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ECG-HIGH FIDELlTY FOR DETECTION OF MYOCARDIAL ISCHEMIA IN HUMANS 1 
A NEW APPROACH USING FREQUENCY DOMAIN MODELS 

1. INTRODUCTION 

I schemic cardiopalhy is Ihe main cause 01 dealh in Ihe adull populalion over 

40 years old in Ihe countries wilh alheroesclerosis propensity. Symplomalic 

coronary artery disease is presenl in more Ihan 6 milllon pea pie in Ihe Uniled 

Slales, and recenl esllmaled cosls 01 cardiovascular disease were $135 billíon 

dollars per year (1). In Mexico around to 400,000 inlarcls are expected Irom Ihis 

year and clase lo 2000 day/hospital beds will be needed, a Ilgure Ihal exceeds 

by lar Ihe tolal capacity 01 all eoronary unils in our eounlry (2). It is also known 

Ihat a sud den death oceurs approximalely every minule, in which Ihe coronary 

artery disease is the mosl common underlying disorder. Therelore, an 

idenlificalion as lasl as lo be possible 01 Ihe high risk palienls lo develop 

coronary arteriosclerosIs is one 01 Ihe mosl importanl aClions, because 01 Ihis 

lacl will provide Ihe means lar giving an opportune managemenl 01 Ihese 

palienls, which is a keyslone lar survival (3). 

Although several allernalive paraclinical melhods lo make a diagnoses 01 

ischemic heart disease wilh a high degree of sensilivily and specificily are 

available loday, a risk slralificalion to develop myocardial ischemia usually will 

require of sophislicaled, and costly medical equipmenl (Ireadmill, ergomelric 

bicycle, echocardiography, gammagraphy, etc.). Thus, there is no doubt that as a 

public heallh problem, Ihe coronary artery disease represenls for our counlry a 

challenge, which needs a multi-disciplinary approach (4). Thus, any elinical or 

basic research aimed al conlribuling for delection, trealment and/or prevention 01 

ischemic heart disease is justified by itself. 

Despite the usefulness of the exercise ECG testing (conventional exercise 

testing) as a screening melhod, ils use is limited. False negative responses are 

nol rare in palients with a clinical suspect 01 coronary artery disease. In addltion 

ECG-exercise has several limitations, sueh as: (i) High speeilicily bul moderale 

sensitivity (95% and 75%, respectively), (ii) Ihe palienl musl have no physical 
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incapacity to perform the test, (iii) absence 01 advanced disorders in rhythm 

and/or electrical conduclion, and (iv); in the women, lor reasons that are not 

clearly established yet, Ihis method offers a lower sensitivity and specilicity. 

Therelore its use in this last group is still controversial (5-6). One ollhe principal 

reasons lor identifying an ischemic process in the myocardlum by ECG-exercise 

test is the wide spectrum 01 changes on waves, segments and inlervals 01 the 

ECG. The most common changes tat are considered as normal and abnormal 

are showed in appendix A. By consensus, a depression 01 the ST-segmenl with 

at least 80 ms 01 duration in a horizontal or downsloping lorm is classically 

considered 01 high probability lor having an ischemic process. 

Notably, most 01 the pathological process registered by the conventional 

surface ECG (12-leads) are detected using a top-filter 01 100 Hz, Ihis mean that 

all the inlormation oblained lrom Ihe ECG is limited to Ihis maximum 01 

Irequency. Surprisingly, the use 01 filters becomes easier the interpretation 01 the 

ECG, it permitted the recognition 01 'classical patterns' lor identifying several 

underlying pathologies from heart. In other words, the filters did to the ECG one 

01 the principal noninvasive methods to study the heart on the 1940-70's periodo 

However, this restriction perhaps was also the beginning 01 the end. This 

restriction may mask important inlormation from the electrical activity 01 heart. 

The ECG-exercise needs a second type of filters in order lo maintain 'stable' 

the recordlng on screen during the exercise. We believe thal all these technical 

restrictions may be an obstacle lo idenlify underlying heart disorders. In the 

Mexican school of eleclrocardiography this poinl has been proved. 

These problems on ECG-exercise lest, explain why Ihe necessity of seeking 

other melhods such as: slress echocardiography, nuclear medicine, and 

magnetic resonance lo idenlify myocardial ischemia. However, Ihe main 

limitalion of these lesls is Iheir high cosl (7-7a). 
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On the other hand, it is important to mention that the detection 01 myocardial 

ischemia is not only important during the pre-inlarct period but also afler the 

inlarct beca use it permits stratify risk and prognostic implications, all 01 this has 

been well demonstrated (8-10). Therefore, the ideal screening method far 

ischemic cardiopathy would be one in which the degree of sensitivity and 

specificity were elevated, but also one that could be practiced not only at the 

high specialties' hospitals and of course, all at the lowest cos!. 

