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Objective To explore the characteristics and clinical outcomes of patients with Heyde syndrome (HS) who
undergo aortic valve replacement (AVR).

Methods Electronic databases including PubMed, Embase, Ovid, WANFANG, VIP and CNKI were searched
to identify all case reports of HS patients undergoing AVR surgery, using different combinations of search terms
“Heyde syndrome”, “gastrointestinal bleeding”, “aortic stenosis”, and “surgery”. Three authors independently
extracted the clinical data including the patients’ characteristics, aortic stenosis severity, gastrointestinal bleeding
sites, surgical treatments and prognosis.

Results Finally, 46 case reports with 55 patients aging from 46 to 87 years, were determined eligible and
included. Of them, 1 patient had mild aortic stenosis, 1 had moderate aortic stenosis, 42 had severe aortic
stenosis, and 11 were not mentioned. Gastrointestinal bleeding was detected in colon (n=8), jejunum (n=F6),
ileum (n=4), cecum (n=3), duodenal (n=3) and multiple sites (n=8). No specific bleeding site was identified
in 23 patients. Preoperative hemoglobin level ranged from 43 to 117 g/L. All but one of 16 patients showed
decreased level of high molecule weight von Willebrand factor. Of the 55 patients, 43 underwent AVR, and
12 received transcatheter AVR. Aortic valves of 14 cases were replaced by mechanical valves, and 33 cases by
biological valves. All patients recovered well during the follow-up, except 5 patients. One patient who had
perivalvular leakage and gastrointestinal bleeding after AVR underwent the second AVR. Two patients had
recurrent gastrointestinal bleeding. Two patients died of life-threatening acute subdural hematoma and multiple

organ failure, respectively.
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Conclusions HS is a rare syndrome characterized by aortic stenosis and gastrointestinal bleeding. AVR is an

effective treatment for HS.

EYDE syndrome (HS) was first described

in 1958 by Edward Heyde!!in a letter writ-

ten to The New England Journal of Med-

icine as the triad of aortic stenosis (AS),
acquired coagulopathy, and anemia due to bleeding
from intestinal angiodysplasia. The prevalence of AS
increases with age: 1.3% patients between 65 and
75 years, 2.4% between 75 and 85 years, and 4%
over 85 years.””) AS is associated with coagulation
dysfunction and bleeding tendency (bleeding occurs
in about 20% of patients with AS™!), which has been
repeatedly reported. The incidence of gastrointestinal
bleeding is reported to be 1%-3%."! Due to the lack
of understanding of this disease by clinicians, patients
with a small amount of gastrointestinal bleeding may
not be further examined. And with different degrees of
missed diagnosis, it is difficult to accurately determine
the incidence of HS. Aortic valve replacement (AVR)
seems to be an effective method for HS treatment. The
current study presents a literature review of published
cases reporting the clinical characteristics and progno-
sis of HS patients undergoing AVR.

MATERIALS AND METHODS

Study search

A review of case reports was performed to identify
relevant articles published before September 9, 2020
by searching the electronic databases of PubMed, Em-
base, and Ovid. Chinese literatures from CNKI, VIP,
and WANFANG databases were also searched. Differ-
ent combinations of terms that included “Heyde syn-
drome”, “aortic stenosis”, “gastrointestinal bleeding”,
“aortic valve replacement”, and “surgery” were used in
the search strategy (Appendix Table 1). All relevant
case reports were included. Exclusion criteria included:
(1) non-English and non-Chinese articles, (2) review
articles, (3) studies based on animal models, (4) du-
plicate publications, and (5) studies lacking outcomes
of interest. Each author independently reviewed the
titles and abstracts of all identified reports to exclude
obviously ineligible studies. The eligibility of those
remaining reports for final inclusion was determined
further by examining the full text. Disagreements were
resolved by discussion among three authors during the
process of data abstraction.

Data abstraction

The following data from the included case reports
were abstracted by three authors independently: (1)
author, year, country, age and sex; (2) AS severity,
bleeding site, and hemoglobin; (3) high molecular
weight (HMW) von Willebrand factor (VWF), opera-
tion, and follow-up.

