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Aspects of the present disclosure are directed to processing 
ECG signals from a subject. As may be implemented in 
accordance with one or more embodiments, respective elec 
trodes sense ECG signals from a subject, and the ECG 
signals are digitized and processed, such as to remove noise, 
detect a QRS complex, evaluate quality, detect arrhythmia 
and/or to store the signals. In response to an input from the 
subject, one or more of the ECG signals is recorded along 
with sound from the user, such as to concurrently record the 
user’s voice for describing conditions in connection with the 
recording of the ECG signals. This approach can be carried 
out in an enclosed housing, operated adjacent the subject’s 
thorax. The processed digitized ECG signals and the audio 
signals are then communicated for receipt by an external 
device. 
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computing circuits, a housing that houses the digitizing and 
computing circuits, a fastener that mechanically fastens and 
electrically couples the housing to one of the electrodes, and 
a lead wire that couples the other one(s) of the electrodes to 
the digitizing circuit. The electrodes adhere to remote loca 
tions on a patient and sense ECG signals therefrom, and 
couple the signals to the digitizing circuit via the fastener or 
the lead wire(s). The digitizing circuit digitizes the ECG 
signals, and the computing circuit processes the digitized 
ECG signals by one or more of removing noise, detecting an 
R-R interval, detecting a Q-T interval, and detecting a QRS 
complex. 

Another example embodiment is directed to a patient 
worn apparatus for recording an ECG from the patient. The 
apparatus includes a first circuit that digitizes an ECG signal 
obtained from the patient via at least two ECG leads, and a 
computing circuit that is connected to the first circuit to 
receive the digitized ECG signal. The computing circuit 
decomposes the digitized ECG signal into subcomponents, 
computes a statistical variance of the subcomponents over a 
time interval, and determines if one of the at least two ECG 
leads is disconnected from the patient based upon the 
statistical variance of the subcomponents. In another 
embodiment, detection of a disconnected ECG lead is made 
by computing a ratio of the variance of a subset of the 
subcomponents to total variance, wherein the subset 
includes those subcomponents that comprise 30 to 70% of 
the total variance of a representative clean ECG. 

Another example embodiment is directed to an apparatus 
including a sensing electrode that adheres to and senses 
physiological signals from a patient, a denoising component 
and a fastener that fastens the denoising component to the 
sensing electrode. The denoising component includes a 
housing having a digitizing circuit, a computer circuit and a 
battery. The digitizing circuit digitizes the signals received 
via the sensing electrode and at least another sensing elec 
trode coupled to the patient, the computing circuit processes 
the digitized signals to remove noise therefrom, and the 
battery powers the digitizing and computing circuits. The 
fastener mechanically fastens the housing to the sensing 
electrode, which supports the weight of the denoising com 
ponent via the fastener while the first sensing electrode is 
adhered to the patient. 

According to another example embodiment, physiologi 
cal signals of a subject human or animal are collected, 
preprocessed and digitized by a telemetric ambulatory moni 
toring device (TAMD) that is worn by the subject. The 
digitized signal is denoised using one of several signal 
processing algorithms, a feature signal is created from the 
denoised signal, physiologic events are detected, and the 
denoised signal is compressed to reduce the data volume in 
order to reduce the energy required to telemeter the signal. 
A confidence signal is computed that provides a metric of the 
validity of points comprising the feature signal. An addi 
tional confidence signal is computed to evaluate the validity 
of detected events. The monitoring device includes a wire 
less communication module to communicate information to 
and from a data review system. Further, a process is 
described for detecting, classifying, and reporting arrhyth 
mia events that provides for efficiency and accuracy. 

In one aspect of this invention, a component of computing 
the confidence signal is a dynamic signal-to-noise ratio 
(dSNR) that is updated frequently, and in the case of a 
cardiac signal, it is updated for each cardiac cycle or portion 
of the cardiac cycle. Feature points extracted from the 
denoised signal are classified as valid or invalid and only 
valid features are used to compute a parameter including a 
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8 
mathematical combination of valid features. dSNR can also 
be used to identify segments of the physiologic signal that 
contain no useful information. 

