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The role of dobutamine stress echocardiography based projected
aortic valve area in assessing patients with classical low-flow low-

gradient aortic stenosis
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Aortic stenosis (AS) is the most common valvular heart
disease in the US (1). The prevalence of AS increases with
age from 0.2% in those aged 50-59 years to 2.8% in adults
older than 75 years and up to 9.8% in octogenarians (2,3).
It is estimated that AS is responsible for yearly 85,000 aortic
valve replacement and 15,000 deaths in North America (4).

Multiple echocardiography-based values including trans-
valvular peak velocity, mean trans-aortic gradient, and aortic
valve area (AVA) assessed by the continuity equation are
essential in the diagnosis and severity assessment of AS.

AS is considered severe when the following criteria are
met. First, either AVA is less than 1.0 cm’ or indexed AVA
is less than 0.6 cm’/m’. Second, trans-valvular peak velocity
is more than 4 m/s, and/or trans-valvular mean aortic valve
gradient is more than 40 mmHg. Unfortunately, around
40% of AS patients meet one of the two criteria with most
common scenario of having AVA <1.0 cm’ associated with
low trans-valvular mean gradient (MG) of <40 mmHg and
trans-valvular peak velocity of <4 m/s (5). This combination
is called low-gradient AS (LGAS), which emerged as a
challenging entity of AS. To discriminate this group more
accurately the concept of transaortic flow was introduced
using the stroke volume index (SVI). Those who has SVI of
<35 mL/m’ were called low flow (LF), and those with SVI
>35 mL/m’ were called normal flow (NF) (5). Therefore, LG
AS patients with SVI of <35 mL/m’ were called LFLG AS;
while LG AS with SVI >35 mL/m’ were called NFLG AS.
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The American College of Cardiology/American Heart
Association (ACC/AHA) guidelines defined all symptomatic
AS patient as staged D. Patients who had MG of more than
40 mmHg were classified as D1 regardless of the ejection
fraction (EF) or flow (5). The guidelines recognized that
two additional groups of LFLG AS and separated them
depending on the EF to two separate groups. Patient with
LFLG AS and reduced EF of less than 50% were defined
as classical LFLG AS or D2. Those with LFLG AS and
preserved EF (EF >50%) were defined as “paradoxical”
LFLG AS or D3 (5). The ACC/AHA Guidelines failed
to recognized patients with NFLG AS. The Heart Valve
Clinic International database group identified those with
NFLG AS and EF > as D4 group (6).

Dobutamine stress echocardiography (DSE) is
instrumental in determining whether patients with AVA
<1.0 cm’ and LFLG pattern truly have severe AS. True-
severe AS (TS-AS) is defined if either the MG is >40 mmHg
or peak velocity is >4 m/s at maximum dobutamine dose.
While pseudo severe AS (PS-AS) is recognized if the MG
remains <40 mmHg and the peak velocity remains <4 m/s (5).
Unfortunately, the validity of DSE is limited in patient with
reduced LV flow defined as less than 20% increase in SVI
at maximum dobutamine dose. Figure I details the different
groups of LGAS.

Annabi et al. (7) proposes that projected AVA (AVA )
assessed at a NF status, may offer a better discrimination
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Figure 1 The classification of LGAS. LGAS, low gradient aortic stenosis; LE, low flow; PSAS, pseudo-severe AS; AVAind, index aortic
valve area; BSA, body surface area; AVR, aortic value replacement; DSE, dobutamine stress echocardiography; ESE, exercise stress
echocardiography; EF, ejection fraction; HG, high gradient; LG, low gradient; MG, mean gradient; SVI, stroke volume index; MDCT,
muld slice computed tomography; NF, normal flow; TEE, transesophageal echo; TSAS, true severe AS; LVEF, left ventricular ejection

fraction.

tool to detect TS-AS. AVA
introduced by Clavel er 4/. in 2010 as a better predictor of
outcomes in medically treated AS patients when compared
to DSE (4). AVA,; is using the following equation:

AVA 1y = AV + [(AVA s = AVAL/(Qpes ~ Qued] ¥

(250 - Qo)

AVA was calculated using this equation:

AVA = [3.14 x (LVOT/2) x V,/V,

V, = LVOT velocity (m/s); V, = maximum transvalvular
velocity (m/s); LVOT = left ventricular outflow track
diameter (cm); Q = SV/LVET; SV = stroke volume; LVET
= left ventricular ejection time.

AVA,, is AVA at rest, AVA _, is AVA assessed at peak
stress (defined as the time when MG is maximum during

is a concept that was

DSE). Q.. is assessed at baseline while Q,, is assessed at
peak stress.

Annabi er al. (7) excluded patients with reduced flow
reserve rate (around 26%). TS AS patients had smaller
AVA,; (0.88+0.16 vs. 0.99+0.23 em’; P<0.01) and smaller
AVA,,,; indexed [AVA divided by body surface area (BSA)]
(0.45£0.07 vs. 0.5420.14 cm’/m’; P<0.0005) when compared
to those with PS-AS. Furthermore, Annabi et 4/. (7) suggests
that that AVA was more predictive of severity of AS (70%)
than MG at peak stress (48%), peak stress AVA (60%) or
the combination of both (47%) (7). It also suggests that
lowering the peak stress MG cutoff to 35 mmHg increased
the sensitivity of MG in identifying TS-AS. In patients

who were managed medically, AVA_ . was predictive of

proj
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mortality, while peak stress MG and peak AVA were not
after adjustment for age, sex, functional capacity, kidney
disease, and EF at peak stress. Although it should be noticed
that only few patients with peak MG >40 were managed
medically in this study.

There are few limitations to the finding suggested by
Annabi ez al. (7). The most important one is the imitation
in AVA
variables including LVOT diameter, LVOT velocity, aortic
valve velocity, and LV ejection time at rest and during
dobutamine stress. Each of these measurements can be

which requires the measurement of multiple

vulnerable to measurement variability that can affect the
validity of the calculation. Also the study excluded patients
with reduced LV flow reserve, so it did not provide a
solution for this patient population. Nonetheless, the study
shed some light on the possible imitations of the current
standard use of DSE in patient with reasonable.

In patients with LE/LGAS and with reduced LV flow
reserve, T'OPAS study recommended to use aortic valve
calcium scoring by computed tomography to corroborate
stenosis severity. A calcium score value of >1,274 AU
in women and >2,065 AU in men were determined to
be reasonable cutoff values to confirm severe AS (8-10).
However, while several studies showed that aortic valve
calcium score was strongly associated with the severity
of AS and clinical outcomes (8-10); these calcium score
thresholds were never validated in D2 patients (8-10). Some
have suggested that the use of dobutamine with pressure
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wire may provide an efficient and safe alternative to assess
the severity of AS in LFLG and NFLG AS without the
potential impact of LVOT measurement errors on AS
assessment (11). However, Cath lab based assessment of AS
might be also affected by many pitfalls related to Cath lab
based cardiac output assessment (12-14).

In summary, while DSE based MG is currently
recommended by the ACC/AHA guidelines, it seems in
reality there is no real gold-standard for determining AS
severity in D2 patients especial in the subset of patients
with reduced LV flow reserve. While DSE and Cath lab
measurements with dobutamine are used by many labs; the
use of AVA ;and AVA,,; indexed with or without MG peak
values is a new method that may help determine the severity
of AS. Further studies comparing these different modalities
may be needed in the future to better define which patients
may benefit the most of surgical and/or transcatheter
intervention.
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