The conventional methods have related the myocardial ischemia with changes 

in the repolarization process of the cardiac cycle. Recentiy, the high resolution 

electrocardiography has been suggested as an alternative method for identilying 

pathological process of heart. However, all the current methods have been 

based only in the time domain analysis. The changes in the frequency domain 

(Ior example, spectral density of QRS complex) and its utility as a scrutiny 

method for detection of myocardial ischemia is unknown. Its theoretical 

advantages would be lactibility, lower cost, and higher sensitivity and specilicity. 

HIGH FIDELlTY ELECTROCARDlOGRAPHY. 

High fidelity electrocardiography was a method that became popular at the 

50's decade. The fundamental 01 this method was based on the elimination of all 

the filters on the electrical signai. Thus, the ECG recordings were obtained from 

the body surface to allow the recording 01 all the possible "slurs" or abnarmalities 

inscribed into the QRS complex, which had been masked by the conventional 

filters (11). 

Since most 01 the electrical heart diseases can be observed below 100 Hz, 

most 01 the filters used in the current commercially available equipment have 

been restricted to this Irequency. As mentioned, most 01 the commercial 

equipment used lor the exercise ECG-test have been provided with a double 
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syslem 01 fillers in ils algorilhm 01 analysis. One lor Ihe QRS complex ilsell and 

Ihe olher one lo mainlain Ihe signal level in an slable pos ilion on Ihe screen, 

which is moved conslantly due lo Ihe exercise. These circumslances may 

reduce Ihe deleclion of fine dislurbances within the QRS complex and, even 

worse, wilhin the ST segmen!. 

The new eompulalional leehniques have allowed belter analyses 01 Ihe 

e leclrica I signals produced by Ihe heart. Nowadays, it is eommon lo keep Ihe 

eleelrieal signals lar long periods 01 lime, proeessing Ihe signal Irom long 

dislances (Ielemelry) or even defragmenl Ihe QRS complex lar idenlifying high 

Irequency and low amplilude signals (Iermed "Lale Potenlials", LP) (12-13). 

Recenlly, Ihe Irequency-domain analysis (Speelroanalysis) has gained much 

more inlerest, because il ean provide a new possibilily to analyze Ihe quanlilalive 

as well as Ihe qualilalive lealures 01 Ihe eleelrieal signal. In addilion il has been 

one 01 the aims inlo Ihe research 01 Ihe arrhythmogenic subslrales ("Iale 

polentials") (14-15). The impacls 01 spectral lemporal-mapping lo delermine 

changes due lo ischemia are unknown ye!. The presenl paper was aimed lo 

evaluale Ihe possible ulility 01 a novel approach 01 analysis 01 Ihe QRS complex 

using several lechniques of pracess (speclral mapping, FFT and autoregressive 

mOdel), evaluating il it is possible lo idenlify myocardial ischemia, above all in 

adull palienls without a previous infarcl (phase 1), wilh doubtful resulls from Ihe 

conventional exercise-ECG (Ireadmill) or non conclusive resulls. Initially, all 

palienls wilh a normal surface ECG laken al resl posilion. The gold standard 

chosen lo validate our method was Ihe cardiac gammagraphy wilh 

pharmaeological lesting (Dipyridamole). 
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11. ANTEeEDENTS 

11.1 EXelTATORY PROeESS OF THE NORMAL HUMAN HEART 

In order to elucidate the lundamental 01 our method, will be necessary lhe 

knowledge and review 01 the time course as will as the instantaneous distribution 

01 excitatory process lo the normal human heart. 

Knowledge of the time course and instantaneous dislribution 01 the excitatory 

pracess in the normal human heart would be 01 value lar an understanding 01 

QRS complex (16). Studies about this process, during a surgical intervenlion lar 

heart pulmonary disease was restricted lo the epicardial surface and mostly only 

to those parts lhat were easily accessible. Sorne insight could be obtained about 

intramural excitation by the introduction 01 one or more intramural electrodes 

during surgical intervention. However, the data obtained in this way were 01 curse 

limited. 

Durrer D., et al (17) demonstrated that three endocardial areas were 

synchranously excited O to 5 msec after the start 01 the left ventricular cavity 

polential: (A) an area high on the anterior paraseptal wall just below the 

atlachment 01 the mitral valve, extending al least 2 cm toward the apex into the 

region 01 the anterior papillary muscle; (8) a central area on the left surfaee 01 

the intraventricular septum; (e) the posterior paraseptal area at about one third 

01 distance Irom apex to base. 

