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Death in Patients With Severe Aortic Stenosis
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Aortic stenosis (AS) is associated with significant morbidity and mortality, including sudden
cardiac death (SCD). Anemia is a known risk factor for mortality in patients with AS. We
sought to understand the prognostic implications between anemia and SCD in severe AS.
The Mayo Clinic AS database includes 8,357 adults with severe AS (mean gradient ≥40 mm
Hg, aortic valve area ≤1 cm2, or peak aortic jet velocity ≥4 m/s) enrolled between January
1, 1995 and April 30, 2015. Survival and cause of death were ascertained from the National
Death Index and SCD from medical records. We excluded patients with multiple valvular
abnormalities, leaving 7,292 subjects. The median (interquartile range, [IQR]) age was 76
(68, 82) years with 56% male, and median (IQR) hemoglobin level was 12.9 (11.6, 14.1) g/dl.
The frequency of anemia (hemoglobin <13.0g/dl for men, <12.0 g/dL for women) was 40%.
During median (IQR) follow up of 4.4 (1.8, 8.1) years, 4,056 died (10-year survival 38%)
including 225 with SCD (10-year cumulative incidence 5%). In a multivariate model includ-
ing age, sex, body-mass index, hypertension, diabetes mellitus, myocardial infarction, esti-
mated glomerular filtration rate, and time dependent aortic valve replacement, anemia was
associated with increased all-cause mortality (hazard ratios 1.75, 95%CI 1.64, 1.87; p <
0.001) and increased SCD mortality (hazard ratios 1.42, 95%CI 1.07, 1.86; p = 0.01). In con-
clusions, anemia is a frequent finding in patients with severe AS and independently associ-
ated with increased all-cause mortality and SCD. Anemia may be a useful prognostic
marker and a modifiable therapeutic target in managing patients with severe AS © 2020
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Aortic stenosis (AS) is the most prevalent valvular abnor-
mality warranting treatment in the United States.1,2 As AS pro-
gresses, impedance of blood flow results in increasing left
ventricular pressure overload, hypertrophy, and decreased
compliance which ultimately impairs cardiac output and coro-
nary blood flow. As such, AS is associated with significant
comorbidity and mortality including sudden cardiac death
(SCD). The onset of symptoms in AS is associated with a
marked increase in mortality. Even asymptomatic patients
with severe AS are at increased risk of SCD death events with
an estimated even rate of 1% per year.1−3 However, it is diffi-
cult to predict which patients with AS will suffer from SCD
and the exact mechanisms are unclear. Furthermore, AS is a
progressive condition with both an age-related prevalence and
severity, and patients often have other comorbidities. Anemia
is a known risk factor for mortality in patients with AS and a
potentially treatable risk factor. Importantly, anemia has nega-
tive consequences for cardiac function.4 In particular, anemia
has been associated with left ventricular hypertrophy, which
exacerbates myocardial ischemia by increasing oxygen
demand.5 We hypothesized that anemia in AS is associated
with increased risk of SCD. The aim of this study was to assess
the relationships between anemia and SCD in patients with
severe AS.
Methods

We utilized the Mayo Clinic AS database which contains
a total of 8,357 patients with severe AS, defined as mean
gradient ≥40 mm Hg, aortic valve area ≤1 cm2, or peak aor-
tic jet velocity ≥4 m/s,7 enrolled from January 1, 1983
through April 30, 2015. We excluded patients from this
database who were <18 years of age, had subvalvular or
supravalvular AS, concomitant ≥moderate aortic regurgita-
tion, ≥moderate mitral regurgitation, ≥moderate tricuspid
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regurgitation, ejection fraction <50% and those who had
missing laboratory data of hemoglobin or creatinine within
1 year of echocardiographic assessment showing severe
AS. All participants were evaluated with a full clinical his-
tory, physical examination and transthoracic echocardio-
gram. The study was approved by the Mayo Clinic
Institutional Review Board (10-007230).

Data regarding past medical history, cardiac risk fac-
tors, echocardiographic variables, and laboratory meas-
urements were collected for each patient. Baseline
clinical laboratory values were obtained within 1 year of
diagnosis of severe AS. When multiple laboratory values
were available, those closest in time to the echocardio-
gram were included.

Anemia was defined as hemoglobin <13.0 g/dl for
males, and <12.0 g/dl for females, as per our institution’s
laboratory standardized age- and sex-specific reference
ranges.6 Comorbidities were collected if present at any time
prior to and up to 1 month after the diagnosis of severe AS.
These included hypertension, defined as blood pressure
>140/90 mm Hg or treated with current anti-hypertensive
medications; diabetes mellitus (DM; defined as fasting
blood sugar >126 mg/dl on 2 occasions or treatment with
anti-diabetic therapies); renal insufficiency, defined as esti-
mated glomerular filtration rate (eGFR) ≤ 60 ml/min/
1.73m2; chronic lung diseases, including asthma (requiring
treatment), chronic obstructive pulmonary disease (with a
forced expiratory volume in the first second and/or forced
vital capacity <70%; 50% forced expiratory volume in the
first second < 80% predicted), cystic fibrosis, and idiopathic
pulmonary fibrosis. Patients were censored at the time of
intervention on their valve.

