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A Wireless Electronic Esophageal
Stethoscope for Continuous Monitoring of
Cardiovascular and Respiratory Systems
during Anaesthesia

Parsaei H."**, Vakily A.", Shafiei A. M.

ABSTRACT

Background: The basic requirements for monitoring anesthetized patients dur-
ing surgery are assessing cardiac and respiratory function. Esophageal stethoscopes
have been developed for this purpose, but these devices may not provide clear heart
and lung sound due to existence of various noises in operating rooms. In addition,
the stethoscope is not applicable for continues monitoring, and it is unsuitable for
observing inaccessible patients in some conditions such as during CT scan.

Objective: A wireless electronic esophageal stethoscope is designed for con-
tinues auscultation of heart and lung sounds in anesthetized patients. The system
consists of a transmitter and a receiver. The former acquires, amplifies and transmits
the acquired sound signals to the latter via a frequency modulation transmitter. The
receiver demodulates, amplifies, and delivers the received signal to a headphone to
be heard by anesthesiologist.

Results: The usability and effectiveness of the designed system was qualitatively
evaluated by 5 anesthesiologists in Namazi Hospital and Shahid Chamran Hospital,
Shiraz, Iran on 30 patients in several operating rooms in different conditions; e.g.,
when electro surgery instruments are working. Fortunately, the experts on average
ranked good quality for the heard heart and lung sounds and very good on the user
friendly being of the instrument.

Conclusion: Evaluation results demonstrate that the developed system is capable
of capturing and transmitting heart and lung sounds successfully. Therefore, it can be
used to continuously monitor anesthetized patients’ cardiac and respiratory function.
Since via the instrument wireless auscultation is possible, it could be suitable for
observing inaccessible patients in several conditions such as during CT scan.
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Introduction
onitoring the patient’s condition during surgery under a gen-
eral anesthesia is crucial. An anesthesiologist continuously
obtains information from the anaesthetized subject. Cardiac
and respiratory function is one of this information [1-5]. In general,
such information is obtained by measuring and listening to the respira-
tory and heart sounds.
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Heart sounds reflect the blood turbulence
created when the heart valves are closed [6].
In healthy adults, there are two major heart
sounds often— the first heart sounds (S,) and
second heart sound (S,). The S, occurs at
the onset of ventricular contraction, or sys-
tole. Specifically, the S, sound is caused by:
a) the rapid block of reverse blood flow due
to closure of atrio-ventricular valves (the tri-
cuspid valve and mitral valve); b) oscillation
of blood between the root of the aorta and the
ventricular walls; and c) vibrations caused by
turbulence in the ejected blood flowing rap-
idly through the ascending aorta and the pul-
monary artery. The S, sound is occurred at the
end of ventricular systole and the beginning
of ventricular diastole. This sound is caused
by closure of the semilunar valves (the aortic
valve and pulmonary valve). The snap shut of
these valves causes sudden block of reversing
flow blood and ultimately cause vibrations in
the arteries and ventricles. In addition to S,
and S,, in some cases a third heart sound (S,)
and the fourth heart sound (S,) may be heard.
The former is caused by oscillation of blood
between the walls of the ventricles in the
ventricular rapid-filling phase. Finally, the S,
sound is caused by atrial contraction displac-
ing blood into the ventricles.

The heart sounds provide important infor-
mation on myocardial contractility, hemody-
namic status, vascular resistance, and pulmo-
nary artery [6]. In anesthesia, heart sounds can
be used as indicators of cardiovascular status
and anesthetic depth [ 14, 6-10]. With cardio-
vascular depression from deep anesthesia, the
sounds become muffled.

In addition to heart sounds, auscultation of
lung sounds enables the anesthesiologist to
immediately detect minor disturbances that
could ultimately cause patient harm such as
airway obstruction and disconnection [1, 3, 4,
11-14]. Difficult or labored breathing may in-

dicate the presence of an airway obstruction.
Harsh noises, whistles or squeaks may indi-
cate narrow or obstructed airways or the pres-
ence of fluid in the airways. Therefore, heart
and lung sounds provide valuable information
to the anesthesia provider, and these two pa-
rameters should be continuously monitored.

The simple and low—cost instrument to
monitor heart and lung sound is a stethoscope
[3, 12, 13, 15-17], but there are several is-
sues with using this device during operation.
It may not provide clear heart and lung sound
due to existence of various noises in operating
rooms. The stethoscope is not applicable for
continues monitoring. Finally, it is impossible
for the anesthesiologist to be completely ob-
servant at all times. Several devices have been
developed to resolve these issues. One of these
devices is an esophageal stethoscope.

Esophageal stethoscope is an instrument for
measuring and monitoring heart sound or re-
spiratory sound during operation. This device
consists of a thin, flexible, blind-ended tube
attached to a regular stethoscope usually by
a small plastic adaptor. There is a thin plas-
tic membrane over the perforated area to pre-
vent fluid entering the lumen of the tube. The
advantages of the esophageal stethoscope are
that it is less invasive and easy to handling.
However, it may not provide clear sounds,
specifically in noisy environment. Moreover,
the anesthesiologist has to sit down beside the
patient all throughout the operation that may
not be practical.

Recently, several electronic esophageal
stethoscopes have been developed for aus-
cultation of the heart and lung sound during
anesthesia [15, 18-22]. Experimental results
of qualitative evaluation of these devices re-
vealed that these instruments resolved low
signal to noise ratio of the acquired signals.
Therefore, these electronic esophageal stetho-
scopes extend the anaesthesiologist’s range
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and increase their accuracy. However, in using
these instruments still the anesthesiologist has
to sit down beside the patient all throughout
the operation that may not be practical and
may affect the performance of the anesthe-
siologist. Moreover, monitoring of the heart
and lung sounds during anesthesia using these
developed stethoscopes is difficult when x-ray
examinations (e.g., CT scanning) of the pa-
tient is required.

