77 cases used for 
quantitative synthesis.3 5–77 The articles span 35 years, with 
68/74 papers being published in 2000 and onwards. The 
earliest reported case was in 1986 with the most recent 
being reported in 2021. The average age of patients was 
74.3±9.3 years old with the majority being female (56%; 
table 1). However, the age range spanned 42–93 years 
old (table 1). There was no significant difference in age 
between males and females (males: 73.1±8.5; females: 
75.2±10; p=0.31; table 1). The most common comorbidity 
was hypertension (25/77), followed by coronary artery 
disease (21/77), congestive heart failure (18/77), type 2 
diabetes mellitus (12/77), atrial fibrillation (10/77) and 
chronic kidney disease/end- stage renal disease (10/77; 
table 1).

Figure 1 PRISMA flow diagram for search and review 
strategy. PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2021-000866 on 9 M

ay 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjgast-2021-000866
https://dx.doi.org/10.1136/bmjgast-2021-000866
http://bmjopengastro.bmj.com/


3Saha B, et al. BMJ Open Gastro 2022;9:e000866. doi:10.1136/bmjgast-2021-000866

Open access

Aortic valve characteristics and EF
The average aortic valve area was 0.71±0.31 cm2, with the 
range being 0.3–2.4 cm2 (table 1). The average peak and 
average mean transvalvular pressures across the aortic 

valve were 93.7±34 mm Hg and 56±18.6 mm Hg, respec-
tively (table 1). The mean peak blood velocity through 
the aortic valve was 4.9±0.79 m/s (table 1). Sixty- six, thirty 
and nineteen cases met the criteria for severe aortic 

Table 1 Demographics and risk factors

n %

Sex:

  Male 34 44.2

  Female 43 55.8

  Mean±SD

Age, all patients (years) 77 74.3±9.3

Age, males (years) 34 73.1±8.5*

Age, females (years) 43 75.2±10.0*

Aortic valve measurements:

  Area (square cm) 55 0.7±0.3

  Peak pressure gradient (mm Hg) 36 93.7±34.0

  Mean pressure gradient (mm Hg) 44 56.0±18.6

  Peak blood velocity (m/s) 21 4.9±0.8

Severity of valvular disease: Percentage of total cases (%)

  Very severe aortic stenosis (VSAS)† 32 41.6

  Severe aortic stenosis (SAS)‡ 37 48.1

  Moderate aortic stenosis§ 3 3.9

  Severity not stated 5 6.5

  Percentage of cases by severity (%)

  VSAS, males 11 34.4*

  VSAS, females 21 65.6*

  SAS/moderate, males 21 52.5

  SAS/moderate, females 19 47.5

Comorbidities: Percentage of all comorbidities (%)

  Hypertension 25 19.8

  Coronary artery disease 21 16.7

  Congestive heart failure 18 14.3

  Type 2 diabetes mellitus 12 9.5

  Atrial fibrillation 10 7.9

  Chronic kidney disease 10 7.9

  Hyperlipidaemia 8 6.3

  History of stroke or TIA 7 5.6

  Chronic obstructive pulmonary disease 6 4.8

  Obesity 3 2.4

  Obstructive sleep apnoea 2 1.6

  Primary biliary cholangitis 2 1.6

  Thyroid conditions¶ 2 1.6

*Within a section, values labelled with a common superscript do not differ (p>0.05).
†VSAS defined by valve area <0.6 cm², mean aortic pressure gradient ≥60 mm Hg and/or peak blood velocity >5 m/s.
‡SAS defined by valve area <1.0 cm², mean aortic valve pressure gradient ≥40 mm Hg and/or peak blood velocity >4 m/s.
§Moderate aortic stenosis defined by valve area 1–1.5 cm², mean aortic valve pressure gradient 20–40 mm Hg and/or peak blood velocity 
3–4 m/s.
¶Includes both hyperthyroidism and hypothyroidism.
TIA, transient ischaemic attack.
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stenosis based on the aortic valve area, mean transval-
vular pressure gradient across the valve and peak blood 
velocity through the aortic valve, respectively. Using these 
three parameters in conjunction, enough information 
was available to determine the severity of the stenosis 
for 72/77 of the cases. Specifically, 3/72 cases demon-
strated moderate stenosis, 37/72 cases had severe aortic 
stenosis and 32/72 cases met the criteria for very severe 
aortic stenosis (table 1).78 Taken together, out of the 
77 cases, approximately 90% of patients had confirmed 
severe/very severe aortic stenosis. There was no signifi-
cant difference (p=0.155) in the incidence of very severe 
aortic stenosis between males and females (table 1). The 
mean left ventricular EF was 57.6±14.6% with 33/77 cases 
and 7/77 cases presenting with preserved and reduced 
EF, respectively.

