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Background Dobutamine stress echocardiography (DSE) in classical low-flow, low-gradient (LFLG) aortic stenosis (AS) is rec-
ommended in recent guidelines to differentiate true-severe AS from pseudo-severe AS. However, DSE for patients
with concomitant significant mitral regurgitation (MR) is often inaccurate or inconclusive.

...................................................................................................................................................................................................
Case summary A 73-year-old man with a history of coronary artery bypass grafting was referred to our institution with congestive heart

failure. Transthoracic echocardiogram showed severe functional MR and LFLG AS. The results of DSE to determine the
severity of AS were inconclusive owing to the absence of flow reserve, usually defined as stroke volume increase of
>_20%. In addition, calcium score by computed tomography scan was also inconclusive. Our heart team decided to
reassess the severity of AS after percutaneous edge-to-edge mitral valve repair (PMVR), considering the patient’s high
surgical risk. Percutaneous edge-to-edge mitral valve repair was uneventful, resulting in marked reduction of MR from
severe to trivial. Dobutamine stress echocardiography after PMVR revealed true-severe AS with the presence of flow
reserve. Transcatheter aortic valve implantation (TAVI) was performed, and the patient ambulatorily discharged.

...................................................................................................................................................................................................
Discussion The coexistence of significant AS may lead to overestimation of the severity of MR, and reportedly, concomitant MR improves

in the majority of patients after TAVI, especially MR of functional aetiology. However, the coexistence of significant MR often
leads to inconclusive DSE results because dobutamine stress may worsen MR and fail to increase the stroke volume. In our
case, DSE after PMVR was useful to diagnose the true-severe AS for the patient with LFLG AS and severe functional MR.
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Introduction

Classical low-flow, low-gradient (LFLG) aortic stenosis (AS), which
represents approximately 5–10% of severe AS, is one of the most
challenging valvular heart diseases in terms of severity grading and
therapeutic management.1 Some factors, including left or right ven-
tricular dysfunction, atrial fibrillation, and mitral regurgitation (MR),
have been reported to be associated with the low flow state.2 In par-
ticular, concomitant MR that is moderate or greater potentially
aggravates the low flow state owing to the decrease of forward
stroke volume (SV) and makes the confirmation of AS severity more
challenging.3,4 Although recent guidelines recommended dobutamine
stress echocardiography (DSE) in classical LFLG AS to differentiate
true-severe AS from pseudo-severe AS,5 DSE for the patients with
concomitant significant MR is often inaccurate or inconclusive be-
cause of the absence of flow reserve (SV increase of >_20%). We de-
scribe the case of a patient with LFLG AS and functional severe MR,
in which the reassessment of DSE after percutaneous edge-to-edge
mitral valve repair (PMVR) was useful for AS severity grading.

Timeline

Case presentation

A 73-year-old Asian man with a history of myocardial infarction
treated by coronary artery bypass grafting and congestive heart fail-
ure [New York Heart Association (NYHA) Class III], despite the
guideline-directed medical therapy including carvedilol of 20 mg, val-
sartan of 160 mg, spironolactone of 50 mg, furosemide of 40 mg, and
aspirin of 100 mg, was referred to our institution for therapeutic
intervention in combined valvular heart diseases. Upon arrival, he
presented with dyspnoea on mild exertion, while his vital signs were
stable (blood pressure, 106/81 mmHg; heart rate, 72 b.p.m.; oxygen
saturation, 95% on room air). Physical examination revealed a Levine
IV/VI systolic murmur at the upper right sternal border and apex, as
well as slight bilateral lower extremity oedema. Laboratory test
results were normal except for B-type natriuretic peptide levels of
321.5 pg/mL (<18.4 pg/mL), creatinine levels of 1.17 mg/dL
(<1.15 mg/dL), and albumin levels of 31 g/L (41–51 g/L).
Transthoracic echocardiography (TTE) revealed severely decreased
left ventricular ejection fraction of 30.3% and increased left ventricu-
lar end-diastolic volume of 237.3 mL (62–150 mL) with severe func-
tional MR (effective regurgitant orifice area 0.41 cm2, regurgitant
volume 65.8 mL), resulting in quite low forward SV (SV index to body

Admission The patient was referred to our institution for therapeutic intervention in combined valvular heart diseases. Transthoracic echo-

cardiography (TTE) revealed severely decreased left ventricular ejection fraction of 30.3% with severe functional mitral regurgi-

tation (MR) and classical low-flow, low-gradient (LFLG) aortic stenosis (AS).

