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We studied the trends and outcomes of patients with intestinal angiodysplasia-associated
gastrointestinal bleeding (Heyde’s syndrome [HS]) with aortic stenosis (AS) who under-
went surgical aortic valve replacement (SAVR) versus transcatheter aortic valve
implantation (TAVI). The National Inpatient Sample (2007 to 2014) and International
Classification of Diseases, Ninth Revision, Clinical Modification codes were used to iden-
tify HS hospitalizations, pertinent co-morbidities, and outcomes of SAVR versus TAVI
from 2011 to 2014. The incidence of HS with AS was 3.1%. The trends in hospitaliza-
tions and all-cause inpatient mortality showed relative surges of 29.16% (from 48 to 62
per 100,000) and 22.7% (from 3.7 to 4.54 per 100,000) from 2007 to 2014. HS patients
were older (mean age ~80 vs 77 years) females (54.3% vs 52.2%) compared with AS
without HS. The all-cause mortality (6.9% vs 4.1%), length of stay (LOS) (~7.0 vs 5.8
days), and hospitalization charges ($58,519.31 vs $57,598.67) were higher in HS
(p < 0.001). No differences were reported in all-cause mortality and hospital charges in
HS patients who underwent either SAVR or TAVI. However, the TAVI cohort showed
lower rates of stroke (1.7% vs 10.0%) and blood transfusion (1.7% vs 11.7%), a shorter
LOS (18.3 vs 23.9 days; p < 0.001), and more routine discharges (21.7% vs 14.8%,
p=0.01). An older age, male gender, Asian race, congestive heart failure, coagulopathy,
fluid and/or electrolytes disorders, chronic pulmonary disease, and renal failure raised
the odds of mortality in HS patients. In conclusion, we observed increasing rates of hos-
pitalizations with HS and higher inpatient mortality from 2007 to 2014. The HS patients
who underwent TAVI had fewer complications without any difference in the all-cause
mortality compared with SAVR. © 2019 Elsevier Inc. All rights reserved. (Am J Car-

diol 2019;123:1149—-1155)

Aortic stenosis (AS) is one of the prevalent valvular
heart diseases in the United States and its prevalence rises
with age, 1% to 2% at 75 years and reaches up to 6% at the
age of 85 years.' Similarly, angiodysplasia is a gastrointes-
tinal condition present mostly in elder age groups. It is the
second most common cause of lower gastrointestinal
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bleeding (GIB) in elderly patients.”” Since 1958, many
studies have outlined the different clinical criteria in sup-
port of the discovery of Heyde’s syndrome (HS).* AS leads
to the destruction of high-molecular-weight multimers of
von Willebrand factor (vWF). This creates states of
acquired vWF deficiency,” which is a rare phenomenon and
therefore, the association of bleeding dysplasia among AS
patients.”*~” Discrepancies lie in the association of the
GIB and the AS with varying incidence among different
studies.®®’ However, resolution of GIB has been reported
after aortic valve replacement.”*” Lack of any large-scale
data on outcomes of surgical aortic valve replacement
(SAVR) vs transcatheter aortic valve implantation (TAVI)
in this condition promoted us to look at the nationwide
cohorts of AS hospitalizations with and without angiodys-
plasia-associated GIB.

Methods

Data were acquired from the National Inpatient Sample
(NIS; 2007 to 2014) databases, funded by the Agency for
Healthcare Research and Quality as a part of Healthcare
Cost and Utilization Project. The NIS is the largest all-
payer inpatient healthcare dataset in the United States,
which can be accessed from the Healthcare Cost and
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Utilization Project website (https://www.hcup-us.ahrq.gov/
nisoverview.jsp). More than 7 million hospital inpatient
stays are included in each year’s NIS dataset. It represents a
nationally stratified 20% sample of discharges from >1,000
US community hospitals of 44 states. This data represents
nearly 95% of the US population. Discharge weight
included in this dataset was used to produce national esti-
mates of hospital inpatient stays. Patients’ identifications
are not revealed in this data. Thus, an institutional review
board approval was not required for this study.