Pressure gradients were estimated using Doppler echocar-
diography and the modified Bernoulli equation, with aortic
valve area determined by the continuity equation. Left ventric-
ular ejection fraction and left atrial volume index were calcu-
lated using Simpson’s biplane method of discs.7 Early (E) and
late (A) transmitral inflow velocity signals were obtained by
pulsed-wave Doppler sampling at the mitral valve (MV) leaflet
tips. Tissue Doppler imaging of the mitral annulus (e’) was
performed according to standardized methods, using the septal
e’.8 An E/e’ ≥15 was indicative of an elevated left ventricular
filling pressure. Peak pulmonary artery systolic pressure was
estimated from the tricuspid valve regurgitation continuous-
wave Doppler peak velocity and the estimated right atrial
pressure.7,9,10,11

Survival status was ascertained using the National Death
Index to December 31, 2016. Outcomes including death
were categorized as all-cause death, cardiac-related death
(i.e., coronary artery disease, arrhythmic deaths, myocardial
infarction (MI), peripheral arterial disease, (excluding
stroke), cardiovascular (CV)-related (i.e., cardiac-related
and with stroke), and SCD. Each SCD case was individu-
ally and manually reviewed using the electronic health
record, obituaries, autopsy reports, and the National Death
Index. In addition, each case was validated using the Amer-
ican Heart Association definition as death occurring within
60 minutes of the onset of symptoms or within 24 hours of
the onset of symptoms if nonwitnessed.12

Continuous variables are described as means with stan-
dard deviation (SD) and categorical variables as
frequencies. Continuous variables were compared using t
tests or nonparametric tests for non-Gaussian distribution.
Categorical variables were compared using chi-square or
Fisher’s exact test. Mortality was estimated using Kaplan-
Meier plots and groups tested using the log-rank test. Uni-
variate and multivariate Cox proportional hazards regres-
sion modeling were used to determine hazard ratios (HR)
which are provided with 95% confidence intervals (CI).
Selection of candidate variables for model building were
based on biological plausibility and established risk factors
and included: age, sex, eGFR, body mass index, hyperten-
sion, DM, previous MI, time dependent aortic valve
replacement aortic valve replacement (AVR) treatment
(surgical valve replacement surgical aortic valve replace-
ment (SAVR) or transcatheter aortic valve implantation
[TAVI]). Survival c-statistics were used to summarize the
discriminatory ability of models, specifically 500 bootstrap
samples were used to calculate the increase in c-statistic
when adding anemia or hemoglobin to models without
these variables. The increase in c-statistic was summarized
with along with 95%CI and the bootstrap standard error
was used to create a test of significance. A secondary out-
come analysis was performed after propensity matching
those with anemia to those without anemia based on demo-
graphics, comorbidities, medications, and AS severity.
Logistic regression methods were used to create a propen-
sity score for anemia and a greedy matching algorithm was
used to create a matched group. Absolute standardized dif-
ferences were examined to compare the groups after match-
ing and showed good balance. Cox regression was then
performed on the matched groups. Competing risk analyses
were used to plot cumulative incidence of cardiac death and
SCD accounting for competing risk of other deaths. Com-
peting risk analysis was also used to plot the incidence of
each type of AVR (SAVR or TAVI), accounting for the
other type. A 2-way a priori alpha level of 0.05 was consid-
ered significant and the study powered at 80% with a beta
of 0.2. SAS version 9.413 was used for analyses.
Results

A total of 7,292 subjects from the Mayo Clinic AS
database met inclusion criteria. Table 1 summarizes the
baseline clinical and echocardiographic characteristics of
the subjects. Of the 2,887 (40%) with anemia, 131 (5%)
were microcytic (mean corpuscular volume [MCV]
<78.2 fl), 363 (13%) macrocytic (MCV >97.9 fl) and
the remaining 2,393 (83%) were normocytic (MCV 78.2
to 97.9 fl). Anemic patients were older (78 vs 74 years
old, p < 0.001), had worse renal function (creatinine
1.2 vs 1.1 mg/dl; eGFR: 53.4 vs 60.9 mL/min/1.73m2, p
< 0.001), and had more comorbidities including hyper-
tension, type 2 DM, coronary artery disease, chronic
obstructive pulmonary disease, and stroke (p < 0.001;
all) (Table 1).