RESULTS

As depicted in Fig. 1, we identified 55 potentially
qualified articles through searching databases. Final-
ly, 46 case reports (55 patients in total) were deter-
mined eligible and included. Forty-five were written
in English, and one in Chinese. Descriptive analyses
of these cases are presented in Table 1.°7°% These
55 patients aged between 46 to 87 years; 36 were
female and 17 were male, and 2 reports failed to pro-
vide the gender of patients. All patients had various
degrees of AS and gastrointestinal bleeding. The peak
pressure gradients of aortic valve of 28 cases ranged
from 32 to 162 mm Hg, and the mean pressure gra-
dients of aortic valve of 24 cases reported from 22
to 103 mm Hg. Aortic valve area of 31 patients var-
ied from 0.4 to 1.0 cm? Gastrointestinal endoscopy
confirmed that the bleeding sites of 8 patients were
located in the colon, 6 in the jejunum, 4 in the ileum,
3 in the cecum, 3 in the duodenum, and 8 in multiple
organs. Gastrointestinal endoscopy did not identify
the specific bleeding site of 23 patients. Preopera-
tive hemoglobin level ranged from 43 to 117 g/L. A
decreased level of HMW vWF factor was detected in
a”[S, 9, 10, 12, 16-19, 22, 24, 34, 35, 37, 40] bUt one[36] Of the 16 pa_
tients who underwent this examination. Of the 55 pa-
tients, 43 underwent surgical aortic valve replacement
(SAVR) and 12 transcatheter aortic valve replacement
(TAVR). A total of 14 patients received mechanical
valves and 33 biological valves. All patients recov-
ered well during the follow-up, except 5 patients who
developed various complications. One patient!® had
perivalvular leakage after AVR followed by gastroin-
testinal bleeding, and the second AVR with biological
valve stopped the bleeding. Gastrointestinal bleeding
of 2 patients recurred.® Two patients** ! died of
life-threatening acute subdural hematoma and multiple
organ failure, respectively.
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DISCUSSION

HS is characterized by the association of gastro-
intestinal bleeding from angiodysplasia, aortic steno-
sis and acquired von Willebrand deficiency. In recent
years, there have been increasing numbers of reports
on this rare disease. However, the mechanism, clinical
features and treatment of HS remains undetermined.

The current study suggested that HS occurred
more frequently in the elderly and was more common
in female. It has been reported more frequently in Asia
and America. Transthoracic echocardiography showed
severe AS (moderate AS was occasionally seen). Most
HS patients presented with anemia as the first mani-
festation. Intestinal angiodysplasia occurred commonly
in the duodenum and the right side of the colon. How-
ever, our current study found a greater risk of multiple
bleeding, so it might be inappropriate for these pa-
tients to undergo intestinal resection.

Possible mechanisms of HS are diverse, including
common pathophysiology and common cardiovascular
risk factors of AS and vascular dysplasia, low cardiac
output and cholesterol emboli caused by AS, or intes-
tinal hypoxia caused by atherosclerotic plaques. But
HMW vWF multimer deficiency is proposed as a key
mechanism of gastrointestinal bleeding. Additionally,
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AS has been shown to cause an acquired form of von
Willebrand syndrome type 2A occurring from the deg-
radation of VWF multimers by the shear stress across
the narrowed valve, leading to loss of large multimers
involved in hemostasis and bleeding in previously la-
tent intestinal angiodysplasias. The HMW vWF levels of
HS patients were lower except for one. Gel electropho-
resis is the gold standard measurement of HMW vWF
level when diagnosing HS, although it is costly and re-
source intensive.™" >

Currently, HS treatment includes medications,
colectomy and AVR. However, medications and intesti-
nal resection are not effective and the recurrence rate
is high. Segmental bowel resection, electrocoagulation,
or laser photocoagulation are often ineffective.* "

AVR could alleviate coagulopathy and anemia of
HS patients.”™ This is related to the possible mecha-
nism of HS, where blood flow through the narrowed
AS can lead to the destruction of HMW vWF, which
plays an important role in the coagulation process.
In the current study, 43 patients underwent SAVR,
and 12 underwent TAVR; 43 underwent biological valve
replacement and 14 underwent mechanical valve re-
placement. The patients with mechanical valve received
anticoagulation after surgery, and no bleeding was
found during postoperative follow-up. After mechanical

