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Viewpoint: The ENIGMAS Trial – When Should We
Treat Patients with Moderate Aortic Stenosis?

Alexandru Nicolae Mischie, M.D.,1 Catalina Liliana Andrei, M.D., Ph.D.,1 and Crina Sinescu, M.D., Ph.D., FESC,
FAHA1

Cardiology Department, “Bagdasar Arseni” Emergency Hospital, Bucharest Romania

Aortic stenosis (AS) is the most frequent valvular heart disease encountered in our daily practice.
Although there are clear guidelines for severe AS management, cardiologists often have few treatment
options for patients with moderate AS; however, there is higher mortality in this patient subgroup ver-
sus an age-matched population. The authors reviewed all of the studies on moderate AS, summarized
the factors that increase disease progression and discussed an ideal trial design to prospectively evaluate
AS progression factors using modern cardiology tools such as strain and magnetic resonance imaging.
(Echocardiography 2012;0:1-13)
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Aortic stenosis (AS) is the most encountered
valvular disease. According to the 2012 ESC
guidelines,1 moderate AS is defined as an aortic
valve area of 1.0–1.5 cm2 (0.6–0.9 cm2/m2), a
peak velocity (PV) between 3 and 4 m/sec, or a
mean gradient of 20–40 mmHg with normal
flow. Cardiologists have a defined treatment
course for severe AS patients, whether they are
symptomatic or not. However, in moderate AS
patients, there is not a clear agreement on how
to reduce excess mortality, which is detailed in
the text and tables below.2–5

Significance and Difficulty of the Problem
Being Addressed:
The main question is why do these patients die
and how can cardiologists reduce mortality rates
in these patients? There are some progression
factors that have been identified for the entire AS
spectrum that could influence mortality in this
patient subgroup, but none of the studies
address moderate AS exclusively. Majority of
these studies have major limitations and are not
prospective. Some of these studies included
mixed populations with variable degrees of AS,
and the study parameters did not utilize all of the
cardiologic investigational tools such as three-
dimensional (3D) left ventricular (LV) ejection

fraction (EF), strain and magnetic resonance
imaging (MRI). Furthermore, several of these
studies that include moderate AS contradict one
another (Refs 6–10 vs. 11–13 and 12 vs. 14).

AS Incidence:
Degenerative aortic valve disease evolves slowly
from aortic sclerosis to AS. Aortic sclerosis and
stenosis are found in approximately 29% and
2–9% of adults older than 65 years, respectively.4

Of the 5201 subjects that were enrolled in the
Cardiovascular Health Study, aortic valve sclerosis
was present in 26% and AS in 2% of the patients
who were older than 65. In the subjects who
were older than 75, sclerosis was present in 37%
and stenosis in 2.6% of these patients.15 In the
75- to 86-year-old group from another study, the
prevalence of severe aortic valve stenosis was
2.9%.16 In an observational study 17 that enrolled
953 subjects aged 25–74 years, the overall
degenerative aortic valve disease prevalence was
28%, defined as the presence of valvular sclerosis,
calcification, or thickening on echocardiographic
examination. The prevalence of degenerative aor-
tic valve disease was 7% in patients aged 35–
44 years, 19% in patients aged 45–54 years,
30% in patients aged 55–64 years, 38% in patients
aged 65–74 years, and 64% in patients aged 75–
84 years. No significant differences were
reported between men and women.

