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Introduction

Aortic stenosis (AS) is the most common valvular heart disease in
developed countries, affecting 2-7% of persons >65 years old [1]. Many
of the factors associated with development of AS parallel those for
atherosclerotic vascular disease [2]. However, there is a paucity of data
on the relation of these and other factors to progression of AS specifically
in women because, with few exceptions, women have been studied in
mixed gender populations [3-14]. Rate of progression of AS is an essential
aspect of patient management, especially in terms of valve replacement
[2-8]. Our study aimed to determine: rate of progression of AS in women;
its relation to mild, moderate and severe baseline AS: and the prevalence
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of those with rapid AS progression. Study endpoints were mortality and
aortic valve replacement (AVR).

Methods

We queried the echocardiographic database of the University of
California, Davis, Medical Center, to identify consecutive female patients
with at least 2 transthoracic echocardiograms (TTE) at >3-month intervals
and aortic valve area (AVA) <0.20 cm? at study entry. Patients were
followed during the interval from 2002 to 2017. Clinical data were
obtained from patients’ electronic medical records including age,
coronary artery disease (history of myocardial infarction, coronary
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revascularization), diabetes, hypertension (blood pressure >140/90
mmHg [15]), dyslipidemia, chronic kidney disease and smoking.
Laboratory data included basic serum chemistries, hemoglobin Alc and
lipid panel.

Transthoracic echocardiograms were performed with standard techniques
according to the American Society of Echocardiography guidelines [16-
18]. Left ventricular outflow tract diameter and gradient were measured
in the parasternal long axis view with pulsed Doppler flow. The peak
systolic transaortic valve jet velocity was determined from the continuous
Doppler flow velocity signal across the aortic valve in apical views and
the peak and mean aortic valve systolic gradients were calculated from
the modified Bernoulli equation. AVA was determined from the
continuity equation [19]. The degree of aortic valve calcification was
estimated semi-quantitively from parasternal short axis views and
recorded as mild (isolated, small spots), moderate (multiple larger spots),
and severe (extensive thickening and calcification of all 3 aortic valve
leaflets) [6]. Left ventricular ejection fraction was calculated by the apical
biplane method of disks. The degree of AS was classified according to
current American College of Cardiology/American Heart Association
guidelines into mild (AVA 1.5-1.9 cm?), moderate (AVA 1.0-1.5 cm?)
and severe AS (AVA <1.0 cm?) [20]. AS progression in each patient was
measured as annual change in AVA (cm?/yr) during the interval from the
TTE at study entry to the most recent follow-up TTE (total change in
AVA divided by follow-up interval [years]). For additional analyses,
patients were divided into rapid progressors (annual AVA decrease of
>0.20 cm?/yr) and slower progressors (annual AVA decrease of <0.20
cm?/yr) [21]. Data on AVR and all-cause mortality were obtained from
patients’ electronic medical records.
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Statistical tests were performed with Stata 13.0 MP (StataCorp LP,
College Station, TX, USA). Continuous data are presented as mean = SD
and range or percent and their differences were tested by unpaired t-test.
Categorical data were compared with X? test. Reverse step-wise multiple
regression analysis was used to determine independent predictors of AVA
reduction. Logistic regression analysis was performed to assess predictors
of rapid AS progressors. A difference of p<0.05 was considered
significant. Event-free survival was depicted by Kaplan-Meier curves
according to AS severity and rapidity of progression with log-rank test to
compare differences between groups.

Results

The clinical characteristics of the study group are shown in Table 1.
Average age of the patients was 75 years and included a wide range.
Follow-up interval was more than 4.5 years. A majority of the women
fulfilled criteria for moderate baseline AS and almost one-third had severe
AS. More than half of the patients had >2 cardiac risk factors, the most
common of which was hypertension; almost half of the patients had
coronary artery disease and one-third were current smokers (Table 1).

Number of TTES per patient was approximately 3 and the average interval
between any 2 TTEs was 10 months. The baseline AVA for the entire
cohort was 1.2 cm? and average left ventricular ejection fraction was
normal (Table 1). Average rate of decrease in AVA for the total cohort
was approximately 0.14 cm?/yr. Annualized decrease in AVA for each of
the 3 AS subgroups was greatest in patients with mild baseline AS (0.21
cm?/yr and less in patients with moderate (0.13 cm?/yr) and severe AS
(0.11/cm?/yr) (p<0.001). About half of our patients had severe
calcification and thickening of all 3 aortic valve leaflets (Table 1).