Gastrointestinal bleeding characteristics
The cause of the bleeding was almost always some form 
of angiodysplasia (intestinal vascular ectasia, AVMs, dieu-
lafoy’s lesion) or less commonly gastric antral vascular 
ectasia (GAVE) syndrome, where the source of the 
bleeding was successfully identified in 85.7% of the cases 
(table 2). In 62.3% of cases, there was only one source 
of bleeding, whereas 22% of cases had ≥2 sources identi-
fied (table 2). In total, there were 90 identified sources of 
bleeding. Overall, 51 and 31 out of the 90 total sources of 
bleeding originated from the small intestine and colon, 
respectively. Specifically, the most common location of 
bleeding origin was the jejunum (22/90), followed by the 
duodenum (13/90), ileum (11/90), cecum (10/90) and 
ascending colon (10/90; table 2).

Diagnostics
A total of 84 procedures/imaging modalities were able to 
identify and locate these 90 sources of bleeding (table 3). 
The diagnostic modality that was most frequently able 
to locate the sources of bleeding was capsule endoscopy 
(20/84), followed by colonoscopy (16/84), oesophago-
gastroduodenoscopy (EGD; 10/84), different imaging 
techniques (9/84) and double balloon enteroscopy 
(DBE; 6/84; table 3). While these numbers reflect the 
definitive identification of the sources of bleeding, the 
average number of procedures/imaging modalities that 
were required per case until the source was discovered 
was 3.5±1.5, with a range of 1–7 (table 3). That is, there 
were procedures/imaging modalities that were used 
initially but were unsuccessful at locating the source of 
bleeding. The procedures/imaging modalities that failed 
to identify the source of bleeding the most frequently 
were colonoscopy (failed 35 times), followed by EGD 
(failed 31 times), and different imaging techniques 
(failed 26 times; table 3). In contrast, capsule endoscopy 
failed a total of 10 times and DBE failed a total of 1 time. 
Taken together, DBE had the highest detection rate in 
that it was able to identify the source of bleeding 86% of 
the time it was used, closely followed by capsule endos-
copy (67%; table 3). However, in the six cases where DBE 

was able to successfully identify the source of bleeding, 
capsule endoscopy was performed prior to the proce-
dure. Specifically, in four of six cases, capsule endoscopy 
was able to identify the source of bleeding prior to DBE. 
For the remaining two cases, DBE was solely able to iden-
tify the source of bleeding. The procedures/modalities 
with the worst detection rates were EGD (24%) followed 
by imaging (26%), gastroscopy (27%) and colonoscopy 
(31%; table 3). Overall, capsule endoscopy had a signif-
icantly greater detection rate for the source/location of 
the bleed when compared with colonoscopy (p=0.0027) 
and EGD (p=0.0006; table 3). Similarly, DBE too had a 
superior ability to detect the source/location of the bleed 

Table 2 Gastrointestinal bleed characteristics

n %

Source of bleeding identified?