Death in Moderate AS:
The results of several studies proved suspicions
that even mild aortic disease may increase
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mortality.2 People with mild or moderate AS and
aortic sclerosis have an increased death rate com-
pared with an age-matched healthy population.
In one study,3 asymptomatic adults with moder-
ate-to-severe AS were studied at baseline; the
authors found a cardiovascular-associated death
rate of 3.5% at a mean follow-up (FU) of
2.5 years (4 symptomatic patients died). In
1999, the results of a prospective study 4 with a
5-year FU were published; a cardiac-associated
death rate of 6.1% was found in the general pop-
ulation with normal aortic valves, a 10.1% death
rate was found in patients with aortic sclerosis,
and a 19.6% death rate was found in AS patients.
Although the mean age of study patients was
73 years and there was no reported aortic valve
surgery (AVS), this study was relevant for the
general population that has various risk factors
and is also relevant to our review. There is a 4%
increase in cardiac-associated death for aortic
sclerosis patients and an additional 13.5%
increase in cardiac-associated death for AS
patients. In 2004, Rosenhek et al.5 reported a
cardiac death rate of 8.7% in a population with
moderate AS and a mean age of 67 years at the
initial examination. Nineteen percent of patients
(n = 33) had AVS for severe AS at the 48-month
FU. The largest study11 evaluating medical treat-
ment in moderate AS patients reported a cardiac
death rate of 6.0%, which was similar to the gen-
eral population; however, the authors considered
this study to not be significant for death rate in
moderate AS patients because a super-selected
population was enrolled (among exclusion crite-
ria were coronary artery disease (CAD) history,
stroke, and diabetes mellitus). The exact death
rates and event-free survival can be found in the
tables below.

Trials Involving Patients with Moderate AS:
In this presentation, the authors will not review
or discuss severe AS outcomes and will only dis-
cuss moderate AS patient outcomes.

The first step in our research was identifying
all of the moderate AS studies. The large majority
of studies included moderate AS among the AS
patient spectrum of mild, moderate, and severe
sclerosis, either alone or combined. For that rea-
son, the authors of this review categorized stud-
ies by the baseline inclusion criteria. We found 4
major groups of enrolled patients as reviewed
and discussed below. The 4 groups were patients
with mild-to-moderate AS (Table I),5,11,12,18–20

patients with moderate AS (Table II),3,21,22

patients with mild, moderate, and severe AS
(Table III) 14,23–29 and patients with moderate-to-
severe AS (Table IV).30–36 All of the tables repro-
duce the hallmark findings from each study,
with emphasis on patient characteristics, AS

progression, outcomes, survival, limitations, and
conclusions.

Even though all of the essential moderate AS
data can be easily read in the tables, the authors
would like to briefly discuss the studies that refer
to echocardiography as a tool for stratifying
outcomes, and also to debate whether medical
interventions had any impact in disease
regression.

Monin et al. enrolled 107 patients with a
baseline PV of 3.5–4.4 m/sec. Seventy-two per-
cent of these patients had severe AS, of which 62
became symptomatic at 2 years.35 He concluded
that the female sex, PV, and brain natriuretic
peptide (BNP) at baseline were correlated with
AS progression and developed a score to best
stratify outcomes in these patients. Twenty-
month survival was 80% for the patients within
the first score quartile versus 7% for the patients
within the fourth score quartile. A landmark trial,
the study of Marechaux et al.36 included 135
patients with a mean age of 64 years with mod-
erate or severe AS (mean PV of 3.8 � 0.8 m/sec,
53% had severe AS) and with a normal stress test
at the baseline, from which 67 had an event at
20 months. He found that an age of �65 years,
diabetes, LV hypertrophy, resting mean gradient
>35 mmHg, and an exercise-induced mean gra-
dient increase of >20 mmHg (by multivariate
analysis) were independent predictors of death
and AVS. Increased progression was present in
those patients with a resting mean gradient of
>35 mmHg and an exercise-induced mean gradi-
ent increase of >20 mmHg. Although this was a
remarkable study, it lacks strain analysis, 3D LVEF,
twist and torsion; furthermore, an MRI was not
performed for fibrosis evaluation. Moreover, the
included population was not limited to moderate
AS patients. A recent substudy from the SEAS trial
that was not included in the tables described that
increased left atrial systolic force is a marker of
increased cardiovascular events at 4.3 years
FU.37 Although cardiologists become more and
more familiar with strain techniques 38 with time,
few studies clarified the role of strain in AS. One
of the studies demonstrated that despite an
unchanged LVEF, strain gradually decreased as
AS severity increased; therefore, global longitudi-
nal strain might be useful to assess subtle
changes in LV function in mild, moderate, and
severe AS patients.26 However, there are impor-
tant limitations: this was a nonprospective inves-
tigation, only longitudinal strain was measured,
there was a small sample size, the groups were
nonheterogenic, and no progression was
reported. The second study by Ng et al.28 evalu-
ated the systolic function of 420 patients with
aortic sclerosis and stenosis with a mean age of
61 years and a normal EF. The author found that
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longitudinal, radial, and circumferential strain as
well as strain rate deteriorated with aortic valve
disease progression. Several limitations may be
noted: the study was not prospective; thus, there
were no progression numbers, the time to symp-
toms was not specified, twist or torsion were not
evaluated, clinical variables were not evaluated,
and the measurements were performed on differ-
ent instruments.