The International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9 CM) code 424.1 was used
to identify AS hospitalizations in adults. Then, ICD-9 CM
such as 569.84, 569.85, 578.1, and 578.9 applied to recognize
intestinal angiodysplasia-associated GIB, which constituted
the study cohort of HS hospitalizations as documented and
validated in previous studies.” Co-morbidities associated with
AS and HS (https://www.hcup-us.ahrq.gov/toolssoftware/
comorbidity/Table2-FY2010-V3_5.pdf), SAVR and TAVI
procedures, and related complications were identified either
by previously validated or used ICD-9 CM diagnostic and
procedure codes.'’

The primary outcome was the all-cause in-hospital mor-
tality in HS hospitalizations. Secondary outcomes were the
mean LOS, total hospital charges, and disposition of
patients with HS. Secondary co-outcomes were to assess
predictors of in-hospital mortality in HS and trends of in-
hospital mortality and hospital admissions in HS.

Continuous and categorical variables were evaluated by
Student’s ¢ test and Pearson’s chi-square test, respectively.
Continuous and categorical variables were expressed as
mean =+ standard deviation and percentages, respectively.
A 2-tailed p value <0.05 was set as the cutoff for the statis-
tical significance. A 2-way hierarchical multivariate logistic
regression analysis was performed to assess the predictors
of in-hospital mortality in HS after adjusting possible con-
founding variables such as age, gender, race, median house-
hold income national quartile for patient zip code and payer
status. The results of a multivariable regression were
expressed by adjusted odds ratio (OR), 95% confidence
interval, and p value. Linear-by-linear association test was
used to assess the trends. Missing data of all variables were
excluded in all statistical analysis. For a subgroup analysis,
we assessed outcomes of SAVR versus TAVI in HS hospi-
talizations using a propensity-score-matched analysis on a
caliper scale of 0.01 adjusting all above-mentioned con-
founders between 2011 and 2014. All imbalances between
the cohorts were removed postmatching, which was con-
firmed by the absolute standardized difference of <10%
postmatching. SPSS version 24 (IBM Corp, Armonk, New
York) was used to analyze the study cohort.

Results

The study cohort comprised of 4,161,869 AS hospital-
izations. Of these, 130,487 AS hospitalizations (3.1%) were
associated with HS and GIB. Patients with HS with GIB
were older (mean age ~80 vs 77 years), more often black
(8.2% vs 71.7%), females (54.3% vs 52.2%), and Medicare
enrollees admitted nonelectively compared with the AS
without GIB (p < 0.001) cohort. Over one-third of HS cases

were elderly patients >85 years. The hospitalizations with
HS were observed higher in Northeast region and nonteach-
ing hospitals compared with AS only (Table 1).

Overall all-cause inpatient mortality in HS with GIB was
6.9%. The hospitalizations with HS demonstrated higher
all-cause in-hospital mortality (6.9% vs 4.1%), prolonged
hospitalization (7.0 £ 7.8 vs 5.8 & 5.0 days), higher hospi-
talization charges ($58,519.31 vs $57,598.67) and dis-
charges to short-term facilities (3.8% vs 3.4%) compared
with AS without GIB (p < 0.001), as reported in Table 2.

After excluding cases with missing data, we could match
299 patients with HS who underwent TAVI to a 1:1 propen-
sity-matched control group of 299 patients who underwent
SAVR between 2011 and 2014. The imbalances between
the groups were adjusted postmatching, except for diabetes,
which was higher in the TAVI group, in the matched
cohorts. There were no differences in the SAVR and TAVI
groups for all-cause mortality (11.7% vs 10.0%, p=0.51)
and hospital charges ($400,816 vs $381,065, p=0.48);
however, TAVI cohort had significantly lower rates of
stroke (1.7% vs 10.0%, p < 0.001), periprocedural myocar-
dial infarction (3.3% vs 6.7%, p =0.06), and blood transfu-
sion (1.7% vs 11.7%, p < 0.001). Furthermore, patients
who underwent TAVI had shorter LOS (18.3 vs 23.9,
p <0.001) and more routine discharges (21.7% vs 14.8%,
p=0.01; Table 3).