These activated areas increase rapidly in size during the next 5 to 10 

msec, becoming eonfluent al 14 to 20 msec after the onset 01 excitation. At this 

time the activation front envelops a great part of the ventricular cavity except for 

a posterobasal area, a middle lateral area and an apical anterior area. This 

movement araund the cavity is mueh more rapid than the spread toward the 

epicardium. As activation continues individual variation from a general pattern 

increase. A nearly complelely elosed lronl is present after 30 msec, except at the 
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posterobasal area. At this time, excitation has already reached the epicardial 

surface of those sites overlaying the areas of earliest endocardial excitation. 

Activation continues to move to the epicardial surface in the other areas 

according to more or less concentric isochronic line. The latest part to be made 

active is the posterobasal area; in some hearts it is the posterolateral area. 

11,1.1. Excitatory process of the Right Ventricle. 

Endocardial activation starts near the insertion of the anterior papillary 

muscle about 5 to 10 msec after the onset of the left ventricular cavity potential, 

or slightly later. Then rapid invasion of the septum and the adjoining free right 

ventricular wall occurs results in epicardial breakthrough in the area 

pretrabecularis after about 20 msec. The isochrones are not concentric, but 

rather, actlvation continues in a regular, more or less tangential way, reaching 

ultimately the pulmonary conus (at 60 to 70 msec) and the posterobasal area (at 

60 to 70 msec). 

The intraventricular septum: Activation starts on the left septal surface in 

the middle third part, somewhat anteriorly, and at the lower third part at the 

¡unction of septum and posterior wall. Thus, activation continues from left to right, 

and in apical-basal direction. A right-to-Ieft contribution is present in a varying 

degree, in the anterior half of the middle third part, activity a the right septal 

surface always being later than earliest activity a the septal surface. The crista 

supraventricularis is activated late; in the two hearts on which detailed 

information about the septal half of the crista supraventricularis can be given, 

excitation proceeded from the left side to the right, merging after about 45 msec 

with a front reaching the crista through the free wall of the right ventricle. Figure 

1 illustrates the overall pattern of ventricular excitation, as it was determinate in 

one heart, based at 870 intramural terminals. The figure of below shows the 

horizontal electrode planes into which the heart had been sectioned. Thls is an 
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isochronic representation in which each color corresponds to a unique 5-msec 

interval. 

• 0·20msec 
• 20·25 msec 

• 0·20msec 
_ 25·35 msec 

(Modlflcattd frorn Durrer, etafS) 

Fig.l Pattern ofVentricular Excitation 

11.1.2. Epicardial excitation. 

The epicardial excitation pattern rellects the movements 01 the intramural 

excitation wave. Early epicardial breakthrough occurred in Ihe area 

pretrabecularis 01 the right ventricle in the 20 to 25 msec interval. From the area 

an approximately radial spread toward apex and base occurred, with latest 

excitation 01 the A-V sulks region and pulmonary conus. The latest part to be 

made active was the posterobasal area 01 the right ventricle. Three early points 

01 epicardial breakthrough were lound: (1) a small area on the anterior surface 

paraseptally close to the A-V sulks; (11) an anterior paraseptal area localed 

halfway belween apex and base, and (111) a posterior paraseptal area, about 

halfway belween the apex and base. In so me hearts a small area 01 early 

breakthrough was lound near Ihe posterior apex. The location 01 the latest made 

areas active differed. Generally, the posterobasal left paraseptal region was the 

last activated part; in some hearts, however, a more laterallocation was lound. 
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Intramural Conduction Velocity: In one heart, conduction velocity was 

determined by driving the heart by a short train 01 stimuli delivered first at the 

subepicardial and then at the subendocardial terminal 01 total 01 22 multi

electrode needles. The stimuli were slightly suprathreshold; the Irequency 01 

stlmuli was slightly above the rate 01 the spontaneous sinus rhythm. In the case 

of the intraseptal needles, the stimulating terminals were situated just below the 

right and left septal endocardial surface. In addition, spike Purkinje were 

recorded at a distance about 2 cm and the time interval was 10 msec, indicating 

that conduction velocity may be 01 the order 01 2 m/sec, which agrees well with 

findrngs in the dog's heart (18). 

Evidently total excitation studies 01 isolated hearts have many pitfalls. The 

removal 01 the heart about hall an hour after death and the perfusion methods 

may lead to great changes in excitation pattern. In control experiments in canine 

hearts, in which the procedure 01 removal 01 the human heart simulated as 

closely as possible, the in situ excitation 01 the heart was compared with 

excitation during perfusion. The general pa!tern 01 excitation did no change after 

isolation 01 the heart. However, total excitation in perfused heart was completed 

earlier than in the in situ heart. Also, conduction velocity, determined by 

stimulating the heart at subepicardial terminals both in situ and during perfusion, 

increased upon isolation. The explication 01 an in crease in conduction velocity 

and reduction in the voltage 01 complexes in isolation human heart is unknown 

Has been suggested tha! the latest parts 01 the heart to be made active are so 

small as to contribute but li!tle to the peripheral QRS complex. Indeed, even the 

longest QRS measured in limb leads is shorter that the duration 01 total 

depolarization as measured in vectocardiograms (19). Data concerning the 

epicardial activation pa!tern 01 the left ventricle are in less agreement. Early 

activation has been reported to occur at the anterolateral surface near the left 

atrial appendage, at any level paraseptally, at anterior and posterior paraseptal 

zones, at the posterior part 01 the apex, and at the left paraseptal zone. The last 
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acrivated areas 01 the left ventricle are said lo be Ihe poslerobasal area, the 

lateral hall 01 the anterior surface and lateral surface, and Ihe upper portio n 01 

the left border (19-20). 