Table 2 summarizes the echocardiographic characteris-
tics between patients with and without anemia. Median left
ventricular ejection fraction was higher (65%) in the nona-
nemic patients in comparison to the anemic patients (62%)
(p < 0.001). Right ventricular systolic pressure was higher
in the anemic patients (44 mm Hg) in comparison to the
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Table 1

Baseline characteristics of all severe aortic stenosis patients with and without anemia

Variable Total (n = 7,292) Hemoglobin (g/L) p value

≥12 (Female) <12 (Female)

≥13 (Male) <13 (Male)

(n = 4,405) (n = 2,887)

Age 76 (68,82) 74 (66, 81) 78 (71, 84) <0.001
Men 4105 (56%) 2476 (56%) 1629 (56%) 0.86

Body mass index (kg/m2) 27.6 (24.4, 31.6) 27.8 (24.6, 31.8) 27.3 (24.1, 31.4) 0.003

Hypertension 4119 (56%) 2384 (54%) 1735 (60%) <0.001
Diabetes mellitus 1655 (23%) 811 (18%) 844 (29%) <0.001
Previous myocardial infarction 645 (9%) 281 (6%) 364 (13%) <0.001
Coronary artery disease 3808 (52%) 2153 (49%) 1655 (57%) <0.001
Atrial fibrillation 931 (13%) 485 (11%) 446 (15%) <0.001
Stroke 1664 (23%) 902 (20%) 762 (26%) <0.001
Chronic obstructive pulmonary disease 930 (13%) 463 (11%) 467 (16%) <0.001
Prior malignancy 1586 (22%) 899 (20%) 687 (24%) <0.001
Antiplatelet/anticoagulant 578 (8%) 409 (9%) 169 (6%) <0.001
Beta blocker 535 (7%) 387 (9%) 148 (5%) <0.001
Calcium channel blocker 193 (3%) 134 (3%) 59 (2%) 0.009

Hemoglobin 12.9 (11.6, 14.1) 13.9 (13.2, 14.7) 11.1 (10.1, 11.9) <0.001
Microcytic 160 (2%) 29 (1%) 131 (5%) <0.001
Normocytic 6458 (89%) 4065 (92%) 2393 (83%)

Macrocytic 674 (9%) 311 (7%) 363 (13%)

Ferritin [N=1199] 96 (38, 274) 88 (45, 237) 101 (35, 292) 0.40

Total Iron Binding Capacity [N=1144] 286 (230, 338) 296 (259, 338) 280 (219, 338) <0.001
Creatinine 1.1 (0.9, 1.3) 1.1 (0.9, 1.2) 1.2 (0.9, 1.5) <0.001
Estimated Glomerular Filtration Rate 59.2 (47.2, 71.5) 60.9 (51.9, 72.5) 53.4 (38.9, 69.0) <0.001
Transcatheter aortic valve implantation <0.001

1 year rate 367 (13%) 156 (10%) 211 (18%)

5 year rate 444 (18%) 189 (13%) 255 (27%)

Surgical aortic valve replacement <0.001
1 year rate 3883 (52%) 2616 (60%) 1267 (41%)

5 year rate 4341 (59%) 2950 (77%) 1391 (46%)

Continuous variables are median (Q1, Q3).
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nonanemic patients (36 mm Hg) (p < 0.001). Other echo
parameters including left ventricular stroke volume index
(57.4 ml/m2 vs 57.4ml/m2, p = 0.90), were similar between
anemic and nonanemic patients.
Table 2

Baseline echocardiographic features of all severe aortic stenosis patients with and

Echocardiography parameters Total (n = 7,29

Heart rate [N=6906] 68 (60,78)

Left ventricular diastolic diameter, mm [N=6552] 49 (45,53)

Left ventricular systolic diameter, mm [N=6059] 30 (27, 35)

Left ventricular stroke volume index, ml/m2 [N=6869] 57 (49, 66)

Left ventricular ejection fraction, % [N=6202] 64 (56, 68)

Left ventricular mass index, g/m2 [N=6171] 120 (100,144

Calculated Aortic valve area (cm2) [N=7285] 0.8 (0.7, 0.90

Aortic valve area index, cm2/m2 [N=6998] 0.5 (0.5, 0.6

Aortic valve peak velocity, m/s 4.6 (4.3, 4.9

Aortic valve mean gradient, mm Hg [N=7291] 50 (44, 59)

Transmital inflow early diastole velocity/mitral annular

early diastole velocity (E/e’ ratio) [N=4693]

17 (12, 23)

Right ventricular systolic pressure 39 (32,51)

Continuous variables are median (Q1, Q3).
The median follow-up duration was 4.4 (IQR: 1.8, 8.1)
years with a total follow-up of 40,292 person-years. A total
of 4,879 patients underwent intervention on the aortic
valve, including 4,412 (90%) with SAVR and 467 with
without anemia

