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(57) ABSTRACT 

Method of analyzing biological Signals, including obtaining 
a magnetic recording media having an analog biological 
Signal recorded thereon, using digital processing Software to 
digitize the biological Signal, displaying the digitized bio 
logical Signal in analog form on a display, and Visually 
analyzing the biological Signal on the display. The biological 
Signal may be an electrocardiogram. Preferably, independent 
channel enhancement of the dynamic range of the analog 
biological Signal is performed prior to digitizing The dis 
played biological Signal is preferably presented in time 
compressed form. Digitizing is performed by Sampling the 
biological Signal at at least approximately 44,100 Hz per 
Second per channel and quantization of at least 16-bits per 
Sample per channel. The digital processing Software is 
preferably digital audio processing Software. 
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SYSTEM FOR ANALYSIS OF BIOLOGICAL 
VOLTAGE SIGNALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application hereby claims priority on U.S. 
Provisional Application No. 60/103,154 filed Oct. 5, 1998, 
the disclosure of which is hereby incorporated by reference 
herein in its entirety. 

FIELD OF THE INVENTION 

0002 The instant invention relates to improved methods 
and Systems for analysis of dynamic electrocardiograms and 
other Similar waves of biological origin with the purpose of 
facilitating improved diagnosis of pathological States in 
human and Veterinary medicine. More particularly, the 
instant invention advantageously uses advances in Sound 
wave technology to improve the recovery, preservation, 
enhancement and cost effective analysis of biological signals 
to aid research as well as medical and Veterinary diagnosis. 

BACKGROUND OF THE INVENTION 

0.003 Coronary heart disease is the main cause of death 
in many countries. About 50% of those affected do not reach 
the hospital due to poor recognition of the disease before a 
cataclysmic, often terminal event has occurred. The present 
invention facilitates improved recognition of myocardial 
ischemia in and out of the hospital by lay people with 
minimum training. Once the nature of the event is recog 
nized, prompt treatment can then be obtained with a net 
effect in the decrease of morbidity and mortality and thereby 
providing Substantial gains in life Span and in quality of life. 

0004. Heretofore, visual analysis of the ambulatory elec 
trocardiogram, in its original analog format, has been and 
remains unsurpassed and it is Superior to any and all current 
computerized forms of analysis. Visual analysis is a very 
time consuming (hence costly) process, which required an 
operator with intimate knowledge of electrocardiography 
and cardiology. For this reason the use of Visual analysis has 
been limited to academic research and it has not been 
possible to extend its benefit to patient care in the commu 
nity. The instant invention overcomes this problem and 
enables identification of the abnormal patterns by any perSon 
with normal intelligence with a minimum (few hours) 
amount of training in the recognition of the discrete visual 
patterns which are repetitive between and within patients. 

0005 The instant invention, referred to herein as the 
Computerized Visual Analysis Technique or “CVAT, gen 
erally relates to the use of State-of-the-art electronics, com 
puter hardware and Software and forward looking Signal 
analysis principles of technology for the evaluation of 
biological Signals obtained from isolated cells, tissues, 
human and animal Species to aid research and diagnosis of 
medical and Veterinary disease States. CVAT can be used to 
process biologic signals Such as, but not limited to: 1) the 
electrocardiogram in all its forms, and in particular, the 
continues electrocardiographic signal Such as that obtained 
with the Holter technique or during on-line, real time 
monitoring of a patient; 2) the electroencephalogram; 3) the 
myogram; 4) the phonocardiogram; and 5) Respiratory 
Sound waves including their correlation with the electrocar 
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diogram and encephalogram to diagnose Sleep disorders in 
the hospital and in out of hospital Settings. 

0006 CVAT remedies major limitations of the current 
Holter analysis paradigm which is useful only to detect groSS 
arrhythmia on the 24-hr electrocardiogram (ECG). Current 
computerized analysis of the ambulatory ECG is done 
without due regards for protection of the integrity, fidelity, 
resolution or dynamic range of the analog signal recorded. 
The current methods are unable to reliably detect ambula 
tory ischemia or risk for potentially lethal arrhythmia. Such 
risks are not detectable in a cost-effective manner with prior 
art techniques. These shortcomings of the prior art have a 
Significant impact on cardiovascular morbidity and mortal 
ity. CVAT remedies the failure of the current methodology 
by making full use of the valuable information encoded in 
the ambulatory electrocardiogram. By failing to disclose 
evidence of risks for catastrophic events, current Holter 
analysis lulls clinicians into the falsehood of absence of 
evidence misrepresented as evidence of absence of poten 
tially lethal riskS. Consecutive obsolete methodologic Steps 
in current Holter analysis Severely diminish the quantity and 
degrade the quality of the Signal encoded in original Holter 
recording media. 

0007 Mass screening for patients silently at risk for 
potentially lethal cardiovascular events could save hundreds 
of thousands lives in the United States alone. Well done 
ambulatory ECG monitoring is the only method able to 
detect transient myocardial ischemia and Spontaneously 
occurring electrical alternans. More than half of the myo 
cardial infarcts and Sudden cardiac deaths happen without 
any prior history of cardiac disease. The instant inventor has 
determined that these occult and lethal risks can be detected 
and lives saved if Holter analysis is done with all the 
resources made available by the fast advances constantly 
made in Signal analysis and computer technology. 

0008. As many as 80 to 100% of the myocardialischemic 
episodes in a patient can be asymptomatic or have unchar 
acteristic manifestations known as “anginal equivalents' by 
cardiologists but frequently undetected by non-cardiolo 
gists. Silent and or uncharacteristic ischemic events are 
common especially in females, diabetics, hypertensives, 
Smokers, hypercholesterolemics, etc. Endothelial cell dyS 
function and occult coronary heart disease are frequently 
hidden pathophysiologic causes of catastrophic or lethal 
cardiac events. 

0009 Silent ischemia, especially that which is not 
induced by physical StreSS, can be detected only by ambu 
latory ECG. However, today, the only reliable form of Holter 
analysis is visual Scanning of the magnetic tape itself, not the 
“over reading” of the expunged and distorted digital file 
which misrepresents the original Signal. Visual analysis by 
an expert electrocardiographer is a very time consuming 
method used only by highly motivated experts in research 
programs. Due to time and cost involved, Visual analysis of 
the analog signal cannot be applied to clinical practice or 
mass Screening of at risk population with known methods. 
To detect ischemia, Special attention must be paid to micro 
Volt range changes in the ECG, which are not preserved or 
duly analyzed by current Holter algorithms. There is a need 
in the art to develop an improved method of Holter analysis 
that can be made cost effective by not requiring highly 
Sophisticated operator skills. In accordance with the inven 
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tion, preservation of the Signal integrity, dynamic range, 
fidelity and resolution in the time and Voltage domains are 
of paramount importance for accurate diagnosis of electro 
cardiographic abnormalities. These considerations are liter 
ally of Vital importance especially regarding the microvolt 
region of the ECG where the ventricular repolarization is 
encoded. 

0.010 The current computerized methods of Holter analy 
sis use communications engineering techniques and thor 
oughly obsolete computer hardware and Software. Commu 
nications engineering paradigms and techniques are best 
limited to the evaluation of non-biological signals where 
reproducibility and repetition of waves and other phenom 
ena are the norm. Biologic Signals, Such as the electrocar 
diogram, arise from complex biological entities where indi 
viduality, constant variation and irreproducibility are 
expected. A major drawback of engineering autocorrelation 
is that it is Sensitive to waveform changes in the time domain 
(X-axes) and poorly Sensitive to changes in the Voltage 
domain (Y-axes). In current Holter analysis, autocorrelation 
is wrongly applied to a Small Sample of degraded biological 
Signal with poor dynamic gain which magnifies the limita 
tions of autocorrelation to recognize Voltage changes. Non 
biological techniques used to analyze biological data yield, 
at best, mediocre results, which become poor when analysis 
is done using a distorted, minuscule fraction of the original 
Signal recorded. 
0.011 The present invention remedies the deficiency of 
the current art by completely turning away from over 
reliance in engineering paradigms not applicable to biology 
and technology and methodology which has long become 
obsolete. Rather than using autocorrelational techniques, 
CVAT analyzes morphology, Visual patterns and internal 
harmony in the time intervals. Since it’s discovery at the 
beginning of the century, electrocardiography remains a 
highly visual, pattern and morphology based discipline. 
Despite Sophisticated efforts (Such as neural network or 
fractal Strategies) to advance computer Science, humans still 
do better Visual pattern recognition than computers. In 
CVAT, morphologic patterns are quickly and easily recog 
nized by non Sophisticated technicians. Expansion of abnor 
mal, Visually compressed, ECG patterns lead to precise 
identification of important, classical electrocardiographic 
Signs that can not be identified by current Holter analysis. 
CVAT evaluates time intervals as reflection of harmony or 
disharmony within the recording, comparisons with the 
“norm” are done with caution. Current Holter computer 
analysis relies on quantification of duration and Voltages in 
a digital file degraded in quantity and quality to compare 
these findings to idealized “normal” values obtained with 
different and better equipment. 
0012. There are two basic types of ambulatory ECG 
recording Systems. The “retrospective' system (commonly 
known as Holter recording) analyzes the collected data after 
completion of the Signal recording phase. The “real-time” 
System analyzes data as it is being recorded. Retrospective 
Systems record the ECG on magnetic tape (usually the 
cassette type) or flash cards to Subsequently analyze the data. 
In either System, the recording is done through a plurality of 
input leads attached through electrodes to various points on 
the patient's chest. To analyze the ECG, real-time Systems 
generally include a microprocessor in conjunction with the 
electronic Storage device. Both the real-time and the retro 
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Spective recording Systems are designed to interface with a 
Scanner through a magnetic tape reader or an electronic 
interface to download the collected information for analysis, 
editing, Storage, and reporting. 

0013 To record Sound, cassette decks use a magnetic tape 
Speed of 55 mm per Second across the recording head. For 
Holter recording the tape speed is reduced 50 to 100 times 
to speeds of 1.1 to 0.55 mm per second. Such drastic speed 
reduction is necessary to do 24 hours recordings without 
changing cassettes. Speed fluctuation in the 10% range is a 
Signal acquisition problem; the best research efforts have 
dropped it to 3%, which is still too high for accurate 
quantitative ECG analysis. The time-base fluctuation is 
magnified when the low-Speed recording is played back at 
very high Speeds. The magnetic tape is orders of magnitude 
richer in Signal quantity and quality than the very Small 
digital file used for current forms of analysis. The norm 
today is to digitize the analog signal by playing back the 
cassette tapes at Speeds as fast as 480 times real time; this is 
the beginning of major degradation of the analog ECG. 
0014 Cassette tape decks used for Holter processing are 
inexpensive, leSS than precise instruments. High-speed play 
back degrades fidelity by limiting frequency response. Inac 
curacy and Signal deterioration is also introduced by biasing 
and/or misalignment of the tape on the play back head 
during high-Speed play back. Tape Stretching due to repeated 
Stopping and Starting of the tape is another Source of Signal 
degradation. CVAT Solves these problems, in part, by using 
the high quality decks to play back the tape once, in an 
uninterrupted manner, at a speed preferably lower than 37 
times real time. The digital Signal may, for example, then be 
copied from a hard drive and archived in a compact disc. 
0015 Independent channel enhancement of the dynamic 
range is an important Step introduced by CVAT and not done 
in the current Holter art. The Signal encoded in each channel 
of the magnetic tape is fed into a Sound mixer for indepen 
dent expansion of the dynamic range prior to digital encod 
ing using the best possible or high quality Sound card. In 
accordance with the invention, Sampling of the analog signal 
is preferably done at rates of 44,100 to 96,000 Hz with 
16-bits quantization, per Sample, per channel. Higher Sam 
pling and quantization rates may also be used. The current 
Holter art samples, at best, at 8,000 Hz with 8-bits cards 
without preservation of the Signal integrity or enhancement 
of dynamic range prior to analog to digital conversion. 
0016 Current Holter analysis is entirely dependent upon 
the extraction of an unselected fraction of the analog signal 
encoded in a 24-hour Holter tape. Current algorithms use 
elision and omission of vast amounts of the originally 
recorded ECG signal to achieve extreme, unnecessary and 
deleterious data compression. For instance, at the June 1999 
Drug Information ASSociation meeting, Mortara et al. 
announced, as a novel achievement, the launch of 24 hr 12 
leads Holter that will be stored in 16 megabytes of a flash 
card (over 100,000 heart beats in 1.33 MB per lead per 24 
hr). Obsolete clipping and distortion of the signal housed in 
novel media. 

0017. On the surface, the quest for radical compression 
Strategies ("decimating”) would seem to be adequate in that 
it Saves memory and greatly enhances the portability of 
Holter data. However, extreme digital compression gravely 
decreases the integrity, fidelity, resolution and most impor 
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tantly the dynamic range of the Stored electrocardiogram or 
any other Signal. Furthermore, in the current art, Fast Fourier 
Transformation is used to artfully create “imaginary points' 
to replace discarded original data and “Smooth' the now 
partially fictitious Signal. Such creative approach is done 
after drastic lossy compression has irretrievably discarded 
more than 90% of the original signal with great loss of 
integrity, dynamic range, resolution and fidelity. The end 
product is the current arts inability to detect ischemia, 
pacemaker malfunction, arrythmogenic risk or any condition 
other than groSS Ventricular arrhythmia. 
0.018 Gross data clipping and “imaginary” data points 
only partially explain the major limitations of today's Holter 
analysis. The continuing use of vastly outmoded computer 
and Signal processing technology impede the use of Dr. 
Norman Holter's invention to its full diagnostic potential to 
Save human lives. Data compression Strategies used in 
current Holter analysis date back to the accidental creation 
of the Y2K problem. Obsolete and unnecessary compression 
Strategies reduce 24-hours worth of analog Holter data down 
to a little more than a Single megabyte digital file. When the 
algorithms for Holter analysis were created, extreme limi 
tations in available memory existed. Thus, extreme data 
compression was needed. It is not accidental that the 1 
megabyte and fraction file was perfectly portable in a single 
3.5" magnetic floppy disk and Suitable for telephonic trans 
mission with now grossly obsolete modems. The fact that 
Apple Computers, Inc. has altogether ceased to issue com 
puters with 3.5" magnetic floppy disk drives is an indication 
of how outmoded Such a Standard for data-Volume has 
become. Thirty years ago, in the infancy of the computer 
industry, when Silicon chips were as expensive as they were 
limited in their RAM or ROM capacity, data compression 
was a necessary evil. The Y2K problem was created by a 
generation of computer programmers who, Squeezing every 
last bit of possibly available data Space from the mainframes 
and PCs of the past, deemed it frivolous to reserve then 
precious RAM or ROM memory for the two digits 19 in 
any and all indications of the year. Now that computer 
memory is as cheap as it is truly vast in capacity, data 
compression is an undesirable tool mainly used by producers 
of entertainment and other non-essential computer applica 
tions, i.e. whenever loSS of data is deemed acceptable for 
reasons of practicality and/or fast transmission over con 
Sumer-level internet connections. 

0.019 Like all biologic signals, ECG, as audio data are 
remarkably hard to compress effectively. All compression 
routines are known to deteriorate dynamic range, Signal 
quantity and quality. For 8-bit data, a Huffman encoding of 
the deltas between points has been used in current Holter 
analysis but deterioration of the Signal is quite evident. For 
16-bit data, companies like Sony and Philips are spending 
millions of dollars to develop proprietary Schemes that as yet 
are not fully Successful. If Somehow, truly non-lossy audio 
compression would become able to compress 350 mega 
bytes (the size of a CVAT 24 hr ECG file) of data and, even 
more importantly, preserve high fidelity, resolution and 
dynamic range intact within a Single megabyte of memory, 
Such a compression Strategy would be almost a miraculous 
gift to the computer industry and technology in general. 
Although great Strides of innovation are now being made in 
techniques of data compression, a 350:1 data compression 
ratio keeping the integrity of the Signal is as yet impossible, 
nor is it necessary. The fundamental pitfalls of current Holter 
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algorithms are the same than those which were Silently at 
work in the creation of the Y2K bug: automated data 
compression algorithms which discard data deemed ines 
Sential to the projected application. To be of any value, 
pre-compression Selection of data to be invisible, inaudible, 
illegible, or otherwise useleSS, is a must. The problem is that 
Such pre-compression decision regarding ambulatory ECG 
Signal is not and can not be made without rendering com 
pressed Holter files useleSS except for detection of groSS 
arrhythmia. 

0020. The much-hyped MPEG Layer 3 (or MP3) strat 
egy of digital audio compression, for instance, uses a 
psychoacoustic algorithm to determine which Sonic frequen 
cies in a given audio recording remain ultimately audible to 
the ear of a listener. The data corresponding to all irrelevant 
frequencies are then omitted from the resulting compressed 
sound files. Although the algorithm used in MP3 compres 
Sion is quite advanced, the process Still degrades the quality 
of the original Signal in an invariably noticeable (almost 
trademark) fashion. Such degradation, however, lies 
within an acceptable window of loss for the consumer 
oriented purposes of the technology, i.e. exchanging record 
ings of popular Songs Over the Internet. Boasting a powerful 
12:1 compression ratio, MP3 is a fairly new compression 
Strategy. Even newer, better Strategies are being invented 
on almost a quarterly basis, but all of them, even the latest 
fractal compression Strategies, Still ultimately boil down to 
the same compression paradigm: automation of the a priori 
decision to Selectively preserve or omit certain types of data. 
Detection of microvolt and lower voltage changes in the 
ECG is relatively new in the electrophysiology lab and now 
brought to ambulatory ECG with the instant CVAT method. 
It is not yet known which Voltage changes are unimportant 
and to be disposed with impunity. 
0021 One overriding fact remains clear: the application 
of any inherently omissive data compression Strategies to a 
24 hr ECG recording prior to any and all analysis of the 
totality of the Signal is wrong. The only possible use of Such 
indiscriminately Selected file is detection of conditions 
expected to be apparent within the grossly compressed 
version of the ECG signal. For the current Holter analysis, 
that condition was and remains groSS arrhythmic events. For 
a phenomenon as eponymously elusive as 'silent ischemia, 
for instance, Such a Stark predetermination of what will and 
will not be detectable in an electrocardiogram is, literally, 
the most fatal omission of all. Detection of silent ischemia 
and risk of fatal arrhythmia is done in the microvolt region 
of the Signal, the area that Suffers the most from dynamic 
range and Signal quality deterioration due to obsolete Signal 
processing Schemes. Current Holter analysis continuing 
reliance upon obsolete Signal and data handling Strategies 
limits access only to that portion of ECG data which was 
thought worth representing within a single megabyte of 
computer memory more than 10 years ago. Holter analysis 
remains a vastly under addressed technological obsoles 
cence which is an obstacle for detection of risk for lethal 
events and in doing So puts lives directly at risk. 
0022. The numbers speak for themselves: Digital com 
pression of 24 hours of recorded Signal down to as low as a 
single megabyte unnecessarily omits about 99.6% of the 
ECG which can be easily retrieved from the average 24-hour 
magnetic Holter tape. It is like attempting to “read a book 
while missing 99.6% of the words or “watch” a film with 
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99.6% of the celluloid frames omitted. Diagnosis of poten 
tially life threatening conditions can and should not be made 
based on Such Scanty and non-discriminatingly Selected 
fraction of the ECG Stored in the original recording media. 
Human life protection deserves better than that. 