Thus, the sites 01 early epicardial breaklhrough correspond to early made 

endocardial regions aclive: the area pretrabecularis 01 the righl venlricle, Ihe left 

anterior basal and middre paraseptal regions, and Ihe left midposterior 

paraseptal region. The small area made active early at the epicardium near the 

apex which was sometimes lound does not appears to correspond particularly to 

an early activated endocardial region but probably results Irom early activity in 

the lower posterior wall. II should be slated here Ihat our dala Irom inlramural 

sites close to rhe apex are sean!. 

The inilial defiection in left precordial leads is inlluencing by (A) seplal 

excilalion in Ihe upper part 01 the anlerior wall 01 the left ventricle proceeding 

toward the exploring electrode, and (B) by excitation in the posterior wall which is 

moving in the opposite direction. Five to ten milliseconds later, excitation 

continues through the Iree wall ollhe righl venlricle and moves lrom righl lo Jeft 

in the mid-anterior part lo the seplum. Data available Irom canine heart studies 

agree that earliest activity on the right septal surface is always later the on the 

left side. 

11.1.3. Alrial Activalion. 

The atrial activity spreads more o less according to concentric isochronic 

lines over Ihe atrial surface. Has been suggested a higher conduction velocity 

along the crest 01 the interatrial band, that is, along Bachmann's bundle In 

addition, activity went on lrom one terminal to the other at the same velocity 01 

about 1 mlsec on the crest 01 the interatrial band earlier than the zones next to i!. 

Madison S. et al. (20) inlormed in a chimpanzee model the potential 

distnbutions during ventricular activation uSlng body surface maps. The general 

sequen ce 01 epicardial changes was similar to that 01 the dogo Initially positive 
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potentials covered most of the ventricles except for negative potentials on the 

lateral left ventricle (LV). On the body surface this produced an anterior 

maximum and posterior minimum. Subsequentiy there were rapid changes due 

to right ventricular breakthrough that was apparent on the epicardium of 

approximately 5 msec before a saddle distribution. During the latter half of 

ventricular activation the epicardial patterns beca me complex due to multiple 

isolated excitation waves, and theses' complexities were not reflected in the 

same patterns on the body surface. Changes on the epicardial diaphragmatic 

surface produced little change on the body surface in the area of maximum and 

minimum but produced major changes in the distant low-Ievel potentials, 

especially over the right lower torso. 

Five msecs: On the epicardium a maximum was present over the septum 

anteriorly and a minimum at the LV base. The body surface pattern reflected this 

with an anterior maximum over the one on the epicardium and with a minimum 

on the back. 

Eleven msecs: Epicardial positive potentials extended over the apex of 

the LV and a second maximum developed on the diaphragmatic surface. The 

minimum remained stationary. On the body surface the positive potential area 

expanded inferiorly while the minimum did not move. 

Sixleen msecs: Negative potentials had developed on Ihe anterior RV 

due the epicardial breakthrough that had occurred at 11 msec. The maximum on 

the LV increased in magnitude. On the body surface there was a saddle 

distribution with a minimum over the upper sternum where there had been 

positive potentials. The positive potential area had expanded inferiorly on the 

torso. 

Twenly-eighl msecs: Epicardial breakthrough on the diaphragmatic 

surface on the LV produced a minimum there, and the RV was enveloped in 

negative potentials. Positive potentials covered most of the LV on which there 
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was a single maximum. The body surface distribution was more simple. The 

minimum was over the lower stemum in Iront 01 the epicardial minimum, and the 

maximum was on the left precordium directly over the left ventricular epicardial 

maximum. Positive potentials lormed a broad base around the lower torso. 

Forty-four msecs: Two excitation waves produced isolated positive 

potential areas superimposed on a predominantly negative epicardial pattem. 

Scaltered positive potentials due repolarization appeared. On the body surface 

the major change was development 01 negative potentials on the right lower 

torso with Ii!!le change in the maximum and minimum. 

Thereby, analysis 01 the potentials' distribution through body surface maps 

is a good method by evaluation 01 changes in the myocardial and allows to 

detection origin sites' arrhytmogenics. 

11.2. Coronary Flow and its In!luence on Electrogenesis: 

Role of Exercise Testing. 