2) Hemoglobin (g/L) p value

≥12 (Female) <12 (Female)

≥13 (Male) <13 (Male)

(n = 4,405) (n = 2,887)

68 (60,76) 70 (61,79) <0.001
49 (45,53) 50 (45,54) <0.001
30 (26,34) 31 (27,36) <0.001
57 (49,66) 57 (49,67) 0.90

65 (58, 69) 62 (54, 68) <0.001
) 117 (97,141) 124 (105,149) <0.001
) 0.8 (0.7, 0.9) 0.8 (0.7, 0.9) 0.02

) 0.5 (0.5, 0.6) 0.5 (0.5,0.6) 0.04

) 4.6 (4.3, 4.9) 4.5 (4.3, 5.0) 0.57

50 (44, 59) 49 (43, 59) 0.05

16 (12,20) 20 (14,26) <0.001

36 (30,46) 44 (34,56) <0.001



Figure 1. The cumulative incidence of TAVI and SAVR in patients with severe aortic stenosis when comparing anemic versus nonanemic patients after

2009. Anemic patients have an increased incidence of TAVI while nonanemic patients were more likely to receive SAVR. AS = aortic stenosis; SAVR = sur-

gical aortic valve replacement; TAVI = transcatheter aortic valve implantation.
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TAVI. Since 2009, with the advent of TAVI as an option
for valve replacement, anemia was associated with a higher
rate of TAVI and a lower rate of SAVR (p < 0.001; all)
(Figure 1A and B). A total of 4,056 subjects died over the
study period with a 10-year survival of 38%. Of these 4,056
overall deaths, 2,285 were post-AVR. Of all deaths, 225
(6%) were confirmed as SCD events with a 10-year cumula-
tive incidence of 5%. One hundred (44%) of the 225 SCD
events occurred after AVR. However, we found that AVR
(either SAVR or TAVI) was protective of having a future
sudden cardiac event (HR = 0.40) and this was independent
of whether the patient had anemia or not prior to the proce-
dure.

Figure 2 demonstrates the cumulative incidence of SCD
for both anemic and nonanemic patients. Anemic patients
had an increased incidence of SCD at all time points in
comparison to nonanemic patients (p < 0.001). Similarly,
anemic patients had an increased incidence of all-cause and
CV-related mortality at all time points. Figure 3 demon-
strates the cumulative incidence of SCD amongst anemic
patients with severe AS according to the MCV. There was
no SCD in patients with microcytosis; however, macrocyto-
sis was associated with an increased risk of overall mortal-
ity in comparison to normocytosis with a HR 1.53 (CI 1.35,
1.73, p < 0.001) after adjustment for age and sex.

Anemia was associated with increased all-cause mortal-
ity with an age- and sex-adjusted HR 1.46 (95%CI 1.42,
1.51, p < 0.001) for each SD decrease in hemoglobin.
When restricted to SCD events, anemia was associated with
a HR 1.65 (95%CI 1.26, 2.15, p < 0.001) in AS patients. A
multivariate Cox proportional hazards model was con-
structed using the significant univariate determinants of
age, sex, body mass index, hypertension, DM, MI, eGFR,
time dependent AVR, and anemia. Tables 3 and 4 demon-
strates the univariate and multivariate hazard models for
mortality in all AS patients. Anemia was independently
associated with increased all-cause mortality (HR 1.75,
95%CI 1.64 to 1.87, p < 0.001) and increased SCD mortal-
ity (HR 1.42, 95%CI 1.08 to 1.87, p = 0.01) following
adjustment. Each 1 SD decrease in hemoglobin was

www.ajconline.org


Figure 2. The cumulative incidence of SCD in patients with severe AS when comparing anemic versus nonanemic patients. Anemic patients had an increased

incidence of SCD at all time points in comparison to nonanemic patients, p < 0.001. AS = aortic stenosis; SCD = sudden cardiac death.

Figure 3. The cumulative incidence of SCD in patients with anemia and

severe AS according to MCV. AS = aortic stenosis; MCV =mean corpus-

cular volume; SCD = sudden cardiac death.
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associated with increased SCD risk (HR 1.30, 95%CI 1.13,
1.50, p < 0.001). With multivariate adjustment, c-statistics
significant increased (p < 0.001 for both) for all-cause mor-
tality when both anemia (D c-stat = 0.017) and hemoglobin
(D c-stat = 0.021) were added to the models (Supplemental
Table 1 and 2). For SCD, the increase in c-statistics was
more modest and was not significant for anemia (p = 0.11)
but did reach significance for hemoglobin (D c-stat = 0.011,
p = 0.03). Propensity matching was used to balance the
important covariates and results from outcome models were
very similar (Supplemental Table 1).
Discussion

In this study of 7,292 patients with severe AS, anemia
was prevalent, observed in 40% of patients. Additionally,
and to our knowledge not previously reported, anemia was
found to be independently associated with an increased risk
of SCD in patients with severe AS. Moreover, while it has
been previously shown that patients with severe AS and
anemia are at an increased risk of mortality, our study repli-
cates these findings in a large independent cohort.