0023 The instant CVAT process for Holter analysis uti 
lizes a completely different method of “data compression” 
altogether, one which does not omit any portion or aspect of 
the originally recorded ECG Holter data. Instead of destruc 
tive fast play back of the tape and digital compression of the 
Holter data, CVAT improves the dynamic range electroni 
cally prior to slowly encoding the whole, unmodified analog 
Signal using the highest possible Sample rate and quantiza 
tion. CVAT decodes the digital file into an optimum analog 
display which itself can be visually compressed, magnified 
at will and processed without Suffering any loss, but rather 
being enhanced by various different processes which are 
made available by CVAT and its related Software. In addi 
tion, the only limits containing further development and 
refinement of the CVAT process are those temporarily 
imposed by the ephemeral and upwardly Spiraling limits of 
computer and Signal analysis technology. The CVAT proceSS 
remains an infinitely upgradeable, high-quality System 
which takes Holter analysis orders of magnitude beyond 
current techniques. 

0024. Referring now to FIG. 1, there is shown a exem 
plary Holter electrocardiogram. The P wave is the ECG 
representation of the atrial depolarization which cause its 
contraction. PQ is the segment between the P and the Q; it 
represents the delay of the electrical wave of depolarization 
at the atrioventricular node to allow the contraction of the 
atria and fill the ventricles before the latter depolarize and 
expel blood into the body. Ta (a microvoltshift in the PQ not 
present in this figure) is due to abnormal atrial repolarization 
caused by ischemia. The QRS is the ECG representation of 
Ventricular depolarization which cause ventricular contrac 
tion. The ST Segment represents the initial repolarization of 
the ventricles. The ascending limb of the T wave represents 
epicardial (outer Surface of the ventricle) repolarization 
which changes into endocardial (inner Surface of the ven 
tricle) and mesocardial repolarization at the apex of the 
upright T wave. Ventricular repolarization is complete when 
the T wave returns to the isoelectric line. Several different 
morphologies of the T wave are associated with non-homo 
geneous repolarization, a Sign of myocardial cell hypoxy 
genation and risk for lethal arrhythmia. TP is the isoelectric 
segment between the offset of the T and the onset of the P 
waves. TPmust be considered as the isoelectric line when Ta 
is present. The Second beat is a premature depolarization 
characterized by abnormal QRS and T morphology as well 
as greater Voltage and duration than the normal beats. 
0.025 Experts in non-ambulatory electrocardiography do 
visual analysis of the 12 lead ECG using 10x optical 
magnification for which Special tracings are taken at two or 
four times the normal paper speed (i.e. 50 to 100 mm per 
Second paper speed) with at least twice the electrical gain 
(i.e. 1 millivolt inscribing a 20 mm deflection). The tracings 
are done using good quality, well maintained and well 
calibrated Stationary electrocardiographs. The best examples 
of this art are in research done in Scandinavia. There is a 
pressing need to apply similar or better care to the process 
ing and analysis of the ambulatory electrocardiogram. 

Sep. 26, 2002 

0026 Norman J. Holter Ph.D. created Holter technology 
using radio-transmitted electrocardiograms in the 1940s. 
The method was used for diagnosis of arrhythmia. The first 
algorithms for computer assisted analysis were designed to 
detect and classify premature or aberrant beats for the 
diagnosis of arrhythmia. Attempts to automate detection of 
myocardial ischemia started in the early 1970's. Systems to 
do Holter ECG processing and evaluation are well known as 
disclosed in U.S. Pat. Nos. 3,229,687; 4,006,737; 4,098,267; 
4,183,354; 4,211,238; 4,316,249; 4,333,475; 4,336,810; 
4,633,881; 4,667,682, 4,883,065; 4,989,610; 5,205.295; 
5,398,183 and 5,433,209. 

0027 Automated evaluation of ST segment shifts was 
attempted with only minor modifications of the basic Signal 
processing and algorithms used for arrhythmia detection. 
The ischemia algorithm compares the Voltage at one 8-bits 
point in the ST segment (located 60 to 100 milliseconds 
beyond the J point-the junction of the QRS and the ST 
segment) to the voltage at another 8-bits point on the PQ 
taken as the isoelectric line. Correction for presence of Ta 
(atrial ischemia) is unheard off in the current art, since it is 
unable to visualize this Subtle but important change. Hence, 
in the current art, the ST segment (a line and, as Such, 
defined by at least two points) is represented by a single 
point. The analytic paradigm and totally obsolete limitations 
in computer technology imposed this major Source of false 
negative reports. 

0028. Identification of the isoelectric line in the ECG is of 
paramount importance for detection of atrial and Ventricular 
ischemia as well as for evaluation of the QT segment and T 
wave changes indicative of abnormal repolarization and 
arrhythmogenic risk. 

0029. Current Holter algorithms can not detect ECG 
Signs of abnormal repolarization in a reliable and reproduc 
ible manner. lSchemic events, represented by ECG Signs of 
abnormal repolarization and depolarization, are usually 
unexpected and transient. Abnormal repolarization is visu 
alized as microvolt shifts in the PQ segments (Ta) if atrial or 
ST segment and T wave if ventricular. In the current Holter 
art, Ta is undetected and mistakenly chosen as the isoelectric 
point. This false isoelectric point and spill over of the Ta 
negative Voltage into the ST Segment are common pitfalls 
that introduce error in ischemia detection by current algo 
rithms. Down shift of the ST by Ta depends on the degree 
of atrial ischemia, the heart rate, atrioventricular conduction 
Velocity, etc. CVAT can easily recognize Such problems and 
use the TP segment, instead of the PQ, as the isoelectric 
reference line. The TP segment is inscribed from the end of 
the T to the beginning of the P waves in two consecutive 
beats. CVAT can also identify the influence of Ta into the ST 
Segment and discriminate false positive up sloping ST 
depression (starting from a depressed J point) from up 
sloping ST depression likely to be due to Ventricular 
ischemia. 

0030 The prior art taught by conventional Holter moni 
toring Systems cannot retrieve, Store, display or analyze high 
fidelity signals in the microvolt or microSecond range. Fast 
magnetic tape play back done without optimizing the 
dynamic range, Scanty Sampling, poor quantization and 
extreme data compression deteriorate and diminish the Sig 
nal. However, computer memory (1.2 Megabytes) and pro 
cessing time are Saved and telephonic transmission of a 
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Scanty, low fidelity, low resolution, low dynamic range 
signals file is facilitated. Fast Fourier Transformation and 
other algorithmic manipulations are used to automate pro 
cesses, reduce operator time and level of skill, Speed analy 
sis and decrease cost. All the above contribute to the poor 
diagnostic performance of current Holter technology for 
conditions other than groSS arrhythmia. 
0031) The present invention (CVAT) preferably uses: the 
best possible electronic technology for integral Signal recov 
ery with preservation and enhancement of the dynamic 
range, fidelity, time and Voltage resolution of biologic waves 
encoded in any recording media; the best possible computer 
and Signal analysis technology to digitize the analog bio 
logic Signals for Storage, further enhancement, and archival 
preservation of the Signal; and the best possible electronic, 
computer and Signal analysis technology for the recovery, 
display and evaluation of the Signals for basic research, 
medical and Veterinary diagnosis. 
0.032 Ambulatory electrocardiography done according to 
the Holter technique was used for the initial testing of the 
CVAT method and system. CVAT can be used in research, 
clinical practice and mass Screening as an aid to diagnose 
cardiovascular conditions which include, but are not limited 
to: 1) Myocardial ischemia in all it's forms; and 2) Repo 
larization (including but not limited to QT prolongation and 
electrical alternans) and depolarization heterogeneity as 
Signs of increased cardiovascular risk. 
0033. The instant CVAT invention enables extension of 
Holter monitoring analysis to the detection and interpreta 
tion of ECG signals at and beyond the microvolt and micro 
Second range. These minute changes encode important diag 
nostic and prognostic information not discernible from cur 
rent Holter techniques or other forms of electrocardio 
graphic analysis. Conventional Holter monitoring and ECG 
Systems cannot detect, preserve or recover Signals at or 
beyond the microvolt or microSecond range. Exception is 
made of techniques limited to the electrophysiology labo 
ratory not applicable to mass Screening or daily clinical 
practice outside of Specialized centers. 
0034) The CVAT invention provides a method for bio 
logic Signal analysis by trained but not medically skilled 
technicians. Cost effective processing is aided by a variety 
of well identified morphologic patterns obtained by visual 
compression, in the X (time) axes of the played back signal. 
The Visually compressed patterns are highly Suggestive or 
patognomonic of important electrocardiographic changes 
which are confirmed by examination of the expanded ECG 
tracing. 
0035. The purpose of algorithms in current use is to 
provide an ECG evaluating System, as automated as poS 
Sible, which Scans the tape as fast as possible with minimal 
or no operator interaction. Undue reliance is placed on a 
physician over reading of very Small depictions of low 
fidelity greatly deteriorated ECG tracings recovered from 
the digital file. Unless the over reader reviews the whole 
analog signal encoded in the original recording media (in 
addition to editing the computer findings), ischemic and 
other events missed by the computer can not be detected. 
This is the most common and potentially fatal Shortcoming 
of the current Holter art. Visual examination of the analog 
recording is exceptional; it is done only in very few research 
centers and not by Holter analysis Services that Support 
clinical practice or research in general. 
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0036 Current computerized Holter analysis algorithms 
use heartbeat Superimposition and template-matching 
Schemes to recognize departures from normal. Which beats, 
in a pool of about 100,000 in 24 hours, are the norm for a 
patient'? This is a basic problem which has to be dealt with 
even when neural networks, used in research only, Select 
beats to “train the computer to recognize “normal' beats. 
After digital conversion, each heartbeat becomes a Series of 
digital values representing XY points of the waveform at 
various intervals. In current Holter analysis the number of 
digital points per heartbeat is, at best, 33 or lower if the heart 
rate goes above 60 beats per minute. The computer does beat 
matching to evaluate the difference between values at Vari 
ous points of the waveform and to compare Such values with 
corresponding points of templates. A match is defined as any 
Sum of the absolute value of each of the differences within 
a preset range. The closest match is called the matching 
template. If no template matches, the operator must classify. 
The degraded signal preserved by the current art allows only 
the grossest matching which cannot go beyond identification 
of largely aberrant beats. In addition, current algorithms 
include Software to analyze the Series of waveforms accord 
ing to a nondeterministic logic State analysis. This analysis 
permits the Systems to indicate when waveforms correspond 
to Ventricular ectopy (VE), bigeminy, VE pair, and Ventricu 
lar tachycardia, only. 

0037. A standard waveform has a P wave, a QRS com 
pleX and a T wave. AS it is well known in the prior art, the 
QRS complex is generally identified by its major peak, 
usually the R wave. The T wave is then identified as the first 
peak after the R wave. AT wave template is used to proceSS 
the wave quickly and inadvertent recognition of a T wave as 
an R wave is minimized but still exists. The T wave template 
is a classification that the operator may apply when asked to 
classify the beat. Thereafter, any peak that matches the T 
wave template is totally ignored, as though no peak had been 
found at the position. If the operator incorrectly classifies a 
T peak that is or looks like a real beat, that type of beat will 
be ignored. Therefore, the method is used as a last resort, 
when Setting the other parameters does not help, which can 
occur with patients who have peaked T waves. Peaked T 
waves are a common early manifestation of ischemia. 
Whenever the ST segment shifts up or down due to myo 
cardial ischemia, the T morphology is usually abnormal and 
not amenable to template classification. While templates 
work well for arrhythmia, over reliance in abnormal beat 
classification using predetermined templates is a reason for 
the poor performance of computer automated Holter analy 
sis in the diagnosis of conditions other than arrhythmia. 
0038. The template matching method is probably good 
enough for Ventricular and other groSS forms of arrhythmia, 
which manifest themselves by millivolt range changes in the 
QRS. However Superimposition of fast played back, Scantily 
Sampled, mercilessly compressed, filtered, Smoothed and/or 
Fast Fourier Transformed beats cannot be trusted, since it 
processes a Signal different from that originally encoded in 
the magnetic tape. Template detection may be convenient, 
but applied to a digital file which lacks integrity, dynamic 
range, fidelity and resolution, it cannot be sensitive or 
Specific nor can it detect abnormalities in microvolt regions 
such as the PQ, ST segments or the P and T waves. 
0039 The Sophisticated cardiology community is aware 
of the current Holter analysis shortcomings; hence, this 
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method is not routinely used as an aid in the diagnosis of 
highly lethal cardiovascular risks. 
0040. The following passage is taken verbatim (bolding 
added) from U.S. Pat. No. 5,398,183 issued on Dec. 10, 
1990. This algorithm is widely used in patient care and 
research and further demonstrates the disadvantages of 
current Holter processing techniques. 

0041) “As another feature of the invention, a full 
disclosure file representing the entire Series of wave 
forms on the tape is generated. The file comprises 
compressed data of limited resolution and limited 
Sampling rates. The original data is reduced in reso 
lution by Skipping, averaging, or otherwise "deci 
mating Samples, only using Samples at a rate near 
33 Samples per Second with reference to the patient 
data. (This is an equivalent rate of 33 Samples/sec. of 
the data generated when the patient was originally 
monitored by the analog Holter monitor. Of course, 
the data reading rate off the tape is much faster.) In 
this System 100, this is accomplished by averaging 4 
Samples, or by picking one out of every fourth 
Sample. The data is scaled in amplitude (and limited) 
So that the total excursion is 32 levels. The 32 levels 
are Sufficient resolution to plot on a laser plotter at 
200 dots/inch, producing a 0.15" tall waveform. The 
Sample frequency (referenced to patient) is Sufficient 
to See all R-peaks of normal beats by position, and to 
display the waveforms of ventricular beats suffi 
ciently clearly to be identified. The data is then 
further compressed by using a series of coding steps. 
First the data is converted to differential coding. 
(This is a version of DPCM, Differential Pulse Code 
Modulation in the telecommunications industry). 
Each Sample has the previous Sample Subtracted 
from it (as the example in FIG. 7 shows). This is a 
Simple, and computationally efficient means to pro 
duce codes which consist mostly of the Smaller 
integers near 0. In fact, the output will often have 
runs of 0s, or +1S, 0, and -1S. LeSS frequently the 
differences will be larger numbers (6 to 31), mostly 
near the R peaks. The differential output is limited to 
the range -31 to +31. The data is then encoded 
further using a variation of Huffman coding, or 
other codes which use few bits for symbols which 
occur frequently, and more bits for Symbols which 
occur infrequently. (The symbols to be coded are the 
63 integers in the range -31 to 31). This may be 
combined with run length coding, which is the 
coding of a repeated Sequence of the same Symbol 
with a code representing the Sequence in fewer bits 
than repetitions of the code representing the Symbol 
Singly. The result of this coding is to bring the 
number of bits to represent a data point down to 
around 2 to 3 bits. This typically allows 24 hours of 
data to occupy less than 1 megabyte, where a byte is 
8 bits. (3/8 byte/ sample 33 sample/sec 60 sec/ 
min G0 min/hr 24 hr/tape=1.07 Megabyte/tape). 
This allows the full disclosure to typically be stored 
on a single IBM PC compatible 1.2 Megabyte dis 
kette, or transferred by telephone in 10-20 minutes 
using the new 9600 Baud Modems.” 

0042 “Taking every third sample provides a limited 
Sampling rate and Scaled differential coding provides 
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limited resolution. Further compression, Such as run 
length and Huffman coding, may then be used So that 
the full disclosure file can be even further signifi 
cantly reduced in size. The differential values 0, +1, 
-1, +2, -2 may be seen to occur more frequently than 
the larger values of 6 to 31 and -6 to -31. If the 
Smaller integer values are represented by codes using 
two or three bits, then the size of the file can be 
further reduced. FIG. 8 is an example of a part of a 
limited resolution, full disclosure file recreated from 
differentially encoded, compressed data. The circled 
areas indicate Ventricular ectopy and Supra-Ventricu 
lar ectopy which is clearly recognized even though 
this portion of the file was created from compressed 
data.” 

0043. The best resolution to be expected with the algo 
rithm described in this patent are 33 points in the X axes and 
32 points in the Y axes to inscribe one heartbeat if the heart 
rate is 60 beats per minute. If the heart rate goes to 120 per 
minute there will be, at best, 16 points to describe the whole 
cycle length. 
0044. After the “decimating compression” it is only 
benign to Say that the algorithm driven file will have poor 
resolution and fidelity. A 24-hour Holter recording is housed 
in 1.2 Megabytes, and yet a 3-minute Song, reproduced with 
any decent degree of fidelity, takes about 30 to 40 times the 
memory currently allocated to a 24 hours Holter recording. 
This is a grave problem that needs immediate redress. In 
contrast, CVAT encodes the same 24 hours Holter recording 
in about 350 megabytes. The CVAT file improves the 
dynamic range and preserves the integrity, fidelity and 
resolution of the Signal recorded. It is not Surprising that the 
quality of the ECG recovered from current Holter analysis 
algorithms is too poor to identify anything but arrhythmia 
with Some degree of certainty. The Substantial difference 
made by CVAT's preservation and enhancement of the 
Signal has been demonstrated in a retrospective Study done 
comparing CVAT with the best current algorithm analysis. 
The results of this study are provided below. 
004.5 The passage below, taken from the U.S. Pat. No. 
4,989,610 issued on Feb. 5, 1991, illustrates problems in 
another crucial point of current Holter analysis (bolding 
added). 