QRS complex recorded on ECG surface is an average vector that results 

Irom summarize all microvectors generated in the myocardial. By definition in the 

heart "cell that depolarize. cell that is living." Flow coronary reduction will reduce 

the energy supply that will originate high accumulation 01 calcium into the cell. 

Calcium elevated is a source 01 dyslunction diastolic and delay 01 Iront wave. 

Inlralevel 01 sr segment is the first manilestation 01 les ion on conventional ECG 

that which indicate subendocardial suffering. In order to know belter the 

sequence 01 ischemic injury and its impact into the electrogenesis we will need to 

review sorne topics 01 the coronary circulation. 

11.2.1. Pathways of Ischemia. 

As the mallunctioning 01 an industrial product can be due to the critical 

alteration 01 any 01 its basic components. so myocardial ischemia represents the 

final common pathway 01 the different morphologic and lunctional substrates. T o 

have the coordinates to localize the pathways 01 ischemia, the normal heart can 
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be conveniently schematize in its three fundamental anatomic components, each 

one being a potential target 01 pathologie eonditions leading to isehemia: 

epicardial coronary arteries, myocardium, and small coronary vessels. 

11.2,1.1. Fixed Stenosis. 

The human body incorporates a lunctional reserve which allows it to cope 

with the emergencies 01 physiology and the dangers 01 pathologic states. By 

exploiting its lunctional reserve, each organ can play· lor a certain amount 01 

time - much more demanding than its usual one, or -when a pathologie process 

develops- it can also maintain a normal lunction in resting conditions. The 

eoronary reserve represents the capability 01 the coronary arteriolar bed to dilate 

in response to the increased cardiac metabolic demands. (21-22) It's is lully 

exhausted when maximal vasodilatation is reaching, corresponding to about lour 

times the resting coronary blood Ilow in the normal subject. A lixed 

atheroesclerotie stenosis reduces the coronary reserve in a predictable way. In 

this curve lour separated segments can be identilied: (1) the hemodinamical 

silent zone, were stenoses ranging Irom 0% to 40 % do no allect the coronary 

fiow reserve to any detectable extent; (b) the clinically silent zone, where 

stenoses ranging lrom 40% to 70% reduce the Ilow reserve without reaching the 

critical threshold required to provoke ischemia with usual stretches; the zone 

potentially capable 01 inducing ischemia, where stenoses exceeding the critical 

level 01 70% elieit myocardial ischemia when exercise is applied, but not in 

resting conditions; (d) the zone provoking ischemia at rest, where tight stenoses 

(>90%) completely abolish the fiow reserve and may critically reduce the 

coronary blood fiow even in resting conditions. 

11.2.1.2. Dynamic Stenosis. 

From a theoretical viewpoint, dynamic stenoses may represent the consequence 

01 three causes: the inerease 01 tone at the level 01 an eccentric coronary plaque, 

complete vasoespasm due to local hyperactivity 01 the coronary smooth muscle 
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cells, and inlravascular Ihrombosis. The firsl mechanism can signilicanlly 

modulale Ihe angina Ihreshold in palients wilh chronic slable angina, Ihe 

vasoespasm is responsible lor varianl angina, and all Ihree mechanisms coexisl 

in unslable angina, allhough their relative role in different patients and in different 

stages 01 the disease is difficult lo establish. The biochemical mechanisms 01 

coronary vasoconstriction slill remain at least partially elusive; however, we know 

that coronary vasoconstriction can be superimposed on any degree 01 anatomic 

stenosis, and thal lunclional and organic (fixed and dynamic) stenoses can be 

associated to a variable extent over time, transiently lowering Ihe exercise 

tolerance in the individual patien!. The organic stenoses determine the lixed 

ceiling 01 flow reserve which cannot be tres pass without eliciting ischemia, 

whereas the dynamic stenoses can modulate the exercise capacity in the patient 

in a transient, reversible and unpredictable way 

11.3. Mechanisms of Ischemia due to Organic Coronary Disease. 

Tests exploring organic coronary stenosis can induce ischemia through two 

basic mechanisms: (a) an increase in oxygen demand, exceeding the lixed 

supply; (b) flow mistake, due to inappropriale coronary arteriolar vasodilatation 

Iriggered by a metabolic/pharmacological slimulus. 

80th Ihese mechanisms can provoke myocardial ischemia in the presence 

01 a fixed reduction in coronary Ilow reserve due lo organic laclors (involving the 

epicardial coronary arteries and/or myocardium and/or microvasculature). 