In another aspect of this invention, physiologic events are 
detected. A confidence signal is computed and used to 
classify a detected event as valid, invalid, or uncertain. 
Events classified as valid are accepted and included in a 
report summarizing arrhythmia events without the need for 
verification by a trained person. 

In another aspect of this invention, parameters derived 
from valid feature points of a physiological signal are 
computed within the TAMD, thereby reducing the volume of 
data that must be transmitted, resulting in a net reduction in 
power consumption and hence longer battery life. 

Various example embodiments are implemented as 
described in or otherwise in connection with the embodi 
ments in the underlying provisional application to which 
benefit is claimed (U.S. Provisional Patent Application Ser. 
No. 61/869,250), which is fully incorporated herein by 
reference. For instance, various embodiments as character 
ized in the Appendices therein may be implemented within 
a housing or related component as applicable for detecting 
cardiac or other physiological signals as characterized in the 
following description and/or in the claims. 

In accordance with a particular embodiment, and referring 
to FIG. 1, a system is comprised of an apparatus 5101 that 
is worn by a human or animal subject and is responsible for 
measuring, processing and recording the subjects ECG. This 
apparatus is also referred to as a “Telemetric Ambulatory 
Monitoring Device” (TAMD) or “recording device”. In 
some embodiments, the recording device continuously 
records ECG or records clinically significant arrhythmia 
events, and saves the recording on a memory element 
located within the device. In some embodiments, the device 
detects and communicates clinically significant events to a 
communications relay device 5102. Relay 5102 may be 
worn by the subject or may be placed in a purse or kept 
nearby. Communications between the recording device 5101 
and relay device 5102 can occur via a USB communications 
link or wireless link. Relay device 5102 receives the record 
ing and forwards it to data collection and review system 
(DCRS) 5106. In some embodiments, the relay device 
includes a commercially available smart phone running an 
application that may perform some processing functions as 
well as capability to interrogate and program operating 
parameters (e.g. tachyarrhythmia and bradyarrhythmia rate 
thresholds) in recording device 5101. In some embodiments 
relay device 5102 is a cellular relay that receives the signal 
from recording device 5101 via a wireless communications 
link and forwards the data to DCRS 5106 via a cellular 
communications network. In some embodiments, DCRS 
5106 includes a PC running an application that receives data 
from the relay device via a telecommunications system, 
processes the received data, provides a function for a human 
being to review the received and processed data, and creates 
a report to summarize the subject’s condition in a manner 
suitable for the intended research or clinical evaluation. In 
some applications, recording device 5101 may communicate 
directly with DCRS 5106. This may be useful for providing 
the patient with direct access to the information provided by 
5101 and 5106 and to eliminate the need for communication 
relay 5102. In some embodiments, direct communication to 
DCRS 5106 is achieved using a cellular modem. In another 
embodiment, a Bluetooth communication circuit located 
within the housing of TAMD 5101 may be used when 
TAMD 5101 and DCRS 5106 are in close proximity. 
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condition and secured to well-prepared skin, and the area 
surrounding the patient is void of electromagnetic interfer 
€11Cè. 

In some embodiments, processing includes detection of 
QRS complexes and using R-R intervals to determine if a 
tachyarrhythmia, bradyarrhythmia, pause, or atrial fibrilla 
tion (AF) event has occurred. Arrhythmias are detected 
based upon selection of criteria as one of a menu of criteria. 
For example, tachyarrhythmia may be defined as 6 consecu 
tive interbeat intervals exceeding a selected rate threshold. 
Bradyarrhythmia may be defined as 3 consecutive interbeat 
intervals below a selected rate threshold. Pause may be 
defined as no beat detected for a period of more than 3 
seconds. An AF event may be detected when the degree of 
variability in R-R intervals exceeds a threshold for more 
than 60 seconds. When an arrhythmic event is detected, the 
recording device captures an ECG segment and saves in 
memory. This segment may include a time period prior to 
and after occurrence of the arrhythmia, 30 seconds, for 
example. This is referred to as an autotrigger capture of an 
event. 