Anemia is a frequent finding with increasing age and is
broadly divided into categories based on MCV which nar-
rows down etiologies: microcytic including any cause of
iron deficiency (occult blood loss from peptic ulcer or intes-
tinal neoplasia), sideroblastic anemia, thalassemias and ane-
mia of chronic disease; macrocytic which includes
megaloblastic (folate and vitamin B12 deficiency) and alco-
hol; and normocytic which includes intrinsic hemoglobin-
opathies, autoimmune disease and aplastic anemia. In the
majority of our cohort, anemia was normocytic, possibly
related to chronic disease. The mechanisms of anemia in
AS also include an acquired coagulopathy known as
Heyde’s syndrome.14 As red blood cells pass through the
diseased valve, the increased shear stress causes degrada-
tion of the von Willebrand factor multimers. The large mul-
timers are involved in platelet-mediated hemostasis, which
are important in particular for the small vessels that form
angiodysplastic lesions in the gastrointestinal tract. The
coagulopathy causes increased propensity to bleed from the
small angiodysplastic lesions, which is often subclinical
and detected as iron deficiency anemia or prolonged bleed-
ing time on routine laboratory evaluation. Just as AS
increases in incidence with increasing age, so does the pres-
ence of angiodysplastic lesions in the gastrointestinal tract
and these patients have increased risk of anemia. The
acquired von Willebrand factor deficiency seen in Heyde’s
syndrome is postulated to reverse following replacement of
the aortic valve, as the shear stress is reduced.15

Anemia has negative consequences for cardiac function,
which compounds the effects of AS. AS alone leads to
increased hypertrophy of the left ventricle, increased



Table 3

Univariate hazard ratios for mortality in all aortic stenosis patients

Outcome Variable Univariate (95%

confidence interval)

p value

All-cause mortality Age per 10 years 1.90 (1.83-1.96) <0.0001
Male sex 0.92 (0.87-0.98) 0.01

Body mass index per 5 kg/m2 0.91 (0.89-0.94) <0.0001
Anemia 2.22 (2.08-2.36) <0.0001
Diabetes mellitus 1.45 (1.35-1.56) <0.0001
Hypertension 1.38 (1.30-1.47) <0.0001
Myocardial infarction 1.72 (1.55-1.90) <0.0001
Estimated glomerular filtration rate per standard deviation 0.63 (0.60-0.65) <0.0001
Left ventricular end diastolic diameter per 10mm 1.00 (0.95-1.06) 0.90

Aortic valve peak velocity (m/s) 0.78 (0.73-0.82) <0.0001
Aortic valve replacement (time dependent) 0.57 (0.53-0.60) <0.0001

Sudden cardiac death Age per 10 years 1.81 (1.56-2.09) <0.0001
Male 1.12 (0.86-1.46) 0.41

Body mass index per 5 kg/m2 0.92 (0.81-1.03) 0.15

Anemia 1.93 (1.48-2.51) <0.0001
Diabetes mellitus 1.61 (1.20-2.15) 0.002

Hypertension 1.46 (1.12-1.92) 0.006

Myocardial infarction 2.04 (1.39-3.01) 0.0003

Estimated glomerular filtration rate per standard deviation 0.64 (0.55-0.75) <0.0001
Left ventricular end diastolic diameter per 10mm 0.90 (0.72-1.13) 0.36

Aortic valve peak velocity (m/s) 0.83 (0.65-1.06) 0.13

Aortic valve replacement (time dependent) 0.40 (0.30-0.53) <0.0001
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afterload, and, over time, reduced cardiac output. Likewise,
anemia leads to reduced oxygen delivery, decreased tissue
perfusion, increased left ventricular hypertrophy and wors-
ening heart failure.5 As outlined in Figure 4, the presence
of both risk factors increases the detrimental effects on the
heart which lead to increased mortality. With regard to
SCD, the mechanisms in AS are not completely clear but
Table 4

Univariate and multivariate hazard models for mortality in all aortic stenosis patie

Outcome Variable Age/sex adjusted

confidence i

All-cause mortality Anemia Hazard Ratio=1.93

(1.82 − 2.06)

p<0.001
D c-stat=0.029 (0.0

Hemoglobin per 1 stan-

dard deviation decrease

Hazard Ratio =1.46

(1.42 − 1.51)

p<0.001
D c-stat=0.035 (0.0

Sudden cardiac death Anemia Hazard Ratio =1.65

(1.26 − 2.15)

p<0.001
D c-stat=0.020 (0.0

Hemoglobin per 1 stan-

dard deviation decrease

Hazard Ratio =1.40

(1.22 − 1.60)

p<0.001
D c-stat=0.030 (0.0

D c-stat = change in survival c-statistic from model without anemia/Hemoglobi

strap samples.