11.3.1. Increase in Demand. 

This mechanism can be easily fitted into the lamiliar conceptual Iramework 01 

Ischemia as a supply-demand mismatch, deriving from an increase in oxygen 

requirements in the presence 01 a lixed reduction in coronary flow reserve. The 

different slresses can determine an increase in demand 01 different entity and 

Ihrough differenl mechanisms: 
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Basal 

RCA 

Flg H)Waullc mode1l11ustra!Ulg C<lrooaryhonzontal steal The perru.mm decrease by colla!eralsall~r 
stlmu!31100 ",ith rupil)'damo! on nonnal cllcu!allOn 

In resting conditions, myocardial oxygen consumption is mainly dependent 

upon heart rate, inotropic state, and the parietal stress (which is proportional to 

the systolie blood pressure. Following dipyridamole or adenosine administration, 

a slight inerease in myocardial lunetion, a modest deerease in blood pressure, 

and mild tachycardia can be observed, overall determining only a trivial inerease 

in myocardial oxygen demando 

During exercise, the increase in heart rate and to lesser extent, blood 

pressure and inotropie state aecount lor the overall inerease in myocardial 

oxygen consumption. Other stresses also increase, to a lesser extent, 

myocardial oxygen demand; during pacing, the increase is mainly due to the 

increased heart rate; with dobutamine, there is a marked increase in eontractility 

and a relatively modest rise in heart rateo 

11.3.2. Abnormal Distribution 01 Coronary Flow. 

In the presenee 01 eoronary atheroesclerosis, and appropriate arteriolar 

dilatation can paradoxically exert detrimental elleets on regional myocardial 

perfusion, determining an overperfusion 01 myocardial layers or regions already 
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well perfused in resting condittons at the expense 01 a region or layers with a 

precarious flow balance in resting conditions. In "vertical steal," the anatomic 

requisite is the presence 01 an epicardial coronary artery stenosis, and the 

epicardium "stealing" blood lrom the subendocardial layer. The mechanism 

underlying vertical steal is a lall in post-stenotic pressure secondary to the 

increase in f10w across the stenosis. The flow increase is made possible by the 

existence 01 a depressuratization 01 microcirculation induces a callapse 01 

subendocardial vessels, sin ce extravascular resistance is higher in the 

sUbendocardium, thus causing an absolute reduction --compared to resting 

conditions-- 01 subendocardial Ilow. 

The "horizontal stea/" requires the presence 01 collateral circulation 

between two vascular beds; the vielim 01 Ihe sleal is the myocardium led by the 

more stenotie vesseJ. The arteriolar vasodilaladory reserve must be preserved -

al least partially- in the donor vessel and abolished in Ihe vessel receiving 

collaleral flow. After vasodilalation, Ihe flow in Ihe collateral circulation is 

abolished in comparison lo resting conditions, since the arteriolar bed 01 the 

donor vessel "competes" with the arteriolar bed 01 receiving vessel whose 

vasodllatadory reServe was already exhausted in resting conditions. 

The stresses provoking that an abnormal distribution on flow act throug h a 

"reverse Robin Hood effect": thus, unlike Ihe British hero who slole Irom Ihe rieh 

to give the poor, Ihey sleal Irom the poor (myoeardial regions or layers 

dependent upon eritieally a slenosed coronary artery) and give lo Ihe rich (region 

or layers already well nourished in resting conditions). The bioehemical effeetor 

01 this hemodynamie mechanism is Ihe inappropriate accumulation 01 adenosine, 

which is the main physiologic modulator of coronary arteriolar vasodilatation. 

Inappropriale adenosine aceumulation can be Iriggered by a slimulus, whieh is 

either metabolic (sueh as exercise or pacing) or pharmacological (such as 

exogenous adenosine or DYPlridamole, which inhibits the cellular reuptake 01 

endogenously produced adenosine). It is certainly difficult but Ihis meehanism IS 
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hkely to playa key role in adenosine or Dypiridamole-induced ischemia and a 

relatively minor, although significant, role in exercise- or pacing-induced 

ischemia. Theoretically dobutamine agent might also induce flow misdistribution 

(01 moderate entry?) by stimulating beta-adrenergic receptors which mediate 

coronary arteriolar vasodilatation. 

11.3.3. The diagnostic "Gold Standard": Pure Gold? 

Results 01 noninvasive diagnostic tests are usually compared to a "gold 

standard". which usually is the angiographically assessed coronary artery 

disease. This analomic approach measures the sensitivity and specilicity 01 the 

diagnostic test. Although general/y accepted, the gold standard has sorne 

limitafions of bofh a fheoretical and practical nature. 

First, the coronary slenosis is assessed by angiography, bul the visually 

assessed percenlage reduclion oh the vessel lumen, which is commonly 

employed, can be considered a reliable index 01 severity only il two conditions 

are verified (in absence 01 a lunctionally important collateral circulation as well as 

01 stenoses in series or a particularly long stenosis): (a) the vascular segment 

immediately proximal and distal to the stenotic segment is normal; (b) the les ion 

is concentric and symmetrical. Both assumptions are valid only in a very limited 

number 01 cases: the lumen reduction, and the most Irequent-type 01 lesion is 

eccentric. 