In some embodiments the variability of R-R intervals is 
evaluated to determine if AF is present. In other embodi 
ments, the atrial electrical activity is evaluated. In yet other 
embodiments, a combination of R-R interval characteristics 
and atrial electrical activity is used to determine is AF is 
present. If AF persists for more than a predetermined time, 
an AF event is detected that triggers recording of an ECG 
strip. Various embodiments are directed to detecting AF 
using one or more of the following approaches: 

Characterization of a density histogram of RR intervals or 
successive R-R interval differences using nonlinear 
statistics such as Kolmogorov-Smirnov (Tateno, Glass) 

Computing variance, root mean square of R-R intervals or 
successive R-R interval differences 

Evaluating R-R intervals for a segment of an ECG record 
ing using Lorenz plots (Medtronic) 

Evaluating coherence of two adjacent segments of ECG 
recording (Chon) 

Evaluating mean absolute difference of consecutive R-R 
intervals in an ECG segment (Telectronics, Greenhut) 

Computing the ratio of consecutive R-R intervals and 
comparing moving averages of the ratios to a threshold 
(Lifewatch, Korzinov) 

Computing spectral entropy of atrial cardiac activity from 
an ECG and comparing to a predetermined threshold 
(GE, Taha) 

In an alternate embodiment, multiscale entropy measure 
ments of R-R interval dynamics is quantified for an ECG 
strip as described in Appendix B of the provisional appli 
cation referenced above, which is fully incorporated herein 
by reference. In an example embodiment, entropy-based 
analysis is used to quantify complexity or irregularity of 
interval dynamics. For general information regarding 
entropy-based analysis, and for specific information regard 
ing entropy-based analyses that may be implemented in 
accordance with one or more example embodiments, refer 
ence may be made to the Multiscale Entropy (MSE) 
approaches as described in M. Costa, A. L. Goldberger, and 
C.-K. Peng, “Multiscale Entropy Analysis of Complex 
Physiologic Time Series.” Phys. Rev. Lett. 89, 6, (2002), 
which is fully incorporated herein by reference. 

Referring to FIGS. 4A and 4B, various example embodi 
ments involving beat-to-beat intervals are shown with 
respect to plots that are implemented, for example, in 
computing a metric indicative of the presence of AF (e.g., as 
may be implemented with the system shown in FIG. 1). In 
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FIG. 4A, plots 401, 402, and 403 illustrate beat-to-beat R-R 
interval dynamics with different characteristics: plot 401 
shows an example of high variability and high complexity 
(normal healthy heart); plot 402 shows an example of low 
variability and low complexity (diseased heart with heart 
failure); and plot 403 shows an example of high variability 
and low complexity (diseased heart with atrial fibrillation). 
Plots 401 and 403 in FIG. 4A are both characterized by high 
variability. However, plot 401 corresponds to normal 
dynamics of a healthy heart, and plot 403 illustrates R-R 
interval dynamics of a heart in atrial fibrillation. These two 
plots demonstrate that both the healthy and diseased heart 
can both be characterized by high R-R interval variability, 
but the presence of AF can be discriminated by assessing 
complexity of R-R interval dynamics. 

Complexity can be quantified using tools, such as multi 
scale entropy (MSE), that measure system entropy at various 
lags. In FIG. 4B, MSE is shown for the corresponding plots 
404, 405, and 406, with lags ranging from 1 to 20. In FIG. 
4B, plot 404 shows MSE for plot 401 of FIG. 4A, plot 405 
shows MSE for plot 402, and plot 406 shows MSE for plot 
403. In some embodiments involving these examples, the 
MSE trend is approximated by a linear equation for the first 
few lags, and the offset and slope of the linear equation can 
be used to quantify the complexity of interval dynamics and 
detect AF. In an example illustrated in plot 406, the irregular 
RR interval dynamics with low complexity indicative of 
atrial fibrillation is characterized by high offset and large 
negative slope of the linear equation approximating multi 
scale entropy. In some embodiments, the MSE trend can be 
used to discriminate between bigeminy or trigeminy dynam 
ics and AF. With many existing algorithms, bigeminy or 
trigeminy often trigger a false positive detection of AF. In an 
embodiment where the first few lags of the MSE trend is 
approximated by a linear equation, bigeminy and trigeminy 
are characterized by an offset and slope that is higher than 
is typical of AF. 