PubMed
n=108

Ovid
n=41

Embase
n=58

CNKI VIP WANFANG
n=11 n=4 n=116

—>{ Duplicates n=52

Further

analysis
n=286

—

Not relevant after reading
titles/abstracts
n=216

Full-text
n=70

analysis

Excluded n=24
Non-English and non-Chinese n=4
HS diagnosed without surgery n=12
Full-text unavailable n=8

Articles included n=46
English articles n=45
Chinese articles n=1

Figure 1. Flow diagram of study screening.
HS: Heyde syndrome.
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Gastrointes- b Follow-up
Studies Country Sex PPG MPG ,. tinal bleed- VWF Operation Valve Progno- _
(mm Hg) (mm Hg) ing site® (/L) sis fime
Tsuchiya et al.””! Japan 83 F NR 81 0.5 NR i TAVR M Well 2 years
Garcia et al.' Brazil 64 M 60 36.5 0.6 Jejunum NR NR SAVR M Well
Mahboobi et al.”?  USA 56 F NR NR NR NR NR SAVR NR  Well
Mirna et al.'® Australia 73 NR 98 53 0.8 Ileum 65 NR TAVR M Well
Alshuwaykh et al.'”’ USA 56 F NR 35 0.8 67 1 TAVR M Well 6
months
Tijima et al."*” Japan 77 M 88 NR 0.52 55 1 SAVR B Well 20
months
Achamallah et al.™ USA 73 F NR NR 0.75 NR NR SAVR B Well
Achamallah et al.™ USA 84 F NR NR 0.94 NR NR TAVR M Well
Akutagawa et al."* Japan 67 NR NR 0.8 Duodenum, 61 i SAVR B Well 6
jejunum months
Balbo et al.™*! Brazil 81 M 35 22 NR colon 64 NR TAVR M Well
Giovannini et al.™  TItaly 70 M 162 103 0.4 Jejunum NR NR SAVR B Die 10
months
Iquille et a/.** France 77 M 77 48 0.8 50 NR SAVR B Well 1 year
Shibamoto et al.**!  Japan 87 M NR 59 NR Ileum 87 1 SAVR B Well 20
months
Uchida et al."”! Japan 77 F 100 NR 0.6 Colon 61 Il SAVR B Die 31 days
Huang et a/.'® China 76 F NR NR NR 65 + TAVR M Well
Hudzik et al."” Canada 82 M NR 37 0.7 95 I TAVR M Well 12
months
Wang et al.*” China 84 F 89 57 NR 69 NR TAVR M Well 4
months
Perry et al.’*!! USA 57 F NR NR NR NR NR SAVR NR  Well
Benton et al.”*” USA 77 M 132 62 NR Colon NR i TAVR M Well 10
months
ilkeli et al.®*! Turkey 46 F 144 86 NR Duodenum, 90 NR SAVR B Well 1 year
ileum, ce-
cum, colon
Kapila et a/.!* USA 70 M NR 40 0.7 Duodenum, NR 1 SAVR NR Well 2
jejunum months
Dos Santos et al.”*®’ Brazil 71 M NR NR NR Cecum NR NR SAVR B Well
Maor et al.”*®! Israel 76 F 68 NR 0.8 Duodenum 70 NR SAVR B Well 42
months
Negi et al.'”! USA 75 F NR NR NR Jejunum NR NR TAVR M Well
Saad et al.”® UK 76 F 72 45 0.9 50 NR SAVR B Well 4
months
Godino et al.”*” Italy 83 F 104 58 0.7 Duodenum 61 NR TAVR M Well 6
months
Gul et a/.>%? Turkey 75 F NR 52 0.6 Ileum, ce- NR NR TAVR M Well 2
cum months
Michot et al.*"! France 79 M 140 75 0.6 Duode- 54 NR SAVR B Well 9 years
num,ileum,
cecum, colon
Van et al.*s Belgium 76 F 46 30 1 89 NR SAVR B NR
Abi-Akar et al.’** Lebanon 68 M 97 66 0.7 Duodenum, NR NR SAVR B Well 9
jejunum, months

colon
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Continued Table 1. Characteristics of the included cases

