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Abstract

Non-invasive methodologies for diagnostic and preven-
tion of cardiovascular problems has a special interest in
the measurement of blood pressure because of its im-
plications in arterial stiffness, mostly as a consequence
of arteriosclerosis. Assuming an established relationship
in the literature between blood pressure and the carotid
artery flow measured with Doppler ultrasound, in this
work a carotid distension waveform has been extracted
from carotid audio signal obtained with a conventional
stethoscope. For evaluation of the proposed approach
fiducial points from the obtained carotid audio signal has
been compared with fiducial point in the Doppler blood
flow velocity waveform. Preliminary results show a good
correspondence between the processed audio signals and
Doppler spectrum.

1. Introduction

Since the late 40’s with the development and implemen-
tation of ultrasound (US) in medicine, the progress of non-
invasive diagnostic image devices and procedures has been
motivated by the reduction of pain, trauma, recovery time
and cost, resulting from diagnostic and preoperative surgi-
cal interventions. In addition, medical image devices have
allowed the early detection of multiple diseases because of
its association to cardiovascular and cerebrovascular dis-
eases [1-3]. A good example of that is carotid stenosis
assessment, where US has played an important role for its
early detection, diagnostic and quantification [4].

Regardless all advantages provided by non-invasive di-
agnostic image procedures and advances in image process-
ing, alternative solutions with a lower cost and accessible
to a larger population have been well accepted in the last
decade. Nevertheless, their accuracy and systematic differ-
ences in numerical results need to be improved.

The implementation of Micro Electro Mechanical Sys-
tems (MEMS) in the medical field is emerging as a new
alternative for non-invasive diagnostic procedure thanks to
the association and surrogate of different physical mea-
surements as pulse pressure, which is a parameter of high
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risk factor in cardiovascular complications [5, 6].

An original approach to estimate carotid pulse pressure
implementing MEMS accelerometer has been presented in
[7]. This work can be extended to audio because of its
intrinsic relationship with the acceleration of blood flow
[8] for the detection of heart diseases [9].

In this work it is shown that from carotid audio sig-
nals obtained with a standard stethoscope a waveform with
similar characteristics than the carotid distension pressure
waveform can be obtained. The consistency of the ob-
tained waveform is confirmed by comparing fiducial points
of the signal with the ones of a Doppler flow velocity
waveform following a established relationship presented
in [10, 11].

Results show that for every tested subject the fiducial
points of the audio version of the carotid distension wave-
form fit well the ones of the Doppler signal. This opens
perspectives for the integration of conventional instru-
ments, as a stethoscope, in a digital era where less invasive
and accessible devices are demanding paradigm changes
in health-care systems.

2. Materials and Methods

In this work a signal presenting similar morphological
characteristics than a carotid distension pressure waveform
is extracted from audio signals. In order to show the con-
sistence of our audio version of the distension waveform
we use the established relationship presented in [10] be-
tween the distension waveform and the carotid flow veloc-
ity waveform extracted with a Doppler Ultrasound (US).
This is why US Doppler signal are acquired in this work in
order to compare fiducial points of the distension pressure
waveform obtained from the stethoscope audio signal and
fiducial points of the Doppler signal.

In this section the procedure for carotid audio data ac-
quisition is first introduced and then the methodology for
pre-processing of the audio and ultrasound signals is pre-
sented. Finally the algorithm for obtaining a carotid disten-
sion waveform version from the audio signal is explained.
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Figure 1. Acquisition of carotid audio signals using a
stethoscope attached to a smartphone.

2.1. Data Acquisition

The acquisition of carotid audio signals and US Doppler
images has been performed in the right superior carotid tri-
angle in four volunteer subjects during 30 seconds. The
audio data has been obtained with a sapling frequency of
44100Hz using a conventional stethoscope of 44mm di-
ameter attached from its flexible tubing to a microphone
connected to a smartphone via 3.5mm 4-pole (TRRS) plug
(see Figure 1).

For carotid artery blood flow, 5 Doppler US images in
JPG format were acquired sequentially with an ultrasound
and 9L probe (GE LOGIQe, General Electric, USA) con-
figured as Doppler Color to 5MHz for different scales.
Each image contained between four and five cardiac cy-
cles.