In an example embodiment, and referring to FIG. 5, 
multiscale entropy (MSE) is computed and analyzed to 
detect atrial fibrillation. One or more ECG signals are input 
at 501. A time series X(i) of R-R intervals is derived from 
the cardiac signals in 502. Time series X(i) may include 
between 40 and 500 beats, although fewer or more beats 
may be used. 
Time series X(i) is processed to compute sample entropy 

SE(1) in step 503. Time series X(i) is further processed to 
compute sample entropy at multiple lags. For example, in 
504 X(i) is low pass filtered (LPF), decimated to remove 
every other point, and sample entropy SE(2) is computed for 
the resulting time series Y1(i) in step 505. In one embodi 
ment, the frequency cutoff of the LPF is 0.5/(level of 
decimation). Steps 506 through 513 mirror steps 504 and 
505, and in which the low-pass filter cutoff and the level of 
decimation are set, for example, with the LPF cutoff in 504 
being /4 and the level of decimation being 2. The level of 
decimation corresponds to a lag at which dynamics are 
evaluated and is also referred to as the scale of the entropy 
estimate. In 506, the LPF cutoff is V6 and the level of 
decimation is 3 (2 of every 3 points is removed). In 508, the 
LPF cutoff is /s and the level of decimation is 4 (3 of every 
4 points is removed). In one embodiment the LPF is an IIR 
filter such as Butterworth filter. In another embodiment the 
LPF is an FIR filter such as moving average filter. The 
number of scales (m+1) as discussed above may be imple 
mented to suit various applications. In one embodiment, the 
number of scales (m+1) is 10. The resulting MSE trend of 
entropy values, SE(1), SE(2), SE(3), . . . SE(m+1) is 
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lead. This involves decomposing the input ECG signal into 
subcomponents and computing statistical variance of sub 
components for the duration of the sensing time interval. In 
one embodiment each subcomponent center frequency cor 
responds to a particular frequency band of the input signal. 
The distribution of the variance of subcomponents (e.g., the 
variance of individual subcomponents over the sensing time 
interval) approximates the power spectral density function 
of the input signal. The variance of the subcomponents is 
compared to a threshold and if it exceeds the threshold, an 
ECG signal is present and the lead is connected to the 
patient. 

In an alternate embodiment, a determination of the quality 
of signal is made based upon a ratio of the variance of a 
subset of the subcomponents to total statistical variance of 
the segment. A subset of subcomponents is chosen so that 
the subcomponents in the subset comprise a substantial 
portion of the total energy of a relatively noise-free repre 
sentative ECG. In one embodiment, the portion in the subset 
is between 30 and 90%. In a related embodiment, the ratio 
of variance of each individual subcomponent in the subset to 
total variance is computed. 

In some embodiment, the quality of the signal can be 
assessed evaluating the distribution of the ratios. In other 
embodiments, the quality of the signal can be assessed by 
evaluating the relative variance of individual subcompo 
nents. 

In other embodiments, the approaches shown in FIGS. 19 
and 20 in Appendix A of the underlying provisional appli 
cation are implemented for applying a distribution of sub 
component variance for detecting when an ECG signal is 
present (FIG. 19) and when the sensing electrodes are not 
connected (FIG. 20). For example, such approaches may be 
implemented with the above-discussed embodiments in 
FIGS. 1-6. Approaches for evaluating the distribution of 
subcomponent variance include identifying which subcom 
ponent has the highest variance, and comparing the profile 
of the distribution of subcomponent variance to a profile of 
a known condition of the sensing leads. This technique can 
be applied to the signals from individual leads to determine 
if a single lead is disconnected, and is an alternative to using 
the traditional impedance measurement approach. The 
approach described here for step 1801 can be useful in that 
it can be implemented with very little power and uses fewer 
hardware components than traditional methods to sense lead 
off and hence can result in a smaller and less expensive 
device. 