Day 4 Transoesophageal echocardiography demonstrated a regurgitant jet that originated from the A2-P2 portion of the mitral valve as

a result of leaflet tethering and degenerative changes of the aortic valve with a planimetric aortic valve area of 0.80 cm2.

Day 5 To evaluate the severity of AS, dobutamine stress echocardiography (DSE) was performed. However, the results were inconclu-

sive because the flow reserve was absent (increase of forward stroke volume <20%).

Day 7 Multidetector computed tomography demonstrated the shaggy aorta and the aortic valve calcium score using the Agatston

method of 1512.3 arbitrary units, which indicated the unlikelihood of severe AS.

Day 12 Percutaneous edge-to-edge mitral valve repair (PMVR) was successfully performed, and MR was markedly reduced from severe

to trivial.

Day 22 DSE after PMVR demonstrated that the patient’s LFLG AS was categorized as severe.

Day 31 Transcatheter aortic valve implantation with the 26 mm SAPIEN 3 was performed via a direct transaortic approach.

Day 40 The patient was discharged after an uneventful recovery.

6 months later The patient had no cardiovascular symptoms. The follow-up TTE showed no AS and trivial MR.

Learning points
• The coexistence of significant mitral regurgitation (MR) often causes low-flow, low-gradient (LFLG) aortic stenosis (AS) by reducing

forward stroke volume (SV) and leads to underestimation of the severity of AS.
• Concomitant MR contributes to inconclusive dobutamine stress echocardiography results because dobutamine stress may worsen MR and

fail to increase the forward SV.
• Dobutamine stress echocardiography after percutaneous mitral valve edge-to-edge repair may be useful to strictly evaluate the severity of

LFLG AS with significant MR.
• The multiparametric evaluation of the AS severity is important particularly for the patients in LFLG state and/or with multivalvular disease.

2 K. Ishizu et al.
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..surface area, 22.1 mL/m2) (Figure 1A and B). The aortic valve area
(AVA) calculated with the continuity equation was 0.71 cm2 with a
transaortic mean pressure gradient (MPG) of 22.2 mmHg. Doppler
velocity index was 0.20. Pulmonary hypertension was suggested by a
systolic tricuspid regurgitation pressure gradient of 42.1 mmHg.
Transoesophageal echocardiography demonstrated a severe regurgi-
tant jet with vena contracta area of 0.40 cm2 that originated from the
A2-P2 portion of the mitral valve as a result of leaflet tethering
(Figure 2A, Videos 1 and 2) and degenerative changes of the aortic
valve with two-dimensional planimetric AVA of 0.80 cm2 (Figure 2B).
Three-dimensional planimetric AVA was 0.72 cm2. Coronary angiog-
raphy showed that all bypass grafts were patent.

The patient was diagnosed with classical LFLG AS, and DSE was
performed to evaluate the severity of his AS. The AVA was slightly
increased to 0.75 cm2 with an MPG of 24.8 mmHg and a mean trans-
valvular flow rate (Qmean) of 114.5 mL/s after dobutamine stress up
to 20 lg/kg/min. However, the results were inconclusive because the
flow reserve was absent (increase of forward SV <20%). In addition,
the projected AVA at a normal transvalvular flow rate (250 mL/s) cal-
culated by linear regression analysis was 1.06 cm2, which was unreli-
able due to no sufficient increase of Qmean (Figure 3 and Table 1).
Multidetector computed tomography (MDCT) demonstrated the
shaggy aorta (Figure 4A) and the aortic valve calcium score using the
Agatston method of 1512.3 arbitrary units (Figure 4B), which

Figure 1 Transthoracic echocardiography on admission. Transthoracic echocardiography images showing severely decreased left ventricular ejec-
tion fraction of 30.3% with calcified aortic valve (A) and severe functional mitral regurgitation (B).