A gradual increase in the number of HS-related hospital-
ization (48 to 62 per 100,000) has been noted between 2007
and 2014 (29% relative increase, pyeng < 0.001). A gradual
increase (2007 to 2014, 3.70% to 4.54%; p < 0.001) in the
all-cause inpatient mortality was seen over the 8 years
(Figure 1).

Among patients with HS, an older age, male gender,
Asian and Pacific Islander race and elective admissions pre-
dicted a higher risk of mortality. Compared with the rural
hospitals, HS hospitalizations at urban hospitals had higher
mortality odds. Cardiovascular co-morbidities linked to
increased risk of mortality among the HS hospitalizations
were congestive heart failure, coagulopathy and fluid, and
electrolytes disorders. Noncardiovascular co-morbidities
associated with increased risk of mortality were chronic
pulmonary disease, renal failure, metastatic cancer, lym-
phoma, and solid tumor without metastasis. Traditional car-
diovascular risk factors such as dyslipidemia, smoking,
diabetes, hypertension, and obesity did not predict higher
odds of in-hospital mortality in HS (Table 4).

Discussion

The key findings reported in this nationwide study are as
follows. A total of 3.1% AS hospitalizations were associ-
ated with HS. The all-cause inpatient mortality in HS was
6.9%. A gradually increasing trend in hospitalizations with
HS and in-hospital mortality were noted over the study
period. The hospitalizations with HS had a significantly
worse impact in terms of higher all-cause mortality and
resource utilization. The HS cohort who underwent TAVI
showed superior outcomes compared with SAVR.

We determined increasing trends in HS and mortality
in the US over the period of 2007 to 2014. A study
by Alqahtani et al'' has reported an increase in the
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TABLE 1
Baseline characteristics of hospitalized aortic stenosis patients with versus without intestinal angiodysplasia-associated gastrointestinal bleeding (Heyde’s
syndrome)
Variables Intestinal angiodysplasia-associated gastrointestinal bleeding p value*
No (n=4,031,382) Yes (n=130,487)
Age (years) at hospitalization
Mean (£SD) 77.4 (£12.4) 80.2 (£10.0) <0.001
18-64 586,643 (14.6%) 10,095 (7.7%)
65-84 2,105,929 (52.2%) 68,538 (52.5%)
>85 1,338,809 (33.2%) 51,853 (39.7%)
Sex <0.001
Male 1,927,689 (47.8%) 59,583 (45.7%)
Female 2,103,479 (52.2%) 70,894 (54.3%)
Race <0.001
White 2,948,912 (82.2%) 96,517 (82.1%)
Black 276,713 (7.7%) 9,603 (8.2%)
Hispanic 200,370 (5.6%) 6,409 (5.4%)
Asian or Pacific Islander 59,207 (1.7%) 1,978 (1.7%)
Native American 16,645 (0.5%) 454 (0.4%)
Other 83,934 (2.3%) 2,655 (2.3%)
Type of admissions <0.001
Non-elective 3,159,662 (78.6%) 118,027 (90.6%)
Elective 862,702 (21.4%) 12,203 (9.4%)
Primary expected payer <0.001
Medicare 3,296,160 (81.9%) 114,693 (88.0%)
Medicaid 121,327 (3.0%) 2,876 (2.2%)
Private including HMO 499,576 (12.4%) 10,331 (7.9%)
Self — Pay/no charge/others 108,824 2.6%) 2402 (1.9%)
Bed size of hospital <0.001
Small 523,639 (13.0%) 17,710 (13.6%)
Medium 994,637 (24.8%) 32,720 (25.2%)
Large 2,494,365 (62.2%) 79,510 (61.2%)
Location/teaching status of hospital <0.001
Rural 432,942 (10.8%) 16,043 (12.3%)
Urban - non teaching 1,632,393 (40.7%) 55,012 (42.3%)
Urban - teaching 1,947,306 (48.5%) 58,885 (45.3%)
Region of hospital <0.001
Northeast 940,929 (23.3%) 32,404 (24.8%)
Midwest 981,505 (24.3%) 31,471 (24.1%)
South 1,367,247 (33.9%) 43,379 (33.2%)
West 741,700 (18.4%) 23,233 (17.8%)