0046 “The first step in this portion of the program 
reads the Six items contained in the beat time log 
(BTL) for a particular beat 1220 (see FIG. 55). The 
data in the BTL is 16 bits wide. It includes the bin 
number (to be assigned by the binning operation 
(BIN#)), a 32-bit number indicating the time of 
occurrence of the beat in terms of "/120 Second 
samples of time (BTH and BTL), a TEMP location 
for temporary Storage of data, a FLAG word, an 8-bit 
ST measurement, and an 8-bit ST-slope measure 
ment. 

0047. “The data representing one channel of the 
present beat consists of thirty-two Samples. The tenth 
Sample corresponds to the location of the R-wave, as 
determined by the beat detection Software. Nine 
Samples preceding the location of the R-wave and 
twenty-two Samples immediately following the loca 
tion of the R-wave constitute the remainder of the 
Samples.” 
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0048 “Then, the DSP chip 300 performs the Fast 
Fourier Transform (FFT) on the thirty-two samples 
of the channel 1 data, producing Sixteen pairs of real 
and imaginary data.” 

0049) “The pattern describing the members of this 
first bin are the twelve points in the complex plane 
1236, with each point being associated with either 
channel 1 or channel 2 and with one of the six 
frequencies. The Six pairs of numbers that describe 
the pattern for the Second and following beats are 
compared, according to their channel and frequency, 
with the groups of points that defines the bins already 
in existence. If the twelve points characterizing the 
morphology of a beat whose bin is being determined 
are Sufficiently close, on a point-by-point basis, to 
the twelve points of an already existing bin, that beat 
may be associated with that bin. If the twelve points 
describing the morphology of a present beat do not 
come Sufficiently close to all twelve points describ 
ing all already-existing bin, a new bin is defined. The 
twelve points defining the new bin are the twelve 
points characterizing the morphology of the most 
recent beat. The twelve points describing a beat need 
not match precisely with the twelve beats defining a 
bin for the beat to possibly be placed in the bin. The 
twelve points describing the morphology of the beat 
are Sufficiently close to the twelve points defining the 
bin if each of the twelve points falls within windows 
centered on the points defining the bin.” 

0050. The passage teaches that 32 samples represent a 
heartbeat in each channel and that these Samples are Sub 
jected to Fast Fourier Transform to generate “sixteen pairs of 
real and imaginary data'. These Sixteen pairs of “real and 
imaginary data cannot be expected to fully describe the 
complex morphology of each heartbeat. With this algorithm, 
all the microvolt nuances will certainly be irretrievably lost. 
These brief passages provide Strong reasons to render this 
algorithm useleSS for anything but arrhythmia detection. 
0051. The current automated systems for Holter analysis 
retrieve only a Small portion of the analog Signal. Exces 
Sively fast play back Speed of the tape, low Sampling and 
quantization rates, “lossy' and drastic data compression, 
Fast Fourier Transform to interpolate imaginary data, filter 
ing, Smoothing, etc. are done to accommodate the need for 
very Small data files Suitable for telephonic transmission and 
automated analysis. The price paid is extremely poor ECG 
data unsuitable for recognition of ischemic and other dire 
electrocardiographic signs with any degree of certainty. 
0.052 Myocardial ischemia is the result of oxygen debit 
in the heart muscle and conduction System due to increased 
demand or decreased Supply of oxygen which cannot be 
fulfilled because of: 1) organic, fixed, coronary artery Steno 
Sis. Such as that Seen in patients with atherOSclerotic plaques 
in the luminal wall of their coronary arteries; 2) functional, 
episodic, often unpredictable constriction of normal or ath 
erosclerotic coronary arteries; or 3) clot formation over an 
atherosclerotic plaque. 
0.053 Although spasm was historically suspected to be a 
cause of coronary occlusion, from the 1940's to the 1960's 
the common wisdom was that atherOSclerotic arteries were 
unable to constrict. In the 70's experts in the field demon 
Strated that atherOSclerotic plaques are mostly eccentric with 
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a small free arterial wall (opposite to the atheromatous 
plaque) likely to cause total occlusion when minor spasm of 
Such Small free wall occurs. When coronary artery Spasm 
happens, gaps between the endothelial cells happen, col 
lagen protrusion induces platelet aggregation and in-situ clot 
formation. Thrombosis can also lead to partial or total 
occlusion following the arterial Spastic episode. 

0054 Fixed, organic, atherosclerotic arteries can be 
readily identified. The conventional 12-lead electrocardio 
gram can disclose patognomonic signs of permanent (not 
episodic) ischemia of the heart. The 12-lead electrocardio 
gram is not expected or designed to detect transient and 
unpredictable episodes of myocardial ischemia or arrhyth 
mia since it depicts only 3 of the 100,000 or more heartbeats 
we have in 24 hours. For detection of sporadic arrhythmic or 
ischemic events, usually triggered by diverse Stressful 
Stimuli of daily living, properly done Holter recording is the 
only available method, electrocardiographic or otherwise. 

0055 Permanent (not episodic) myocardial ischemia due 
to fixed coronary artery occlusion can be detected by Several 
methods other than Holter. Electrocardiography and or 
echocardiography done during Standardized exercise chal 
lenge can detect ischemia and/or arrhythmia induced by 
physical StreSS. Other, more invasive methods, Such as drug 
induced stress testing (the pharmacologic induction of 
increased cardiac oxygen demand by administration of drugs 
which elevate the heart rate), nuclear radiology or cardiac 
catheterization, are designed to detect fixed coronary artery 
occlusion. 

0056 All methods available today, other than the Holter 
technique, are unable to detect myocardial ischemia due to 
transient Spastic and/or thrombotic causes of decreased 
coronary blood flow. Coronary artery Spasm frequently 
happens without preceding elevation of the heart rate and/or 
blood pressure and is commonly triggered by neurohor 
monal, emotional and/or environmental (e.g. exposure to 
cold, Second hand Smoking etc) factors, not inducible in 
controlled cardiovascular laboratory circumstances. Hence, 
this grave condition escapes detection unless Holter record 
ings are done under the fleeting and often difficult to identify 
forms of daily life StreSS that induces the attacks in a given 
patient. The current Holter recording equipment has enough 
fidelity to detect these episodes. The limiting factor is the 
current computerized Holter analysis that is unsuitable for 
detection of anything but groSS arrhythmia. The current art 
Suffers from false negative findings which have dire conse 
quences for patients considered healthy when they are not. 
Today, the only reliable method to analyze Holter recordings 
for ischemia is the direct visual inspection of the analog tape 
by a competent electrocardiographist. Such visual Holter 
analysis is time consuming and hence, done only in few 
research efforts and not cost effective or applicable to daily 
clinical practice or mass Screening. 
0057 Computerized Holter analysis was designed for the 
detection of arrhythmia, and has remained essentially 
unchanged. Arrhythmia induces groSS changes in the time 
and Voltage domains of the recording. Algorithms to detect 
arrhythmia rely on large, millivolt range. Ischemia-induced 
abnormalities are in the microvolt range and are unlikely to 
Stand the decimating affects of current algorithms devoted to 
minimize file size. Norman J. Holter, Ph.D. originally 
designed his valuable method and technology (U.S. Pat. No 
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3.229,687. January 1966. Holter et al.) for the study of heart 
rate and rhythm. The minor changes introduced by computer 
algorithms are not sufficient for reliable detection of 
ischemia or risk for potentially lethal arrhythmia. 
0.058. In cardiovascular diagnosis, it is important to 
monitor the level of the ST segment of the heartbeat signal 
since the amplitude and direction of the shift correlate well 
with the oxygen balance in the patient's heart. A heart 
receiving insufficient oxygen experiences predictable 
anomalies in the ST segment called “ST Depression” or “ST 
Elevation”. The names relate to the directional shift (nega 
tive or positive microvolts in reference to the isoelectric 
line) and shape of the ST segment of the ECG waveform 
during periods of insufficient heart oxygenation. The mag 
nitude and morphologic changes of the T wave are addi 
tional indicators of ischemia which the current algorithms 
are unable to detect. The CVAT method makes full use of 
morphologic changes in all portions of the ECG to aid in the 
diagnosis of ischemia and arrhythmia risk. 

0059. The normal ST segment is located at the isoelectric 
level which usually aligns with the PQ or TP segments. PO 
Segment shift is frequently due to artifacts or ischemia of the 
atria (Ta). The normal condition is generally referred to as 
the “isoelectric alignment” of the ST segment. ST segment 
shifts, measured in microVolts, above or below the isoelec 
tric line are a reflection of abnormal myocardial repolariza 
tion due to inadequate oxygenation of the heart. Ischemia 
not felt by the patient is generally referred to as “Silent 
ischemia', while ischemia which is painful is called 
“angina'. All or most ischemic events may be Silent. Fre 
quently 80 to 90% of the ischemic episodes can be asymp 
tomatic or have uncharacteristic manifestations known as 
angina equivalents. However, Silent or Symptomatic, 
ischemia can equally induce arrhythmia, myocardial infarc 
tion or Sudden death. It is Suspected that Silent ischemia is 
the underlying problem in the 50% of patients who have 
myocardial infarctions or die Suddenly without having had 
any premonitory Symptoms or Signs. 

0060. It is very important to identify the isoelectric line 
and the level of the ST segment in the patient's normal 
heartbeats in order to be able to properly identify departures 
from normality. U.S. Pat. No. 5,433,209 issued on Jul. 18, 
1995 includes the following passage (not direct quotes and 
bolding not in the original document): 

0061 For each ECG signal channel, the QRS peak 
location is approximated from the point at which a 
beat is detected over a beat detection threshold. 
Then, the ST algorithm backs up 10 samples from 
the peak of the QRS complex to approximately land 
on the PR interval of the beat wave form. Next, a 
region of "minimum activity” is located and the 
baseline offset, identified as “Base Corr (i)', is 
found. The “minimum activity” region is found by 
finding the smaller of the two 3-point absolute value 
derivatives in a 5 sample window on the PR interval. 
The baseline offset is taken for the sample which is 
located 30 samples forward of the QRS peak which 
is thereafter identified as the ST segment. The base 
line offset at the region of “minimum activity” is 
Subtracted from the Sample value at this point and the 
difference, measured in millimeters, is taken to be 
the ST level. Each time a ST level is calculated, a last 
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eight beats ST level average is also calculated. Each 
ST level average during the minute is compared to 
the last eight beat minimum and maximum ST level 
average to find the minimum and the maximum eight 
beat average for the minute. Hourly and monitoring 
period minimum and maximum ST levels are also 
determined in the above fashion. ST level Sums are 
also maintained in the minute Summaries, hour Sum 
maries and the end of monitoring period Summary, 
with the corresponding normal beat counts. The 
minute ST level averages are calculated by dividing 
the minute ST level sum by the normal beat counts 
during the minute. The hour ST level averages are 
also calculated in a similar fashion. The minimum, 
maximum, and average ST levels are each Stored as 
a signed byte of information. Each value is used 
along with the gain Set for each channel and the 
analog to digital range Set for each channel in order 
to calculate the ST depression or elevation value. 
Since, the ST averages all require extensive compu 
tations, the computational load is spread over Several 
periodic interrupt cycles. Minute ST level averages 
are monitored over the entire monitoring period to 
determine an ST“episode'. An “episode' is detected 
if the minute ST level average in any channel is at 
least less than -1.0 mm an dissustained at this 
depressed level for more than a minute. ST episodes 
of less than -1.0 mm, -2.0 mm, and -3.0 mm and 
their duration time in minutes are recorded. 

0062 All these intensive computational niceties are done 
on a digital file known to be incomplete and with major 
fidelity, resolution and dynamic range deficiencies. Hence, it 
is not Surprising that current algorithms miss 9 out of 10 
patients whose ischemia can be identified with visual analy 
SS. 

0063. In the current practice of cardiology, the goal of 
therapy for patients with coronary artery disease is being 
upgraded from Simply controlling anginal pain to a more 
rational and forward looking reduction or elimination of 
Silent and Symptomatic ischemic episodes. Any form of 
ischemia, Symptomatic or not, short or long can kill or 
induce myocardial infarction. Properly done, the Holter 
method is the only way to detect Silent or a typically 
Symptomatic ischemia and has to play an increasingly 
important role in the management of this Serious condition. 
To play that important role in the detection and monitoring 
of ischemia the current Holter art risk of false negative 
analysis must be eliminated. Biologic Signal analysis can 
and should make a quantum leap using, electronic technol 
ogy, hardware and Software developments achieved in the 
last decade. 

0.064 Sudden cardiac death (SCD) claims over 350,000 
lives annually in the United States; 50% of which had no 
premonitory Symptoms or Signs. SCD usually follows an 
abrupt disruption of heart rhythm primarily due to Ventricu 
lar fibrillation. Fibrillation occurs when transient triggers 
impinge upon an electrically unstable heart causing nor 
mally organized electrical activity to become disorganized 
and chaotic. Complete cardiac dysfunction results and may 
end in Sudden death. An episode of poor oxygenation of the 
heart (myocardial ischemia) is probably the most frequent 
cause of ventricular fibrillation and death. 
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0065. A major, and as yet elusive, objective of preventive 
cardiology is to detect patients at risk for catastrophic 
arrhythmic cardiac events, including Sudden cardiac death. 
Methodology used to identify subjects at risk must be 
improved. Electrical alternans is the electrocardiographic 
manifestation of heterogeneous myocardial repolarization 
and depolarization. Electrical alternans and ischemia are 
prominent indicators of risk factors for major catastrophic or 
lethal cardiac events. Gradual microvolt changes are seen in 
the ST segment and the T wave and are not as abrupt as the 
onset of abnormal QRS. Microvolt signals are easily oblit 
erated by poor dynamic range, “decimating compression 
algorithms, creation of “imaginary points, etc used by 
algorithms in the quest for automation and trans-telephonic 
transmission of minimized Holter files. 

0.066 Cost effective, non-invasive, techniques for mass 
Screening and identification of individuals at risk for cata 
Strophic cardiac events that affect close to 2 million perSons 
per year in the US alone are needed. Diagnostic technology 
must be constantly revised to make full use of the ever 
improving developments in electronics as well as computer 
hardware and software. Prompt risk detection, will lead to 
immediate confirmatory diagnosis, interventional cardiac 
catheterization, coronary artery by-pass, pharmacologic 
management, etc., thereby allowing the Saving of hundreds 
of thousand of lives in the world. There is need to develop 
an improved Holter analysis that can be cost effective in time 
and level of operator skill and Still precise enough to avoid 
potentially catastrophic false negative reports. 

0067 Advent of Holter analysis as a reliable method to 
detect ischemia and risk for Severe arrhythmia will also 
facilitate targeted new drug development by providing valid 
objective therapeutic end points, instead of unreliable Sur 
rogate end-points. Cutting age technology has to be used to 
preserve the fidelity, dynamic range, time and Voltage reso 
lution of the recorded signal, a step of paramount importance 
for the accurate diagnosis of electrocardiographic abnor 
malities in the microvolt region. Holter analysis obsoles 
cence is the medical counterpart of the Y2K problem with 
the difference that it’s cost in mortality and morbidity is 
orders of magnitude greater than the Y2K can ever be. This 
problem is greatly reduced, if not completely Solved, by the 
teachings of the present invention. 

0068 The use of the instant invention to process analog 
electrocardiographic Signals makes it possible to evaluate 
every Single beat of the ambulatory electrocardiogram by 
compacting the Signal in a manner that will disclose Sui 
generis Visual patterns which correspond to and readily 
identify classic, discrete anomalies of the electrocardiogram, 
described by experts in the field as part of pathologic 
conditions compromising the cardiovascular System. The 
understanding of these patterns make it possible to identify 
the abnormal elements of the electrocardiogram. 

0069. The immediate value to mankind provided by the 
instant invention is that it makes possible identification in a 
non-invasive and cost-effective manner, patients who have 
Silent myocardial ischemia and hence are at high risk for 
myocardial infarction, Sudden death and other catastrophic 
events. About one half of patients with myocardial infarc 
tion, Sudden death, lethal arrhythmias, etc. are patients who 
have no history of coronary heart disease and are probably 
carriers of Silent myocardial ischemia, which triggers the 
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terminal events leading to the patient's demise. The instant 
invention enables timely discovery of this covert condition 
and enables timely anti-ischemic therapy which will result in 
the Saving of millions of lives as well as a decrease in 
hospital use, disability and improvement of the quality of 
life of those affected by silent ischemia a potentially lethal 
condition. 

0070 AS explained in detail above, instead of visual 
analysis, computer programs implementing mathematic 
algorithms are presently routinely used to perform analysis 
of electrocardiograms in an attempt to detect abnormalities 
therein. Such computer programs have had only limited 
Success in diagnosing pathological conditions which com 
promise a patient's cardiovascular System. Due to their 
cost-effectiveness, however, Such mathematical techniques 
are widely used today. As a result, many patients have had 
pathological conditions go undetected. 
0071. Thus, a need exists for improved methods and 
Systems which enable improved detection of pathological 
conditions during analysis of the electrocardiogram and 
other waves of biological origin. 
0072 The instant invention advantageously uses algo 
rithms and computer programs created for the purpose of 
editing, manipulating and/or analyzing Sonic and/or electro 
magnetic Waves, Such as music processing programs. 

SUMMARY OF THE INVENTION 

0073. A primary object of the instant invention is to 
increase the accuracy and decrease the cost of biologic 
Signal analysis for use in mass Screening, clinical practice 
and research. 