In another embodiment, the determination that a good 
quality signal is present is based upon computing the power 
spectrum of the recording in the segment using known 
techniques such as a Fourier transform. In one embodiment, 
the computed power spectrum is compared to a reference 
power spectrum through pattern matching or template 
matching. The template is formed from a reference power 
spectrum computed in advance or from newly acquired data 
from one or more representative live animals of the species 
and saved in memory. If the power spectrum of the segment 
matches the template constructed from the reference spec 
trum, the signal quality is deemed to be good. 

In another embodiment, the computed power spectrum is 
evaluated by computing a ratio of power in a chosen range 
of frequencies that comprise a significant portion of the 
power in a representative noise-free ECG signal of the 
species to total power in the segment. In some embodiments, 
a significant portion of the power is considered to be more 
than 50% of the power in a relatively noise-free recording of 
the signal. In other embodiments, the energy in the chosen 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
range of frequencies comprises 30 to 90% of the energy in 
a relatively noise-free representative ECG signal. For 
example, about 50% of the power in a relatively noise-free 
human ECG is in a frequency range from about 10 to 30 Hz. 
If the power spectrum of a human ECG is computed for a 60 
second segment of a recording and the ratio of the power 
from 10 to 30 Hz range over the total variance (power) of the 
segment is computed, the ratio would normally be about 0.5. 
If the signal quality is poor, the ratio would be less than this. 

Based upon the above discussion and illustrations, those 
skilled in the art will readily recognize that various modi 
fications and changes may be made to the various embodi 
ments without strictly following the exemplary embodi 
ments and applications illustrated and described herein. For 
example, different types of signals can be captured, different 
types of electrodes and fasteners can be used, and a different 
arrangement of circuitry (e.g., fewer or more circuits) may 
be implemented within a housing as discussed. In addition, 
the various embodiments described herein may be combined 
in certain embodiments, and various aspects of individual 
embodiments may be implemented as separate embodi 
ments. Such modifications do not depart from the true spirit 
and scope of various aspects of the invention, including 
aspects set forth in the claims. 
What is claimed is: 
1. An apparatus comprising: 
first and second electrodes configured and arranged to 

sense ECG signals from a subject; and 
an circuitry including: 

a digitizing circuit configured and arranged to receive 
and digitize the ECG signals sensed by the elec 
trodes; 

an audio circuit including a microphone configured and 
arranged to capture voice sounds from the subject 
traveling through air, the audio circuit being config 
ured and arranged to convert the captured voice 
sounds into electrical audio signals that can be 
reproduced for regenerating the voice sounds and 
therein providing audibly discernable speech; 

a processing circuit configured and arranged with the 
electrodes and digitizing circuit to digitize the ECG 
signals and to process each digitized ECG signal by 
at least one of removing noise from the digitized 
ECG signal, storing the digitized ECG signal in a 
memory circuit, detecting a QRS complex in the 
digitized ECG signal, evaluating quality of the digi 
tized ECG signal, and detecting arrhythmia in the 
digitized ECG signal; 

an input circuit configured and arranged to receive an 
input from the subject and including at least one 
manual switch configured and arranged to provide 
the input in response to the subject manually acti 
vating the at least one switch, the processing circuit 
and audio circuit being respectively configured and 
arranged with the input circuit to initiate recording of 
at least one of the ECG signals and the sound in 
response to the input; and 

a communication circuit configured and arranged to 
communicate the processed digitized ECG signals 
and the audio signals for receipt by an external 
device. 

2. The apparatus of claim 1, further including the memory 
circuit, wherein the processing circuit is configured and 
arranged to 

store, in the memory circuit, data that represents and links 
the at least one of the ECG signals and the sound 
recorded in response to the input, thereby linking each 
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captured ECG signal with sound recorded in connec 
tion with the captured ECG signal, and 

communicate the stored data that represents and links 
ECG signals with recorded sound, via the communi 
cation circuit. 

