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mechanism of leaflet restriction and promotes dis-
cussion regarding how to address such elastosis and
fibrosis pharmacologically. We also found a high rate
of osseous and/or chondrous metaplasia that is noted
not to be a feature of aortic BPVs degeneration (5).
Overall, pathological features correlated to implant
duration, but more valves are required to establish a
definitive timeline of each pathological feature.
Finally, despite having differing pathological fea-
tures, pulmonic and tricuspid BPVs showed avidity
for 18F-NaF, similar to what we previously demon-
strated in aortic BPVs (3). Interestingly, 18F-NaF
avidity was observed in leaflets both with and
without histological evidence of calcification, sup-
porting our previous finding that 18F-NaF can detect
features of SVD independent of calcium deposition
appreciable on histology (3).

Overall, we hypothesize the difference in the pa-
thology we find in pulmonic and tricuspid BPVs
versus what is known about aortic BPVs in the pub-
lished reports may be related to flow dynamics, pa-
tient demographics, or oxidation state. It is important
to note that this study has a number of limitations.
First, samples are derived from a tissue registry and
thereby represent a sample of convenience and his-
torical cases, and do not necessarily represent the
patient population undergoing valve replacement
currently. Secondly, explanted valves represent a
static moment in time, with ex vivo models and
in vivo trials needed in the future to understand the
dynamics of the pathology we observe. Future in-
vestigations should also consider the role of anti-
coagulation in SVD of tricuspid and pulmonic BPVs,
and comparison to mitral BPVs as these valves also
continue to be better characterized.
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Temporal Trends in Detection and

Outcomes of Low-Flow and

Low-Gradient Aortic Stenosis
Aortic stenosis (AS) is the most common valvulopathy
in the elderly (1). Low-flow (LF), low-gradient (LG)
aortic stenosis (LFLG-AS) is an increasingly recog-
nized clinical entity (2). We examined temporal
trends and mortality in patients with LFLG-AS in a
single-center, retrospective analysis of 25,507
consecutive transthoracic echocardiograms between
January 2013 and July 2019 divided into quintiles of
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FIGURE 1 Changes of Different AS Phenotypes Over Time and Survival Associated

With AS Phenotypes
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time. Patients with severe AS, defined as aortic valve
area <1 cm2, were included. LG was defined as mean
transvalvular pressure gradient <40 mm Hg, and LF
was defined as stroke volume index <35 ml/m2 or
cardiac index <3 l/min/m2. LFLG cases were classified
into classical (reduced left ventricular ejection
fraction <50%) and paradoxical (preserved left ven-
tricular ejection fraction $50%) AS subtypes (1,2).
This study was approved by the Melbourne Health
Human Research Ethics Committee and the Western
Health Office for Research. Multivariable logistic
regression was used to analyze temporal trends in
proportions of LFLG-AS over time while controlling
for changes in risk factors. Kaplan-Meier survival
curves were compared between AS subtypes and time
quintiles using the log-rank test. Hazard ratios were
determined by multivariable Cox regression analysis
adjusted to age, sex, and body mass index.

Among 488 patients with severe AS, 287 had LFLG-
AS (125 with classical, 162 with paradoxical), 96 had
LF and high gradient, and 38 had normal flow and LG.
Over time, the diagnosis of paradoxical LFLG-AS
increased (p ¼ 0.01), non–LFLG-AS decreased
(p ¼ 0.03), and classical LFLG-AS remained stable
(Figure 1A). The mean age increased from 77 to 79
years (p ¼ 0.04), and the proportion of patients at
least 70 years of age also increased over the study
period from 74% to 83%, which correlated with trends
of paradoxical LFLG.

Analysis of the temporal trend of the frequency of
paradoxical LFLG-AS over the study period showed
that increases in paradoxical LFLG were seen in fe-
males (p ¼ 0.02) and in the absence of moderate or
severe tricuspid regurgitation (p ¼ 0.02), but not in
males or patients with tricuspid regurgitation. Other
univariable subgroup analyses found no significant
change in frequency of paradoxical LFLG-AS over
time according to age category, obesity, E/e0, atrial
fibrillation, mitral regurgitation, and left ventricular
hypertrophy. Multivariable logistic regression anal-
ysis also demonstrated no significant change in the
frequency of paradoxical LFLG-AS after adjustment
for age, obesity, E/e0 ratio, atrial fibrillation, moderate
or severe mitral regurgitation, or left ventricular hy-
pertrophy, implying that changes in these character-
istics were responsible.

