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Abstract

Some patients with severe aortic stenosis (AS), due to restrictive cardiac phy-
siology, paradoxically have relatively low flow and low gradients across ste-
notic aortic valves despite preserved left ventricular (LV) systolic function. It
results in symptoms and reduced quality of life and carries a high mortality.
Whilst this form of severe AS, termed paradoxical low flow low gradient
(pLFLG), is well reported, patients with this diagnosis experience inappro-
priate barriers to aortic valve replacement (AVR), the only efficacious treat-
ment. We present the case of an 88-year-old female with 12 months of exer-
tional dyspnoea on a background of hypothyroidism and hypercholesterole-
mia. Transthoracic echocardiogram (TTE) revealed LV hypertrophy, with a
small LV cavity size and reduced stroke volume, yet normal systolic function.
A heavily calcified aortic valve was identified with severe aortic stenosis, based
on valve area, yet with incongruous mean transvalvular gradient of 25 mmHg
(severe = 50 mmHg). Following exclusion of other differential diagnoses, her
symptoms were attributed to paradoxical LFLG severe AS. She was however
declined definitive transcatheter aortic valve implantation (TAVI) due to her
paradoxically low mean aortic gradient. Following further deterioration in
her symptoms and supportive quantification of poor exercise performance,
she was ultimately re-referred, accepted, and underwent TAVI. Following her
AVR, the patient experiences significant improvement in both symptoms and
quality of life after only one month. Paradoxical LFLG severe AS remains a
well-documented yet under recognized disease. It carries high morbidity and
mortality if untreated, yet is significantly less likely to be referred and ac-
cepted for intervention. With its prevalence expected to rise with an ageing
population, this case serves as a timely reminder for clinicians to address the
under recognition of important pathology.
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1. Introduction

Aortic Stenosis is one of the most common and serious valvular disorders of the
heart. It is a progressive, pathological narrowing of the aortic valve resulting in a
hemodynamically significant left ventricular outflow tract obstruction. When
untreated it results in characteristic symptoms of exertional angina, syncope and
heart failure. Whilst genetic, anatomical and clinical factors can contribute to the
development of aortic stenosis, its progression to severe disease is associated with
male sex, age, and the severity of narrowing and degree of aortic valvular calcifi-
cation [1].

Severe AS is a highly symptomatic and functionally limiting disease with a
poor prognosis, mortality greater than 50% within 2 years [1]. Aortic valve re-
placement (AVR), surgical or transcatheter, is the only effective treatment, and
is a Class I indication for severe AS with symptoms and/or systolic heart failure,
with reduced LV ejection fraction [2]. Severe AS is defined by an indexed aortic
valve area (IAVA) < 0.6 cm’/m’, a mean transvalvular pressure gradient (MPG) >
40 mmHg and dimensionless index of less than 0.25. However, some patients have
discordantly low MPG, in the setting of reduced, termed low-flow, low-gradient
(LFLG), or preserved, termed paradoxical LFLG (pLFLG), LV systolic function.
Outcomes for patients with pLFLG AS are at least as dire [3] [4] as patients with
traditional high-gradient severe AS, yet are significantly less likely to be referred
for and accepted for intervention [5] [6].

2. History of Presentation

We present the case of an 88-year-old female initially referred to a cardiologist

with progressive exertional dyspnea, particularly upon walking up inclines.

2.1. Past Medical History

She was otherwise well and independent with a past history of hypothyroidism
and dyslipidemia. She has minimal cardiovascular risk factors, was a lifelong
non-smoker with no known cardiac or respiratory pathology.

On examination, she was normotensive, blood pressure 116/80 mmHg, with a
regular heart rate of 78 beats per minute. She has a BMI of 22.92 kg/m’ and a
small BSA of 1.54 m®. She has a soft ejection systolic murmur at the right upper
sternal edge radiating to her carotids, consistent with moderate AS without evi-
dence of cardiac failure. ECG revealed sinus rhythm, left axis deviation and left
bundle branch block.

2.2. Investigations

A chest x-ray showed moderate cardiomegaly and no evidence of cardiac failure or

lung pathology. Respiratory causes for her dyspnoea were excluded with normal
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pulmonary function tests, HRCT and connective tissue screen. She underwent co-
ronary angiography and echocardiography to investigate cardiac aetiology.

On TTE she had normal LV size and systolic function, a small LV cavity with
a reduced stroke volume, indexed to BSA, at 29 ml/m? (N > 35 ml/m?). Her aor-
tic valve (AV) was heavily calcified, with two-dimensional appearance of mod-

erate to severe stenosis (Video: https://youtu.be/Yr-qSiYW]JiY). Doppler derived

AV measurements were discordant, MPG of 25 mmHg (severe > 40 mmHg),
peak jet velocity 3.3 m/s (severe > 4 m/s) and dimensionless index of 0.3 (severe
< 0.25), in contrast to an iAVA of 0.52 cm? m? (severe < 0.6 m? m?), indicative of
severe stenosis (Figure 1). She has no other significant valvular pathology. A
transesophageal echocardiogram was performed yet added little due to significant
calcium artifact. Following exclusion of cardiac ischaemia via angiography (de-
monstrating FFR negative, moderate stenosis of the left anterior descending ar-
tery), her dyspnoea was attributed to pLFLG severe AS. Her NT-proBNP was

with in normal limits.