0074 The instant invention, referred to herein as the 
Computerized Visual Analysis Technique or “CVAT, gen 
erally relates to the use of up-to-date Signal processing 
technology with State-of-the-art electronic and computer 
technology for the evaluation of biologic Signals obtained 
from isolated cells, tissues, human and animal Species to aid 
basic research and diagnosis of medical and Veterinary 
disease States. CVAT can be used to proceSS biologic Signals 
Such as, but not limited to: 

0075. The electrocardiogram in all it's forms, and in 
particular, the continues electrocardiographic Signal 
such as that obtained with the Holter technique or 
during on-line, real time monitoring of a patient. 

0076. The electroencephalogram 
0077. The myogram 
0078. The phonocardiogram 
0079 Respiratory sound waves including their cor 
relation with the electrocardiogram and encephalo 
gram to diagnose Sleep disorders in the hospital and 
in out of hospital Settings, etc will be evaluated. 

0080. The invention also enables the generation of a 
report of the evaluation and the triggering of alarms in the 
real time monitoring mode. 
0081 CVAT is different from current forms of biological 
Signal analysis in that it preserves the integrity of the analog 
Signal, enhances dynamic range, the fidelity and resolution 
of the original Signal obtained. All these features lead to 



US 2002/0138013 A1 

better interpretation of the Signal using compressed Visual 
patterns, which, in turn, leads to quick and easy identifica 
tion of abnormalities Suggestive of pathologic States. CVAT 
is based on the application to biological Signal analysis of 
advances made in the Software, hardware and electronic 
technology used to process and analyze Sound waves. This 
is a major departure from current obsolete ways to digitize 
analog signals, which include the use of extreme lossy 
digital compression, Fast Fourier Transformation and other 
mathematical and autocorrelational engineering based algo 
rithms which markedly deteriorate the quantity and quality 
of the Signal to be evaluated. 
0082. A main application of the present invention is to 
improve the analysis of the Holter electrocardiogram. The 
invention departs from the current Holter ambulatory elec 
trocardiogram analysis in that it replaces auto-correlational 
communications engineering techniques and quantification 
dependent analysis of the electrocardiogram done with obso 
lete computer technology which eliminates most of the 
original Signal and distorts the fidelity, resolution and 
dynamic range of the Small fraction kept in the digital file for 
algorithm driven analysis. 
0.083 Instead, CVAT relies on morphologic and pattern 
evaluation Signal analysis complemented with quantification 
when necessary. The totality of the Signal originally 
recorded is preserved with protection and enhancement of 
dynamic range, resolution and fidelity of the Signal. 
0084. The following features represent the main aspects 
of the instant CVAT invention, and together enable the 
invention to provide optimal processing and analysis of 
biologic waves: 
0085 Prior to analog to digital conversion, each lead of 
the ECG or other biologic Signal undergoes electronic 
enhancement of the dynamic range; 
0.086 Analog to digital conversion is done with the best 
possible equipment and the slowest possible play back Speed 
of the originally recorded signal; 
0.087 An optimum quality sound card is used for analog 
to digital conversion using the highest possible Sample 
(preferably 44,100Hz per second per channel or higher) and 
quantization (preferably 16-bits per Sample per channel or 
higher) rates; 
0088 Digital sound processing software and techniques 
are used for the processing and analysis of biological 
Signals. The inventor has determined that one Suitable Sound 
processing software is SOUND FORGE, which is designed 
for processing digital audio. Other similar Software pro 
grams (such as, but not limited to seismographic and geo 
logic Software) used for wave analysis may also be used in 
accordance with the present invention. Such Software allows 
various steps to be performed to enhance the Signal (without 
introducing distortion) in the Voltage and time domains and 
enhances pattern Visualization and other forms of analysis, 
0089. The invention preferably used file formats origi 
nally created for Sound wave applications (Such as, but not 
limited to wav and other similar file extensions) to process 
the biological Signals, 

0090 Computer sound cards (such as but not limited to 
the Montego Bay card) are used to code and decode the 
analog biologic Signal; 
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0091 Visual compression of the analog signal is used to 
display the Signal with high fidelity, resolution and dynamic 
range to identify visual patterns used as indicators of abnor 
malities which can be confirmed by expanding the Signal; 
0092. Use of visual pattern libraries to train technicians 
with low level skills to facilitate the cost effective use of 
CVAT for mass Screening, clinical practice and research; 
0093 Use of time interval measurements in the biologic 
Signal to asses internal functional harmony as a reflection of 
normality or pathology. Such time intervals can be measured 
with a precision at or below 10,000" of a millisecond and 
will be even more reliable when better recording techniques 
are introduced. Normal Standards applicable to the method 
used will be created to replace normal values extrapolated 
from data obtained with better equipment and in different 
circumstances. Extrapolated quantitative Standards lack pre 
cision; and 

0094) Use of screen capture software (such as, but not 
limited to, Paint Shop Pro) to document the findings of the 
analysis and to transfer the images to graphic processing 
programs (such as but not limited to Adobe PhotoShop). 
This Software is used for magnification and preparation of 
the report of the analyses. 
0095. In accordance with another aspect of the invention, 
internal harmony in the duration of different intervals of the 
electrocardiogram is advantageously used, and relies more 
on relative than on absolute duration. Internal harmony is 
done to evaluate repolarization of the myocardial cell 
according to the relationship between: 

0096 Cycle length duration measured as the J-J 
interval 

0097 Total duration of ventricular repolarization 
measured as 

0098 J-Te and related to cycle length as (J-Te/J-J)x 
1OO 

0099 Transmural repolarization time measured as 
Tp-e related to the total duration of ventricular 
repolarization as (Tp-e/J-Te)x100 

0100. In accordance with another aspect of the invention, 
the method is used to detect microvolt and lesser changes in 
the ST Segment, T wave, etc., as an indication of myocardial 
ischemia or electrical alternans or non-homogeneous repo 
larization and/or depolarization in ambulatory, cost effective 
conditions. 

0101. In accordance with another aspect of the invention, 
the method is used for evaluation of microvolt and lesser 
changes in the PQ interval shown as Ta changes Suggestive 
of atrial ischemia. 

0102) In accordance with another aspect of the invention, 
morphologic patterns are used to detect transient or inter 
mittent myocardial ischemia when other forms of Holter 
analysis are useless in evaluating recordings with artifacts, 
bundle branch block, Ventricular hypertrophy, previous 
myocardial infarctions, etc. 
0103) In accordance with another aspect of the invention, 
morphologic patterns are used to detect intermittent atrio 
Ventricular or intraventricular blockS potentially caused by 
cardiac pathology Such as, but not limited to, ischemia. 
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0104. In accordance with another aspect of the invention, 
the method is used to detect traditionally minor (less than 1 
mm shift in the current art) considered “non-specific” ST 
Segment shifts as sign of important ischemia risk. This is 
done by correlating the ST shift to the QRS as percent of the 
preponderant wave of the QRS normalized to its maximum 
potential using the CVAT Software described herein. 
0105. In accordance with another aspect of the invention, 
the method is used for on-line monitoring of the electrocar 
diogram and other biologic Signals. 
0106. In accordance with another aspect of the invention, 
the method is used to analyze simultaneously obtained upper 
airway breath Sounds and the electrocardiogram to detect 
Sleep apnea at home or elsewhere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0107 These and other objects, features and advantages of 
the instant invention will become apparent from review of 
the following detailed description with reference to the 
accompanying drawings, in which: 
0108 FIG. 1. Shows waves and segments of the electro 
cardiogram; 

0109 FIG. 2. Shows inaccuracy of the voltage calibra 
tion Signal in current Holter recordings, 
0110 FIG. 3. Shows examples of voltage calibration 
differences acroSS and within Holter recordings, 
0111 FIG. 4. Shows evaluation of ST segment shift as 
percent of the QRS; 
0112 FIG. 5. Shows calibration and voltage changes 
during a recording; 
0113 FIG. 6. Shows examples of voltage optimization in 
a recording done without enhancing the dynamic range; 
0114 FIG. 7. Shows an expanded view of FIG. 6 to 
show visually identifiable electrical alternans, 
0115 FIG. 8. Shows visually compressed CVAT pattern 
to illustrate normal elements thereof; 
0116 FIG. 9. Shows examples of CVAT patterns com 
patible with ST Segment elevation and depression; 
0117 FIG. 10. Shows expanded ECG showing STeleva 
tion and T wave changes, 
0118 FIG. 11. Shows a CVAT pattern of ST depression 
and T wave inversion; 
0119 FIG. 12. Shows a CVAT pattern compatible with 
ischemia showing slow onset and offset of the ST shift; 
0120 FIG. 13. Shows expanded ECG to illustrate Ta, ST 
depression and T wave inversion; 
0121 FIG. 14. Shows a CVAT pattern of brief period of 
ST depression; 

0122 FIG. 15. Shows ST shift which becomes apparent 
only after Voltage optimization; 

0123 FIG. 16. Shows a CVAT pattern of ST depression 
and atrial flutter; 

0124 FIG. 17. Shows ST depression and atrial flutter in 
an expanded ECG, 
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0125 FIG. 18. Shows a CVAT pattern of intermittent 2" 
degree atrioventricular (AV) block; 
0126 FIG. 19. Shows 2" degree AV block in an 
expanded ECG, 
0127 FIG. 20. Shows a CVAT pattern of ST elevation 
and intraventricular conduction delay; 
0128 FIG. 21. Shows intraventricular conduction delay 
(ICD) and ST elevation in an expanded ECG; 
0129 FIG. 22. Shows intermittent, shifting ICD; 
0130 FIG. 23. Shows a P wave marching on the T wave 
Visible through Voltage optimization; 
0131 FIG. 24. Shows an example of resampling and 
Voltage optimization; 

0132 FIG. 25. Shows beat to beat change on T wave 
morphology; 

0133 FIG. 26. Shows ST depression in the beats oppo 
site to those in FIG. 25; 
0134 FIG. 27. Shows an example of ST depression and 
biphasic T waves; 
0135 FIG. 28. Shows ST depression in the recording 
from which FIG. 27 was taken; 
0136 FIG. 29. Shows biphasic T waves; 
0137 FIG. 30. Shows Ta, ST depression and elevation in 
the recording from which FIG. 29 was taken; 
0138 FIG. 31. Shows expanded and magnified ECG to 
show double hump T wave; 
0.139 FIG. 32. Shows marked and quick change in T 
wave morphology; 
0140 FIG. 33. Shows continues tracing to show beat-to 
beat changes in T wave morphology prior to a premature 
beat; 
0141 FIG. 34. Illustrates use of the calibration signal to 
find the number of Samples per Second of clock time during 
the recording period; 
0.142 FIG. 35. Illustrates measuring cycle length in a 
resampled and Voltage optimized tracing, 
0.143 FIG. 36. Shows expunged QRS to magnify micro 
Volt range waves, 
014.4 FIG. 37. Shows measuring of J-Te; 
0145 FIG. 38. Illustrates reason for algorithm failure to 
measure biphasic T waves; 
0146 FIG. 39. Shows time conversion to measure pace 
maker function; and 
0147 FIG. 40. Shows pacemaker triggered beats evalu 
ated. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0148. As described below, all the steps of the CVAT 
method, the electronic equipment, hardware and Software 
used are preferably Selected and devoted to the preservation 
and enhancement of the dynamic range, fidelity, resolution 
and integrity of the biological signals being processed. 
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Compact visual analysis is done on an optimum analog 
Signal retrieved preferably using the best possible technol 
ogy. Various Steps are taken to enhance Visualization and 
facilitate analysis to aid basic research, medical and Veteri 
nary diagnosis. The quantity and quality of the Signal is 
protected during analog to digital conversion using tech 
niques Such as: 1) independent electronic channel dynamic 
range modulation; 2) slowest possible play back speed of the 
magnetic tape; and 3) maximum possible sampling and 
quantization rate. 
014.9 For the same reason, digital compression, Smooth 
ing of the data, filtering, Fast Fourier Transformation etc., 
are preferably avoided to preserve the integrity and quality 
of the biological signal. The CVAT methodology, electronic 
equipment, hardware and Software used in accordance with 
the instant invention are preferably upgraded over time to 
keep pace with the fast development of Signal analysis 
electronics and computer technology. 
0150. The following described equipment and software 
are preferably used when implementing the CVAT method to 
proceSS and analyze the Holter ambulatory electrocardio 
gram. 

0151 A Denon cassette recorder model 770 R for the 
Slow play back of the cassette tapes in which the 24 hr 
electrocardiogram was recorded. The right and left channel 
outputs of the cassette deck being connected (using high 
quality, well shielded RCA type cables) into the input jacks 
of a Stereo Sound Mixer. 

0152. A Radio Shack SSM-60 Stereo Sound Mixer, 
wherein the cable connected to the right channel output of 
the Denon cassette deck is fed into the right channel input of 
the CD Line 2 jack in the audio mixer. The cable connected 
into the left channel output of the cassette deck is fed into the 
left channel input of CD Line 1 in the audio mixer. The 
fading Slider in the Audio Mixer is preferably placed exactly 
in the middle position to feed equal Signals from Line 1 and 
2 into the audio mixer output jack. High quality, well 
shielded RCA cables are preferably used to connect the right 
and left channel output jacks of the audio mixer using an 
RCA to mini (3.5 mm) Stereo jack conversion piece into the 
Stereophonic input of a Sound card. 
0153. A high quality sound card is preferably used, such 
as (but not limited to) the Turtle Beach Montego A3D 64 
Voice PCI Sound Card installed in a Dell mini tower. This 
card has greater than 90 decibels Signal to noise ratio, 
Sampling rates as high as 96 kHz per channel at 16-bit per 
channel digital, coder/decoder Software for recording and 
play back of high fidelity, high resolution, high dynamic 
range Signals. Another Sound card installed in a Gateway 
Solo 9100 Multimedia Notebook has also been determined 
by the instant inventor to provide suitable functionality for 
use with the instant invention. 

0154 Windows 98 PC platforms are preferably used, 
Such as a Dell Dimensions XPS R400 MHZ PENTIUM Mini 
tower with MMX technology with 348 MB SDRAM 
memory and a Gateway Solo 9100 Multimedia Notebook 
with a Pentium MMX 266 MHZ and 192 MB of RAM. It is 
noted, however, that any other Suitable computer platform 
me be used in accordance with the instant invention. 

O155 In accordance with an important aspect of the 
instant invention, Software dedicated or otherwise used for 
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Signal analysis of waves including, but not limited to, 
Software used in the processing of digital Sound, Seismog 
raphy, identification of extraterrestrial radio waves, etc. is 
advantageously used to process the biological Signal. The 
instant invention is applicable to the use of all different 
combinations of programming, mathematical analysis tech 
niques, etc., devoted to the retrieval, Storage, display, analy 
sis, etc., of biological waves indicative of the function of any 
and all organs or tissues, intact or isolated from human or 
other biologic Species. Such processing of biological waves 
includes retrospective (e.g. analysis of ambulatory record 
ings of electrocardiograms or electroencephalograms), as 
well as real time analysis of a stream of signals Such as (but 
not limited to) continues monitoring of electrocardiograms 
or encephalograms. The CVAT method is dedicated to 
preserve the integrity and enhance the dynamic range, 
fidelity, resolution, and other important parameters of Such 
WWCS. 

0156. In accordance with the invention, use of existing 
(and future) digital audio processing programs, Such as 
Sound Forge XP (offered by Sonic Foundry, 754 Williamson 
St, Madison, Wis. 53703) and all the like sound processing 
and editing programs are advantageously applied to the 
analysis of biological waves. Sound Forge XP has been 
determined by the inventor to work well in connection with 
the method described herein. Other similar software pro 
grams for use in PC, Apple, Linux, Unix and any other 
computer platforms may also be used. 
O157. It is noted that Sound Forge Supports an extensive 
Set of file formats dedicated to digital audio editing and 
processing. Historically, almost every type of computer 
platform used its own file format for audio data, Some files 
are more generally applicable, and conversions between 
almost any pair of formats is possible, but losing information 
is a risk. The invention advantageously uses any of these or 
Similar file formats for the Specific use of biological wave 
analysis. Examples of Some of the files which can be used 

C. 

0158) Active Streaming Format (ASF) 
0159) Ad Lib Sample (SMP) 
0160 Amiga SVX (VSX/.IFF) 
0161 Covox V8 (.V8) 
0162 Creative Labs VOC (VOC) 
0163 Dialogue VOX (VOX) 
0164 Gravis Patch (PAT) 
0165 InterVoice (IVC) 
0166 Macintosh AIFF (AIF/SND) 
0167 Macintosh Resource (SND) 
0168 MIDI SDS (SDS) 
0169. NeXTSun(Java) (AU/.SND) 
0170 Raw Files (RAW/.*) 
0171 Real Media (RM/.RA) 
0172 Sample Vision (SMP) 
0173 Sonic Foundry Sample Resource (SFR) 
0.174 Sound Designer 1 (DIG/.SD) 
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0175 Sounder/Sound Tool (SND) 
0176) Video for Windows (AVI) 
0177 Wave (WAV) etc 

0.178 The signal analysis software is used in accordance 
with the instant invention to code and decode (codec) the 
biological waves as well as to retrieve, display, process and 
analyze biological waves for basic research, medical and 
Veterinary diagnosis. 
0179 The analog signal retrieved from the source is 
displayed, in the analog compressed (compacted) or 
expanded formats, using maximum fidelity, resolution, color 
depth and refresh rates. A cathode ray tube (Dell Computer) 
as well as a liquid display System (Gateway Solo notebook) 
were used. Both and all-future forms of compacted or 
compressed analog display of digital data in the fashion 
described herein may be used whether it is from retrospec 
tively obtained (e.g. from any recording media) or real time 
Signals from patients, animals, isolated organs, tissues, cells, 
etc. 

0180. To document and preserve findings displayed on 
the Screen, to further magnify the Signal or Subject it to 
image enhancement, etc., a Screen capture Software program 
is preferably used, such as Paint Shop Pro 5. Photoshop 5 
may be used to process the image, enhance contrast, enter 
legends, further magnify etc. Microsoft Word and Microsoft 
Publisher are preferably used for the preparation of reports 
to Summarize the findings of the Signal analysis. JPEG 
encoded images may inserted within the text. The above and 
Similar programs and digital image files for the different 
processes needed for Visual or instrumented analysis, image 
enhancement etc of the analog signal representing biological 
waves processed using digital Sound or other wave technol 
ogy proceSS are preferably used. The images obtained can be 
printed using, for example, an inkjet Hewlet Packard Printer 
Model 1120C. 