GI = gastrointestinal bleeding; HMO = health maintenance organization.

*p < 0.05 (bold letters) indicates clinical significance.

TABLE 2
In-hospital outcomes of aortic stenosis hospitalizations with versus without intestinal angiodysplasia-associated gastrointestinal bleeding (Heyde’s syndrome)
Outcomes Intestinal angiodysplasia-associated GIB p
No (n=4,031,382) Yes (n=130,487)
All-cause in-hospital mortality 166,265 (4.1%) 8,944 (6.9%) <0.001
Disposition of patient <0.001
Routine 1,743,762 (43.3%) 55,538 (42.6%)
Transfer to short-term hospital 136,980 (3.4%) 4,983 (3.8%)
Other transfers (SNF, ICF, other) 1,144,824 (28.4%) 36,570 (28.0%)
Home health care 819,661 (20.3%) 23,613 (18.1%)
Against medical advice 14,914 (0.4%) 654 (0.5%)
Length of stay mean (£SD) 5.8 (£6.0) 7.0 (£7.8) <0.001
Total hospital charges mean (£SD) $57,598.67 (+$80,989.84) $58,519.31 (£$100,434.530) 0.001

ICF = intermediate care facility; GIB = gastrointestinal bleeding; SNF = skilled nursing facility.

p < 0.05 (bold letters) indicates clinical significance.
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TABLE 3
Outcomes of SAVR versus TAVI in aortic stenosis hospitalizations with angiodysplasia-associated gastrointestinal bleeding: a propensity-matched analysis
Variable SAVR (n=299) TAVI (n=299) p
Age (years) at hospitalization
Mean + SD 78.8+73 78.8 £9.0 0.98
18-64 <11* 30 (10.0%) <0.001
65-84 224 (74.9%) 170 (56.8%)
>85 65 (21.9%) 99 (33.2%)
Sex 0.12
Male 168 (56.4%) 150 (50.0%)
Female 130 (13.6%) 149 (50.0%)
Type of admission 0.70
Non-elective 129 (43.3%) 134 (44.8%)
Elective 169 (56.7%) 165 (55.25%)
Race 0.15
White 254 (85.1%) 244 (81.7%)
Black 20 (6.7%) 35(11.7%)
Hispanic 15 (4.9%) <11*
Co-morbidities
Hypertension 209 (69.9%) 209 (70.0%) 1.0
Diabetes, uncomplicated 55 (18.4%) 80 (26.8%) 0.01
Diabetes, complicated <11* <11* 1.0
Dyslipidemia 129 (43.1%) 124 (41.4%) 0.67
Obesity 60 (20.0%) 55 (18.3%) 0.64
Smoker 79 (26.4%) 89 (29.8%) 0.36
Peripheral vascular disease 70 (23.4%) 60 (19.9%) 0.32
Congestive heart failure 40 (13.5%) 50 (16.7%) 0.26
Liver disease 20 (6.6%) 25 (8.4%) 043
Renal failure 134 (44.8%) 129 (43.2%) 0.68
In-hospital outcomes
All-cause in-hospital mortality 30 (10.0%) 35(11.7%) 0.51
Postoperative hypotension/shock 20 (6.7%) 20 (6.7%) 1.0
Blood transfusion 35 (11.7%) <I1* <0.001
Postoperative myocardial infarction 20 (6.7%) <I1* 0.06
Perioperative stroke 30 (10.0%) <11* <0.001
Disposition 0.01
Routine 44 (14.8%) 65 (21.7%)
Transfer to short-term hospital 20 (6.7%) 15 (5.0%)
Other transfers (SNF, ICF, other) 145 (48.5%) 109 (36.6%)
Home health care 60 (20.0%) 75 (24.9%)
Mean length of stay (days) 239 18.3 <0.001
Mean hospital charges $381,065 $400,816 0.48