  Yes 66 85.7

  No 10 13

No of sources of bleeding* Percent of total cases 
identified (%)

  1 48 62.3

  2 12 15.6

  3 or more 5 6.5

Source of bleeding location:

  Stomach 7 7.8

  Small intestine 
(unspecified)

5 5.6

  Duodenum 13 14.4

  Jejunum 22 24.4

  Ileum 11 12.2

  Small intestine total 51 56.7

  Colon (unspecified) 9 10

  Cecum 10 11.1

  Ascending colon 10 11.1

  Transverse colon 1 1.1

  Descending colon 1 1.1

  Colon total 31 34.4

  Rectum 1 1.1

Other sources of bleeding 
identified†

Percent of other sources 
identified (%)

  Diverticulosis 4 28.6

  Gastritis/autoimmune 
gastritis

4 28.6

  Peptic ulcer disease 2 14.3

  Bleeding polyp 
(colonic, gastric)

2 14.3

Other 2 14.3

*Number of distinct gastrointestinal bleeding sources identified per 
patient.
†Gastrointestinal bleeding sources identified other than 
angiodysplasia or gastric antral vascular ectasia syndrome.
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when compared with colonoscopy (p=0.0095) and EGD 
(p=0.0036; table 3). While the bleeding in these cases were 
assumed to be from angiodysplasia/GAVE syndrome, in 
14/77 cases there were other possible sources of bleeding 
identified during diagnostic workup. The most common 
of these were diverticulosis (4/14) and gastritis/autoim-
mune gastritis (4/14; table 2).

The mean duration from symptom onset to the diagnosis 
or treatment of Heyde’s syndrome was 23.8±39 months 
with the range being 0.25–240 months. In 50/77 cases, 
there was no explicit evidence of AVWS. Specifically, in 
9/77 cases, laboratory studies were unremarkable for 
AVWS (table 3). Additionally, in another 9/77 cases, the 
authors explicitly stated that they did not assess for AVWS 
(table 3). Similarly, for the remaining 32/77 cases, the 
authors did not report conducting any studies to assess 
for AVWS (table 3). In the 27/77 cases where there was 
evidence of AVWS, 22 of these cases reported this finding 
based on decreased HMW vWF multimers on multimeric 
analysis via gel electrophoresis (table 3).

Treatment and outcomes
For management, 38/77, 19/77 and 20/77 received SAVR, 
TAVR and no valve replacement, respectively (table 4). 
Out of the 57 people that received SAVR or TAVR, 
bleeding resolved in 51 patients, reoccured in 4 patients, 
and for the remaining 2 patients, the outcome was not 
stated. Specifically, the bleeding recurrence after SAVR 
was 5.3%, and 10.5% after TAVR. However, the bleeding 

Table 3 Diagnostics

Total 
attempts

Success rate 
(%)

Diagnostic modalities (GI bleed)

  Gastroscopy 15 26.7

  Capsule endoscopy 30 66.7*

  EGD 41 24.4†

  Push enteroscopy 3 33.3

  DBE 7 85.7*

  Endoscopy (unspecified) 11 81.8

  Colonoscopy 51 31.4†

  Imaging‡ 35 25.7

  n Mean±SD

No of modalities required to 
identify bleeding source

84 3.5±1.5

  n Percent of total 
cases (%)

Evidence of AVWS found§ 27 35.1

Evidence of AVWS not found 9 11.7

AVWS not assessed¶ 9 11.7

AVWS assessment not 
stated**

32 41.6

*†Within a section, values labelled with different superscripts differ 
(p<0.05), however, values labelled with a common superscript 
were not compared with one another.
‡Includes angiography, scintigraphy, arteriogram, CT enteroclysis, 
and barium studies.
§81.5% of these diagnoses were based on gel electrophoresis 
results.
¶Case reports which stated that they did not assess for AVWS.
**Case reports which did not describe whether or not they 
assessed for AVWS.
AVWS, acquired von Willebrand syndrome; DBE, double balloon 
enteroscopy; EGD, oesophagogastroduodenoscopy.