0181. The CVAT method of the instant invention is 
designed to process and analyze biological waves using 
digital Sound or any other computerized wave analysis 
Software or techniques, including but not limited to the use 
of digital audio acquisition, editing, reproduction etc., as 
tools to facilitate computer aided visual as well as algorith 
mic and mathematical analysis. The purpose of CVAT is to 
enhance the use of Signal analysis as an aid to basic research, 
medical and veterinary diagnosis. The CVAT method of the 
instant invention preferably includes, but it is not limited to, 
the following Sequential Steps: 

0182 Transferring the analog signal from the origi 
nal media into the computer hard drive. This is 
preferably done using the best possible electronic 
equipment, enhanced dynamic range and optimum 
play back Speed. 

0183). Using computer Software for high sampling 
and quantization rates (at least 44,100 Hertz at 16 
bits per Sample, per channel where the Sampling rate 
is the number of frames per Second), to preserve the 
dynamic range, integrity, fidelity and resolution of 
the analog signal encoded in the original recording 
media. 

0.184 Allocation of optimum amount of computer 
memory to preserve the integrity, dynamic range 
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high fidelity and resolution of the Signal. Digital 
compression algorithms, filtering, Smoothing or any 
other signal deteriorating or diminishing manipula 
tion likely to compromise the integrity, fidelity, reso 
lution and dynamic range of the original analog 
Signal are preferably avoided at all times. 

0185. CVAT is preferably done with the high quality 
hardware (codec chips, etc.) and Software to code 
and decode the analog signal to recover and display 
it in a high fidelity-high resolution mode in a com 
puter monitor at or above 1600x1200 pixels with 
32-bit color and high refresh rate. 

0186 CVAT is preferably done using a high quality 
computer System to magnify waves in the X and 
Y-axes. Magnification along the X and Y-axes is 
done to allow precise measurement beyond micro 
Volt and microSecond levels to facilitate visual mor 
phologic analysis in the compressed or expanded 
modes. Enhanced resolution, fidelity and dynamic 
range further facilitate detection of morphologic 
changes of biologic waves Such as the ECG, 
encephalogram, miograms, etc. Since its discovery at 
the beginning of this century, electrocardiography 
has been a visual pattern recognition discipline. 
Computers can be used to facilitate Such pattern 
recognition but in final analysis trained technicians 
are still Superior to computers to discriminate normal 
from abnormal patterns. 

0187 Use of high quality programs for Screen cap 
ture and further image processing of Selected repre 
Sentative portions of the recordings is also an integral 
part of CVAT. 

0188 Each of the above-mentioned steps will be 
described in greater detail below. The caveat is that keeping 
pace with the fast improvement in electronic equipment, 
computer hardware and Software, the tools and techniques 
used in each Step of this method will continue to improve 
and translate technologic advances to the benefit the differ 
ent patient populations served by CVAT. For instance, 24-bit 
quantization as well as 192 kHz Sampling rates are envi 
Sioned to soon become an integral part of the CVAT tech 
nology. 

0189 The invention may also employ Direct Stream 
Digital (DSD) technology for the analysis of biological 
waves for basic research, medical and Veterinary diagnosis. 
DSD uses Delta Sigma modulation to generate a bitstream 
that represents the analog Signal being recorded. Instead of 
Sampling the Signal at a particular instant determined by a 
converter clock, the DSD converter does Something quite 
different. It keeps the previous sample in memory (actually 
in a feedback loop, Since the System does not record Signal 
levels) and monitors the waveform as it continues to change. 
If the Signal value is higher than that of the previous Sample, 
the converter records a one, if not, it records a Zero. In this 
manner, full positive Signals are represented by a String of 
1's and full negative signals by a string of Zeros. Silence (or 
the isoelectric line in the ECG or EEG) is represented by 
alternating ones and Zeros. It is not linear pulse code 
modulation. The density of the pulses represents the instant 
amplitude of the signal. Since DSD is not organized into 16 
or 24 bit samples, DSD simply records the bitstream itself 
and it is and looks “analog-like'. DSD claims 120 dB 
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Signal-to-noise ratio through what is known as noise shap 
ing. The DSD analog/digital converter uses 64 times over 
Sampling achieving four times the density of current music 
CDs recorded at 44,100 Hz and 16-bit quantization. This 
technology will allow simultaneous processing and analysis 
of up to 72 channels (signal streams) for use in CVAT 
analysis of electroencephalograms and 12-lead electrocar 
diograms. 
0190. The invention is, for example, applicable to analy 
sis of 24 hours ambulatory electrocardiograms recorded with 
current art Holter technology. The CVAT Holter analysis 
aims to find classically described electrocardiographic Signs 
compatible with Silent, atypically Symptomatic or Symptom 
atic ischemia, a major cause of morbidity and mortality. 
Detection of Risk for lethal arrhythmias is also improved by 
CVAT. Ischemia is probably the most common cause of 
lethal arrhythmia and Sudden death. Hence, electrocardio 
graphic signs of increased risk of Serious arrhythmia (Such 
as depolarization and repolarization heterogeneity and pres 
ervation of the within patient harmony of the repolarization 
periods) are described herein. CVAT may also be used to 
detect increased risk of arrhythmia and Sudden death in 
patients with congestive heart failure (CHF). 
0191 Cassette format magnetic tape is still the most 
commonly used media to record the ambulatory electrocar 
diogram from leads attached to a patient. To facilitate 24 hr 
recording without changing cassettes, the tape transport 
speed is slowed to 1.1 or 0.55 mm (depending on the 
manufacturer) per Second instead of the 55 mm per Second 
used to record music or other Sonic waves. Differently from 
current Holter analysis and to preserve the quality of the 
analog electrocardiographic Signal, CVAT technology uses 
as-slow-as-possible play back Speeds. AS described above, a 
Denon cassette deck model 770 R that normally plays back 
at 47.6 mm per second may be used. This model has variable 
play back speed. For CVAT, the slowest play back speed is 
preferably used at a transport tape rate of 40.4 mm per 
Second. Hence, Holter tapes recorded at 1.1 mm per Second 
are preferably played back at 36.7 times real time. In CVAT, 
Slow play back Speed is an important Step in the preservation 
of the fidelity and resolution of the Signal during the analog 
to digital conversion of the file. The slow speed used in 
CVAT should be compared to the much faster play back 
Speeds used in current Holter analysis to accelerate analog to 
digital conversion despite deterioration of the Signal quality. 
Current Holter analysis play back speeds between 60 and 
480 times real time, 240 and 480 times real time are 
probably the most common play back Speeds. 
0192 CVAT preferably uses 44,100 and 96,000 Hz-16 

bits per channel as the Standard Sampling and quantization 
rates. At 44,100 Sampling rate, a single sample is taken every 
0.000023 seconds of clock time. A 24 hr Holter recording 
(more than 100,000 heartbeats) is digitized by conventional 
art using, at best, 8,000 Hz samples per second followed by 
drastic lossy compression Schemes that reduce the digital file 
to about 1.2 megabytes. The same file is encoded by CVAT 
in 350 megabytes, using 44,100 Hz, 16-bits quantization and 
no compression schemes. This 1.2/350 ratio in the richness 
of the digital file is a reflection of the difference in Sampling 
and quantization rates, tape play back Speed, and the use-no 
use of “lossy' digital data compression. 
0193 The sampling rates used by current Holter analysis 
are frozen in the early 90's and are, at best, 8,000 samples 
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per Second of clock time. When fast play back Speed is 
factored in, the result is about 33 Samples per Second 
recorded time if the play back Speed is 240 times real time. 
In CVAT at sampling rates of 44,100 or 96,000 Hz, there are 
1,188 to 2,376 per second of recorded time respectively. 
0194 Even the recently introduced flashcard technology 
is Subjected to the artificial limitations imposed by the desire 
to transmit compressed data over telephone lines. An ambu 
latory recording system with 500 samples per second, 10 bits 
per Sample, three channels, and 24 hours recording, requires 
the storage of about 162 MB. To accommodate this data on 
a 20 MB flash memory card requires a compression ratio of 
8:1 or higher. However, the perceived need for transtele 
phonic transmission limits the flash card files to about 8-MB 
which require more drastic compression Schemes and/or 
8-bit quantization. The Signal retrieved is still incomplete 
and of poor quality. 
0.195 Conversion of the analog signal to digital format is 
a crucial Step which determines the final quality of the Signal 
preserved for analysis. Neither the magnetic cassette play 
back Speed or the Sampling rate undergo modulation to 
compensate for acceleration of the heart rate which are 
likely to happen during the recording period. The number of 
digital samples per heartbeat of the ECG can be referred to 
a normal heart rate of 60 beats per minute or one heartbeat 
per second of recorded time. The table below compares the 
number of digitally Sampled points per heart beat using 
current Holter analysis art at different play back Speeds and 
CVAT at two different sampling rates 

SAMPLES 
PER PLAYBACK POINTS PER 

SECOND SPEED HEARTBEAT 

CURRENT 8OOO 240 x REAL 33 PER HE3 
ART TIME 
CURRENT 8OOO 480 x REAL 16.6 PER HE3 
ART TIME 
CVAT 44,100 36.7 x REAL 1201.6 PERHB 

TIME 
CVAT 96,000 36.7 x REAL 2615 PER HE3 

TIME 

*Digital data points available to reconstruct one ECG cycle length (one 
heartbeat) at 60 beats per minute 

0196. In the time domain, at 60 beats per minute, the 
current Holter art has, at best, only 2.7% of the sampling 
points of the lowest CVAT rate (33 vs 1,201 points per 
heartbeat). The fastest (and probably most common) Sam 
pling rate used in the current Holter art has only 0.61% of 
the time points CVAT offers (16.6 vs. 2,615). Hence, starting 
with the analog to digital conversion and prior to any of the 
other data degrading Steps, the current art deletes between 
97.3 and 99.39% of the signal encoded in the magnetic tape. 
The data loSS increases with increasing heart rate. If the heart 
rate goes from 60 to 120 per minute, only one half of the 
above points will be converted from the analog to the digital 
format and enter the computer file. For the current Holter 
analysis, this loSS happens prior to further signal degradation 
due to lossy compression, replacement of real for imaginary 
points (through Fast Fourier Transformation), filtering, etc 
which is not the case when CVAT is used. This data elision 
is compounded by the current Holter analysis use of 8-bit 
instead of 16-bit cards. Quantization with 8-bit cards gives 
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only 0.39% (256 points per channel) of the voltage resolu 
tion afforded by 16-bit cards (65,536 points per channel). 
This calculation does not include the Signal deteriorating 
effect of failure to do independent control of dynamic range 
prior to digital conversion. 
0197) The importance of quantization rate and indepen 
dent channel gain control for the preservation and enhance 
ment of dynamic range will now be described. It is being 
increasingly recognized in electrophysiology of the heart 
that microvolt level and lesser magnitude Voltage changes 
encode very important diagnostic and prognostic informa 
tion. Current computerized 25 Holter analysis Sacrifices 
dynamic range, fidelity and resolution to high-speed analog 
to digital conversion and the need to fit the 24-hr signal in 
a Small digital file to facilitate telephonic transmission. It is 
well known that lack of dynamic range affects foremost the 
lower Voltage changes in the Signal. If dynamic range is not 
optimized prior to digital encoding of the analog signal, the 
range of Voltage describing points above and below the 
isoelectric line is not fully utilized; hence the ST-T changes 
in the ECG are leSS apparent. A primary difference between 
CVAT and the conventional art is that CVAT strives for the 
preservation and enhancement of the dynamic range to 
facilitate identification and interpretation of microvolt and 
lesser Voltage changes used to detect ECG Signs of poten 
tially lethal conditions. Independent channel modulation of 
the dynamic range, Slow tape play back, high Sampling and 
quantization rates achieve optimum Storage, recovery and 
display of microvolt range Signals. CVAT is preferably done 
with 16-bit quantization rate, but 24-bits and higher may 
also be used. The Signal to noise ration at 16-bits per Sample 
and 44,100 Hz is about 90 dB. Current Holter analysis use 
of 8-bits quantization drops the Signal-to-noise ratio to 40 
dB or less. Noise is known to induces more interference in 
the quieter periods in music and around the isoelectric line 
and the ST-T region of the ECG. Signal smoothing and 
filtering done in current Holter analysis further deteriorate 
discrimination of microvolt range changes in the Signal. 
0198 In CVAT independent electronic gain control is 
possible because morphologic analysis relies on the internal 
harmonic relationship of the electrocardiographic waves and 
relative rather than quantitative changes in the Signal. Micro 
Volt measurement in current Holter analysis is based on 
numerical conversions using Voltage calibration (1 milli 
volt=10 mm deflection) signals which often are faulty and 
hence unreliable. In CVAT, independent electronic gain is 
adjusted in order to use the Y-axes to it’s full extent with the 
QRS deflection as (or near) 100% of its potential height. 
This is done to expand the dynamic range and to obtain the 
greatest possible benefit of the 16-bit quantization rate. By 
optimizing dynamic range prior to digital conversion, as 
much of the potential 65,536 points available per channel in 
the Y-axes are used. High dynamic range and resolution in 
the Y-axes facilitates evaluation of microvolt and lesser 
Voltage changes in the ECG. These StepS are essential for the 
detection of ischemia and arrythmogenic risk. Current 
Holter analysis does not optimize dynamic range prior to 
digitizing at 8-bits per Sample. these results in only partial 
use of the 256 points provided by 8-bits in the Y-axes. 
Hence, the effective difference in dynamic range preserva 
tion and Voltage resolution between the conventional art and 
CVAT is well beyond 65,536/256. Hence, the current Holter 
quantization has 0.39% of the resolution offered by CVAT 
quantization rate. Additionally, during CVAT analysis a 
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voltage optimization (VO) bit interpolation process can be 
used to magnify the Y-axes. Voltage optimization can be 
applied to Selected regions of the Visually compressed file, 
individual heartbeats or selected waves within it. Voltage 
optimization takes the selected part of the signal to 100% of 
its potential above or below the isoelectric line. In the 
current electrocardiographic art, reliable detection of micro 
Volt changes is confined to costly and time consuming 
techniques Such as Signal averaging done in the electro 
physiologic laboratory and not useful for mass Screening or 
applicable to Holter analysis. Detection of certain types of 
microvolt changes is valuable as tool to identify Serious risk 
for arrhythmia. Such changes are usually more evident at 
times of physical and/or emotional StreSS. Ambulatory detec 
tion of microvolt changes, applicable to mass Screening is 
now made possible by CVAT and should result in major 
improvement in cardiovascular diagnosis for prompt inter 
vention and important reduction of mortality and morbidity. 
0199 Current Holter analysis relies upon signal ampli 
tude (voltage) calibration done prior to recording by intro 
duction of a 1 millivolt Signal directly into the magnetic 
tape. In theory this calibration Signal should be equal in both 
channels and should render an even 10 millimeters deflec 
tion when Visualized in the electrocardiogram. If all goes 
well, a 1 mm (0.1 mV) shift of the ST above or below the 
isoelectric line is to be taken as an electrocardiographic sign 
of ischemia. This concept is a direct extension of the very 
long experience with exercise tolerance testing done with 
Stationary 12-lead electrocardiographs, more precise instru 
ments than the average Holter recorder. In 12-lead electro 
cardiographs, the electronic gain can be adjusted at the time 
of calibration. In current Holter art, gain adjustment in the 
recorder is not possible. The Holter recorder calibration 
Signal frequently has significant variation within and acroSS 
recorders and it does not give as reliable conversion factor 
for microvolt evaluation as the 12-lead electrocardiographs. 
0200 FIG. 2 shows an example of uneven calibration 
signal in a Holter recording. The size of the QRS voltage in 
the lower lead could be 4.4 or 3.1 mm depending on which 
part of the calibration signal would be chosen to represent 1 
millivolt as a 10 millimeters deflection. 

0201 FIG. 3 shows the difference in the size of the 
calibration Signal obtained from 3 different recordings, also 
note the difference in the height of the signal in the lower 
channel of Holter C. 

0202 Reliance on the calibration signal to quantify the 
Severity of microvolt range changes around the isoelectric 
line is not as precise and useful in Holter recording as it is 
in 12-lead electrocardiography. Conversion based on unre 
liable calibration hamperS within and most importantly 
acroSS patients comparisons. Furthermore, the Voltage of the 
electrocardiographic waves does not remain constant during 
the 24 hr Holter recording period. Voltage changes may be 
due to physiologic (e.g. positional, respiratory cycles, etc) as 
well as pathologic reasons (ventricular distention and 
mechanical incompetence of the ischemic ventricle is an 
important reason for change). Under these conditions, abso 
lute quantification of the ST Segment, using the calibration 
Signal as valid gage, may lead to erroneous conclusions. This 
is probably a reason for the poor performance of current 
Holter analysis in detection of myocardial ischemia. 
0203 More than 20 years ago, Marvin Ellestad M.D. 
called attention to the importance of judging ST Segment 
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shifts as a percent of the QRS in the same heartbeat. This 
work has been recently quoted in Ellestad M, American 
College of Cardiology Educational Highlights, Summer 
1998: 15-21 from which FIG. 4 was taken. This figure is 
used by Ellestad to emphasize the importance of describing 
ST Segment deviation as a percent of the major deflection in 
the respective QRS. Ellestad observation is the product of 
intensive and classic work in exercise StreSS testing done 
with 12 lead electrocardiographs, better and more reliable 
instruments than Holter recorders. Ellestad suggested 10% 
shift of the ST as the cutoff point for the diagnosis of 
ischemia. However recent data ("ASSociation of Nonspecific 
Minor STT Abnormalities With Cardiovascular Mortality”, 
Daviglus M. L. et al. JAMA. 1999; 281:530-536) indicates 
than even lower degrees of ST shift are likely to carry 
increased risk of mortality and morbidity. In CVAT voltage 
changes are evaluated as percent of the dominant Spike in the 
QRS deflection for which voltage is optimized to 100% of 
it's potential. Using CVAT, non-cardiology trained techni 
cians can detect ST Segment shifts as Small as 2% of the 
ORS. 