Strain was already utilized in severe AS
patients; however, those patients are not our tar-
get group.

Until April 2012, there were no MRI studies on
moderate AS patients.

AS Progression:
There is a wide variability in AS progression, and
each study reported differing AS progression
rates depending on the FU interval, comorbidi-
ties, and patient age (see Tables I–IV). For exam-
ple, peak jet velocity rates were as low as
0.15 � 0.01 m/sec per year in the population
without cardiovascular risk factors,11 and
increased to 0.61 � 0.32 m/sec per year in pri-
mary care patients.29

High progressors had at least one of the fol-
lowing:

1 Echocardiography parameters: increased
baseline jet velocity,3,5,12,22,25,29,35

increased baseline peak gradient,33

increased mean gradient,3 high rate of
increase in jet velocity,3,29 moderate-to-
severe aortic valve calcification on echo,5,22

LV hypertrophy,36 resting mean gradient
>35 mmHg,36 exercise-induced mean gra-
dient increase >20 mmHg,36 increased E
velocity,25 bicuspid aortic valve.25

2 Clinical parameters: CAD,5,30 age (>80
years19, 22, 27, 29, >64 years30, >65 years36),
diabetes,23,36 metabolic syndrome,33 dialy-
sis,39,40 increased body mass index (BMI),18

functional status,3 history of smoking,15,18

systolic blood pressure (SBP),15,27 male
gender,15,33 female gender35;

3 Biological parameters: increased parathy-
roid hormone levels,27 increased baseline
BNP,35 increased C-reactive protein levels
(>0.15 mg/dL),14 high lipoprotein(a) and
low-density lipoprotein cholesterol levels.15

Treatment with simvastatin and ezetimibe,11

eplerenone 34 rosuvastatin,20 or other statins 23

had no influence on AS progression.
Slower AS progression was observed in

patients with osteoporosis 21 or bisphosphonate
treatment,24,41 but these studies were too small,
retrospective,21,24 or biased.21

The authors of the above study did not dis-
cuss very old studies or very small series of AS
patients’ studies (most of these are found in Ref.
30). Their capability to address this subject was
limited by a retrospective design in most cases,
potential selection bias, and limited clinical, func-
tional, or exercise data.

AS Pathophysiology:
Aortic stenosis often progresses slowly over a per-
iod of years. During this period of pressure over-
load, the LV adapts by sarcomere replication.
This remodeling leads to development of con-
centric hypertrophy and an increase in LV wall
thickness with normal chamber volume. This is
enough to counterbalance the increased LV pres-
sure and thus preserve LVEF in the initial stages.42

Once these physiological mechanisms are
surpassed, chronic pressure overload develops
and leads to a depressed LVEF because of impro-
per ventricular hypertrophy in response to high
LV pressure. Depressed LVEF may also occur
because of true myocardial contractility depres-
sion, which is explained by alterations in myocar-
dial perfusion in the absence of CAD 43 and
ischemia due to increased LV mass. Finally,
depressed LVEF may occur because of a pro-
longed ejection period and fibrosis, which often
begins in the subendocardium.44,45