CHINESE MEDICAL SCIENCES JOURNAL

311

ge R Gastrointes- Follow-up
Studies Country Sex PPG MPG ,. tinal bleed- VWF Operation Valve Progno- _
(yrs m®) (g/L) _ Time
(mm Hg) (mm Hg) ing site® sis
D'Souza etal.”  Canada 79 M NR 84 0.94 Jejunum NR ¢ SAVR Well
Takahashi et al.®®!  Japan 82 139 NR 0.6 Colon 78 SAVR Well 4 years
Undas et al.’®! Poland 74 F 98 68 0.6 Jejunum NR Nor-  SAVR Well 7
mal months
Morishima et al.’”!  Japan 78 F 127 NR NR  Jejunum, 93 | SAVR B Well
colon
Singh et a/.*® USA 71 F 100 65 NR NR NR SAVR Well 1 year
Soran et al.*" UK 80 M 100 NR NR  Ileum 94 NR SAVR Well 1 year
Warkentin et al."” Canada 65 F NR NR 0.67 Jejunum NR SAVR Well 10
years
Warkentin et al.*” Canada 70 F NR NR 0.5 Colon NR SAVR B  Well 10
years
Anderson et al.'*"!  Australia 62 F NR NR 0.5 Cecum NR NR SAVR NR  Well 6
months
Anderson et al.""!  Australia 77 F NR NR 0.5 Ileum NR NR SAVR NR  Well 6
months
Olearchyk et al.*?  USA 69 M >50 NR 0.6  Cecum NR NR SAVR Well
Apostolakis et al.”* Germany 67 NR  NR NR NR  Colon 117 NR SAVR Not Well”
Apostolakis et al.”* Germany 68 NR NR NR  Colon 60 NR SAVR Not Well*
Casson et al.!*"! Canada 68 F NR 60 NR 100 NR SAVR NR  Well
Baciewicz et al.*®  USA 56 M 32 NR 0.8 Ileum,ce- 43 NR SAVR B Well 8
cum, colon months
Cappell et al.!*® USA 66 F 120 NR 0.6 Duodenum NR NR SAVR B Well 15
months
Cappell et al.* USA 69 F 110 NR 0.5 Colon NR NR SAVR B Well 18
months
Scheffer et al.”7  USA 78 F NR 65 NR 87 NR SAVR B Well 9
months
Marcus et al.*® RSA 66 F NR NR NR NR NR SAVR B Well 42
months
Marcus et al."®! RSA 78 M NR NR NR NR NR SAVR B Well 42
months
Marcus et al.”*®! RSA 72 F NR NR NR NR NR SAVR NR  Well 12
months
Marcus et al."*® RSA 66 F NR NR NR NR NR SAVR NR  Well 12
months
Danilewitz et al.*” USA 66 F 115 NR NR NR NR SAVR B Well 12
months
Love et al.>” NR 72 F 100 NR NR NR NR SAVR Well
Love et al.®% NR 61 F 160 NR NR NR NR SAVR B Well 10
months

AS: aortic stenosis; PPG: peak pressure gradient; MPG: mean pressure gradient; AVA: aortic valve area; Hb: hemoglobin;
VvWF: von Willebrand factor; F: female; M: male; NR: not reported; SAVR: surgical aortic valve replacement; TAVR:
transcatheter aortic valve replacement; B: bioprothetic valve; M: mechanical valve; *GI bleeding recurred one year after

SAVR; *Melena occurred on postoperative day 13 after SAVR; *Gastrointestinal bleeding was present in all the cases, but
it was not easy to be detected, so we only described the bleeding at a specific site on the above table.
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AVR, HS patients might experience bleeding due to
warfarin administration. Therefore, some have sug-
gested the use of the bioprosthetic valve instead to
minimize anticoagulation-related bleeding post-AVR.