In this paper, we proposed a wireless elec-
tronic esophageal stethoscope for continues
auscultation of the heart and lung sounds in
anesthetized patients. The remainder of this
paper includes a description of the instrument
developed for this purpose followed by exper-
imental Evaluation, Discussion and Conclu-

) —

sions sections.

Materials and Methods

Figure 1 shows a block diagram of the de-
signed system. As shown, the instrument con-
sists of two parts, a transmitter and a receiver.
Following is a description of each part.

Transmitter

The transmitter acquires, filters, amplifies
and wirelessly sends the heart sound and lung
sound data to the receiver. The schematic cir-
cuit of the transmitter is shown in Figure 2. The
sound is captured by a microphone connected
to an esophageal catheter. A microphone with
a 20 Hz to 20 KHz frequency range was se-
lected to capture all the frequency characteris-

Transmitter

Receiver

Figure 1: Block diagram of the designed wireless electronic esophageal stethoscope
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tics of the heart and lung sound.

The signal from the microphone is contami-
nated by noise and is very feeble too. Sources
of noise are background noise and power line
noise. Interference and low amplitude of the
acquired signal may cause difficult for the
anesthesiologist to differentiate every sound.
Therefore, low pass filter with cut off frequen-
cy of around 27 KHz is used to reduce the ef-
fect of noise and a pre-amplifier is employed
to increase the input signal amplitude by a
gain factor of 50. The pre—amplifiers provide
initial amplification and better noise rejection.
The designed pre— amplifier is also an active
low-pass filter that boosts signals and enhanc-
es the signal-to— noise ratio of the captured
signal simultaneously.

The output signal from the pre—amplifier is
amplified by an amplifier and a power ampli-
fier to supply the necessary power to drive the
headphones and for further processing. This
amplifier has a variable gain that helps adjust-
ing the amplitude of the signal for the correct
analysis.

As discussed, the main objective of this
work was to design a system that can be used
for observing inaccessible patients during CT
scan. For this purpose, the system wirelessly
sends the acquired signals (heart and breath
sounds) to a receiver if needed. The output
of the pre—amplifier is band—pass filtered and
then is delivered to the frequency modulation
(FM) unit and radio frequency (RF) amplifier.
The output of the RF amplifier is then sent to
the receiver via an antenna. The transmission
frequency range of the transmitter is 2400 to
2483 MHz. If the receiver is not receiving sig-
nal correctly, the transmission frequency can
be adjusted using three DIP switches to get a
desirable signal.

Receiver
The receiver processes and delivers the heart

sound data to a head phone. Figure 3 shows
the schematic circuit of the receiver system.
As shown the hardware design of the receiver
consists of an RF amplifier, a demodulator, a
low—pass filter and an audio amplifier. The
received signal may be feeble, contaminated
by the background noise. Therefore, the signal
is amplified using a RF amplifier and then is
filtered using a simple RC low filter (R, and
C, in Figure 3). The filtered output signal is
boosted by a digitally controlled programma-
ble gain power amplifier to pick up this signal
and helps drive the sound for a head phone.
On Figure 3 this power amplifier consists of
U,U,and U,.

Results and Discussion

The designed transmitter and recivear circuit
was frist evalued using a computer simulation
via PsPice software and then fabricted and
tested in real world. The parts were delicately
transferred to a designed printed circuit board
(PCB) shown in Figure 4. The overall mon-
taged system is shown in Figure 5.

The usability and effectiveness of the de-
signed system was qualitatively evaluated by
five anesthesiologists in Namazi Hospital and
Shahid Chamran Hospital, Shiraz, Iran on 30
patients. Five well— experienced anesthesiolo-
gists have been asked to qualitatively provide
feedback on the user friendly being of the
instruments and on the quality of the heart
sound heard from a headphone connected to
the output of transmitter/reciever. The system
was tested in different conditions in an oper-
ating room; e.g., when electro surgery instru-
ments were working. The experts, fortunately,
on average they ranked good quality for the
heart sound and very good on the user friendly.

An example signals recorded using the de-
signed instrument is shown in Figure 6. As
show, both heart and lung sounds were cap-
tured and amplified with clear audibility such
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Figure 4: The designed printed circuit board
(i.e.,PCB) for transmitter (top) and the re-
ceiver (bottom) of the developed wireless
electronic esophageal stethoscope.

Figure 5: The transmitter (top) and receiver
(bottom) of developed wireless electronic
esophageal stethoscope.
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Figure 6: An example of a signal acquired using the developed wireless electronic esophageal

stethoscope

that proper auscultation is possible that means
the instrument be an effective and suitable de-
vice for observing inaccessible patients in sev-
eral conditions such as during CT scan.

Conclusion

Monitoring cardiac and respiratory function
during surgery under a general anesthesia is
crucial. Electronic esophageal stethoscopes
have been developed for the purpose of real-
time monitoring of this information visually,
but these devices are unsuitable for observing
inaccessible patients during MRI or CT scan.
In this work, an embedded wireless digital
stethoscope consists of a transmitter and a re-
ceiver is designed and fabricated to resolve
this issue. In experimental evaluation of real
word operating environment, heart and lung
sound was successfully recorded, transmitted
and delivered to a head phone to be heard and
analyzed by the anesthesiologist. The devel-
oped instrument provides wireless ausculta-

tion, therefore this instrument could be an
effective and suitable device for observing in-
accessible patients in several conditions such
as during CT scan.
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