Future Directions:
The question in the title is not rhetorical. Because
the mortality rate in moderate AS patients is
increased, there should be a specific treatment
window when medical or surgical interventions
for these valvular heart disease patients would be
of benefit. Cardiologists should not wait until
moderate AS becomes severe, but should aim to
nullify the effects of factors that increase mortal-
ity and determine whether these patients
improve after targeted medical treatment or
surgery. Although some progression factors in all
AS spectrums may influence mortality, none of
the previous studies addressed moderate AS
exclusively. Most of these previous studies have
major limitations. Because the mortality rate is
double or nearly triple in older AS patients com-
pared with an age-matched population, future
studies must clearly identify and stratify progres-
sion risk factors in moderate AS patients for
appropriate treatment.

A more integrated approach in moderate AS
patient management would be to develop a risk
score by identifying the clinical parameters, echo-
cardiographic parameters (3D, strain, strain rate,
twist or torsion at rest and during stress), and
MRI parameters (fibrosis extent, LV mass, EF, etc.
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at rest and stress) that expose a portion of
fast-progressing moderate AS patients to a higher
rate of events than the slow-progressing moder-
ate AS patients.

The ENIGMAS trial, a prospective study
focused on identification of clinical, biological
and imagistic parameters in rapid-progression
subgroup patients with moderate aortic stenosis,
is divided into a prospective observational study
and a prospective interventional study, and
seems to be an ideal trial for patient evaluation
(ClinicalTrials.gov no. NCT01575249). The study
protocol is highlighted in Fig. 1. The ENIGMAS
trial will start enrolling patients in July 2012, will
last for 3 years, and will include only moderate
AS patients. It will include symptomatic and
asymptomatic moderate AS patients and will add
new evaluation techniques such as newer echo
parameters, strain and twist, and MRI. Mild AS
patients with an initial PV of 2.8–3.1 m/sec will
be divided into 2 groups. The first (observa-
tional) group will have 160 patients with a nega-
tive exercise stress echo for symptoms/ECG/wall-
motion abnormalities (WMA), a negative spirom-
etry test for pulmonary disease, no known CAD
or other valvular diseases, and an in-sinus rhythm
and an LVEF > 55%. The second group (medi-
cal/surgery group) will also have 160 patients
with symptomatic AS as determined by negative
pulmonary tests but positive stress echo, prior
CAD or other valvular diseases, and an
LVEF > 55%). One major difference of this study
from other studies is that the echo exams will be
performed on identical echo instruments
because strain is instrument dependent. Patients
will be followed every 6 months for 3 years with
clinical, biological, and stress echo exams. MRI
will also be included at each FU to evaluate LV
mass, LVEF, WMA, calcifications, and fibrosis so
that this moderate AS patient subgroup will have
complete cardiologic data for evaluation. The
primary endpoint will be the occurrence of major
adverse cardiac events defined by the following:
death and AVS. The secondary endpoint will be
the time that it takes to develop stress symptoms
such as angina, dyspnea, or syncope in the first
group. The tertiary endpoint will be the time that
it takes to develop altered stress-related hemody-
namic parameters in both groups such as strain
decrease, EF decrease, ventricular arrhythmia,
SBP decrease, and pathological stress gradients.
The role of fibrosis and other MRI manifestations
of pathological changes in moderate AS patients
will also be clarified. Investigators will also differ-
entiate patient outcomes with mean gradients
between 40 and 50 mmHg, which is the gray AS
zone, because currently there is a discrepancy
between the American and European guidelines
for the severe AS cutoff.1,46
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Conclusions:
Moderate AS patients have poorer health com-
pared with the healthy population. With the use
of newly available investigational techniques,
finding the parameters that accelerate moderate-
to-severe AS will translate into proper medical
care or treatment interventions to reduce AS pro-
gression, resulting in reduced mortality rates. The
ENIGMAS trial is designed to highlight disease
progression factors, and perhaps it will provide a
substantial benefit to not only patients but also
the medical community. In addition, investiga-
tors hope to reach a consensus regarding the
severe AS cutoff values.
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