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CLINICAL CASE: TECHNICAL CORNER
A Novel Earbud Detects Aortic Stenosis
Murmur Before and After Transcatheter
Aortic Valve Replacement
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Noninvasive infrasonic hemodynography using the MindMics earbuds captures low-frequency acoustic vibrations

throughout the cardiac cycle. In an n-of-1 analysis, we propose a new method of assessing severe aortic stenosis by using

infrasonic hemodynography to detect its characteristic systolic ejection murmur before and after transcatheter aortic

valve replacement. (J Am Coll Cardiol Case Rep 2023;28:102089) © 2023 The Authors. Published by Elsevier on behalf

of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
N oninvasive infrasonic hemodynography
(IH) captures low-frequency acoustic vibra-
tions in the ear canal representing fluctu-

ating pressure throughout the cardiac cycle.1 A
novel wearable device has been developed that con-
tains acoustic sensors embedded in an earbud config-
uration (Figures 1 and 2A) to acquire sound signals
traveling from the arteries and valves in the vicinity
of the ear canal.1 We have recently demonstrated the
relationship between IH and cardiac time intervals
through simultaneously acquired IH, electrocardio-
gram (ECG), echocardiogram, and direct hemody-
namic measurement catheterization datasets.2
EARNING OBJECTIVES

To understand that IH detects acoustic vi-
brations of heart sounds.
To explore in-ear IH as a new method for
noninvasive detection of AS through its sys-
tolic murmur.
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It is well known that severe aortic stenosis (AS) pro-
duces a typical delayed peak pressure detectable on
arterial pressure waveforms at catheterization, and
a systolic ejection sound detectable on clinical
auscultation. Our previous investigations demon-
strated that the IH waveform can capture the char-
acteristic delayed peak pressure.3 Herein, we
propose a new method of assessing severe AS
through IH by detecting its characteristic systolic
ejection murmur.

We report an n-of-1 analysis as a proof of concept.
We identified a patient with severe aortic stenosis
undergoing transcatheter aortic valve replacement
(TAVR). The patient provided informed written con-
sent and wore IH earbuds in the left and right ears,
fitted for full ear canal occlusion. Data from the IH
earbuds were collected simultaneously with echo-
cardiography prior to TAVR (Figure 2B). The echo-
cardiogram identified aortic stenosis measurements
and calculations as well as aortic valve opening and
left ventricular outflow measurements. ECG leads
https://doi.org/10.1016/j.jaccas.2023.102089
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AS = aortic stenosis

ECG = electrocardiogram

IH = infrasonic

hemodynography

S1 = first heart sound

S2 = second heart sound

TAVR = transcatheter aortic

valve replacement

Shen et al J A C C : C A S E R E P O R T S , V O L . 2 8 , 2 0 2 3

Novel Earbud to Detect Aortic Stenosis Murmur D E C E M B E R 2 0 , 2 0 2 3 : 1 0 2 0 8 9

2

were connected to the patient’s left chest,
right chest, and left leg to obtain reference
signals. During the TAVR, simultaneous IH,
ECG, and aortic catheterization waveforms
were acquired at 1,000 Hz sampling rate and
aggregated as a multimodal time series
dataset. The data analysis was conducted
based on signals from 14 cardiac cycles
collected both before and after TAVR and
stacked together to obtain average wave-
forms, with time synchronization given by
the position of the QRS peaks of the ECG. The murmur
detection with IH was performed after limiting the IH
waveform to frequencies above 20 Hz and exploring
the reduced IH signals in the region between the start
and end of systole, when the first heart sound (S1) and
the second heart sound (S2) were expected, respec-
tively. S1 and S2 were recognized by studying the
pressure power integral. The significance of murmur
detection with IH was evaluated by conducting a
paired t test that compared the in-ear acoustic pres-
sure power spectrum calculated by integrating
reduced IH spectra over 64-ms windows along the
E 1 Mechanism of Novel Earbuds

l, wearable device acquires sound signals traveling from

art.
cardiac cycle between S1 and S2, with measurements
obtained before and after valve replacement.

The identified patient was a 47-year-old flight
instructor with a bicuspid aortic valve who pre-
sented with severe, symptomatic AS with moderate
aortic insufficiency. The mean aortic pressure
gradient was 52 mm Hg, the peak gradient was
83 mm Hg, the aortic valve area was 1.0 cm2, and
the dimensionless index was 0.25. After a multi-
disciplinary discussion with cardiothoracic surgery
colleagues, a joint decision was made to proceed
with TAVR based on patient preference. The patient
wore the earbuds and underwent IH during the
TAVR procedure with successful deployment of a
26-mm balloon-expandable valve. Prior to valve
deployment (Figure 2C), there was a mid-systolic
crescendo-decrescendo signal between S1 and S2,
consistent with a characteristic AS murmur. Post-
TAVR (Figure 2D), the S1 and S2 signals were pre-
sent, but the mid-systolic signal was diminished.
There was a significant reduction in signal power in
the high-frequency region between S1 and S2
before (mean 0.0025 � 0.0015 Pa2 Hz) and after
(mean 0.0006 � 0.0003 Pa2 Hz) TAVR (t14 ¼ 4.26,
P ¼ 0.0009). Post-TAVR echocardiography showed a
well-seated TAVR valve with mean gradient
13 mm Hg without paravalvular leak.

We describe in-ear IH as a new method for early,
noninvasive detection of severe AS and validated
this approach through synchronized multimodal
cardiac testing including ECG, echocardiogram, and
cardiac catheterization. We investigated the capa-
bility of IH to detect a difference in the character-
istics of severe AS in the pre-TAVR and post-TAVR
measurements, finding a significant reduction in the
signal power during the timing of the murmur. This
n-of-1 analysis is hypothesis-generating regarding
the role of a convenient, wearable earbud that cap-
tures cardiac time interval and hemodynamic mea-
surements of severe AS. Further investigation is
underway to validate these findings into the use of
IH to diagnose and monitor AS and other valvular
diseases.
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FIGURE 2 Novel Earbud IH
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FIGURE 2 Continued

(A) Earbud. (B) Echocardiography of the continuous-wave Doppler veloc

replacement (TAVR). (C) Pre-TAVR tracings of electrocardiogram (ECG), c

the ear with frequency >20 Hz, and power spectrum of IH in the ear with

ear acoustic pressure power spectrum (Pa2 Hz) was integrated over 64-

between the first heart sound (S1) and second heart sound (S2) peaks w

relative to post-TAVR data.
ADDRESS FOR CORRESPONDENCE: Dr Curtiss T.
Stinis, Division of Cardiology, Scripps Clinic, 9898
Genesee Avenue, AMP 200, La Jolla, California 92037,
USA. E-mail: stinis.curtiss@scrippshealth.org.
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