* adjustment variables include age, sex, estimated glomerular filtration rate, bod

tion, time dependent aortic valve replacement surgery.
may involve 1 or more of the following mechanisms: (1)
AS leads to hypertrophy of the left ventricle which can
induce ventricular tachycardias causing hypotension, low
cardiac output, and coronary hypoperfusion;16,17 (2) steno-
sis of the aortic valve can affect the His-Purkinje system
leading to atrioventricular conduction disturbances; and (3)
patients with AS have an abnormal Bezold-Jarisch reflex,
nts

hazard ratios (95%

nterval) p value

Multivariate adjusted* hazard ratios (95%

confidence interval) p value

24, 0.035), p<0.001

Hazard Ratio =1.75

(1.64 − 1.87)

p<0.001
D c-stat=0.017 (0.013, 0.021), p<0.001

29, 0.042), p<0.001

Hazard Ratio =1.39

(1.35 − 1.44)

p<0.001
D c-stat=0.021 (0.016, 0.025), p<0.001

03, 0.036), p=0.02

Hazard Ratio =1.42

(1.07 − 1.86)

p=0.01

D c-stat=0.007 (-0.002, 0.015), p=0.11

10, 0.049), p=0.003

Hazard Ratio =1.30

(1.13 − 1.50)

p<0.001
D c-stat=0.011 (0.001, 0.021), p=0.03

n estimate, Confidence interval, and p-value calculated based on 500 boot-

y mass index, hypertension, diabetes mellitus, previous myocardial infarc-
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Figure 4. A proposed mechanism for anemia and severe AS leading to

increased mortality and sudden cardiac death. Severe AS causes increased

left ventricular hypertrophy which disturbs cardiac conduction and when

combined with decreased hemoglobin causes decreased myocardial perfu-

sion and cardiac arrhythmias. Together anemia and AS increases the risk

of mortality, specifically SCD and CV-related mortality. AS = aortic steno-

sis; CV = cardiovascular; LVH = left ventricular hypertrophy; SCD = sud-

den cardiac death.
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where stimulation of left ventricular baroreceptors cause
hypotension, fall in venous return, and bradycardia, which
may result in SCD.18

Interestingly, previous studies have demonstrated that
replacing the diseased aortic valve can nearly normalize the
prolonged bleeding time and incidence of gastrointestinal
bleeding in patients with AS. One recent study demon-
strated that the increased mortality risk associated with ane-
mia in AS also normalizes with replacing the valve.4

However, as our study demonstrates, patients with anemia
and AS also tend to be older with worse renal function and
more comorbidities, often precluding them from surgical
replacement and TAVI intervention. Determining revers-
ible causes of anemia in this subset of patients is particu-
larly important. As there is some evidence in heart failure
that treating anemia can improve symptoms, functional
capacity, and quality of life,19 treating anemia in AS
patients may conceivably improve symptoms, risk of mor-
tality and SCD.

Finally, in our study, anemia was associated with
increasing age which is well documented in previous stud-
ies.20 In fact, anemia has been shown to be independently
associated with increased frailty and mortality in older
adults.21,22 Evidence demonstrating the temporal changes
in anemia and its association with frailty and mortality are
lacking but is proposed to be due to adverse outcomes asso-
ciated with poor oxygen delivery such as fatigue, cognitive
decline, and decreased muscle strength.23 There are many
unmeasured variables such as poorer nutrition, social status,
and overall inflammatory milieu that likely contribute.
While our study did not address frailty per se, the high prev-
alence of anemia in our patient population demonstrates
how vulnerable this population is and how important it is to
treat the reversible causes of anemia.

The limitations of our study include those inherent to ret-
rospective analysis which may have introduced selection
bias and makes it difficult to assess causation. Our analysis
also depended on correct documentation of the cause of
death and circumstances around the time of death. How-
ever, we attempted to minimize this risk by manually vali-
dating each SCD case both with our electronic health
record but also the National Death Index and performed sta-
tistical analysis to minimize competing risks of other
deaths. Last, we did not have sufficient data from our large
cohort to assess the etiology of anemia in our patient popu-
lation with variables such as alcohol consumption, liver dis-
ease, and iron deficiency, which may have informed us on
the etiologies of macrocytosis, microcytosis, and normocy-
tosis.