Among the 484 (99%) with follow-up information,
there were 142 deaths (30.3%) over a median follow-
up of 11.3 months (interquartile range: 1 to
29 months), and survival did not change significantly
over time (p ¼ 0.20). Survival was lowest in classical
LFLG-AS patients (p ¼ 0.01) (Figure 1B), among whom
mortality was 43% (53 of 124), compared with 30% (48
of 161) in paradoxical LFLG-AS, and 22% (41 of 183) in
non–LFLG-AS, respectively. Hazard ratio adjusted for
age, sex, and body mass index for classical LFLG-AS
was 2.02 (95% confidence interval: 1.27 to 3.20;
p ¼ 0.003) when compared with non–LFLG-AS.

Our study is the first to our knowledge to report an
increasing frequency of paradoxical LFLG-AS at a
hospital without onsite cardiac surgery, which we
think avoids referral bias and reflects the frequency of
this phenotype in the community. This trend was
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driven by risk factors that contribute to LFLG-AS,
rather than by increased recognition. Mortality did
not change over time and was similar in paradoxical
LFLG-AS versus non–LFLG-AS but was highest in
classical LFLG-AS.
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LGE for Risk Stratification in Primary

Prevention in Children With HCM
Sudden cardiac death is the most visible, devastating,
and unpredictable consequence of hypertrophic car-
diomyopathy (HCM) in young patients (1). The
recommended risk stratification approaches for
childhood HCM have remained largely unchanged for
more than 2 decades, with the treatment relying on
the traditional HCM risk factors (2,3). Recently, Nor-
rish et al. (4) proposed an individualized risk score for
children determined by a predictive mathematical
algorithm that uses 5 pre-selected continuous and
qualitative indices. We designed a single-center study
to compare the traditional American College of Car-
diology Foundation/American Heart Association
(ACC/AHA) algorithm with the novel HCM Risk-Kids
score for our cohort, and investigated the effective-
ness of cardiovascular magnetic resonance–derived
fibrosis assessment for improving the performance
of these models for identifying HCM children with
endpoints.

We followed up on pediatric patients with
HCM <18 years of age, with the echocardiographic
evidence of left ventricular (LV) hypertrophy
defined as LV diastolic wall thickness z-score of >2
(5), and the absence of hemodynamic conditions
that could account for the observed hypertrophy.
We collected relevant data on the patients
regarding demographics, clinical symptoms, family
history, and test results. Cardiovascular magnetic
resonance (CMR) scan was performed using a 1.5-T
scanner (Sonata and Avanto fit, Siemens, Germany).
The presence of LV late gadolinium enhancement
(LGE) was initially visually assessed by 2 indepen-
dent experienced observers (J.P.M., L.M.). If posi-
tive, quantification was performed using the QMass
v7.6 software (Medis, Leiden, the Netherlands) with
a signal intensity threshold of >6 SD above the
remote myocardium (>6 SD LGE). The extent of
LGE was presented as a percentage of the total LV
mass. The study was approved by the Bioethics
Committee at the Children’s Memorial Health
Institute, and informed consent was obtained from
the individual study participants and their parents.
The endpoint was defined as cardiac death, resus-
citated cardiac arrest, ventricular tachyarrhythmia,
or appropriate implantable cardioverter-defibrillator
discharge.

From the total of 90 patients with HCM recruited,
we excluded 12 patients with phenocopies of sarco-
meric HCM. The analyses considered 78 children
(mean age 12.9 � 3.8 years, 66% male, and mean body
surface area 1.5 � 0.4 m2). They were followed pro-
spectively (median follow-up period of 5.2 years,
range 10 days to 9.3 years). Overall, 11 of the children
(14.1%) reached a composite endpoint at a mean age
of 13.7 years (range 1 to 21 years). We observed satis-
factory endpoint identification performances of the
considered models, namely, ACC/AHA (area under
the curve [AUC]: 0.619, 95% confidence interval [CI]:
0.495 to 0.720), HCM Risk-Kids $4% (AUC: 0.771, 95%
CI: 0.662 to 0.858), and HCM Risk-Kids $6% (AUC:
0.677, 95% CI: 0.562 to 0.779). Binary LGE improved
the performances of ACC/AHA (p < 0.01), HCM Risk-
Kids $4% (p ¼ 0.02), and HCM Risk-Kids $6%
(p ¼ 0.01) models (Figure 1). Quantitatively measured
LGE also improved ACC/AHA (AUC: 0.796, 95% CI:
0.690 to 0.879; DeLong p < 0.01) and HCM Risk-Kids
$4% (AUC: 0.862, 95% CI: 0.765 to 0.929; DeLong
p ¼ 0.03). Further, HCM Risk-Kids $4% performed
better than ACC/AHA at the baseline (DeLong p < 0.01)
and with the application of both binary (DeLong
p < 0.01) and quantitative (DeLong p ¼ 0.02) LGE.
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