Video 1 Three-dimensional transoesophageal echocardiography
before percutaneous edge-to-edge mitral valve repair showing the
tethering of mitral valve leaflets.

Video 2 Three-dimensional transoesophageal echocardiography
with colour Doppler before percutaneous edge-to-edge mitral
valve repair showing a regurgitant jet that originated from the A2-
P2 portion of the mitral valve as a result of leaflet tethering.

DSE in LFLG-AS with severe MR 3
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indicated the unlikeliness of severe AS. Although the resolution of AS
could have reduced left ventricular end-diastolic pressure and MR,
even multiparametric approach did not lead to the confirmation of
AS severity. Therefore, our heart team decided to reassess the sever-
ity of AS after PMVR using the MitraClip system (Abbott Vascular,
Lake Bluff, IL, USA), considering his high surgical risk (Society of
Thoracic Surgeons Predicted Risk of Mortality, 8.856%). Two clips
were successfully implanted at the centre of the A2-P2 portion, and
MR was markedly reduced from severe to trivial (Figure 2C and D).
There was no significant post-procedural mitral stenosis with the
mean transmitral pressure gradient of 2.4 mmHg and the mitral valve
orifice area of 2.60 cm2.

The patient’s symptoms were mitigated but remained (NYHA

class II). Dobutamine stress echocardiography performed 10 days

after PMVR demonstrated an AVA of 0.77 cm2 with an MPG of

42.1 mmHg as well as a 20% or more increase of forward SV after

dobutamine infusion of 20lg/kg/min (Figure 5 and Table 1). Thus, his

LFLG AS was reassessed and categorized as true-severe AS, and we

performed transcatheter aortic valve implantation (TAVI) with the

26 mm SAPIEN 3 (Edwards Lifesciences, Irvine, CA, USA) via a direct

transaortic approach (Figure 3C). The patient was discharged after an

uneventful recovery. At the 6-month follow-up, he had no cardiovas-

cular symptoms and showed improvements in walking distance on a

6-min walk test. The follow-up TTE showed no AS and trivial MR.

Figure 2 Transoesophageal echocardiography before and after percutaneous edge-to-edge mitral valve repair using the MitraClip.
Transoesophageal echocardiography images before percutaneous edge-to-edge mitral valve repair showing a regurgitant jet originated from the A2-
P2 portion of mitral valve as a result of leaflet tethering (vena contracta area 0.43 cm2) (A) and degenerative changes of aortic valve with planimetric
aortic valve area of 0.80cm2 (B). Transoesophageal echocardiography images after the deployment of two clips demonstrating a tissue bridge between
A2 and P2 (C) and significant reduction of mitral regurgitation from severe to trivial (vena contracta area 0.05 cm2) (D).

4 K. Ishizu et al.
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..Discussion

Mitral regurgitation is commonly observed in patients with se-
vere AS.6 The coexistence of significant AS may lead to overesti-
mation of the severity of MR, and reportedly, concomitant
significant MR improves with resolution of AS in the majority of
patients, especially MR of functional aetiology.7 Hence, the re-
assessment of MR severity after isolated TAVI is generally rec-
ommended for high-surgical-risk patients with severe AS with
functional MR.

Conversely, the coexistence of significant MR often causes LFLG
AS by reducing the forward SV and leads to underestimation of the

severity of AS.4 In addition, concomitant MR contributes to inconclu-
sive results of DSE to distinguish true-severe AS from pseudo-severe
AS because dobutamine stress may worsen MR and fail to increase
the forward SV of 20% or greater.5,8

In our case, the initial resolution of AS could have led to mitigation
of functional MR. However, the results of investigations including
DSE and MDCT for determination of the patient’s LFLG AS severity
were inconclusive, as mentioned above. Although the projected AVA
at the normal transvalvular flow rate of 250 mL/s has recently been
reported to be useful for assistance in confirming the AS severity in
case of the absence of flow reserve, no sufficient increase of flow rate
(DQmean > 15%) makes the projected AVA value inaccurate and