Second, coronary angiography is only a representation 01 the vessel 

lumen, an innocent bystander 01 atheroesclerotic disease, rather than 01 vessel 

wall, which is the real victim. Minimal, "nonsignificant" lesions at angiography can 

harbor a diffuse, severe atheroesclerotic process, which can be unmasked by 

epicardial or intracoronary ultrasound imaging. It is not surprising that the close 

correlation found in experimental animals between coronary stenosis and 

coronary fiow reserve is replaced in the clinical setting by an impressive scatter 

01 data which makes it virtually impossible to predict the physiologic meaning 01 a 
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stenosis provokes ischemia as a result 01 its hemodynamic con sequen ces on the 

coronary reserve, but also a perfectly normal angiographic appearance 01 the 

coronary arteries and a markedly depressed fiow reserve. 

Thirdly. coronary angiography evaluates the anatomic component 01 

myocardial ischemia, while stress tests can induce ischemia through mechanism 

which are totally different Irom the organic stenosis, such as dynamic 

vasoconstriction, and cannot be assessed by means 01 a purely morphologic, 

stalie evaluation 01 the coronary tree. Extracoronary lactors, such as myocardial 

hypertrophy, can al so reduce coronary Ilow reserve and Iherelore make the 

myocardium potentially vulnerable to ischemia during stress tests. 

Finally, the visual and subjeetive assessment 01 the stenosis. which is the 

method commonly employed in clinical practice, is burdened by a marked intra

and interobserver variability, and arbitrary threshold criteria (such as the 

presenee 01 a 50% stenosis in at least one major coronary vessel) are 

introduced to distinguish between "normal" and "sick" patients when, in lact, the 

severity ollhe atheroesclerotic disease ranges over a continuos spectrum. 

11,3.3,1. Nuclear Medicine as a "Gold Standard" 

We decided using as a "gold standard" lo a Nuclear Medicine study (MISI) 

because first 01 all, our principal endpoint by now is to determinate il it is possible 

to detect the presence 01 ischemia in Ihe myocardium more than know il there 

are correlation between the level 01 interference coronary and spectral changes. 

In addition, is clearly known that may have myocardial ischemia wilhoul injury on 

the epicardial coronary arteries. However, since all patients whom the perfusion 

studies resulting abnormals are left lo angiography coronary, Ihis inlormation will 

be registered by others aims, which will consist in trying lo corre late the kind 01 

changes in spectral turbulence with Ihe zone 01 ischemia. 
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11.3.3.2. Maximum Oxygen Uptake. 

When dynamie exereise begins, oxygen uptake by lungs quiekly 

inereases. After several minutes, oxygen uptake usually remains relatively stable 

(Steady state)at eaeh intensily of exereise. During the steady state, heart rate 

(HR), eardiae output, blood pressure, and pulmonary ventilation are maintained 

at reasonably eonstants levels. Maximal oxygen eonsumption is the great 

amount of oxygen a person can use while performing dynamie exercise involving 

large components of total musele mass and represents the amount of oxygen 

transported and used in cellular metabolism. It is convenient to express oxygen 

uptake in multiples of resting /sitting requirements. The metabolic equivalent is a 

unit of sitting/resting oxygen uptake (3.5 mi O, per Kg/min.) (mi Kg" min.·'). 

Rather than determining eaeh person's true resting oxygen uptake, one met is 

designated as this average, VO,max is significantly related to age, gender, 

exercise habits, heredity, and clinical cardiovascular status. Maximum values of 

V02 max. oecur among 15 and 30 years and decrease progressively with age. 

11.4. Electrophysiological Basis of the High Fidelily Espectrocardiography 

Interpretation of the conventional surface ECG usually relies on the 

reeognition of grossly identifiable morphological alterations on the QRS 

complexes and T waves. Because these changes typically involve frequencies 

below 100 Hz the band width used in clinical electrocardiography is usually 

Ilmited to 100 Hz. However, the higher frequency components are present in the 

ECG waveform, and notching within the QRS complex is caused by frequencies 

in both above and below 100 Hz. Hence in the past several years, the terms 

"high frequency", and "wideband electrocardiography" have been used by several 

investigators, (23-25) to refer to the process 01 ECGs recording with an 

ex1ended band width of up to 1,000 Hz. The wide band ECG has been used to 

analyze the high frequency details in the QRS complex with lhe hope that 
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additional features seen in the QRS complex would provide information 

enhancing the diagnosis value of the ECG. Their analysis was based mainly on 

the temporal appearance of the notches and slurs in the conventional QRS 

complex, which correspond mainly to the frequency range of 40 to 150 Hz and 

the term "high-fidelity ECG" seems to be more accurate. 

