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Aortic valve replacement (AVR) is the only definitive 
therapy for patients with hemodynamically significant aortic 
stenosis (AS), and the most pivotal issue in the longitudinal 
management of patients with AS is to identify the optimal 
timing for AVR when the benefits of the procedure most 
outweigh the risks. In 1968, Ross and Braunwald famously 
described the grim prognosis associated with the onset of 
symptoms in patients with AS (1), and since that seminal 
publication the favored approach has largely centered 
on proceeding with AVR at the onset of symptoms in 
those with severe AS. The benefit of AVR in patients 
with asymptomatic severe AS is less well established, and 
exercise testing has gained a meaningful role in guiding 
the decision on AVR in these patients (2,3). However, in 
asymptomatic patients with normal left ventricular ejection 
fraction (LVEF), AVR carries only a class II indication in 
the most recent American and European society guidelines 
highlighting the remaining uncertainty about timing of 
intervention in this group (4,5). Moreover, in patients with 
AS which is not considered severe by echocardiographic 
or invasive assessment, there has generally been no 
indication for AVR unless performed concomitantly with 
another open-heart operation. Conventional wisdom has 
suggested that patients with non-severe AS [aortic valve 
area or (AVA) >1.0 cm2] do not have hemodynamically 
significant valvular obstruction to cause symptoms or other 
functional impairment, and that AVR in patients without 

hemodynamically important obstruction would carry 
unwarranted risk without anticipated benefit (Figure 1). 

However, in recent years the concept that moderate 
severity AS in patients with concomitant left ventricular 
systolic dysfunction (LVSD) may confer a significant risk of 
cardiovascular events has garnered considerable attention. 
In a recent study by Van Gils et al. in the Journal of the 
American College of Cardiology earlier this year, the authors 
report the clinical outcomes of a retrospective multicenter 
registry of 305 patients with LVSD (LVEF <50%) and 
moderate AS (AVA, 1.0–1.5 cm2 by echocardiographic 
continuity equation calculation) (6). The majority of 
patients were symptomatic [New York Heart Association 
(NYHA) class 2 in 42%, class 3 in 28%, and class 4 in 4%] 
although baseline use of heart failure medications was 
somewhat heterogeneous with only 13% taking optimal 
medical therapy with combined beta-blocker, angiotensin 
system antagonist, and mineralocorticoid receptor 
antagonist. The primary composite endpoint of death, 
AVR, or hospitalization for heart failure occurred in 24% at 
1 year, 38% at 2 years, 47% at 3 years, and 61% at 4 years 
follow-up. When considering death alone, the risk remained 
substantial with a mortality rate of 9%, 18%, 25%, and 
36% at 1, 2, 3, and 4 years, respectively. In multivariate 
Cox regression analysis, the authors identified male sex, 
NYHA class 3 or 4 symptoms, and peak aortic jet velocity as 
independent predictors of the primary composite endpoint. 
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These findings challenge the conventional wisdom 
of >50 years that moderate AS is not associated with 
untoward hemodynamic consequence and increased 
cardiovascular event rates and thus does not warrant AVR. 
The natural history of moderate AS in prior reports has 
been somewhat heterogenous across various populations, 
reflecting the importance of comorbid cardiovascular and 
non-cardiovascular disease in these patients. A historical 
series from the Mayo Clinic of 61 patients with moderate 
severity AS and preserved LVEF by cardiac catheterization 
reported a 59% rate of complication free survival in over 
4-year follow-up (7). A more recent European series of 
176 patients with mild-moderate AS reported 60% survival 
free of AVR at 5 years (8). van Gils et al. report a much 
lower rate of 41% event-free survival at 4-year follow-up 
among patients with moderate AS and LVSD (6). These 
findings confirm those of another recent series from the 
VA population in which 5-year event-free survival in 104 
veterans with moderate AS was only 15% (9). Although it is 
difficult to compare event rates directly across studies due 
to important differences in study populations and end-point 
composites, the overall message is clear—moderate AS 
cannot be considered a benign entity due to very high rates 
of cardiovascular events over 3–5-year follow-up. The data 
by van Gils et al. further contribute to this understanding 

by highlighting the interaction between aortic valve stenosis 
and ventricular function. 