Table 4 Management and outcomes

Frequency 
utilised (%)

Success rate in 
stopping bleeding 
(%)

Therapeutic procedure for Heyde’s 
syndrome:

  SAVR 49.3 92.1*

  TAVR/TAVI 24.7 84.2*

  Alternative 
treatments†

26 45‡

Efficacy of 
alternative 
treatments†:

No of times 
attempted

Success rate in 
stopping bleeding 
(%)

  Balloon aortic 
valvuloplasty

3 66.7§

  Clipping 
procedure

7 57.1§

  Epinephrine 
injection

7 42.9

  Supportive 
therapy alone

6 33.3

  Argon plasma 
coagulation

16 25§

  Cauterisation/
coagulation 
(unspecified)

9 11.1§

  Colon/small bowel 
resection

7 28.6

  Octreotide 4 50

  Bentall procedure 1 100

  Oestrogen 1 0

  Desmopressin 
or vWF 
supplementation

2 50

  Tranexamic acid 1 0

  n Percent of AVWS 
cases (%)

Resolution of AVWS 
following treatment

16 59.3

*‡§Within a section, values labelled with different superscripts 
differ (p<0.05), and those with a common superscript do not differ 
(p>0.05).
†Any treatment not involving valve replacement.
AVWS, acquired von Willebrand syndrome; SAVR, surgical 
aortic valve replacement; TAVR/TAVI, transcatheter aortic valve 
replacement/implantation; vWF, von Willebrand factor.
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recurrence when the treatment did not involve valve 
replacement was 50%. Taken together, valve replacement 
was significantly more effective at preventing rebleeding 
as compared with alternative treatments (p<0.0001) but 
with no difference in efficacy between TAVR and SAVR 
(p=0.5899; table 4). In 8/51 cases where the bleeding 
resolved in the SAVR/TAVR group, the bleeding stopped 
prior to the valve replacement due to another treatment 
modality. However, in 20/51 cases, while other treatment 
modalities were attempted, bleeding did not stop until 
TAVR/SAVR was performed.

Treatments that were attempted prior to TAVR/SAVR 
included balloon aortic valvuloplasty (BAV), endoscopic 
clipping, epinephrine injections, supportive therapy 
alone, argon plasma coagulation (APC), cauterisation/
embolisation/coagulation (unspecified), small bowel/
colon resection, octreotide and desmopressin/vWF 
supplementation. BAV and desmopressin/vWF supple-
mentation had the best ability to stop the bleeding when 
used (1/2) whereas APC and catheterisation/embolisa-
tion/coagulation (unspecified) had the worst chances 
(1/11 and 1/7, respectively) of resolving the bleeding. 
Similarly, in the group that did not receive valve replace-
ment, treatment options used included BAV, endoscopic 
clipping, epinephrine injections, supportive therapy 
alone, APC, cauterisation/embolisation/coagulation 
(unspecified), small bowel/colon resection, octreotide, 
Bentall Procedure and oestrogen. In this group, BAV 
(1/1), clips (2/2), the Bentall procedure (1/1) and 
octreotide (2/3) had the highest chance of resolving 
the bleeding when used. In contrast, colon/small bowel 
resection (1/4) and catheterisation/embolisation/coag-
ulation (0/2) had the lowest ability to stop the bleeding. 
When the data from the group that underwent TAVR/
SAVR is combined with the group that did not undergo 
valve replacement, with respect to the efficacy of these 
alternative treatment options in stopping bleeding, 
supportive therapy alone (33%), colon/small bowel 
resection (29%), APC (25%) and cauterisation/emboli-
sation/coagulation (11%) had the lowest success rates. 
In contrast, BAV (67%), endoscopic clipping (57%), 
octreotide (50%) and epinephrine injections (43%) 
had the best chances of stopping the bleeding. However, 
BAV was not significantly superior at preventing bleeding 
recurrence when compared with APC (p=0.2219) and 
cauterisation/embolisation/coagulation (p=0.1273). 
Similarly, clipping was not significantly different from 
APC (p=0.1819) and cauterisation/embolisation/coagu-
lation (p=0.1058) in preventing the recurrence of gastro-
intestinal bleeding (table 4). Following treatment, the 
AVWS improved in 16 of 27 cases, where the improve-
ment was based on increasing/normalised HMW vWF 
multimers in 14/16 cases (table 4).