Figure 3 Dobutamine stress echocardiography before percutaneous edge-to-edge mitral valve repair. Transthoracic echocardiography images show-
ing pulsed wave Doppler at the left ventricular outflow tract (the upper panels) and continuous wave Doppler of aortic stenosis jet (the lower panels),
during dobutamine stress. Dobutamine stress echocardiography before percutaneous edge-to-edge mitral valve repair demonstrated a slightly increased
aortic valve area and transaortic mean pressure gradient to 0.75 cm2 and 24.8 mmHg with no flow reserve after dobutamine stress up to 20 lg/kg/min.
AVA, aortic valve area; DOB, dobutamine; MPG, transaortic mean pressure gradient; Qmean, mean transvalvular flow rate; SV, stroke volume.

..................................................................................... .............................................................................

....................................................................................................................................................................................................................

Table 1 Dobutamine stress echocardiography before and after percutaneous edge-to-edge mitral valve repair

Pre-PMVR Post-PMVR

Dobutamine infusion SV

(mL)

Qmean

(mL/s)

MPG(mmHg) DVI AVA

(cm2)

SV

(mL)

Qmean

(mL/s)

MPG

(mmHg)

DVI AVA

(cm2)

0 lg/kg/min 35.1 100.3 22.8 0.20 0.72 42.0 124.3 28.8 0.19 0.79

10 lg/kg/min 38.4 113.9 23.4 0.22 0.75 47.1 160.7 33.8 0.20 0.80

20 lg/kg/min 39.6 114.5 24.8 0.21 0.75 52.7 188.2 42.1 0.20 0.77

Projected AVA (cm2) 1.06 0.76

The results of DSE pre-PMVR were inconclusive because of the absence of flow reserve, whereas DSE post-PMVR demonstrated the >_20% increase of forward SV after dobut-
amine infusion of 20 lg/kg/min with stress MPG >_40.0 mmHg and stress AVA <1.0 cm2. In addition, projected AVA pre-PMVR was unreliable due to the insufficient increase of
Qmean.
AVA, aortic valve area; DSE, dobutamine stress echocardiography; DVI, Doppler velocity index; MPG, transaortic mean pressure gradient; PMVR, percutaneous edge-to-edge
mitral valve repair; Qmean, mean transvalvular flow rate; SV, stroke volume.

DSE in LFLG-AS with severe MR 5



Figure 4 Transcatheter aortic valve implantation via a direct transaortic approach. Three-dimensional reconstruction of multidetector computed
tomography showing the shaggy descending aorta (A) and the moderately calcified aortic valve (B). Fluoroscopic image showing the 26 mm SAPIEN 3
deployed via a direct transaortic approach (C). LCC, left coronary cusp; NCC, non-coronary cusp; RCC, right coronary cusp.

Figure 5 Dobutamine stress echocardiography after percutaneous edge-to-edge mitral valve repair. Transthoracic echocardiography images show-
ing pulsed wave Doppler at the left ventricular outflow tract (the upper panels) and continuous wave Doppler of aortic stenosis jet (the lower panels),
during dobutamine stress. Dobutamine stress echocardiography after percutaneous edge-to-edge mitral valve repair demonstrated an aortic valve
area of 0.77 cm2 with a transaortic mean pressure gradient of 42.1 mmHg as well as a 20% or more increase of forward stroke volume after dobut-
amine infusion of 20 lg/kg/min. AVA, aortic valve area; DOB, dobutamine; MPG, transaortic mean pressure gradient; Qmean, mean transvalvular flow
rate; SV, stroke volume.
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..inconclusive.9 Thus, after the rigorous discussion in our heart team,
we decided to perform isolated PMVR with MitraClip before reas-
sessing the AS severity, although the approach was not specified in
the guidelines.5,10 Dobutamine stress echocardiography after PMVR
demonstrated a sufficient increase of the forward SV and was useful
to diagnose the true-severe AS in this patient.
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