3. The apparatus of claim 1, further including a transducer 
configured and arranged to generate audible sound, wherein 
the processing circuit is configured and arranged to evaluate 
signal quality of the digitized ECG signal and to audibly 
communicate an indication of the evaluated quality of the 
signal via the transducer. 

4. The apparatus of claim 1, wherein the processing circuit 
is configured and arranged to evaluate the signal quality of 
the digitized ECG signal by: 

decomposing the digitized ECG signal into subcompo 
nents, 

computing a statistical variance of the subcomponents 
over a time interval, and 

assessing signal quality based upon the statistical variance 
of the subcomponents. 

5. The apparatus of claim 1, wherein the processing circuit 
is configured and arranged to remove noise from the digi 
tized ECG signal by 

decomposing the signal into subcomponents; 
identifying a location of the QRS complex of a cardiac 

cycle in the ECG signal; 
identifying a first time window in the cardiac cycle that 

includes the QRS complex; 
identifying at least one time window in the cardiac cycle 

that does not include the QRS complex; 
for each of the identified time windows, identifying target 

subcomponents as subcomponents that contain more 
energy that is within a band of frequencies character 
istic of a desired ECG signal in the time window than 
energy that is outside the band of frequencies charac 
teristic of the desired ECG signal; and 

reconstructing a denoised physiological signal using at 
least two of the identified target subcomponents. 

6. The apparatus of claim 1 further including a housing 
that includes the digitizing circuit, audio circuit, processing 
circuit and communication circuit, the housing being con 
structed primarily of a non-conductive material and having 
at least one conductive pin embedded into the non-conduc 
tive material and configured and arranged to electrically 
conduct the sensed ECG signals from outside the housing to 
the digitizing circuit within the housing, the at least one 
conductive pin being sealed within and configured and 
arranged with the non-conductive exterior to prevent pen 
etration of fluid into the housing. 

7. The apparatus of claim 6, further including a fastener 
configured and arranged to mechanically support the hous 
ing proximate the subject’s thorax. 

8. The apparatus of claim 7, wherein 
the processing circuit is configured and arranged to detect 

and identify cardiac signals selected from the group of: 
a QRS complex, cardiac arrhythmia and a combination 
thereof. 

the fastener includes the first electrode and is configured 
and arranged to adhere to the subject’s skin, 

the housing includes a conductive snap at an outer surface 
thereof; and 

the fastener includes a conductive snap that is configured 
and arranged to mate with the conductive snap in the 
housing, and to provide both mechanical support for 
the housing and electrical connection from the first 
electrode to the digitizing circuit contained within the 
housing. 
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9. The apparatus of claim 7, 
wherein the fastener includes the first electrode and is 

configured and arranged to adhere to the subject’s skin, 
further including a conductive lead wire that extends 

through the housing, and a conductive snap connected 
to the conductive lead wire; and 

wherein the fastener includes a conductive snap that is 
configured and arranged to 
mate with the conductive snap connected to the con 

ductive lead wire, and 
provide both mechanical support for the housing and 

electrical connection from the first electrode to the 
digitizing circuit contained within the housing. 

10. The apparatus of claim 1, 
wherein the communication circuit includes a wireless 

communication circuit configured and arranged to 
wirelessly transmit data characterizing the processed 
digitized ECG signals and the audio signals to the 
external device; 

wherein the input is a tactile input from the subject and the 
input circuit is configured and arranged to convert the 
tactile input to an input signal; 

wherein the processing circuit is configured and arranged 
with the electrodes, digitizing circuit, and communica 
tion circuit to: 
in response to each input, record the digitized ECG 

signal sensed from the subject via the electrodes, and 
record the subject’s voice via the audio circuit, and 

wirelessly transmit the recorded voice and digitized 
ECG signal to the external device via the wireless 
communication circuit, thereby providing access to 
ECG signals and the subject’s voice as recorded in 
conjunction with each ECG signal recorded in 
response to tactile input from the subject; 

further including: 
a power supply configured and arranged to provide 
power to the digitizing circuit, the audio circuit, the 
communication circuit, the input circuit, and the 
processing circuit; 

a housing that houses at least the input circuit, audio 
circuit, communication circuit, power supply and the 
processing circuit; and 

a mechanical support structure configured and arranged 
to support the housing proximate the subject’s tho 
I &lx. 