In conclusion, anemia is common in patients with AS
and is independently associated with increased mortality, in
particular SCD. Anemia may be a useful prognostic and
therapeutic factor in patients with AS.
Authors’ Contribution

Allison Ducharme-Smith: Data curation, Investigation,
Methodology,Writing- Original Draft, Writing- Review and
Editing; C. Anwar A. Chahal: Visualization, Investigation,
Writing- Original Draft, Writing- Review and Editing; Hir-
oyiku Sawatari: Methodology, Software; Alex Podboy:
Data curation, Investigation; Sherif: Data curation; Christo-
pher G. Scott: Software, Formal analysis; Peter A. Brady:
Writing- Review and Editing; Bernard J. Gersh: Writing-
Review and Editing; Virend K. Somers: Conceptualization,
Validation, Writing- Review and Editing, Supervision,
funding acquisition; Vuyisile T. Nkomo: Validation, Writ-
ing- Review and Editing; Patricia A. Pellikka: Validation,
Writing- Review and Editing, Supervision, Project adminis-
tration.
Disclosures

VKS has served as a consultant to U-Health, GlaxoS-
mithKline, Price Waterhouse Coopers, Rhonda Grey,
Dane Garvin, Philips, ResMed, Sorin Inc., and is work-
ing with Mayo Health Solutions and their industry part-
ners on intellectual property related to sleep and CV
disease. The Mayo Foundation has received a gift from
the Philips Respironics Foundation for the study of sleep
and CV disease. However, none of these entities were
involved in this study in any way. The authors declare
that they have no known competing financial interests or
personal relationships that could have appeared to influ-
ence the work reported in this paper.
Acknowledgments

Supported by the Mayo Clinic Center for Clinical and
Translational Science and the Mayo Clinic Departments of
Internal Medicine and Cardiology. This publication was
made possible by support from the Research Division of the
Department of CV Medicine and the Clinical and Transla-
tional Science Award Grant Number UL1 TR000135, sup-
porting the Mayo Clinic Center for Clinical and
Translational Science (CCaTS), from the National Center
for Advancing Translational Sciences (NCATS), a compo-
nent of NIH (The contents of this article are solely the
responsibility of the authors and do not necessarily



114 The American Journal of Cardiology (www.ajconline.org)
represent the official view of the NIH). CAAC and VKS are
supported by NIH HL65176 and NIH HL134885. CAAC is
supported by the American Heart Association (Award num-
ber 17POST33400211).
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2020.09.007.

1. Ross J, Braunwald E. Aortic stenosis. Circulation 1968;38. V-61-V-
67.

2. Carabello BA. Evaluation and management of patients with aortic ste-
nosis. Circulation 2002;105:1746–1750.

3. Pellikka PA, Sarano ME, Nishimura RA, Malouf JF, Bailey KR, Scott
CG, Barnes ME, Tajik AJ. Outcome of 622 adults with asymptomatic,
hemodynamically significant aortic stenosis during prolonged follow-
up. Circulation 2005;111:3290–3295.

4. Ng AC, Kong WK, Kamperidis V, Bertini M, Antoni ML, Leung DY,
Marsan NA, Delgado V, Bax JJ. Anaemia in patients with aortic steno-
sis: influence on long-term prognosis. Eur Heart J Fail 2015;17:1042–
1049.

5. Stritzke J, Mayer B, Lieb W, Luchner A, Doring A, Hense HW,
Schunkert H. Haematocrit levels and left ventricular geometry: results
of the MONICA augsburg echocardiographic substudy. J Hyperten-
sion 2007;25:1301–1309.

6. Hematological and nutritional biochemistry reference data of persons
6 months-74 years of age, United States, 1976-80. National Center for
Health. U.S. Dept. of Health and Human Services, Public Health Ser-
vice, National Center for Health Statistics; 1982.

7. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, 3rd Dokainish H,
Edvardsen T, Flachskampf FA, Gillebert TC, Klein AL, Lancellotti P,
Marino P, Oh JK, Popescu BA, Waggoner AD. Recommendations for
the evaluation of left ventricular diastolic function by echocardiogra-
phy: an update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am Soc Echo-
cardiogr 2016;29:277–314.

8. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, 3rd Dokainish H,
Edvardsen T, Flachskampf FA, Gillebert TC, Klein AL, Lancellotti P,
Marino P, Oh JK, Alexandru Popescu B, Waggoner AD. Recommen-
dations for the evaluation of left ventricular diastolic function by
Echocardiography: an update from the American Society of Echocar-
diography and the European Association of Cardiovascular Imaging.
Eur Heart J Cardiovasc Imaging 2016;17:1321–1360.

9. Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A,
Griffin BP, Iung B, Otto CM, Pellikka PA, Quinones M. American
Society of E. European Association of E. Echocardiographic assess-
ment of valve stenosis: EAE/ASE recommendations for clinical prac-
tice. J Am Soc Echocardiogr 2009;22:1–23. quiz 101-102.

10. Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, Chan-
drasekaran K, Solomon SD, Louie EK, Schiller NB. Guidelines for the
echocardiographic assessment of the right heart in adults: a report
from the American Society of Echocardiography endorsed by the
European Association of Echocardiography, a registered branch of the
European Society of Cardiology, and the Canadian Society of Echo-
cardiography. J Am Soc Echocardiogr 2010;23:685–713. quiz 786-
688.
11. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L,
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, Lancellotti P,
Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, Tsang
W, Voigt JU. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr 2015;28:1–39. e14.

12. Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, Fromer
M, Gregoratos G, Klein G, Moss AJ, Myerburg RJ, Priori SG, Qui-
nones MA, Roden DM, Silka MJ, Tracy C, Smith SC Jr., Jacobs AK,
Adams CD, Antman EM, Anderson JL, Hunt SA, Halperin JL, Nishi-
mura R, Ornato JP, Page RL, Riegel B, Priori SG, Blanc JJ, Budaj A,
Camm AJ, Dean V, Deckers JW, Despres C, Dickstein K, Lekakis J,
McGregor K, Metra M, Morais J, Osterspey A, Tamargo JL, Zamor-
ano JL. ACC/AHA/ESC 2006 guidelines for management of patients
with ventricular arrhythmias and the prevention of sudden cardiac
death: a report of the American College of Cardiology/American Heart
Association Task Force and the European Society of Cardiology Com-
mittee for Practice Guidelines (Writing Committee to Develop Guide-
lines for Management of Patients With Ventricular Arrhythmias and
the Prevention of Sudden Cardiac Death). J Am Coll Cardiol 2006;48:
e247–e346.

13. SAS Institute. SAS system for Windows. Gary, NC.
14. Warkentin TE, Moore JC, Anand SS, Lonn EM, Morgan DG. Gastro-

intestinal bleeding, angiodysplasia, cardiovascular disease, and
acquired von Willebrand syndrome. Transfus Med Rev 2003;17:272–
286.

15. Caspar T, Jesel L, Desprez D, Grunebaum L, Samet H, Trinh A, Petit-
Eisenmann H, Kindo M, Ohlmann P, Morel O. Effects of transcutane-
ous aortic valve implantation on aortic valve disease-related hemo-
static disorders involving von Willebrand factor. Can J Cardiol
2015;31:738–743.

16. Sorgato A, Faggiano P, Aurigemma GP, Rusconi C, Gaasch WH. Ven-
tricular arrhythmias in adult aortic stenosis: prevalence, mechanisms,
and clinical relevance. Chest 1998;113:482–491.

17. von Olshausen K, Schwarz F, Apfelbach J, Rohrig N, Kramer B,
Kubler W. Determinants of the incidence and severity of ventricular
arrhythmias in aortic valve disease. Am J Cardiol 1983;51:1103–
1109.

18. Nikolic G, Haffty BG, Bishop RL, Singh JB, Flessas AP, Spodick DH.
Sudden death in aortic stenosis monitored by ear densitographic pulse
and ECG. Am Heart J 1982;104:311–312.

19. Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dickstein K,
Drexler H, Luscher TF, Bart B, Banasiak W, Niegowska J, Kirwan
BA, Mori C, von Eisenhart Rothe B, Pocock SJ, Poole-Wilson PA,
Ponikowski P. Ferric carboxymaltose in patients with heart failure and
iron deficiency. N Engl J Med 2009;361:2436–2448.

20. Zakai NA, Katz R, Hirsch C, Shlipak MG, Chaves PH, Newman AB,
Cushman M. A prospective study of anemia status, hemoglobin con-
centration, and mortality in an elderly cohort: the cardiovascular
health study. Arch Int Med 2005;165:2214–2220.

21. Penninx BW, Pahor M, Woodman RC, Guralnik JM. Anemia in old
age is associated with increased mortality and hospitalization. J Ger-
ontol Series A Biolog Sci Med Sci 2006;61:474–479.

22. Palmer K, Vetrano DL, Marengoni A, Tummolo AM, Villani ER,
Acampora N, Bernabei R, Onder G. The relationship between anaemia
and frailty: a systematic review and meta-analysis of observational
studies. J Nutrition Health Aging 2018;22:965–974.

23. Denny SD, Kuchibhatla MN, Cohen HJ. Impact of anemia on mortal-
ity, cognition, and function in community-dwelling elderly. Am J Med
2006;119:327–334.

https://doi.org/10.1016/j.amjcard.2020.09.007
https://doi.org/10.1016/j.amjcard.2020.09.007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30941-3/sbref0023
www.ajconline.org

	Relationship Between Anemia and Sudden Cardiac Death in Patients With Severe Aortic Stenosis
	Methods
	Results
	Discussion
	Authors´ Contribution
	Disclosures
	Acknowledgments
	Supplementary materials