DISCUSSION
Gastrointestinal bleeding is a common cause of 
morbidity, mortality and hospital admissions in the 

elderly population with an approximate prevalence of 
3.1% in the hospital setting.79 The most common cause 
of gastrointestinal bleeding in this population is peptic 
ulcer disease. Although the incidence of upper gastro-
intestinal bleeds increases with age, LGIB have a greater 
than 200- fold increase in incidence from the third to the 
ninth decade of life where age is also positively correlated 
with a longer hospital course.80 While angiodysplasia are 
typically small and often clinically irrelevant, they are 
the second most common cause of LGIB in the elderly 
and can present with massive or occult gastrointestinal 
haemorrhage.80 This has significant clinical implications, 
especially in the context of Heyde’s syndrome which is 
rare and, therefore, infrequently considered in the differ-
ential diagnosis. This study, to our knowledge, is the first 
systematic review of case reports focusing on this condi-
tion.

While ~92% of the articles were published on or after 
2000, it is unlikely that the incidence of Heyde’s syndrome 
has increased this drastically since the late 1900s but 
rather physicians are becoming more aware of this 
unique diagnosis. The risk factors for Heyde’s syndrome 
identified in this study include older age, female sex, 
comorbid conditions including hypertension, coronary 
artery disease, congestive heart failure, type 2 diabetes 
mellitus, atrial fibrillation and chronic kidney disease/
end- stage renal disease as well as severe/very severe 
aortic stenosis. Aortic stenosis secondary to calcification 
typically begins in the sixth decade of life and becomes 
symptomatic in the seventh or eighth which is in accor-
dance with the mean age of the patients in this study.81 
Similarly, the majority of cases involved females which 
was expected based on previous literature and given that 
females have a higher life expectancy and therefore are 
more likely to develop aortic stenosis that is severe.82 
However, unlike previously reported,82 the average age in 
our review did not differ significantly between males and 
females but did show a trend of females being slightly 
older. This discrepancy may have been due to the small 
sample size of our study decreasing the power to detect 
a difference. Hypertension, coronary artery disease and 
congestive heart failure were the most common comor-
bidities of Heyde’s syndrome which is not surprising 
given that these conditions are frequently associated 
with both aortic stenosis and older age. Similarly, 13% 
of patients also had chronic kidney disease/end- stage 
renal disease which is in agreement with previous studies 
that demonstrated a relationship between angiodysplasia 
and chronic renal failure.82 To our surprise, while ~90% 
of patients had severe/very severe aortic stenosis, 3.9% 
of patients with Heyde’s syndrome had moderate aortic 
stenosis suggesting that Heyde’s syndrome, as a cause of 
gastrointestinal bleeding, should not be completely ruled 
out in this setting. Although we expected a more severe 
degree of aortic stenosis in females, while there was a 
trend suggesting a higher incidence of VSAS in females, 
there was no significant difference. This however can 
be explained by the fact that there was no significant 
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difference in age between males and females in our study 
and also by the limited sample size.

While the majority of the cases (62.3%) involved only 
one site of bleeding, there was a considerable propor-
tion of cases (22%) where there were 2–5 different loca-
tions that were involved. This is important to be aware 
of when performing diagnostic procedures and suggests 
that a thorough investigation may be warranted to rule 
out multiple sites of bleeding. With respect to location, 
the literature on isolated angiodysplasia has shown that 
these vascular malformations are most commonly found 
in the cecum and ascending colon.83 However, in our 
study of Heyde’s syndrome, the angiodysplasia were most 
frequently identified in the three components of the 
small intestine with the jejunum being the most common 
location overall. This has multiple implications. First, this 
data may suggest that the most common locations for the 
formation of isolated angiodysplasia and the angiodys-
plasia seen in Heyde’s syndrome may differ. Addition-
ally, it also suggests that in Heyde’s syndrome, the small 
bowel, especially the hard- to- reach places such as the 
distal duodenum, jejunum and proximal ileum should be 
examined. In accordance with the above, while colonos-
copy and EGD were the most commonly used diagnostic 
procedures to workup the gastrointestinal bleed, they 
had two of the worst detection rates. In contrast, DBE 
and capsule endoscopy, both of which can examine the 
entire small intestine, had the best detection rates and 
were superior to EGD and colonoscopy with respect to 
the identification of the location of the gastrointestinal 
bleed. Taken together, given that the average number 
of diagnostic procedures/imaging modalities that were 
required per case until the source of bleeding was discov-
ered was 3.5±1.5, we strongly recommend utilising capsule 
endoscopy followed by DBE when there is gastrointestinal 
bleeding in the setting of suspected Heyde’s syndrome 
(online supplemental figure 1), especially if other modal-
ities such as EGD and colonoscopy have failed to find a 
source. While DBE can be both diagnostic as well as ther-
apeutic, we recommend using capsule endoscopy first 
given that DBE is more invasive, more time- consuming for 
the gastroenterologist, and requires a highly skilled oper-
ator. However, capsule endoscopy should be followed up 
with DBE for therapeutic purposes and especially if the 
source of bleeding remains unidentified.