Total Mild AS Moderate AS Severe AS

(n=95) (n=15) (n=50) (n=30)
Age (yrs) 748+12.7 77.1+12.6 745+11 742 +15.6
Follow-up (mos.) 54.7+35.3 62.3+46.5 60 +31.8 422+32.2
Co-morbidities (n, %)
CAD 42 (44.2%) 9 (60%) 17 (34%) 16 (53.3%)
Diabetes mellitus 22 (23%) 3 (20%) 11 (22%) 8 (26.6%)
Dyslipidemia 39 (41%) 5 (33.3%) 22 (44%) 12 (40%)
Hypertension 51 (53.7%) 12 (80%) 25 (50%) 14 (46.7%)
Hemodialysis 9 (9.5%) 1 (6.6%) 5 (10%) 3 (10%)
Current smoker 28 (31.1%) 4 (26.6%) 17 (34%) 7 (23.3%)
Laboratory data (mean £ SD, range)
Alc (%) 65+1.2 6.4+1.1 6.4+1.1 6.6+14

(4.8-11) (5.2-9.4) (4.8-9.2) (5.1-11)
Serum creatinine 145+ 1.46 1.56 +£1.47 142+14 1.45 +1.56
(mg/dL) (0.5-7.5) (0.7-6.7) (0.5-7.5) (0.5-7.2)
eGFR 53.5+25 458+18.8 54.2+24.2 56.35 + 28.68
(mL/min/1.73m?) (5-117) (5.9-80) (5.8-117) (5.5-114)
LDLc 106 +42.3 94.3+31.8 107.4 £43.7 109.2 + 45.06
(mg/dL) (35-212) (55-139) (35-212) (39-205)
Echocardiogram data
AVA (cm?) 12403 1.65+0.09 1.27+0.15 0.81+£0.14
LVEF (%) 605+7.9 60+7.3 61.2+7.13 59.6 +9.6
Severe calcification (n, 43 (45.3%) 6 (40%) 21 (42%) 16 (53.3%)
patients %)

Table 1: Patient characteristics

AS, Aortic stenosis; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate, LDLc, low-density lipoprotein cholesterol, AVA,
aortic valve area; LVEF, left ventricular ejection fraction.

Auctores Publishing — Volume 4(8)-0147 www.auctoresonline.org
ISSN: 2641-0419

Page 2 of 8



J Clinical Cardiology and Cardiovascular Interventions Copy rights@ Ezra A Amsterdam et.al.

Progression to severe AS occurred in 26% of patients with initially mild  univariately correlated to annualized decrease in AVA were hypertension
baseline AS and in 66% with initially moderate AS. Factors that  and follow-up duration (both p<0.05) (Table 2).

Annual AVA decrease
Variable r P
Age 0.007 0.59
Follow-up duration -0.001 0.002
Hypertension 0.07 0.025
CAD -0.008 0.78
Diabetes mellitus -0.015 0.59
Dyslipidemia -0.054 0.12
Hemodialysis 0.04 0.46
Current smoker -0.041 0.27
Serum creatinine 0.006 0.53
eGFR -0.006 0.3
Baseline AVA 0.10 0.04
Aortic valve -0.03 0.25
calcification
Change in peak aortic 0.1 0.002
velocity
LVEF 0.0009 0.64

Table 2: Univariate correlates of annual decrease in AVA

AVA, aortic valve area; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction.

The latter factors were independently associated with AS progression.  comprised approximately one-fifth of our cohort of 95 patients. Average
There was no correlation of age, coronary artery disease, diabetes, decrease in AVA was >0.30 cm?yr for rapid progressors and
dyslipidemia, current smoking, chronic kidney disease or aortic valve  approximately one-fourth this rate (0.08 cm?yr) in the slower
calcification with AS progression. progressors. Compared to slower progressors, the rapid progressors had
more frequent hypertension, larger baseline AVA and shorter follow-up

Patients with rapid AS progression (decrease in AVA>0.20 cm?/yr) (all p<0.05) (Table 3)