The MATLAB version R2016a has been used for the
processing of US images and audio signals.

2.2. Audio and Doppler ultrasound data
pre-processing

The diagram of Figure 2 describes the main steps for the
audio and Doppler US data pre-processing in order to ob-
tain average audio and Doppler US signals for comparison
and fiducial points analysis.

The audio signals have been first decimated by 20 and
then an audio sub-signal with a minimum of four com-
plete cardiac cycles has been manually selected. Then each
cardiac cycle has been segmented using the Shannon en-
ergy envelope method presented in [12]. Finally, four seg-
mented sub-signals were aligned and averaged using the
first heart sound (systolic sound S1) as the reference for
alignment (see Figure 3).

For carotid flow velocity data pre-processing, first of
all the US Doppler images obtained with the US device
needed to be converted to a treatable signal. For that the
Doppler waveform has been segmented in each one of the 5
US images and then the envelope of the Doppler waveform
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Figure 2. Block diagrams showing the main steps for US
Doppler and audio data processing.

Averaging

was extracted and mapped as a vector signal (see Figure 4).
The resulting envelope signals were then aligned using the
systolic flow velocity peak as reference for finally comput-
ing an averaged Doppler signal as shown in the last plot of
Figure 4.

2.3.  Audio carotid distension waveform ex-
traction

The resulting averaged audio signal as the one shown
in Figure 3C is used for computing the stethoscope au-
dio version of the carotid distension waveform. For that
the envelope of the averaged audio signal is first computed
and then the resulting signal passes through a moving win-
dow integrator with a sliding window of 180ms width. The
resulting signal will be called Audio Carotid Distension
Waveform (ACDW) in the sequel.

3. Results

As mentioned at the beginning of Section 2, for evaluat-
ing the validity of the obtained ACDW, fiducial points are
compared between the ACDW and the measured Doppler
flow velocity waveform, called DFVW in the sequel, fol-
lowing the work presented in [10]. In that work the carotid
distension pressure waveform has been compared with the
flow velocity waveform through time intervals calculated
from fiducial points. In the same way our approach is eval-
uated buy putting in relation fiducial points of the obtained
ACDW signal with fiducial points of the DFVW signal.
The fiducial points used for comparison are the following
(see Figure 5):

» Beginning of the waveform for both signals ACDW,,
and DFVW,,.
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Figure 3. Audio Data Processing: A) Cardiac cycle segmentation (from green to magenta dotted lines) using the Shannon
energy envelope and using as reference the first heart sound (red dashed line), B) Alignment of all segmented audio signals
with the first heart sound (red dashed line), C) Final averaged audio signal.

Figure 4. Ultrasound Data Processing: The blood flow signal was extracted by computing the Doppler image’s tangent
envelope, aligned by their peak systolic flow velocity (red dashed line) and finally averaged.

Figure 5. Illustration presenting the fiducial points used
for putting in relation the audio version of the carotid dis-
tension waveform (blue) with the Doppler flow velocity
waveform (red).

o The peak of the initial rise in the carotid distension
ACDW; and the peak of the flow velocity waveform
DFVW;.
o The main peak of the carotid distension ACDW,
and the secondary peak of the flow velocity waveform
DFVW,.
o The incisura of the carotid distension and the flow ve-
locity waveforms, DEF'V W3 and AC DW3 respectively.
Figure 6 shows the carotid distension waveform ver-
sion obtained from the stethoscope audio signals ACDW
for the four tested subjects. It is possible to observe that
the ACDW are different morphologically from subject to
subject while US doppler waveforms are quite similar. It
is also evident the correct matching between the fiducial
points belonging to the obtained ACDW and the ones of
the DFVW signal for all the tested subjects.
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Figure 6. Resulting ACDW for the four tested subjects and fiducial points comparison with the DFVW (green dashed

line).

4. Conclusions

In this work we have shown that a kind of carotid disten-
sion waveform can be obtained by simply recording audio
from a stethoscope placed next to the carotid. This au-
dio signal can be explained by the dilatation and contrac-
tion of blood vessels resulting in a blood pressure wave-
form, which confirms its similarity to the carotid disten-
sion waveform. We strongly believe that the loss of arterial
elasticity could be quantified with an approach like that in
the near future for preventing cardiovascular diseases.
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