0204. The CVAT methodology for detection of myocar 
dial ischemia using ST segment shift will now be described. 
Evaluation of the ST segment in isolation leaves most of the 
repolarization events out of diagnostic consideration with 
consequent loss of valuable information. Most of the epi 
cardial, and all the endocardial and mesocardial repolariza 
tion data are not encoded in 60 to 100 milliseconds of the ST 
Segment adjacent to the J point. To be able to properly 
evaluate the T wave in the standard 12 lead ECG, it is 
necessary to increase the paper recording Speed from 25 mm 
per Second to 100 mm per Second. The Voltage gain must be 
doubled to inscribe 1 mV as a 20 mm deflection using a well 
maintained and calibrated electrocardiograph. ECG record 
ings done in this manner have enough detail to visualize all 
the repolarization nuances, especially, T wave morphology. 
0205 Current computerized Holter analyses compares 
only two 8-bit points. One 8-bit point in the ST segment 
(placed 60 to 100 ms beyond the J point) is compared to an 
8-bit point in the PQ segment which is taken to be the 
isoelectric line without regard or correction for the presence 
of atrial ischemia (Ta). This is done with strict quantitative 
adherence to the 1 mm shift (compared to the calibration 
Signal) concept derived from 12-lead electrocardiography. 
Current Holter analysis considers less than 1 mm shift as 
being normal, this results in a high rate of false negative 
Holter reports when algorithm analysis is not compared to 
Visual analysis of the analog signal by expert cardiologists. 
Current computerized Holter analysis does not do morpho 
logic evaluation of the T wave. In current Holter analysis the 
digital ECG file is not a complete and accurate representa 
tion of the originally encoded analog signal. To properly 
evaluate the ST segment and the T wave it is imperative to 
have a high fidelity and resolution signal with optimum 
dynamic range. The ECG signal recovered by CVAT has 
enough detail in the microvolt region to render precise 
details for accurate evaluation of all the ECG. Current Holter 
algorithms lack detail in the data Stored and do not have the 
means to render a faithful depiction of the T waves recorded 
in the magnetic tape. 

0206. In Holter analysis, unreliable voltage calibration 
and unexpected Voltage changes during the recording render 
the 1 mm shift at one point in the ST segment a handy but 
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imprecise extrapolation from 12 lead electrocardiography. It 
will be a major improvement to evaluate the ST Segment 
shift as what it is, a line, and not a single point as current 
algorithms do. The extent of the shift from the isoelectric 
line is best described as a percent of the largest Voltage 
element of the QRS, as proposed by Ellestad more than 20 
years ago. CVAT is able to do a thorough evaluation of the 
ST segment and complement it with a complete morpho 
logic evaluation of the T wave, a major index of myocardial 
repolarization. CVAT can quickly identify shifts as Small as 
2% above or below the isoelectric line. Traditionally, minor 
changes in the ST Segment and the T wave have been 
dismissed as “non Specific' and without prognostic or diag 
nostic importance. However, recent data ("ASSociation of 
Nonspecific Minor STT Abnormalities With Cardiovascular 
Mortality”, Daviglus M. L. et al. JAMA. 1999; 281:530 
536) link these “minor” abnormalities to increased mortality 
risk. 

0207 FIG.5 shows the difference between the 1 and 2" 
calibration signals in the lower lead as well as the marked 
Voltage differences found within the recording period. Quan 
tification of the ST segment shift will depend on which 
complex is taken as a gage; the changing QRS Voltage is 
another source of error. The morphology of the T wave is a 
valuable confirmation of abnormal repolarization which is 
not used by current computerized Holter analysis. The 
recording from which this figure was taken was not pro 
cessed with Voltage or dynamic range optimization. 
0208 FIG. 6 show a minor example of the advantage of 
voltage optimization in a recording digitized without opti 
mizing dynamic range. In FIG. 6, a "minor” (less than 1 
mm) ST segment depression in the lower lead becomes 
evident and important after the Signal is Voltage optimized in 
the lower lead. Current Holter analysis would consider this 
to be a non-diagnostic ST shift. The morphology of the 
inverted T wave, which has a fast inscribing initial limb that 
makes it symmetric and arrow-point-like (best seen in 
alternating beats), validates the ischemic nature of the ST 
depression. The alternating morphologic difference (arrow 
point like versus slightly rounded top) in the T waves is 
Suggestive of repolarization heterogeneity probably due to 
ischemia. Two consecutive Voltage optimized T waves from 
the lower lead are further magnified in FIG. 7. In this figure, 
the ST shift is more evident in the second beat and the 
morphologic differences in consecutive T waves are obvi 
ouS. Flutter waves are seen as the downward Small Spikes 
going down from the isoelectric line. Detailed morphologic 
analysis of a high fidelity enhanced quality Signal is possible 
with CVAT and impossible with conventional Holter algo 
rithms. With CVAT, much greater degrees of magnification 
than shown above are possible if necessary. 
0209 The visual compression and morphologic evalua 
tion of the ambulatory electrocardiogram will now be 
described. CVAT Visual analog signal compression is a 
powerful tool to expedite and add precision to Holter 
analysis. FIG. 8 is CVAT's visually compressed pattern of 
a normal ECG tracing showing the different components of 
the compressed signal. This recording was done without 
optimizing the dynamic range prior to analog to digital 
conversion. Most of the lower lead has been voltage opti 
mized and it shows the difference CVAT does when applied 
to a recording done without independent channel modulation 
of the dynamic range. Normally, the P, PO, J, ST, T and TP 
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(PT band) are Superimposed to each other to form a solid 
band in the middle of the Visually compressed analog signal. 
The QRS band surrounds the PT band as a lighter compo 
nent where the individual heartbeats can be seen. The 
density of the QRS band increases and decreases with 
increasing and decreasing heart rates respectively. The QRS 
also shows the regularity or irregularity of the heart rate in 
characteristic patterns which allow quick recognition of a 
Single heart beat blocked (dropped). Pathology Such as 
intermittent conduction defects, Sick Sinus node (tachy 
brady) syndrome atrial flutter, fibrillation, etc have distinc 
tive patterns in the QRS band. The best rate of visual 
compression depends on the Sampling rate and heart rate. It 
ranges between /64 to /256. The lowest rates of compression 
Works best when the heart rate is fast or when the Sampling 
rate is low and Vice versa. Expansion of the pattern in the 
window with resampling to higher rates or limitleSS mag 
nification, whenever necessary, allow precise identification 
of classic electrocardiographic Signs. 
0210 FIG. 9 is a composite of different recordings 
shown examples of how CVAT compressed analog dis 
played facilitate quick identification of ST Segment shifts by 
technicians without biomedical training or skills in electro 
cardiography. The upper lead shows compact patterns of ST 
depression. The PT band is seen with a solution of continuity 
in it’s middle portion. The white area which hugs the 
isoelectric line is composed by the PQ and portions of the T 
(depending on the changes in T morphology) and TP. The 
lower band which moves into the negative Voltage area 
represents down shift of the J point, ST and portions of the 
T (depending of the morphology of the T wave). The black 
Space Separating the PT band into two diverging portions is 
patognomonic of ST shift. In the lower lead examples of ST 
elevation are collected. Notice that the arm of the bifurcated 
PT band which departs from the isoelectric line has moved 
into the positive Voltage area denoting ST Segment eleva 
tion. A library of patterns can be used for training techni 
cians who will do CVAT analysis. Expansion of this tracings 
show the classic signs of ischemia described in the PQ for 
atrial ischemia and the J point to the end of the T wave for 
Ventricular ischemia. Transient conduction blocks, which 
can be Secondary to ischemia, also have characteristic pat 
terns. 

0211 FIG. 10 shows ST segment elevation and T wave 
changes in an expanded view used to confirm the findings on 
the compressed pattern. FIGS. 11 and 12 show visually 
compressed patterns of episodes of ST depression with 
inversion of the T wave. FIG. 11 shows best the gradual 
onset and offset of the ST segment shift characteristic of a 
true ischemic episode. FIG. 13 shows an expanded view of 
ST depression with inverted T wave. FIG. 14 shows a short 
episode of ST depression with T inversion. This episode 
most likely would not have been detected with conventional 
Holter analysis. If detected, it would have been dismissed 
Since it does not last one minute which is a convention for 
acceptance of an episode in current Holter analysis. FIG. 13 
also shows Ta as a sign of probable atriai ischemia. This 
ECG sign is not commonly Seen because of the lack of 
dynamic range, fidelity and resolution of current ECG 
tracings. 

0212 FIG. 15 shows non-consecutive segment (two 
beats each) from a recording done without independent gain 
modulation. In both leads, the first wave is the 1 mV 
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calibration signal followed by pairs of consecutive beats 
taken from different parts of the recording. The first beat of 
each pair is as it was originally recorded (O) and the Second 
(V) is voltage optimized using CVAT software. Both the 
upper and lower leads are similarly treated. The 5" pair in 
the lower lead, which has the lowest QRS voltage in the 
original Signal, is the one which shows the most distinct ST 
Segment elevation in the Voltage optimized beat in the lower 
lead and depression in the opposite lead. The ST elevation 
can not be seen in the original beat. If we quantify the S 
wave in the original beat of the 5" pair according to the 
calibration signal, this S wave would be about 6 mm in total 
and the ST elevation would not be equal to the 1-mm 
criterion. However the Voltage optimized, Second beat of the 
5" pair, shows that the ST elevation is about 20% of the S 
wave. This figure shows well the constant variation in the 
QRS voltage for which there is no adjustments possible in 
the calibration-based ST shift quantitative approach. 

0213) In FIG. 16, the QRS band shows the regular 
irregularity of the heart rate due to atrial flutter in a patient 
who also has ST depression. Both are readily identified in 
the visually compressed CVAT pattern. 
0214 FIG. 17 is an expanded tracing of the pattern 
showing atrial flutter and ST depression; the flutter waves 
are visible showing a 4:1 Ventricular capture rate. This 
degree of visualization of the ECG is not possible with 
conventional Holter analysis. 

0215) Next, intermittent atrioventricular and intraven 
tricular conduction defects are described. The conduction 
System is relatively more resistant to ischemia than the rest 
of the myocardium; hence when it is affected enough to 
show conduction blocks, a Severe degree of ischemia must 
be Suspected. Atrioventricular and intraventricular blockS 
can be readily found using CVAT. The nature of the con 
duction abnormality can be further defined by expanding 
and magnifying the Signal if necessary. In the compressed 
CVAT mode, conduction blocks have characteristic patterns. 
0216 FIG. 18 shows the compressed CVAT pattern of 
intermittent second degree AV block. The QRS band in the 
right size of the figure has gaps which resemble a comb with 
broken teeth. FIG. 19 is an expanded view of this record in 
which the Second-degree atrioventricular block is readily 
visualized. Two P waves are identified, the first does not 
conduct to the Ventricle, and the Second triggers a ventricular 
contraction. The pattern is repeated in consecutive cycles. 
Independent channel gain was not used in this recording. 

0217 FIGS. 20 and 21 show the visually compressed 
and expanded patterns of Ventricular ischemia (ST eleva 
tion) and intraventricular conduction delay. Atrial ischemia 
(Ta) is readily apparent in FIG. 21. 
0218 FIG. 22 shows alternating intermittent intraven 
tricular conduction defect (ICD) in the 1' beat of the upper 
lead and the second beat of the lower lead. The beats are not 
contiguous, are placed next to each other for comparison 
only. This patient had changes in the upper lead alternating 
with changes in the lower lead, Suggesting a shifting location 
of the ischemic area of the heart. Note the widened QRS and 
the initial slurring of the deflections in the 1 upper and 2" 
lower beats. Compare these beats with their counterparts in 
the opposite leads which have a near normal configuration. 
Note also that the T waves following the beats with abnor 
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mally conducted QRS have a different configuration of the 
T waves compared with the other beats. The abnormal T 
waves reflect the disarray in repolarization consequent to the 
aberrant intraventricular conduction in the preceding QRS. 
0219 Current Holter algorithms lack integrity, dynamic 
range, fidelity and resolution and can not match human 
ability to recognize morphologic patterns. For these and 
other reasons, current Holter analysis can not benefit from 
the wealth of ECG signs of ischemia and it is limited to 
dubious quantification of one point in the ST segment. CVAT 
is designed to identify all the valuable electrocardiographic 
Signs described in the peer-reviewed literature (mainly from 
Studies done in exercise testing laboratories) to improve 
Holter analysis and facilitate ischemia detection. 
0220 T wave morphology changes as sign of abnormal 
repolarization will now be described. Current Holter analy 
sis algorithms rely on mathematical formulae which use 
calculated Slopes and intersects in an attempt to identify 
electrocardiographic landmarks that are difficult to precise 
even with visual magnification of Specially taken 12 lead 
ECG's. Analog reconstruction of the T wave with current 
algorithms is poor due to lost data, and poor fidelity, 
resolution and deterioration of the dynamic range of the 
Scanty signal preserved. Morphologic evaluation of incom 
plete electrocardiographic Signal of poor quality is question 
able, at best. The low quality of the highly compressed and 
filtered ECG signal encoded by the current Holter algo 
rithms does not permit retrieval of the analog electrocardio 
gram as it was encoded in the magnetic tape. CVAT recovers 
the intact signal and enhances it to create a rich digital file 
using State-of-the-art Software dedicated to preservation of 
the dynamic range, high fidelity and resolution. CVAT can 
accurately magnify at will both the time and Voltage 
domains rendering ECG's of optimum quality Suitable for 
all kinds of measurements and morphologic evaluation. 
0221) The four beats in the upper and lower rows of FIG. 
23 are the same beats, duplicated from the same lead. This 
portion of the file has been resampled from 44,100 Hz to 
96,000 Hz in both rows. In the Y-axes, the voltage has been 
optimized in the lower row only. Note, in the lower row, the 
marching of the P wave into the T wave (second beat) to 
merge with the T in the third beat. This kind of evaluation 
is not possible with current Holter algorithms. 
0222 Repolarization abnormality is a harbinger of poten 
tially lethal arrhythmia (see “Electrical Alternace” below) 
myocardial infarction, or Sudden death. Abnormal T wave 
morphology Suggests myocardial intracellular changes 
which alter orderly, normal, cardiac cell repolarization. 
Abnormal repolarization can be a consequence of abnormal 
depolarization or ischemia and the cause of Serious arrhyth 

a. 

0223. Under normal conditions, the T wave has the same 
polarity than the QRS deflection. Inscription of the T wave 
Starts when the plateau of the action potential of the epicar 
dium separates from that of the mid myocardial cells (meso 
cardium). As the Voltage gradient between the epicardium 
and the mesocardium continues to expand, the ascending 
limb of the T waves is inscribed in the ECG at a slower rate 
than the descending limb of the T wave. The ascending limb 
inscribes the peak of the T wave when the epicardium is 
fully repolarized. In the opposite Side of the Ventricular wall, 
the plateau of the endocardial cell action potential Separates 
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from that of the mesocardial cell generating an opposing 
Voltage gradient that limits the amplitude of the T wave and 
starts inscription of the descending limb of the T wave. The 
full repolarization of the mesocardium marks the end of the 
T wave. The time elapsed from the peak to the end of the T 
wave is an index of the degree of transmural dispersion of 
repolarization. A disproportionate prolongation of the action 
potential in the mesocardium prolongs the time from the 
peak to the end of the T wave (Tp-Te) and widens the T due 
to slower rate of descent of the distal limb. This prolongation 
of the Tp-Te may be also out of phase with changes in the 
R-R interval; i.e. it does not shorten or elongate proportion 
ally when the heart rate increase or decrease, respectively. 
0224. The internal harmony of repolarization intervals 
will now be described. When electrocardiographic intervals 
are measured to assess repolarization, the Standard reference 
for comparison is correction to an “ideal” heart rate of 60 
beats per minute. More important than this comparison is the 
lack of pari passu Shortening of repolarization with short 
ening of the cycle length. The corrected QT (QTc) interval 
is considered a Surrogate of the cellular action potential 
duration. The QT interval includes electrical depolarization 
and repolarization of the Ventricles and is a limited reflection 
of the complex electrogenesis of Ventricular repolarization. 
The QTc has been shown to be of no value to predict 
mortality or arrhythmic events (Circulation 1998; 97:2543 
2550). A study (JAm Coll Cardiol 1987; 10:1313-21) in 
which 19 automated QTc measurement Systems were com 
pared found Standard deviations as large as 30 ms when 
locating the end of the T wave compared with 6 ms for the 
QRS onset. This study compared recordings done with 
conventional 12-lead electrocardiographic equipment. The 
inferior quality of the Holter recordings would give similar 
or greater Standard deviations if Subjected to the same type 
of Study. Any evaluation of T wave duration is complicated 
by the T wave changing morphology within a recording 
period. Valid diagnostic conclusions can not be based on 
imprecise landmarks, measurements “normalized' with for 
mulae established for more precise and complete Signal 
obtained with Superior type of equipment and when the 
standard deviation of the method is probably larger than the 
elongation Supposed to be clinically significant. 

0225. There are researchers who believe that T wave 
morphology is more important than its total duration. The 
duration of repolarization usually changes in unison and in 
harmony with the duration of each heartbeat. Harmonic 
change is probably more important for diagnosis and prog 
nosis than milliseconds of difference in “corrected” OT. The 
concept of measuring the interval between the peak and the 
end of the T wave as a measure of Ventricular repolarization 
has been proposed several years ago (Antzelevitch et al JAm 
Col Cardiol; 1994; 23:259-77). This time interval represents 
the transmural dispersion of repolarization: the longer it is 
the more fragmented and abnormal repolarization is likely to 
be. Evaluation of the morphologic features of the ST seg 
ment and the T wave, looking for manifestation of electrical 
alternans, assessing the internal coherence of the repolar 
ization intervals and their concordant change with heart rate 
variation are more valuable than the Simple determination of 
the OTc. 