Afterload reduction has been a long-standing cornerstone 
of heart failure medical therapy for patients with LVSD, with 
multiple large randomized controlled trials demonstrating 
a survival advantage in heart failure patients treated with 
afterload reducing agents (10-12). Moreover, data from 
our institution has previously demonstrated that aggressive 
afterload reduction with intravenous sodium nitroprusside 
improves hemodynamics parameters in critically ill patients 
with concomitant severe AS and LVSD (13). In context 
of AS, a substantial body of literature has focused on 
quantifying afterload as valvulo-arterial impedance (Zva) 
(systolic blood pressure + mean transaortic gradient/
stroke volume index), a metric which incorporates both 
systemic arterial compliance and valvular impedance to 
characterize global left ventricular (LV) afterload (14-17). 
In a prospective cohort of 173 asymptomatic patients with 
severe AS and normal LV systolic function, Lancellotti et al.  
characterize the relationship between LV afterload and 
LV systolic performance in AS patients, demonstrating 
that increased Zva was associated with reduced LV systolic 
performance in terms of LV myocardial deformation 
by strain imaging (18). While vasodilator heart failure 
therapies have historically targeted the component of 
afterload contributed by systemic arterial compliance, 
the contribution of AS to ventricular afterload in patients 
with heart failure has been less well described. The data 
reported by van Gils et al. suggest that the even moderate 
AS contributes a significant burden of afterload on the left 
ventricle resulting in rates of major adverse coronary events 
(MACE) out of proportion to that expected based on the 
degree of LVSD alone. 

Reducing global LV afterload with AVR may offer an 
opportunity to improve LV systolic function and clinical 
outcomes in patients with concomitant AS and LVSD, but 
the ideal strategy to manage patients with concomitant 
non-severe AS and LVSD remains uncertain. In a recent 
retrospective cohort from the Duke University Echo 
Database, Samad et al. reported that among 1,090 patients 
with moderate AS and LVSD, AVR (n=287) was associated 
with a 41% reduction in survival over a median follow-up of 
1.2 years (hazard ratio, 0.59; 95% confidence interval, 0.44–
0.78) (19). The observational methods of that study limit 
the ability to draw definitive conclusions about the benefits 
of AVR in patients with moderate AS and LVSD. However, 
taken together, the data from Samad et al. and van Gils et 
al. serve as prelude to the anticipated transcatheter aortic 

Figure 1 Hypothesis for role of aortic valve replacement in 
aortic stenosis based on symptoms and left ventricular function. 
A hypothetical framework for the evolving role of AVR based on 
the patient’s symptom status and left ventricular systolic function. 
AVR, aortic valve replacement; LVSD, left ventricular systolic 
dysfunction.
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valve replacement (TAVR) UNLOAD trial which is a 
multicenter trial randomizing 600 patients with moderate 
AS and LVSD to TAVR with the 3rd generation SAPIEN 
3 transcatheter heart valve vs. optimal medical therapy 
with a hierarchical primary outcome of death, disabling 
stroke, heart failure hospitalization, symptomatic aortic 
valve disease, non-disabling stroke, and change in Kansas 
City Cardiomyopathy Questionnaire at 1-year (20). The 
results of TAVR UNLOAD should provide further clarity 
on whether the high cardiac event rates reported by van 
Gils et al. can be modified by earlier AVR. Moreover, this 
trial should improve our understanding of the prognostic 
importance of moderate valvular impedance in patients with 
LV dysfunction. 

In summary, van Gils et al. report that among mostly 
symptomatic heart failure patients with moderate AS, 
one in three patients is dead and less than one in two is 
alive without cardiac complications at 4-year follow-up. 
These data force cardiovascular clinicians to re-consider 
our approach to patients with moderate AS and comorbid 
LVSD. Optimal medical therapy for LVSD certainly 
remains the foundation for treating these patients, and the 
data from van Gils et al. clearly suggests that improvements 
in adherence to optimal guideline based medical therapy 
may be possible with only a small minority in that series 
taking beta-blocker, angiotensin-converting enzyme 
inhibitor/angiotensin receptor blocker (ACEI/ARB), 
and mineralocorticoid receptor antagonist (MRA) in 
combination. However, early AVR in these patients may 
provide an opportunity to deliver a durable and potentially 
life-saving therapy to this high-risk group. Future studies 
should provide important insights in this arena in the 
coming years. 
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