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The grading of the severity of aortic valve stenosis (AS) is important for the prognosis and for the time point of treatment. Echocardiographic parameters, e.g. transvalvular
velocity, mean pressure gradient (mPG) and effective orifice area (EOA) can be incongruent, especially in AS with different flow conditions. Therefore, the aim of the present
study was to analyze the prevalence of secondary cardiac alterations in patients with isolated severe AS and their importance for diagnostic accuracy of severe AS.

Purpose

320 patients (mean age 78 ± 9.5years) with isolated severe AS, who underwent
transthoracic echocardiography (TTE) between 2014-2016 were retrospectively
analyzed. Inclusion criteria for all patients were an EOA < 1cm2 (continuity
equation) and a maximum flow velocity of the aortic valve (AVVmax) > 4m/s.
Patients were divided into four subgroups according to their mPG into low (LG-AS;
mPG < 40mmHg) and high gradient AS (HG-AS; mPG ≥ 40mmHg). In addition,
patients were divided according to their indexed stroke volume (SVi) into low (LF-
AS; SVi ≤ 35ml/m²) and normal flow AS (NF-AS; SVi > 35ml/m2).
Secondary cardiac alterations, e.g. relative wall thickness (RWT), E/E’ and systolic
pulmonary artery pressure (sPAP) were determined as surrogate parameters for
left ventricular hypertrophy (LVH), left ventricular end-diastolic pressure (LVEDP)
and secondary pulmonary arterial hypertension in relation to AS subtypes
depending on mPG and left ventricular SV. Echocardiographic parameters for
secondary cardiac alterations were defined as pathological if RWT ≥ 0.43, E/E’ >
13 and sPAP > 30mmHg

Methods

Results

LFLG-AS (n=135; mean mPG = 21.12 ± 8.87; mean SVi = 26.10 ± 5.11),
NFLG-AS (n=97; mean mPG = 29.03 ± 7.02; mean SVi = 43.05 ± 6.65),
LFHG-AS (n=21; mean mPG = 49.79 ± 7.57; mean SVi = 28.16 ± 4.56) and
NFHG-AS (n =67; mean mPG = 52.28 ± 12.71; mean SVi = 45.45 ± 7.51).
In all patients with isolated severe AS at least one of the secondary cardiac
alterations was observed. A pathological RWT was documented in 94%, an
increased E/E’ in 76% and an increased sPAP in 79% of all patients. In case of two
(of three) secondary cardiac alterations RWT and sPAP were the most common
combination with 50%, followed by RWT and E/E’ (39%). In > 50% of the patients
RWT, E/E’ and sPAP were in pathological ranges.
The prevalence of a pathological RWT was significantly different between LF-AS
and NFHG-AS (LFLG-AS vs. NFHG-AS (p=0.02); (LFHG-AS vs. NFHG-AS (p=0.01)).
Whereas the prevalence of increased E/E’ was significant higher (p = 0.03) in LF-
AS groups than in NF-AS groups. sPAP showed a significantly higher prevalence
(p= 0.02) in HG-AS groups than in LG-AS groups.

Conclusion

In all patients with isolated severe AS - defined by EOA < 1cm2 or AVVmax >
4m/s - at least one of the parameters RWT, E/E’ and sPAP was increased and
in > 50% of the patients all parameters were in pathological ranges.
Thus, the echocardiographic assessment of these secondary cardiac
alterations might be of additional value in AS patients to underline the
diagnosis of a suspected severe AS. The present study sets the stage for
follow up studies to determine the prognostic importance of the
combination of these echocardiographic parameters in severe AS.
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Fig. 1

Determination of left ventricular
stroke volume (LVSV) by
Simpson‘s method (a, b) and by
Doppler-echocardiography (c, d,
e) is necessary for the
assessment of LV flow
conditions. In c and d the
measurement of the LVOT
diameter (DLVOT) is shown,
performed by TTE (c) and
transesophageal echo-
cardiography (TEE).
For the calculation of EOA by
the continuity equation the
DLVOT, the velocity time integral
(VTI) of the LVOT (e) and the
AVVmax (f) have to be measured.

Fig. 4

Prevalence (%) of relative wall
thickness (RWT) ≥ 0,43, E/E’ >13
and sPAP >35 mmHg in patients
with LFLG-AS, NFLG-AS, LFHG-AS
and NFHG-AS.

Fig. 5

Prevalence (%) of the number of
pathological echocardiographic
parameters (RWT, E/E’ and sPAP)
in patients with LFLG-AS, NFLG-
AS, LFHG-AS and NFHG-AS

Tab. 1 Baseline clinical characteristics of patients with isolated severe AS in relation to the defined subgroups

BMI = body-mass-index, BSA = body surface Area, BP = blood pressure

Tab. 2 Echocardiographic Results of the patients with isolated severe AS in relation to the defined subgroups

EOA = effective orifice area, LVSV = left ventricular stroke volume, BP = biplane, LVEDV = left ventricular end-diastolic volume,
LVESV = left ventricular end-systolic volume, LVEF = left ventricular ejection fraction, LAEDV = left atrial end-diastolic volume.

Fig. 3

Distribution of AS subgroups:
§ Low Flow-Low Gradient-AS (LFLG-AS)
§ Normal Flow-Low Gradient-AS (NFLG-AS)
§ Normal Flow-High Gradient-AS (NFHG-AS)
§ Low Flow-High Gradient-AS (LFHG-AS)

Fig. 2 

RWT was assessed by the
thickness of the left ventricular
posterior wall (LVPWd) in the M-
Mode (a).
Systolic pulmonary arterial
pressure (sPAP) was assessed by
transtricuspid maximum
regurgitant velocity (TRVmax) and
sPAP was calculated according
to the simplified Bernoulli
equation (adding the estimated
central venous pressure) (b).
E/E’ was calculated by dividing
the maximum early passive LV
transmitral inflow velocity (E)
measured in apical views using
PW-Doppler (c) and the
maximum myocardial tissue
velocity (E’) determined by PW
tissue Doppler imaging (TDI) in
the basal inferoseptal and basal
lateral mitral annulus (d).