In our study, the average duration from symptom onset 
to the diagnosis and/or treatment of Heyde’s syndrome 
was extremely variable and delayed. This, however, is 
not unexpected given that Heyde’s syndrome is rare 
and unknown to many. Additionally, the poor detection 
rate of the most commonly used diagnostic procedures/
imaging modalities for the gastrointestinal bleeds may 
have been contributory. To our surprise, while the liter-
ature details AVWS related to shear stress as the main 
hypothesis to explain the pathophysiology of Heyde’s 
syndrome,2 in ~65% of cases, there was no explicit 
evidence of AVWS. Specifically, in ~11.7% of cases, the 
authors conducted laboratory studies to assess for AVWS 

but found no such evidence. This suggests that there is 
at least a minority of patients with Heyde’s syndrome 
where the pathophysiology cannot be explained by 
AVWS alone. Therefore, other hypotheses of the patho-
physiology of Heyde’s syndrome should be considered 
in such situations. Such alternative explanations include 
connective tissue abnormalities predisposing for both 
aortic stenosis and angiodysplasia, hypoxia- induced 
fixed vasodilation secondary to the decreased cardiac 
output resulting in angiodysplasia, and mucosal hypoxia 
secondary to cholesterol emboli from the stenotic aortic 
valve causing the formation of angiodysplasia.84 Addition-
ally, in the remaining ~53.2% of cases, the researchers 
either explicitly or implicitly stated that they did not 
assess for AVWS. This was largely unexpected given that 
in the current literature, AVWS is strongly advocated as 
the connection between the aortic stenosis and gastro-
intestinal bleeding seen in Heyde’s syndrome.2 While we 
are not refuting this argument and do believe it is the 
primary mechanism, our study indicates that a majority 
of cases diagnosed Heyde’s syndrome without providing 
evidence for this leading hypothesis. We strongly recom-
mend that future studies provide evidence of AVWS, 
instead of making this assumption, as this will allow us 
to have a more accurate understanding of the preva-
lence of AVWS in Heyde’s syndrome. Similarly, this will 
allow us to have better insight into the percentage of 
Heyde’s syndrome cases that may be better explained by 
alternative hypotheses. Lastly, of the cases that provided 
evidence of AVWS, 18.5% did not provide this evidence 
based on gel electrophoresis, which is the gold standard. 
We recommend assessing for AVWS with only gel electro-
phoresis if feasible, given that other modalities are less 
specific for the condition.33 Finally, AVWS improved or 
resolved in the majority of cases after treatment which is 
in accordance with the literature.85