ICF = intermediate care facility; SAVR = surgical aortic valve replacement; SNF = skilled nursing facility; TAVI = transcatheter aortic valve implantation.

p < 0.05 (bold letters) indicates clinical significance.

Propensity-score-matched analysis was performed adjusting for baseline demographics, patient-level and hospital-level characteristics, and all relevant
baseline co-morbidities on a caliper width of 0.01 after excluding missing data.
*Cell values <11 were not reported as per the guidelines by HCUP.

AS-related hospitalization both in white and African-
American between 2003 and 2014. In addition, Solanki
et al'” have reported an increase in the angiodysplasia-
related hospitalizations and mortality over the last decade
in the United States. Because both disorders are prevalent
in the older population, a growing number of the older
population could be a potential reason for the observed
trend. Patients of AS with GIB had higher all-cause in-
hospital mortality compared with the AS patients. Cody
et al'? reported around the 100-fold increase in the risk of
GIB among patients with calcific AS in comparison to
the general population. This added that burden of GIB
could be a reason for increased risk of in-hospital mortal-
ity and morbidity among the AS with GIB cohort.

Our analysis reports an incidence of 3.1% of GIB among
AS hospitalizations. However, varying freguencies of AS
and GIB have been reported previously.”’ Although AS
hospitalizations with GIB consisted of older population
compared with the non-GIB group, age has been suggested
as a major confounder.'* An advanced age was an indepen-
dent predictor of mortality in our multivariable analysis.
The prevalence was higher among females; however, the
mortality was higher among males as reported previously.'”
We observed a higher prevalence of HS among African-
Americans as reported previously.”®'® We found a higher
mortality among Asians. The racial disparity in resource
utilization could be a reason for observed higher mortality
in Asians.
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FIGURE 1. Trends in Heyde’s syndrome (aortic stenosis and gastrointestinal bleeding attributed to intestinal angiodysplasia) hospitalizations and in-hospital

mortality per 100,000.

Pathophysiology of HS is multifactorial.'”-'® Congestive
heart failure could add up the hypoxemic state created by
AS and potentiate the risk of angiodysplasia among AS
patients.”” Moukarbel et al’’ reported that patient with
worse NYHA class, representative of heart failure, had
higher odds of GIB and mortality. This could be a potential
reason for increased mortality among AS patients with GIB
and CHF. Previous studies have reported a strong associa-
tion of chronic renal failure and hospitalizations with
HS,?"”* because patients with these degenerative disorders
are at risk of acquired type-2A vWF syndrome.” There is
limited data on the prevalence and impact of the cancerous
condition in patients with HS.'”'® However, the presence
of a cancerous condition in these population could impose
an additive effect on the GIB owing to the increased risk of
coagulopathy.'”-** Patients with HS and fluid-electrolyte
disorder had the highest odds of in-hospital mortality. Akin-
seye et al*! reported that fluid and electrolyte disorder was a
significant predictor of mortality in patients who underwent
TAVI. Because it is a modifiable predictor, it should be
managed exclusively in this patient population.