0226. The instant CVAT method proposes that better 
measurements of repolarization and its accommodation to 
changing heart rate are: 
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0227 Duration of repolarization measured from the 
J point to the end of the T excluding the QRS since 
this complex reflects Ventricular depolarization. 

0228 Time from the J point to the end of the T (J-Te) 
reflects epicardial, mesocardial and endocardial 
repolarization time 

0229) Tp-e stands for the time from the peak (Tp) to 
the end (Te) of the T wave as an expression of 
Ventricular transmural repolarization time 

0230 Time from J point to J point (J-J) as a measure 
of one heartbeat duration 

0231 (Tp-e/J-Te)x100 represent the relative dura 
tion of transmural repolarization time as a percent of 
the total duration of the repolarization. Prolongation 
of the transmural repolarization, in disproportion to 
the total duration of repolarization, is likely to reflect 
transmural repolarization dispersion, prolongation of 
the Vulnerable period and heightened risk for Ven 
tricular arrhythmia. This percent value, determined 
continuously or at regular intervals (such as every 15 
to 60 minutes) plotted, in the Y-axes, against clock 
time of Holter recording, in the X-axes, represent 
circadian variation in the relative duration of trans 
mural repolarization. 

0232 (J-Te/J-J)x100 express the relative duration of 
total repolarization time (epicardial plus transmural) 
as part of total cycle length and correlates total 
repolarization to heart rate. Normally, J-Te should 
Shorten as J-J shortens. Plotting this percent value 
Versus clock time will give an idea of the circadian 
variation in total repolarization time as part of its 
own cycle length (and hence heart rate) from which 
valuable diagnostic and prognostic information 
could be derived. 

0233 Preliminary data suggests that normal repolariza 
tion (J-Te) may be at or below 30% of the cycle length (J-J) 
and transmural (epicardial to endocardial) repolarization 
(Ta-Te) should also be at or below 30% of J-Te. Further 
work is being done by the instant inventor to further precise 
these relationships. 
0234. In FIG. 24, the two consecutive beats in the upper 
row were copied in the lower row. The ECG signal was 
resampled from 44,100 to 96,000 Hz, in both leads. Only the 
lower lead was Voltage optimized. This process can be used 
to expand the time and Voltage domains for precise identi 
fication of electrocardiographic landmarks. In this figure, the 
T wave has a symmetric (arrow point like) shape, different 
from normal where there is a Slower ascending than 
descending limb. The J-J is 791.5 ms (heart rate=76 beats 
per minute). J-Te is 237.5 ms, Tp-e is 50 ms. Hence, the 
transmural repolarization (Tp-e) is 21% of the total repo 
larization time (J-Te) and the total repolarization time (J-Te) 
is 30% of the total cycle length (J-J). 
0235. In FIG. 25, two consecutive beats are duplicated in 
the lower row, both were resampled, only the lower row was 
voltage optimized the cycle length is 1054.1666 ms (heart 
rate=56.9 beats per minute). The first T wave J-Te is 279 ms; 
Tp-e is 96.6 ms or 34.6% of J-Te. The second T wave J-Te 
is 291.6 ms; Tp-e is 83.3 ms or 28.5% of J-Te. The relative 
longer duration of the transmural repolarization of the first 
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T wave (Tp-e of 34.6% vs. 28.5% of their respective J-Te) 
coupled with the distinctly different morphology and height 
(the first T is 2.5 times taller and more peaked than the 
Second) Suggest heterogeneous repolarization (electrical 
alternans). 
0236 FIG. 26 shows the opposite lead to that shown in 
FIG. 25, the two beats opposite to those shown in FIG. 25 
have been isolated. Significant horizontal ST Segment 
depression is shown. Electrical alternans and heterogeneous 
repolarization may be caused by myocardial ischemia. 

0237. In FIG. 27, ST segment depression and biphasic 
(+-configuration) T waves are present in both leads. The 
cycle length (J-J) is 783.3 ms (heart rate=76, 5 beats per 
minute), J-Te is 458.33 ms, Tp-e is 195.83 ms. Transmural 
repolarization (Tp-e) takes 42.7% of the total repolarization 
time (J-Te) which represents 58.5% of the cycle length (J-J). 
The relative prolongation of both the total and the transmu 
ral repolarization times is in keeping with the ST Segment 
depression seen in both leads. Current Holter analysis would 
have placed the end of the T at an intersect with the 
isoelectric line based only on a line fit onto the down sloping 
arm of the first (positive) phase of the biphasic T. The 
negative phase of the biphasic T would have been excluded 
by the placement of the slope. Furthermore, its unlikely that 
the degraded signal would have shown the negative phase of 
the biphasic T. The ST Segment depression has an upsloping 
trend; however, the ST fails to return promptly to the 
isoelectric line. The morphology of the ST in conjunction 
with that of the T wave Strongly Suggests ventricular repo 
larization abnormality probably due to ischemia. 

0238 FIG. 28 is a tracing from the lower lead of the 
recording shown above a little later in the recording period. 
Distinctly horizontal ST segment depression with T wave 
inversion is documented which confirm the likelihood of 
myocardial ischemia in this patient. 

0239). The T waves in both leads of FIG. 29 are biphasic. 
In the lower lead J-J is 912.5 ms (HR=65.7 bpm), J-Te is 
458.3 ms (50.2% of J-J) and Tp-Te is 270.1 ms; hence, 58% 
of the total repolarization is taken by transmural repolariza 
tion. ST Segment depression in the upper lead and elevation 
in the lower lead are also present. 

0240 FIG. 30 is a tracing taken later in the same record 
ing as FIG. 29. Compared with the previous figure, note the 
more pronounced horizontal ST depression in the upper lead 
and the ST elevation in the lower lead, confirmation of 
myocardial ischemia in this patient. 

0241 FIG. 31 shows three heartbeats in the same lead 
duplicated and resampled. Only the lower tracing was volt 
age optimized. The T wave has double hump morphology. 
This tracing raises the question: Is the transition from 
epicardial to endo-mesocardial repolarization at the peak of 
the first hump'? 

0242 FIG. 32 shows two heart beats (1stB and 2" B) 
located in the same recording, Same lead, 20 Seconds apart. 
The 1* and 2" QRS constitute one cycle length and the 3" 
and 4", the second cycle length. 
0243 The following measurements were taken from the 

first cycle length in FIG. 32: 



US 2002/0138013 A1 

J- 770.83 ms (77.8 beats per minute) 
J-Te 362.50 ms (47.0% of J-J) 
Tp-e 187.50 ms (51.7% of J-Te) 

0244. For the second cycle length: 

J- 883.33 ms (67.9 beats per minute) 
J-Te 406.25 ms (45.9% of J-J) 
Tp-e 220.83 ms (54.3% of J-Te) 

0245. The positive phase of the biphasic T wave in the 
second beat is 4.3 times (apex of the T to the isoelectric line) 
taller than the T wave which follows the first ORS. The 
double hump morphology shown in FIG. 31 was observed 
in the same recording of the patient. 
0246 Work is ongoing by the instant inventor to further 
identify additional morphologic patterns, internal correla 
tion of intervals and Voltages in normal Subjects and patients 
with different cardiovascular pathology as well as during 
percutanoeuS transluminal coronary artery balloon dilata 
tion. 

0247 The electrical alternans will now be described. 
Temporal heterogeneity in repolarization can be expressed 
in an individual beat (spatial heterogeneity seen as repolar 
ization dispersion comparing the same ST-T in two or more 
different leads) or in a sequence of beats (dynamic hetero 
geneity shown as differences in duration and/or amplitude) 
also known as electrical alternans. Electrical alternans rep 
resents heterogeneity of cardiac muscle repolarization and/ 
or depolarization as a consequence of myocardial ischemia 
and other forms of cardiac disease. It can be considered a 
harbinger of malignant arrhythmias. 

0248 Beat-to-beat microvolt alternation of the ampli 
tude, unstable morphology and/or changing polarity of the T 
wave are markers of vulnerability to potentially lethal ven 
tricular arrhythmia. There are research efforts to identify 
patients who have this electrocardiographic risk marker 
using Sensitive spectral Signal-processing techniques in Spe 
cialized laboratories, by highly skilled electrophysiology 
experts. Electrical alternans documented during exercise 
induced tachycardia is a better predictor of arrhythmia 
Vulnerability than Signal averaged electrocardiography 
(Estes NA et al. Am J Cardiol 1997; 15:1314-8) or electro 
physiologic testing in the cardiac catheterization laboratory 
(Hohnloser S H et al J. Cardiovasc Electrophysiol 1996; 
7:1095-111). 
0249 FIG. 33 is a 16 seconds consecutive strip from a 
recording analyzed with CVAT. Macroscopic beat-to-beat 
variation of the T wave morphology is noticeable, especially 
the peculiar morphology of the T wave that precedes the 
premature beat (PB). CVAT allows visual identification of 
beat-to-beat T wave morphologic changes which correspond 
to microvolt beat-to-beat variations in repolarization. Cur 
rent Holter analysis lackS Signal quality and quantity to 
match CVAT accurate morphologic analysis. CVAT brings 
into daily clinical practice a diagnostic tool heretofore 
available only as a costly experimental tool in few research 
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laboratories and not yet applicable to patient care or large 
scale risk screening, both possible with CVAT. 

0250) Measuring time intervals in the Holter electrocar 
diogram is now discussed. AS it is the case with data on 
microvolt range ECG signals, knowledge on electrocardio 
graphic time intervals is the result of Studies and experi 
enced acquired using well maintained, Standardized and 
calibrated Stationary 12-lead electrocardiographs. Concepts 
arrived at in this manner were extended to Holter analysis. 
However, the following are some of the reasons to believe 
that the 12-lead ECG intervals are not necessarily applicable 
to the evaluation of ambulatory electrocardiography: 

0251 Holter recordings are done with relatively 
Simple, battery-driven motors which run at very slow 
Speeds without feedback regulation of the Speed 
drive. The magnetic tape runs across the recording 
head at critically low speeds of 1.1 to 0.55 mm per 
Second. Ten percent fluctuations in Speed are said to 
be common in Holter recordings, and probably a 3% 
variation is the best that can be expected with the 
best equipment available today which is not used 
outside of few research centers. This factor of error 
in the conversion from time in the recording to real 
(24 hr) time is usually not accounted for. Servo 
control and closed loop technology can improve the 
Steadiness of the tape transport Speed at the critically 
low speeds needed but have not yet been incorpo 
rated into commercial Holter recording. The instant 
inventor is researching better technology and media 
to be used for the ambulatory recording of biologic 
WWCS. 

0252 Very fast play back of Holter recordings done 
at critically low Speeds are another factor for the 
potential distortion of the time intervals and variation 
both within and acroSS equipment used. 

0253 Tape stretch, wow, flutter, tape biasing etc. are 
likely to introduce more problems leading to less 
than precise determination of the duration of the 
intervals in the ambulatory electrocardiogram. 

0254. In current Holter analysis, duration of the QT and 
other intervals is measured in milliseconds. CVAT technol 
ogy can measure down to one 10,000" of a millisecond of 
real time in recordings digitized at 44,100 or 96,000 Hertz 
per Second. Recordings digitized at 44,100 HZ can be 
resampled at 96,000 Hz. Sampling rates higher than 96,000 
HZ are being tested. Lacking Steady recording Speed during 
Holter recording, absolute time measurements have to be 
interpreted with caution as useful to judge relative duration 
of different elements within a recording, but difficult to 
extrapolate and compare acroSS recordings or acroSS 
patients. Hence, in CVAT, internal concordance, as an 
expression of harmonic relationships within the electrocar 
diographic intervals of a given patient, is considered more 
important than absolute time measurements. It is believed 
that judging intervals relationship as an expression of har 
monic continuity of electrophysiologic cardiac function is 
more useful than “correcting time intervals using formulas 
developed for 12-lead electrocardiography. Basset's QTc 
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and other formulas correct the QT interval using as reference 
“normal' population intervals at an ideal heart rate of 60 
beats per minute. The formulas were derived from and for 
12-lead electrocardiography. Critically low recording 
Speeds, variable play back rate, tape Stretch, Wow flutter etc 
do not exists as factors of error in 12-lead ECG interval 
measurement. Hence, correction factorS developed for 
12-lead ECG are probably unsuitable for application to 
conventional Holter analysis. 

0255 Until better Holter recording equipment (e.g. with 
servo controlled recording speed and with precise 10, 100 
and 500 Hz calibration) will be commonly available, the 
advantages of the CVAT mode of analysis can be applied to 
Holter recordings done with currently available equipment. 

0256 The 1 millivolt per second signal used today can be 
a used as a gage to measure time intervals. AcroSS patient 
and acroSS recorders comparisons may not be as precise as 
CVAT can be, but search for within a recording harmony of 
time intervals can be done until better recording equipment 
will be available. 

0257 Using Sound Forge, a window is opened to record 
5 to 10 Seconds of Silence (a blank canvas) at identical 
Sampling rate than that used to Store the analog signal into 
the hard drive. The input format used should be samples per 
Second. A 12 to 15 cycle length calibration signals is copied 
into the canvas from the middle or most stable part of the 
calibration period in the recording to be analyzed. Any beats, 
or waves within a beat, which need to be measured are also 
copied from the recording being analyzed into the canvas. 

0258. The first step is to expunge the areas of each beat 
which do not require precise duration measurement. Unless 
there is a need to measure QRS duration it is best to 
eliminate the QRS from the canvas. If not expunged, the 
height of the QRS becomes an obstacle for maximum 
magnification of the P and T waves using the Voltage 
optimization feature of CVAT. Magnification of the P and T 
waves using pixel interpolation is a great aid for precise 
identification of the beginning and end of the waves. Resa 
mpling to a higher Sampling rate expands the time domain 
and adds precision to time intervals measurement. Using 
CVAT time intervals can be measured to the 10,000 th of a 
millisecond. 

0259 FIG. 34 shows a canvas in which the signal in the 
upper channel was copied into the lower channel for the 
purpose of demonstration of the steps described above. Both 
channels were resampled from 44,100 to 96,000 Hz. Only 
the lower channel was Voltage optimized. The record cali 
bration Voltage waxed and waned in height between 68 and 
100%. This is a reason not to trust voltage measurements 
from Holter recordings. Six calibration cycle lengths on 
either Side of the tallest Signal in a period located about the 
middle of the calibration Segment were transported into the 
canvas. In FIG. 34, 10 calibration cycle lengths were 
isolated; cursors were placed at the apex of the first and last 
Signal with the recording opened at 1:1 Scale for best 
Visualization and precise placement of the markers. The 10 
cycle lengths measured as 23,274 Samples; hence 

One cycle length=1 second=2,327.4 samples. 

0260 This is the constant used to calculate the time 
periods in this recording and in the FIGS. 35 to 38. 
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0261 FIG. 35 shows one heartbeat with the cursors 
placed at the apex of two consecutive R waves with the 
Screen opened at 1:1 ratio, to fit the figure into a size Suitable 
for reproduction, the window was contracted to 1:2 ratio. 
There were 2,153 samples from R to R, hence 2,153/2, 
327.4=0.9250665 seconds which gives an instantaneous 
heart rate of 64.86 beats per minute. 

0262 To obtain the full benefit of voltage optimization of 
the P and T waves, the central portion of the QRS was 
excised in FIG. 36. After voltage optimization the tracings 
were further magnified to best Visualize the microvolt com 
ponents of the ECG and allow precise identification of the T 
and P morphology. The small sharp spikes between the Pand 
the T waves are the take off of the R wave and the return to 
the isoelectric line of the S wave. These landmarks have 
been left to identify the PR and J points respectively, as 
noted in the figure. 

0263 FIG. 37 is a close-up of the beat used to calculate 
the instantaneous heart rate in FIG. 34. Cursors were placed 
at the J point and at the end of the T wave (Te) located 
visually with the window opened at 1:1 scale. Precise 
placement of the cursor at the end of the T was verified as 
the interSect of end of the negative phase of the biphasic T 
with a line traced from the beginning of two consecutive P 
waves taken as the isoelectric line. The number of Samples 
from the J point to the end of the T wave were 1,163 which 
divided by the number of samples for one second (2,327.4) 
equals 0.4996992 seconds. 

0264 FIG.38 shows time measurement from the apex of 
the T (Tp) to the end of the T (Te) for the same beat in a 1:1 
scale. Tp-Te equals 692samples divided by the constant 
2,327 equals 0.2973274 seconds for mesocardial and 
endocardial repolarization time. FIG. 38 also shows the 
difference (black area) that would exist between an auto 
mated slope based T wave measurement and CVAT. The 
algorithms for automated QT interval measurement from 
Holter tapes would fit a slope on the descending limb of the 
positive (first half) segment of the biphasic T wave. By 
doing So the algorithms would disregarded the 450 Samples 
of the negative phase of this biphasic T. A slope based 
measurement would have resulted in 450 Samples, or 
0.1933488 seconds, shorter T wave (J-Te at 0.3063504 
seconds instead of 0.4996992 seconds), a greater difference 
than that between normal and pathologic States 

0265 JT dispersion and circadian variation and relation 
ship with R-R (J-J) changes can be measured by Selecting 5 
to 10 beats at regular intervals depending on the purpose of 
the measurement. Within the constrains imposed by varia 
tion in the tape recording Speed, CVAT gives a better 
measurement of time intervals than current algorithms. 

0266) Next, the evaluation of implanted pacemakers 
function in accordance with CVAT will be described. The 
high fidelity, high dynamic range of CVAT makes it suitable 
for pacemaker function evaluation. 

0267 FIG. 39 shows an excerpt of one lead of a record 
ing showing calibration Signals and paced beats. The aver 
age duration of one cycle length of the calibration signals is 
992.5 Samples, which is to be taken as being equal to one 
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Second in this recording. The time between the first and 
second pacemaker spike is 979 samples divided by 992.5 
equals 0.98.63979 seconds. There are 14 samples from the 
beginning of the pacemaker Spike in the 1st beat to the 
apparent take off of the Ventricular depolarization which 
equals 0.0141057 seconds. The 4th ventricular depolariza 
tion is not pacemaker triggered and happens at 0.6811083 
Seconds (676Samples) from the previous pacemaker Spike. 
The 5" ventricular depolarization is pacemaker triggered at 
1.0448362 seconds from the onset of the non-pacemaker 
triggered ventricular depolarization. It seems that the 5" 
pacemaker Spike happened when Spontaneous ventricular 
depolarization had just started similarly to the 8" depolar 
ization which started 1.0508816 seconds after the onset of 
the spontaneous 7" depolarization in this series of consecu 
tive paced and non paced beats. FIG. 40 is a close up of 
these paced beats. To the best of the inventors knowledge, 
this kind of evaluation is not possible with current Holter 
algorithms. 

