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Intraesophageal Microphone for Phonocardiographic Recording
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Determination of systolic time intervals requires a
simultaneous high-speed recording of the electro-
cardiogram (ECG), phonocardiogram (PCG), and
central pulse tracing (CPT).! The interval from the
onset of the Q wave of the ECG to the initial high-
frequency vibrations of the second heart sound (S,)
of the PCG (Q-S, interval) is a basic measurement.
Unfortunately, the site of the surgical procedure or
extent of the sterile field, patient position, or noise
in the room may prevent the use of a precordial
microphone.

We have recorded PCG’s simultaneously from the
precordium and from a standard esophageal stetho-
scope with a second external microphone. The
PCG’s recorded from the two sites were not consis-
tently equivalent. An intraesophageal microphone
was fabricated and recorded time intervals were
found comparable to those obtained with the pre-
cordial method.

METHODS

Microphone Construction

Comparison of the onsets of S, as sensed simul-
taneously by a precordial microphone and by a
microphone attached to a standard esophageal
stethoscope revealed a variable delay in transmis-
sion. To eliminate this delay, a hearing-aid micro-
phone was threaded down a standard esophageal
stethoscope (Portex 24FG). The microphone output
was fed into a small amplifier (fig. 1), which was
powered by a 1.5-volt battery.y The output of
this amplifier was fed into a Hewlett Packard
8813A heart-sound amplifier. With the stetho-

* Assistant Professor,

1 Professor.

{ Fellow in Anesthesiology.

§ Nurse Researcher.,

Received from the Department of Anesthesiology, University
of Mississippi Medical Center, Jackson, Mississippi 392186,
Accepted for publication August 30, 1976

Address reprint requests to Dr. Tonneson.

1 The total cost of the microphone and amplifier was $15.00.
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scope intact the leakage current was 6 micro-
amperes with an applied voltage of 110 volts. A
leakage current of 40 microamperes was produced
when the stethoscope wall was not intact. This
larger current can be reduced to less than 10 micro-
amperes by placing an isolation amplifier (Analog
Devices, Model No. 273K) between the microphone
amplifier and the heart-sound amplifier.

The frequency responses of the assembled unit
were equivalent to those of tracings from the pre-
cordial microphone.

Patient Application

Lead II of the ECG was amplified by a Hewlett
Packard 8811A bioelectric amplifier. The precordial
PCG was detected with a Sanborn P/N 62-1500-C13
dynamic microphone. A similar microphone was
attached to a standard esophageal stethoscope posi-
tioned to obtain a clear tracing of S,. Signals from
the microphones were amplified with two Hewlett
Packard 8813A heart-sound amplifiers. The three
tracings were recorded simultaneously on a Honey-
well 1858 CRT Visicorder at a paper speed of 100
mm/sec. The standard esophageal stethoscope was
then replaced with the new esophageal microphone
and another recording made.

Using a Hewlett Packard 9864A digitizer inter-
faced with a Hewlett Packard 9830A programmable
calculator, six to ten Q-S, intervals from each of
ten patients were measured in duplicate from the
precordial PCG, and from the esophageal PCG using
the external microphone. The procedure was re-
peated for the comparison of the precordial with the
intraesophageal microphone. Using this method, the
limits of discrimination are 2.5 msec with a repeat-
ability of less than 5 msec.

RESULTS

To determine the reproducibility of measure-
ments made on the Hewlett Packard digitizer, the
Q-S, interval was determined twice from each of
174 recordings made using the precordial micro-
phone. The results are shown in figure 2.

Figure 3 plots the Q-8 interval recorded using a
standard esophageal stethoscope attached to an

Fic. 1. Schematic diagram of the microphone
amplifier.

20z ludy g1 uo 3senb Aq ypd'1.000-00010LL61-Z2¥S0000/ESELEZ/0L/LI9v/spd-al0nie/ABojoISaUISBUE/LIOD JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



71

Aresthesilows o7 CLINICAL REPORTS
480 480+
460- : 460+ 3
g D
440- i 440- S
EX0 .
—~ 420+ i ~ 4201 U
n t Q A
» 400+ , ® 400- i
% 380- U % 380-
Q 360- - W 360-
L3 r=.997 _ A rs=.979
340 Syx=3.35 340 Syxs 70
320 Slope =1.00 320 Slope =1.03
300 t+—TF—T—T1TT—TT—T T 300 T T T T T T T 7T
300 320 340360380400420440460480 300 320 340 360380400 420440460480
P,(msec) P(msec)

FiG. 2. P, represents the first reading of the Q-S, interval
in milliseconds, and P, the duplicate reading.

external microphone against the same interval
measured from the precordial PCG. Overall there
was a 5-msec delay in the results obtained for the
esophageal stethoscope (mean precordial Q-S.
= 411 msec, mean esophageal Q — S, = 416 msec),
and the standard error of estimate was more than
twice (7.0 msec) that for the control method
(P <.001).

Figure 4 presents the same relationship for the
PCG'’s recorded from the precordial and intraesoph-
ageal microphones. The standard error of estimate was
2.9 msec, which is not different from that for the pre-
cordial microphone (P > 0.1), but is less than that
for the esophageal stethoscope (P < .001).

DiscussioN

An external microphone attached to a standard
esophageal stethoscope introduces a delay aver-
aging 5 msec in the recording of S,. This delay, if
caused by sound transmission in air at 37 C, would
not exceed 1.4 msec.? Our observations suggest that
the frequency response of the system was in-
adequate to record the initial high-frequency vibra-
tions. A constant delay in the onset of S, would
have been tolerable, but the variability found pre-
cluded the use of this system in measuring the
Q-S; interval.

The time intervals recorded using the intra-
esophageal microphone were equivalent to those
obtained from the precordium.

The intraesophageal PCG was generally easy to
obtain and had a better signal-to-noise ratio than
the precordial PCG. We believe it represents an
excellent alternative to the precordial microphone
for use in anesthetized patients, and may find ap-
plication in management of critically ill patients
as well.

FiG. 3. The Q-S, interval as measured from the precordial
microphone is plotted along the horizontal axis (P), and the
Q-S, interval as measured using the standard esophageal
stethoscope (Eg) along the vertical axis. (Es= 1.03x P — 17
milliseconds.)
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F1G. 4. The Q-§, interval as measured from the precordial
microphone is plotted along the horizontal axis (P), and the
Q-S, interval as measured using the intraesophageal micro-
phone (Ey) along the vertical axis.
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