Aortic valve replacement has been reported to restore
the coagulation abnormality and improve long-term out-
comes in HS.”” SAVR, an established treatment modality
for degenerative AS, has been reported to normalize vVWF
multimers and correct bleeding episodes among AS
patients.”?’ However, SAVR always bears a high risk of

bleeding complications. The PARTNER 1 trial reports
higher bleeding complications and overall worse outcomes
among high-risk AS patients who underwent SAVR.” In
the light of the above-referenced reports, TAVI could be an
alternative choice for patients with HS; however, the data
remain nonexistent in regards to the superiority of TAVI in
this patient population. In our study, we reported lower
complications and outcomes despite no difference in the
all-cause mortality between SAVR and TAVI. Stroke has
been reported to be higher in the patients who underwent
TAVI in comparison to the SAVR.”’*’ However, we
observed that the TAVI group had a lower periprocedural
stroke, required fewer blood transfusions, and had more
routine discharges compared with the SAVR group. TAVI
can be a promising alternative in patients with HS to curtail
bleeding risk as this (Population already has GIB or at a
higher risk of GIB.”**” Godino et al* also reported the abol-
ishment of recurrent GIB after TAVI in patients with HS.
The study bears a few potential limitations. Because the
NIS is an administrative database, coding errors and selec-
tion bias are likely. The severity of disease and outcomes
on follow-up could not be measured with or without inter-
ventions (SAVR or TAVI). Owing to the retrospective
nature of data, the persistence of angiodysplasia after valve
replacement could not be identified. Due to the unavailabil-
ity of the laboratory parameters, we were unable to associ-
ate the findings in terms of vWF, which is being considered
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TABLE 4
Independent predictors of in-hospital mortality in Heyde’s syndrome hospitalizations
Predictors Adjusted odds ratio 95% CI lower-upper p*
Age 65-84 vs 18-64 years 1.16 1.05-1.28 0.003
Age >85 vs 18-64 years 1.27 1.15-1.41 <0.001
Male vs Female 1.14 1.09-1.20 <0.001
Asian and Pacific Islander vs white 1.51 1.30-1.75 <0.001
Elective vs non-elective admission 1.16 1.07-1.26 <0.001
Bed size of hospital small vs large 1.18 1.09-1.27 <0.001
Urban non-teaching vs rural hospital 1.35 1.23-1.47 <0.001
Urban teaching vs rural hospital 1.42 1.30-1.55 <0.001
Northeast vs West region hospitals 0.86 0.80-0.92 <0.001
Midwest vs West region hospitals 0.74 0.68-0.80 <0.001
South vs West region hospitals 0.93 0.87-0.99 0.035
Co-morbidities
Dyslipidemia 0.81 0.77-0.85 <0.001
Smoking 0.78 0.73-0.83 <0.001
Deficiency anemias 0.84 0.80-0.89 <0.001
Chronic blood loss anemia 0.52 0.48-0.56 <0.001
Congestive heart failure 1.34 1.28-1.41 <0.001
Chronic pulmonary disease 1.08 1.03-1.14 0.003
Coagulopathy 1.98 1.86-2.11 <0.001
Diabetes, uncomplicated 0.79 0.75-0.84 <0.001
Hypertension 0.75 0.71-0.78 <0.001
Hypothyroidism 0.86 0.81-0.92 <0.001
Lymphoma 1.26 1.03-1.53 0.023
Fluid and electrolyte disorders 247 2.35-2.59 <0.001
Metastatic cancer 1.83 1.59-2.11 <0.001
Other neurological disorders 1.33 1.24-1.44 <0.001
Obesity 0.83 0.75-0.91 <0.001
Paralysis 1.64 1.45-1.85 <0.001
Renal failure 1.32 1.25-1.39 <0.001
Solid tumor without metastasis 1.44 1.29-1.62 <0.001

Multivariable regression model was adjusted for baseline demographics, patient-level and hospital-level characteristics, and all relevant baseline

co-morbidities.
*p < 0.05 (bold letters) indicates clinical significance.

an integral part of the pathogenesis of HS. However, the
large sample size representative of the nationwide US pop-
ulation may help to overcome a few of these limitations.
Concisely, we observed alarming increasing trends in
hospitalizations and mortality with HS. The TAVI group
disclosed fewer complications compared with SAVR with-
out any difference in the all-cause mortality, which sug-
gests TAVI as a promising alternative in patients with HS.
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