2.3. Management

She was referred for and discussed in a multidisciplinary cardiac surgical meet-
ing for consideration of transcatheter aortic valve implantation (TAVI). Inter-
vention was declined on the grounds that her MPG indicated her AS was not se-
vere account for cause her symptoms.

With progressive dyspnea, she underwent functional testing to quantify her
exercise limitation. Exercise testing was however aborted due to profound dysp-
noea on minimal exertion and was complicated by a type 2 myocardial infarc-
tion evidenced by a mild Troponin I elevation to 67 ng/L (N < 48 ng/L). A fol-
low-up 6-minute walk test (6 MWT) of 175 m demonstrated severely restricted

age-matched exercise capacity (N > 550 m).

° 3
2 AV Vmax 3.26 m/s
AV Vmean 2.35m/s
AV maxPG  42.50 mmHg
AV meanPG 24.63 mmHg
AV VTI 79.0cm
! AV Vmax 3.13 m/s
AV Vmean 243 m/s
AV maxPG  39.23 mmHg

AV meanPG 25.60 mmHg
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Figure 1. Continuous Wave Doppler of the Aortic Valve: Apical 3 chamber view with
doppler measurements demonstrating jet velocity and MPG consistent with moderate
stenosis.
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With quantitative demonstration of severe functionally AS, she was re-referred
and accepted for TAVI. She received a 26 mm Evolut PRO (Medtronic, Minne-
apolis, Minnesota) AV, with an uncomplicated procedure and recovery. At 6-week
review, patient reported significant symptomatic and quality of life improvement,

with a corresponding 100 m improvement in her 6 MWT.

3. Discussion

Paradoxical LFLG is a severe form of AS with paradoxically low aortic transval-
vular gradient in the presence of preserved LV systolic function. The low flow
state in pLFLG AS results from restrictive cardiac physiology, characterized by
concentric LV hypertrophy with reduced cavity size and compliance [6] [7]. Ac-
counting for up to 35% of severe AS [7], the prevalence of pLFLG AS is expected
to rise with an ageing population. Factors associated with an ageing population
contribute to the pathogenesis of the restrictive cardiac physiology of pLFLG AS
yet are incompletely understood. These factors include increasing age, female
sex, hypertension, type 2 diabetes, atrial fibrillation, coronary heart disease, as
well as an increased cumulative burden of cardiovascular comorbidities [3]. For
our patient, her gender and age were the only risk factors for pLFLG AS identi-
fied.

The impact of pLFLG AS on quality of life and prognosis must not remain
underappreciated. It is highly symptomatic with up to 70% mortality at 2 years if
treated medically [4] [6]. Aortic valve replacement (AVR), surgical or transca-
theter, is the gold standard treatment for all forms of symptomatic severe AS.
Following AVR, pLFLG AS patients experience significant improvement in symp-
toms and quality of life, and a quantitative increase in their exercise capacity [8].
However, despite a 30% reduction in all-cause mortality following AVR [9], mor-
tality in pLFLG AS patients remains high, reflecting the increased risk profile of
this subgroup. Age remains an independent risk factor for poor patient progno-
sis pre and posts AVR [3] emphasizing the need for early diagnosis and prompt
referral for intervention.

Despite the poor and time critical outcomes of pLFLG AS, these patients are
less likely to be referred and accepted for AVR when compared with high MPG
severe AS [7] [10]. A combination of misdiagnosis, underappreciation of the im-
pact of low-flow states, and overreliance on MPG is likely responsible. Whilst
the updated 2017 ESC/EACTS valvular heart disease guidelines [2] reinforced
flow status and stroke volume in the diagnostic algorithm of severe AS, it is clear
that this approach has been incompletely adopted. It is vital for clinicians en-
countering symptomatic patients with otherwise considered non-severe AS and
low MPG, to be thoroughly investigated for pLFLG AS utilizing an integrated
approach including functional testing, cardiac biomarkers, CT calcium score, TTE
and cardiac MRI. Furthermore, once diagnosed it is imperative to advocate on
behalf of patients if, and perhaps more likely when, met with resistance to defin-

itive intervention.
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Our case highlights important challenges when treating patients with pLFLG
AS. The diagnosis is complex and requires a multi-modality approach to deli-
neate clinical finding and correlate imaging with symptoms and functional ca-
pacity. Increased understanding of this entity amongst general clinicians and re-
ferral to a collaborative multi-disciplinary heart teams are needed to address the
barriers to intervention many patients experience. This case demonstrates the
inappropriate rejection of, and unnecessary delays to, AVR contributed to by
fixed notions regarding AS severity. Given the patient demographic and time
critical outcomes, pLFLG AS patients are subgroup of AS in which delays to
surgery can be least afforded, let alone the associated ongoing reduction in qual-
ity of life, and potential increased care needs and caregiver burden, that patients
and family experience. Furthermore, given the projected increased prevalence of
disease states associated with pLFLG AS due to an ageing population, this case is

an important reminder of this well documented but poorly recognized disease.
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