11. The apparatus of claim 10 wherein 
the housing is constructed primarily of a non-conductive 

material, 
at least one conductive pin is embedded into the non 

conductive material and configured and arranged to 
electrically conduct a sensed ECG signal from the 
electrodes outside the housing to the digitizing circuit, 
and 

the at least one conductive pin is sealed within and 
configured with the non-conductive material to prevent 
penetration of fluid into the housing. 

12. The apparatus of claim 10, further including a trans 
ducer configured and arranged to generate audible sound, 
wherein the processing circuit is configured and arranged to 
evaluate signal quality of the digitized ECG signal and to 
audibly communicate an indication of the evaluated quality 
of the signal via the transducer. 

13. The apparatus of claim 12, wherein the processing 
circuit is configured and arranged to evaluate the signal 
quality of the digitized ECG signal by: 

decomposing the digitized ECG signal into subcompo 
nents, 
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26. The method of claim 25, wherein 
processing each digitized ECG signal includes storing 

data that represents and links the at least one of the 
ECG signals and the sound recorded in response to the 
input, thereby linking each captured ECG signal with 
sound recorded in connection with the captured ECG 
signal, and 

communicating the processed digitized ECG signals 
includes communicating the stored data that represents 
and links ECG signals with recorded sound. 

27. The method of claim 25, wherein processing each 
digitized ECG signal includes evaluating signal quality of 
the digitized ECG signal, further including audibly commu 
nicating an indication of the evaluated quality of the signal 
using a transducer. 

28. The method of claim 25, wherein processing each 
digitized ECG signal includes removing noise from the 
digitized ECG signal by 

decomposing the signal into subcomponents; 
identifying a location of the QRS complex of a cardiac 

cycle in the ECG signal; 
identifying a first time window in the cardiac cycle that 

includes the QRS complex; 
identifying at least one time window in the cardiac cycle 

that does not include the QRS complex; 
for each of the identified time windows, identifying target 

subcomponents as subcomponents that contain more 
energy that is within a band of frequencies character 
istic of a desired ECG signal in the time window than 
energy that is outside the band of frequencies charac 
teristic of the desired ECG signal; and 

reconstructing a denoised physiological signal using at 
least two of the identified target subcomponents. 

29. The method of claim 25, wherein supporting the 
housing near the subject’s thorax includes snapping the 
housing to a fastener adhered to the subject’s skin and using 
the fastener to provide both mechanical support for the 
housing and electrical connection from the first electrode to 
the digitizing circuit contained within the housing. 
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30. The method of claim 25, wherein the housing has at 

least one conductive pin embedded into the non-conductive 
material, further including using the at least one conductive 
pin to couple the digitizing circuit to the first and second 
electrodes. 

31. The method of claim 25, wherein processing each 
digitized ECG signal includes evaluating the quality of the 
digitized ECG signal by providing an indication that at least 
one of the first and second electrodes is disconnected from 
the subject, and by processing circuit in a low power mode 
in response thereto. 

32. A method comprising: 
sensing ECG signals from a subject via first and second 

electrodes; 
receiving and digitizing the ECG signals sensed by the 

electrodes via a digitizing circuit; 
using an audio circuit, capturing sounds from the subject 

and converting the sound into electrical audio signals; 
in a processing circuit operable with the electrodes and 

digitizing circuit, digitizing the ECG signals and pro 
cessing each digitized ECG signal, wherein processing 
each digitized ECG signal includes evaluating the 
signal quality of the digitized ECG signal by: 
decomposing the digitized ECG signal into subcompo 

nents, 
computing a statistical variance of the subcomponents 

over a time interval, and 
assessing signal quality based upon the statistical vari 

ance of the subcomponents; 
in response to receiving an input from the subject via an 

input circuit, recording at least one of the ECG signals 
and the sound via the processing circuit and the audio 
circuit; and 

communicating each processed digitized ECG signal and 
a corresponding one of the audio signals, via a com 
munication circuit, for receipt by an external device. 