For critically-ill patients at high surgical risk and
those unsuitable for thoracotomy, minimally invasive
valve replacement therapy or TAVR is an alternative
option.™ In the current study, 12 patients underwent
TAVR and no bleeding reoccurred during follow-up. In
view of the active gastrointestinal bleeding, clopidogrel
monotherapy was chosen over dual antiplatelet thera-
py post-interventionally.™®

Uchida et al.l*”! reported a case of death follow-
ing AVR in a patient who had preoperative acute left
heart failure with exertional dyspnea, with a peak aor-
tic pressure gradient of 100 mm Hg. The woman died
of life-threatening acute subdural hematoma 31 days
postoperatively. However, recurrent gastrointestinal
bleeding was not observed during the postoperative
period. Giovannini et al."™ reported a patient with re-
peated bleeding and massive blood transfusion and
multiple comorbidities. With all conservative treat-
ments failing to stop bleeding, the patient underwent
SAVR and had no bleeding within 10 months. However,
10 months after the operation, the patient underwent
intestinal resection due to intestinal bleeding and then
anastomotic leakage, and finally died of multiple organ
failure. A case of HS after SAVR due to a mismatched
biological prosthesis was reported by Iquille et al.'*"!
The patient recovered after reoperation and various
physiological parameters returned to normal.

In recent years, with TAVR technology constant-
ly progressing, choosing SAVR or TAVR has become a
major problem that plagues clinicians. In a retrospec-
tive study by Desai et al,”® there is no statistically
difference in mortality and hospital cost between HS

Table 2. Hemostatic interventions for HS

December 2021

patients undergoing SAVR and TAVR, but TAVR queues
showed lower stroke incidence and blood transfusion
incidence. Compared with SAVR, TAVR has fewer com-
plications.

Due to the risk of bleeding, perioperative man-
agement of such patients is very challenging. However,
in the above case reports, there is almost no mention
of how to conduct perioperative management, so the
summary is as follows.

Before surgery, if gastroenteroscopy suggested a
clear bleeding point, endoscopic treatment should be
performed prior to AVR. In most cases, it is difficult
to assess the actual bleeding risk of the patient, and
it is even more difficult to quantify the bleeding situa-
tion. Therefore, how to evaluate VWF activity to guide
preventive treatment is particularly important. There
are currently two kinds of tests. The first is a gel elec-
trophoresis test, which can quantitatively analyze the
level of HMW vWF multimer, but it is not suitable for
the perioperative period because it is expensive and
time-consuming. Another test is to use a platelet func-
tion analyzer to analyze platelet function, which can
indirectly indicate vVWF abnormal and is suitable for the
entire perioperative period. Once VWF is reduced, des-
mopressin can be given for treatment, and vVWF/FVII
concentrate, platelets, plasma and cryoprecipitate can
be given if necessary.”””! Hemostatic medications avail-
able for application during the perioperative period are
shown in Table 2.

Due to the defects of HS and the influence of
cardiopulmonary bypass, the risk of bleeding of HS
patients during operation is greater. Tranexamic acid
is recommended to use to enhance fibrin formation. In
addition, be gentle when performing laryngoscopy, tra-
cheal intubation, indwelling gastric tube, and placing
transesophageal echocardiogram probe.

Products Mechanism of action

Others

Desmopressin
endogenous VWF, FVIl
Alphanate/Fanhdi/Humate P VWF/FVIl concentrates

Selective V2 agonist; Releases Expensive; 0.3 ug/kg, iv, over 30 minutes

Expensive; Increased chance of thromboembolism; Need to check the

VWF and FVII level

Recombinant VWF
Antifibrinolytic agents

Vonvendi
Tranexamic acid
Platelet Platelet activation and ag-
gregation

Fresh frozen plasma Contains VWF
Cryoprecipitate Contains VWF

Expensive; Less thromboembolic risk as does not increase FVIl level;
Can be administered along with desmopressin and vVWF/FVIl concentrate
Transmission of infection

Transmission of infection
Transmission of infection

VWF: von Willebrand factor; FVIl: factor VII.
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After operation, as stenosis of aortic valve is cor-
rected, vVWF factor recovers quickly, risk of gastrointes-
tinal bleeding is reduced.””

HS is a rare syndrome unknown to many physi-
cians. Therefore, clinicians should be mindful of HS as
a potential differential diagnosis in patients with a sys-
tolic murmur and presenting with repeated episodes of
gastrointestinal bleeding. Moreover, capsule endoscopy
can be useful for diagnosing this disease. Although
currently HS is not an indication for AS treatment,
reports suggested that, the outcome of severe HS pa-
tients with AVR was good, and intestinal resection de-
layed to determine if bleeding stops after AVR.

Appendix Table 1 is available on the CMSJ web-
site at doi: 10.24920/003881.
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