Rapid (n=20) Slower (n=75) P
Age (yrs) 77.1+12.6 742+12.8 0.37
Follow-up (mos) 20+9.3 42+32 0.002
Hypertension (n,%) 15 (75%) 36 (48%) 0.03
CAD (n,%) 9 (45%) 33 (44%) 0.93
Diabetes mellitus (n,%) 3 (27%) 21 (39%) 0.46
Dyslipidemia (n,%) 5 (29%) 34 (49%) 0.14
Hemodialysis (n,%) 2 (10%) 7 (9%) 0.92
Current smoker (n,%) 5 (26%) 23 (32%) 0.61
Creatinine (mg/dL) 1.5+1.3 14+15 0.76
eGFR (mL/min/1.73m?) 46.5 + 22 55.4 + 49 0.15
No. echoes 26+0.9 31+12 0.50
LVEF (%) 605+ 7.6 60.6 £ 8.1 0.96
Baseline AVA (cm?) 1.3+0.28 1.15+0.31 0.06

Table 3: Comparison of rapid vs slow progressors

CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; echoes, echocardiograms; LVEF, left ventricular ejection fraction; AVA,
aortic valve area.

Results of logistic regression analysis depicting factors affecting rapid progression is shown in (Table 4).
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Variable Odds ratio (95% CI) | P
Age 1.02 (0.97-1.06) 0.37
Follow-up duration (months) | 0.95 (0.92-0.98) 0.0007
Hypertension 3.25(1.07-9.8) 0.037
CAD 1.04 (0.38-2.80) 0.94
Diabetes mellitus 0.53 (0.23-1.23) 0.143
Dyslipidemia 0.42 (0.13-1.34) 0.15
Hemodialysis 1.07 (0.21-5.6) 0.93
Current smoker 0.75 (0.23-2.32) 0.61
Serum Creatinine 1.05 (0.76-1.44) 0.76
eGFR 0.98 (0.96-1) 0.16
Baseline AVA 4.82 (0.89-25) 0.06
LVEF 0.99 (0.94-1.06) 0.96
Aortic valve calcification 0.82 (0.31-2.13) 0.68

CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; AVA, aortic valve area

Table 4: Factors affecting rapid progression

Follow-up interval exceeded 4 years and included >90% of patients
(n=89). In the total group of 95 patients, mortality was 68% (n = 65), 25%
(n=24) received AVR and 6% (n = 6) were lost to follow-up. The annual
average rate of AVR was 5%. Event-free survival with end-points of
death (n=65) or surgical/transcatheter AVR (n=24) at 1, 3, and 5 years,
respectively, was 93%, 66% and 40% for mild AS; 96%, 72% and 48%

for moderate AS; and 93%, 38% and 24% for severe AS. Follow-up
duration differed significantly between those with mild and severe AS
(p=0.04) (Figure 1a). Among rapid progressors, mortality was 75%, and
25% of patients underwent AVR. In the slower progressors, 68% died
and 25% received AVR.
progressors was 92% and in rapid progressors was 70%. (Figure 1b).
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Figure 1la: Kaplan-Meier survival curves for mild, moderate and severe aortic stenosis
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Figure 1b: Kaplan-Meier survival curves for rapid and slower progressors

Discussion

This study extends our understanding of AS progression and clinical
outcomes in women. First, it enhances prior limited data on this disease
and its related factors in females [22]; second, it includes one of the largest
of the few AS cohorts limited to women; and third, the follow-up interval
is among the longest in women with AS. Importantly, we found no prior
studies that reported incidence of AVR specifically in women.

Our results show that the rate of AS progression in women was similar to
previously reported findings in major studies of mixed sex cohorts [2, 3,
5, 6]. However, most of the latter investigations included a majority of
men with no delineation of the sexes, precluding assessment of AS
progression specifically in women. Additionally, many of these studies
involved smaller follow-up intervals for assessment of progression than
our study [2-7, 10, 12, 13, 23]. Further, our findings indicate that rapid
AS progression was directly associated with hypertension and baseline
AVA and inversely related to follow-up duration. Our results reveal that
event-free survival at 5 years, including AVR and mortality, were
significantly more favorable in women with mild and moderate baseline
AS than in those with severe AS.

Our data revealed an average annual decrease in AVA of 0.14 cm? (0.09
to 0.21) during a follow-up of 4.5 years in 95 females. The annualized
decrease in AVA for each of the 3 AS subgroups was greatest in patients
with mild AS. Although prior studies reveal a wide range of AS
progression in mixed sex cohorts, our findings in women are consistent
with the predominant results of studies with rates of 0.11 to 0.14 cm?/yr
[2,3,5,6]. However, some reports of AS progression in women noted rates
as low as 0.04* and 0.08 cm?/yr [22]. Rapid AS progression, defined as
>0.20 cm?/yr [21], occurred in 20 (21%) of our patients and was
associated with a higher prevalence of hypertension and larger baseline
AV A compared to their frequencies in the slower progressors.