0268 CVATs application to on-line electrocardiographic 
monitoring in intensive care areas will now be described. It 
is known that traditional on-line electrocardiographic moni 
toring is efficacious for arrhythmia detection done with QRS 
driven algorithms. However, on line detection of ischemia is 
unreliable and alternative methods, Such as vectocardio 
graphy, are being intensively tested. Vectocardiography 
requires very skilled operators and it is not cost effective for 
widespread use. CVAT compressed patterns facilitates 
ischemia detection by those unskilled in electrocardio 
graphy, including patients, after a very brief instruction 
period. 

0269. For on-line use of CVAT, the ECG signal is split 
and fed to an oscilloscope and to the Sound card of a 
computer (including palm and lap tops). The signal is 
displayed in one CRT or LCD screen with two windows. 
One window shows the real time ECG, another shows the 
/64 to /256 (according to the heart rate) visually compressed 
CVAT signal corresponding to the last 2 or more minutes. 
The CVAT visually compressed analog ECG clearly shows 
ischemic patterns which in the real time display are likely to 
go unnoticed because of their slow onset, observers lack of 
electrocardiographic Sophistication, Visual fatigue etc. 

0270 CVATs application to sleep apnea will now be 
described. A Small microphone is used to record respiratory 
Sounds preferably from the area Surrounding the upper 
airway between the Soft palate and the larynx. The Sound 
Signal is fed into one channel of a Holter recorder which is 
used to simultaneously monitor two ECG leads (one right 
and one left precordial lead). Sound frequency analysis is 
used to recognize normal breathing Sound from Snoring and 
apneic Spell induced by central or peripheral Sleep apnea. 
The Simultaneously recorded electrocardiogram is used to 
monitor the impact of Sleep apnea in cardiac electrophysi 
ology, and determine the need for appropriate therapy. This 
apparatus and method can replace costly in-hospital Som 
nographic Studies and provide a cost-effective mean to 
diagnose and monitor Sleep apnea patients at home. 
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0271 Experimental Results 
0272 A Comparison of the Results of Paired Analysis of 
Holter Tapes. Using a Conventional Algorithm and CVAT 
0273) Objective 
0274 The purpose of this study was to compare the 
relative efficacy of two different computer-aided 24 hours 
Holter monitoring analysis techniques to detect ischemia in 
24 hours magnetic tape Holter recordings. 
0275 An officer of the company which provided the 
Holter tapes and a copy of the corresponding report, Selected 
the tapes to be analyzed. Initially, at the request of the CVAT 
inventors and analyzer, tapes known to have signs of 
ischemia were Selected. Later in the Study, random tapes 
were sent for CVAT analysis. Hence, a selection bias was 
initially introduced, at the request of the CVAT analyzer; 
such conscious bias should work against CVAT and in favor 
of the algorithm method. 
0276 A total of 67 tapes were analyzed by both methods 
and the findings are reported below. The Holter recorded 
analog signal, as retrieved by the CVAT technology, is 
archived in compact discS to avoid tape Stretch and other 
artifacts, should reanalysis be desired. The reports are iden 
tified by the five-digit number assigned at the Source of the 
Holter tapes followed by a capital letter which identifies the 
compact disc in which the analog signal is kept. 
0277. A state-of-the-art computer algorithm was com 
pared to the instant CVAT method for the retrieval, upload 
ing and analysis of the ECG Signal encoded in the Holter 
magnetic tapes. All the electrocardiographic signs detected 
with CVAT are classical for ischemia as described in stan 
dard electrocardiography textbooks and peer reviewed jour 
nals. 

0278 Results 
0279 The following table identifies the tapes which had: 

No ischemia 
Ischemia found by both the algorithm and CVAT 

Ischemia detected by the algorithm but not by CVAT and 
Ischemia identified by CVAT but not by the algorithm 

ISCHEMIA ISCHEMA 
FOUND BY FOUND BY ISCHEMIA 
CVAT AND ALGORITHM FOUND BY 

NO ISCHEMA ALGORTHM ONLY CWAT ONLY 
N = 5 N = 12 N = 1 N = 49 

87247 A 
872SOA 
87251A 
87.138A 
8724OB 

87246 B 
87245 B 

87.133 B 
87O83 C 

87O15 C 
87O16 C 
86952 C 

87084D 
87115D 
87.132D 

871.43D 
87253 E 
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-continued 

No ischemia 
Ischemia found by both the algorithm and CVAT 

Ischemia detected by the algorithm but not by CVAT and 
Ischemia identified by CVAT but not by the algorithm 

ISCHEMIA ISCHEMA 
FOUND BY FOUND BY 
CVAT AND ALGORTHM 

NO ISCHEMA ALGORTHM ONLY 
N = 5 N = 12 N = 1 

87321 E 

874.41 H 
87443 H 

ISCHEMIA ISCHEMA 
FOUND BY FOUND BY 
CVAT AND ALGORTHM 

NO ISCHEMA ALGORTHM ONLY 

87356 J 

87372J 

87498 N 

87526 P 

ISCHEMA 
FOUND BY 
CWAT ONLY 
N = 49 

87344 E 
87331 F 
87337 F 
87339 F 
87341 F 
87325 G 
87327 G 
8734O G 
874.42 G 
87438 H 

8745OH 

ISCHEMA 
FOUND BY 
CWAT ONLY 

87369 J 
87371 J 

8.7376 K 
87377 K 
87378 K. 
87379 K 
87380 L 
87383 L 
87385 L 
87479 L 
87490 M 
87495 M 
87497 M 
87499 M 
8748ON 
87494 N. 

87496 N 
875OOO 
87.507 O 
87513 O 
87536 O 
8751OP 
87523 P 
87525 P 

87527 Q 
87528 O 
87529 Q 
87533 O 
87535 R 
87537 R 
87538 R 
87544 R 

Hence 62 of the 67 tapes analyzed had ischemic electrocardiographic 
signs. Of these 62, one (1.5%) was detected by the algorithm only, 12 
(20%) by both the algorithm and CVAT, 61 (98.4%) by CVAT and 49 
(78.5%) by CVAT only. 
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0280 The following results deserve comment: 
0281 Holter No 87084D 
0282 Was the only tape in which the algorithm found 
electrocardiographic Signs of ischemia and CVAT did not. 
This is a single lead recording of less than optimum quality, 
the algorithm found ST elevation in this single lead. CVAT 
did not find ST elevation but J depression with biphasic and 
inverted T waves. To keep the bias constant and against 
CVAT, this will not be considered a false positive finding. 
0283 Holter Tapes in which Ischemia was Found by 
Both, the Algorithm and CVAT 
0284) 87250 A 
0285) The algorithm found ST depression in the upper 
lead only CVAT found ST depression in both leads 
0286) 87251A 
0287. The algorithm found ST depression in the upper 
lead only CVAT found ST depression in both leads 
0288) 87240 B 
0289. The algorithm found ST segment "sagging” in the 
upper lead only CVAT found ST depression in the upper lead 
and elevation in the lower lead 

0290) 87083 C 
0291. The algorithm found slight ST depression in the 
upper lead CVAT found ST depression in the upper lead and 
elevation in the lower lead 

0292) 87016C 
0293. The algorithm found ST depression in the upper 
lead CVAT found ST depression in the upper lead and 
elevation in the lower lead 

0294 86952 C 
0295) The algorithm found ST depression in the upper 
lead CVAT found ST depression in the upper lead and 
elevation in the lower lead 

0296) 87441 H 
0297. The algorithm found ST depression in the upper 
lead only CVAT found ST depression in the upper and lower 
lead with shifts to ST elevation in the lower lead 

0298) 87356 J 
0299 The algorithm found ST depression in the upper 
lead only CVAT found ST depression in the upper and lower 
leads 

0300 87372 J 
0301 The algorithm found ST depression in the upper 
lead CVAT found ST depression in the upper lead and 
elevation in the lower lead 

0302) 87526 P 
0303. The algorithm found 2 minutes of ST depression in 
the upper lead CVAT found constant ST depression in the 
upper lead with ST depression shifting to elevation in the 
lower lead. 

0304. The algorithm and CVAT had concordant ST seg 
ment findings in tapes No. 87138A and 87253 E only. In both 
instances, the ST Segment depression was in the upper lead 
only. In 10 out of 12 tapes the algorithm did not find ST 
shifts in the lower lead which were detected by CVAT. The 
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right precordial lead Seems to be the one recorded in the 
lower lead and frequently it is of lower voltage (and hence 
dynamic range) than the upper lead. The lower Voltage 
probably renders the right precordial lead more Susceptible 
to greater obliteration of the Signal by the under-Sampling, 
compression, Smoothing and filtering used by the algorithm. 

0305 Conclusion 
0306. Of the 62 patients who had ischemic electrocar 
diographic signs in the Holter tapes, 61 (98.4%) were 
detected by CVAT and 13 (20.9% including a probably false 
positive finding) by the algorithm. This ratio is similar to 
previous experience comparing algorithms verSuS Visual 
analysis of the magnetic tape where eight or nine out of ten 
patients known to have ischemia were missed by different 
algorithms tested. In 10 of 12 instances of ischemia detected 
by both methods, the algorithm failed to detect ischemic 
Signs in the right precordial lead. The high rate of ischemia 
found in the total Sample is not representative of the general 
population but probably reflects pre-Selection bias intro 
duced by the perceived need for Holter evaluation as part of 
a cardiovascular work up. It is known that a common reason 
for arrhythmia is myocardial ischemia, be it Symptomatic or 
Silent. 

0307 AS explained in detail above, the instant invention 
uses algorithms and Software in a novel way for the analysis 
of electric, magnetic and/or pressure waves of biological 
origin with the purpose of facilitating the diagnosis of 
pathologic States in human and Veterinary medicine. The 
technique is applicable (but not limited to) the analysis of 
Signals encoded in the electrocardiogram, electroencepha 
logram, myography, nerve conduction, plethysmography 
and other respiratory functions, blood, intracardiac, intrac 
erebral and other vital fluid pressures. 
0308 AS explained above, an actual reduction to practice 
has been done using the algorithm encoded in the SOUND 
FORGE XP, VERSION 4.0 software, developed and mar 
keted by SONIC FOUNDRY, a company located at 754 
Williamson St. Madison, Wis. 53703. Another program used 
is the EASY CD CREATOR, DELUXE EDITION, devel 
oped and marketed by Adaptac, Inc. 691 South Milpitas 
Blvd., Milpitas Calif. 95035. The signal processed to test the 
instant invention was obtained through Holter recordings of 
the ambulatory electrocardiogram. 

0309. In accordance with the invention, the analog signal 
from, for example, a Holter recording, is digitized, not to 
Subject the digital file to analyzes through mathematical, 
algebraic, neural network or any other type of algorithms, 
but to optimize the high fidelity reproduction, reconstruc 
tion, compaction, etc. of the Signal to facilitate quick Visual 
Scanning of the dynamic electrocardiogram. Improving the 
State of the art Sensitivity and Specificity of the analysis 
while preserving cost effectiveness are primary objects of 
the present invention. 
0310. The digital file is used to reconstruct a high fidelity 
rendition of the originally recorded analog Signal for Visual 
analysis using different rates of compression (compaction) 
of the original wave form to facilitate Visual Searching for 
the classic electrocardiogram Signs of ischemia which have 
been described heretofore mainly during Studies of ischemia 
induced during exercise tolerance testing and lately during 
percutaneous balloon dilation of the coronary arteries. 
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0311. In accordance with a preferred embodiment of the 
instant invention, the signal is digitized at 44,1000 HZ/SEC 
versus 125 (commercial) and 500 HZ/SEC (Harvard) using 
16 bits instead of the conventional 12 bits. This feature 
enables at least one or more orders of magnitude improve 
ment in the measurement of wave amplitude and duration. 
Off the shelf sound editing software is preferably used to 
optimize the digital Storage of the analog Signal to then do 
digitally enhanced, high fidelity reconstruction of the analog 
Signal. The digitized wave files are also Suitable for com 
pression to facilitate their transport through different media. 
The instant invention enables reconstruction and optimiza 
tion of Signals originally recorded into the magnetic tape. 
0312 The invention enables quick scanning and identi 
fication of electrocardiographic abnormalities by using the 
following techniques: 

0313 digital acquisition of the ECG analog signal 
from the Holter tape at 44,100 (or higher) HZ/SEC; 

0314 digitize through 16 bits card or higher; 
0315 reproduction and optimization of the analog 
ECG Signal using a high fidelity music editing Soft 
ware program such as SOUND FORGE: 

0316 Visual analysis of the reconstructed com 
pacted analog ECG Signal is facilitated by the use of 
different rates of compression and decompression as 
well as the proper colors to enhance the contrast 
between the Signal and the background. The particu 
lar heart rate generally determines the optimal rate of 
compression which preferably ranges between /32 
and /256. Color further facilitates an accurate visual 
analysis thereof. It has been found that the use of a 
red Signal on a black background provides the best 
contrast, but other colors, as well as black and white, 
may be used; 

0317 normalization, signal Smoothing, image con 
trast enhancement, and gain increase available for 
example, in music editing program Such as SOUND 
FORGE, are also tools which can optionally be used 
during analog signal preparation and reconstruction; 

0318. The invention has identified a number of 
compacted analog signal patterns. Some of which are 
shown and described herein, which point to discrete 
classic electrocardiographic abnormalities including, 
but not limited to, all the classic Signs of myocardial 
ischemia described heretofore. All forms of electrical 
alternans are readily identified using these patterns. 
Familiarity with these patterns is crucial for the 
quick identification (at a fast Scanning rate) of abnor 
mal States which can be done by individuals, Such as 
high School graduates with minimum training, and 

0319 electrocardiographic analysis is thus reduced 
to a pattern recognition process accessible to all 
health care perSonnel and not restricted to highly 
skilled, cardiology trained professionals, 

0320 In accordance with the instant invention, Suitable 
hardware and Software can be used for direct digital acqui 
Sition of the Signal (to replace initial storage into magnetic 
tape) through long periods (days). 
0321. It is noted that the inventor has determined that red 
Signals and black backgrounds provide the best contrast for 
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Viewing most of the Signals in accordance with the instant 
invention. The instant inventor has found that visual analysis 
is easier when Such a color contrast is used. In fact, it has 
been determined that in many instances black and red 
contrast provides optimal conditions for the visual analysis. 
0322. It is also noted that the graphs herein are only 
exemplary and that other patterns may be used in accordance 
with the instant invention. The instant invention enables 24 
hrs of recorded heartbeats to be accurately analyzed visually 
in approximately 20 minutes or less, thereby making visual 
analysis cost effective while also improving the detection of 
abnormalities. 

0323 While the preferred forms and embodiments of the 
instant invention have been illustrated and described it will 
be apparent to those of ordinary skill in the art that various 
changes and modifications may be made without deviating 
from the inventive concepts and true Spirit of the invention 
as Set forth above, and it is intended by the appended claims 
to cover all Such changes and modification which come 
within the true scope of the invention. 
What is claimed is: 

1. Method of analyzing biological Signals, comprising 
obtaining a magnetic recording media having an analog 
biological signal recorded thereon, using digital processing 
Software to digitize Said biological Signal, displaying Said 
processed biological Signal in analog form on a display, and 
Visually analyzing Said biological Signal on Said display. 

2. Method of claim 1, wherein Said biological Signal is an 
electrocardiogram. 

3. Method of claim 1, further including performing inde 
pendent channel enhancement of the dynamic range of Said 
analog biological signal prior to Said digitizing. 

4. Method of claim 1, wherein displaying includes dis 
playing Said biological Signal in time compressed form. 

5. Method of claim 1, wherein visually analyzing includes 
attempting to match patterns in Said biological signal with a 
given library of patterns. 

6. Method of claim 1, wherein electronic independent 
optimization of the dynamic range in each channel is done 
prior to Said digitizing. 

7. Method of claim 1, wherein said digitizing is performed 
by Sampling Said biological Signal at at least approximately 
44,100 Hz per second per channel. 
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8. Method of claim 7, wherein said digitizing is performed 
using quantization of at least 16-bits per Sample per channel. 

9. Method of claim 1, wherein said digital processing 
Software is digital audio processing Software. 

10. Method of claim 1, further including the step of using 
time intervals in the biological Signal to asses internal 
functional harmony of the biological Signal. 

11. Method of claim 1, wherein digitizing includes using 
computer Sound cards to digitize the biological Signal. 

12. Method of claim 1, wherein visually analyzing said 
displayed signal includes looking for abnormalities from the 
group consisting of myocardial ischemia, arrhythmia, repo 
larization, depolarization heterogeneity, and pacemaker mal 
function. 

13. Method of claim 1, wherein said displaying includes 
magnifying Said displayed biological Signal in a Y axis to 
enable at least microSecond levels of Said biological Signal 
to be viewed. 

14. Method of claim 1, wherein said displaying includes 
magnifying Said displayed biological Signal in an X axis to 
enable at least microvolt levels of Said biological Signal to be 
viewed. 

15. Method of claim 1, further including using said 
method for mass Screening of the human population for 
abnormalities. 

16. Method of claim 1, wherein Said magnetic recording 
media is a cassette tape and Said digitization includes using 
a slow playback Speed for Said cassette tape. 

17. Method of claim 16, wherein said slow playback 
Speed is Selected to be approximately 40 mm per Second. 

18. Method of claim 8, wherein said magnetic recording 
media is a cassette tape and Said digitization includes using 
a slow playback Speed for Said cassette tape. 

19. Method of claim 1, wherein said biological signal is 
an electroencephalogram. 

20. Method of claim 1, wherein said biological signal is 
a myogram. 

21. Method of claim 1, wherein Said biological Signal is 
a phonocardiogram. 