As expected, based on the literature,84 SAVR/
TAVR were significantly more effective in preventing 
bleeding recurrence when compared with alternative 
treatments that did not involve aortic valve replace-
ment. However, there was no significant difference 
with respect to bleeding recurrence between SAVR 
and TAVR suggesting that the type of valve replace-
ment should be chosen in the context of the patient’s 
comorbidities where TAVR may be favourable if the 
patient is a poor surgical candidate. Indeed, TAVR 
was selected over SAVR in multiple case reports 
included in this study due to high surgical risk.6 48 61 
However, based on our results, if the patient is at high 
risk of severe bleeding from dual antiplatelet therapy 
that is commonly administered after TAVR or there 
are contraindications to TAVR in this setting, we 
recommend BAV, endoscopic clipping, octreotide 
and epinephrine injections either alone or in combi-
nation as alternatives to have the best chance of 
stopping the gastrointestinal bleeding. In contrast, 
we recommend against supportive therapy alone, 
colon/small bowel resection, APC and cauterisation/
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embolisation/coagulation given their poor ability to 
stop bleeding recurrence. This has substantial impli-
cations given APC, cautery and electrocoagulation are 
currently commonly used to treat angiodysplasia.86 
While we did not reach statistical significance when 
comparing BAV to APC and cauterisation/embolisa-
tion/coagulation as well clipping to APC and cauter-
isation/embolisation/coagulation with respect to the 
ability to stop gastrointestinal bleeds in the context 
of Heyde’s syndrome, this was most likely due to 
our small sample size. This suggests that prospective 
studies on these alternative treatments for Heyde’s 
syndrome may be warranted.

Our study had several limitations. First was the somewhat 
vague reporting of the timeline in case reports. However, 
we made our best attempts to accurately approximate the 
duration from symptom onset to diagnosis/treatment of 
Heyde’s syndrome. Additionally, given the lack of systematic 
reporting with respect to the assessment of AVWS, we were 
unable to uncover and make conclusions regarding the true 
prevalence of AVWS in Heyde’s syndrome. Furthermore, 
while unlikely, it is important to consider the possibility of 
publication bias whereby cases that involved obscure sites 
of bleeding were only reported in the literature. However, 
based on our assessment, the main purpose of reporting 
these cases appeared to be to highlight the condition of 
Heyde’s syndrome in general irrespective of whether the 
bleeding sites were obscure or not. This is supported by 
the evidence that the angiodysplasia among the reported 
cases were discovered throughout the gastrointestinal tract. 
Lastly, we excluded articles in foreign languages as well as 
conference abstracts which may have provided additional 
information on this rare condition. Nevertheless, our study 
has numerous strengths. First, we performed a systematic 
review of the English literature using multiple reputable 
databases with the assistance of a professional librarian 
and provided an overview of the epidemiology, risk factors, 
pathophysiology, diagnostic characteristics, management 
and outcomes of a rare condition that would be otherwise 
difficult to study in isolation or at a single centre. Addition-
ally, we involved multiple reviewers and utilised a standard 
abstraction form to limit bias.

In summary, we present a systematic review of case 
reports on Heyde’s syndrome. While awareness of this 
rare condition is increasing, the diagnosis is often 
challenging and delayed which may increase the risk 
of a longer hospital course and mortality. Heyde’s 
syndrome should be considered in the context of 
gastrointestinal bleeding in the elderly who have 
severe aortic valve stenosis, but a moderate degree of 
stenosis should not rule out the condition. Similarly, 
laboratory evidence of AVWS should be sought but the 
absence of AVWS does not rule out the diagnosis of 
Heyde’s syndrome. Gastroenterologists should have a 
high degree of suspicion of Heyde’s syndrome in the 
elderly when conventional diagnostic tools such as 
EGD and colonoscopy are unremarkable and should 
follow- up with capsule endoscopy and subsequent 

DBE to assess for small bowel angiodysplasia. Gold- 
standard treatments involve TAVR and SAVR but if 
contraindications are present or if there is a high risk 
of severe bleeding with antiplatelet therapy, alterna-
tive treatment strategies such as BAV and endoscopic 
clipping can be considered. However, prospective 
studies are warranted to assess the efficacy of these 
other methods on preventing bleeding recurrence 
in Heyde’s syndrome. Similarly, more research on 
the alternative hypotheses of the pathophysiology of 
Heyde’s syndrome is necessary given not all cases can be 
explained by AVWS. Taken together, further research 
is crucial to allow for a stronger understanding and 
increased awareness of Heyde’s syndrome, which may 
permit more timely diagnosis and optimal manage-
ment improving patient outcomes.
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