In our patients, AS progression independently correlated with
hypertension. Prior studies of mixed sex cohorts have been inconsistent
regarding this relationship. Aronow and co-workers [32] found that
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hypertension (systolic >140 mm Hg) was positively associated with AS
progression in all patients with mild baseline AS in a 2-year follow-up.
By contrast in our cohort of mild, moderate and severe AS, follow-up was
more than twice as long as that of Aronow et al. Other studies reported
no correlation between hypertension and AS progression [11,33] but one
did note that hypertension was associated with increased mortality in
patients with AS, especially in women [11].

As anticipated, the follow-up interval to AVR or mortality was
considerably shorter in our patients with rapid progression than in the
slower progressors (20 vs 42 mos, p<0.002). Unlike several previous
observational studies of mixed gender, we did not find an association
between AS progression and age [34,35], smoking [24,32], chronic
kidney disease [13,14,24], diabetes mellitus [32] or dyslipidemia [36,37]
(Table 3), which may be related to the size of our cohort. We found that
AS progressed more rapidly in patients with mild than severe baseline
AVA: 0.21vs. 0.11 cm?/yr. Bahler et al [13] also identified baseline AVA
as an independent predictor of rapid AS progression, which they defined
as >0.10 cm?/yr. However, their study was shorter (1.8 yrs) and smaller
(61 women) than ours.

Studies of long-term mortality and AVR specifically in women are few.
In gender-mixed populations the annual rate of surgical AVR has varied
widely [3,7,11,34,38] from 4% to 25% in follow-up studies of <1 year
[11] to >5.0 years [38] of follow-up. In our patients with AS varying from
mild to severe, the annual rate of AVR was 5%. In one investigation, a
relatively high rate of AVR at 1 year (~25%) is likely accounted for by
variables such as baseline severity of AS, rapidity of progression and
symptoms [11]. The annual AVR of 10% reported by Pellikka et al [38]
in 622 male and female patients was closer to ours (5%) as was that of
Rosenhek et al. in 176 mixed sex patients (4%) [7].

Reports of mortality related specifically to AS in women are discordant.
Of the 2 extended follow-up studies in women with AS, one for 5.4 yrs,
reported that all-cause mortality was 31% lower in women than men [38]
while the other, in which patients were observed for 3.2 yrs, detected no
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mortality, but the rate of AS-related events was almost twice as high in
women than men[22]. Annual all-cause mortality in our total cohort was
15% and was highest in those with baseline severe AS (Figure 1a). To our
knowledge, mortality in women with AS has not been previously
addressed in terms of graded severity of baseline disease. By contrast, in
mixed gender studies of AS, annual all-cause mortality has varied widely
[3,7,11,34,38] although rates in the most commonly cited studies are 2-
4% [3,7]. The differences between mortality in the latter studies are again
likely related to multiple factors contributing to this endpoint. In this
regard, Rosenhek et al [7] studied patients with mild and moderate AS,
while our cohort included those with severe reduction in AVA.
Additionally, the cohort of Otto et al. was approximately a decade
younger than our patients [3].

Our study has several limitations. It is a single center retrospective
investigation with the inherent limitations of this method. However, it
adds information on an important subject with previously limited
evidence. The study cohort is not large enough to exclude all factors that
may influence AS progression, but we have assessed multiple potential
variables. Our study did not include a control group of males but prior
investigations are predominantly of males. Our results are based on
changes in aortic valve area rather than gradients, although multiple
measures of AS based on gradients and velocity have been published. The
clinical outcomes and frequency of AVR reflect results from the pre-
TAVR era but our data on rates of AS progression and rapid progression
are relevant to contemporary management. Our cohort is limited in size
number but it compares favorably in this regard with prior investigations
of AS in women, and our follow-duration is longer than most studies in
women. We did not find a relationship between diabetes and renal failure
with AS progression, unlike other larger mixed sex studies, as ours is a
smaller investigation and underpowered to determine predictors.

Conclusions

This study extends limited data on aortic stenosis in women by reporting
average rate of progression of this lesion and associated factors, relation
of aortic stenosis to severity of this disease, and identification of rapid and
slower aortic stenosis progressors.
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