Although a different approach using averaging and filtering was used for 

selective recording of the high frequency ECG, the cathode ray oscillograph and 

the high speed camera were presented as a method for the more detailed study 

of electrocardiography patterns (26). 

Monitorization with high frequency ECG in the coronary unit has been 

suggested by Sayers15. Goldberger et al (27), found that the root-mean-square 

(RMS.) voltages over the high frequency (80 to 300 Hz) were significantly greater 

in normal subjects than in patients with myocardial infarelion, and that 

quantitative high frequency electrocardiography may be helpful in increasing the 

diagnostic accuracy of conventional ECG. Abboud S.(28-29), has analyzed of 

form extensive this insight, so, they found that ischemia can be detected with 

greater sensitivity by examining the high frequency QRS complex than by visual 

inspection of the standard ECG. This high frequency electrical activity is usually 

buried in random noise. Thus high again amplification, signal filtering, and 

averaging are necessary to improve the signal to noise ratio of the output signal. 

In addition they have suggested a computerized method of signal averaging for 

recording His' bundle activity and late potential using Fast Fourier Transform 

algorithm and a crosscorrelation function for averaging and flltering the ECG 

w8veforms. 

11.4.1. The Signal-Averaging Technique. 

The ECG waveforms are stored on an FM recorder for later playback and 

analysis. During playback of the recorder high-fidelity low-pass anti-aliasing filter 

and the digitized by analogue -to-digital converter with a sample rate of 1,000 Hz. 
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The digitized waveforms are averaged together to reduce the relative 

contribution of uncorrelated noise. The ECG waveforms are averaged with the 

use of a cross-correlation function to reduce the relative contribution of noise. 

During the averaging process, accurate waveform alignment and elimination of 

artifacts are required. When a measurement of the similarity or of the relative 

time delay between two ECG waveforms is necessary, such correlation 

techniques are useful, permit rejection of synchronizing marks in the averaging 

process. That is, the point of maximum correlation for a waveform is taken as its 

fiducial point for averaging, and artifacts and abnormal complexes that cannot be 

correlated with the reference wave are eliminated. The fiducial points are then 

use to align the original waveforms for averaging. Before averaging, the 

candidate waveforms are firsl passed through a nonrecursive digital bandpass 

filter with a bandpass of 30 to 250 Hz as lo maintain the high-frequency 

components in the QRS complex while reducing interference from the noise of 

equipment and low-frequency noise as the effects of a respiratory variation. 

11.4.2. The filtering pracess. 

Before the correlation procedure described previously, each of the ECG 

waveforms had been based through a nonrecursive digital bandpass filter using 

the fast Fourier transforms algorithm. The averaged waveform is the band-pass 

filtered with a low-frequency cutoff at 100 Hz and high-frequency cutoff at 250Hz 

Fig. Amplification and filtration of QRS complex to X,Y,Z orthogonalleads. 
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The averaged, filtered high-frequency QRS complexes analysis to 

determine the boundaries or envelopes of the wavelorms. The upper and lower 

boundaries of the envelopes were defined as the line segments connecting local 

maxim and minim, respectively. A local maximum, Ymax determination is 

locates at sample point ti if and only if the amplitud e 01 high-frequency ECG, V 

(ti), at this point exeeeded the amplitude 01 the three sample points preeeding 

and following ti. A local minimum, Ymln is determining in similar fashion. 

A reduced amplilude Zone (RAZ) within Ihe envelope of Ihe averaged 

high-frequency QRS is identifying if at least two local maxim 01 the upper 

envelope or two local mínimal is presen\. So, RAZ is definíng wíth the region 

Iying between two neighboring maximal or minima!. 

11.4.3. Effeets 01 ischemia and Necrosis on the High Frequency QRS 

po!en!lals. 

Early studies have shown that an altered depolarization after myocardial 

infarction can be manifested as an increased number 01 notches and slurs wíthin 

the QRS complex (30-31 )20.21 In contrast, spectral analysis revealed reduction of 

high-frequency energy in patients after myocardial inlarction. Standard time

domain analysis is based on the idea 01 late ventricular potentials defined as 

high-frequency (usually aboye 25 Hz) low-amplitude potentials at the terminal 40 

ms of Ihe QRS complex. Lale potenlials are present in 21 lo 44% 01 palients 

recovering from an aeute myoeardial infaretion, and this finding is assoelated with 

a high risk of sustained ventricular tachycardia. However, since time-

domain analysis is limited to the terminal QRS complex, late potentials may not 

be detected if the abnormal myocardial region is made active earlier during the 

QRS complex. (32) Furthermore, patients with bundle branch blocks are 

generally excluded from this analysis or modified critena must be used. 
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11.4.3.1. Speetral analysis. 

Spectral analysis was also used to search lor unique Irequency leatures that 

eharacterize late ventricular potentials and lor the analysis 01 the entire cardiac 

cycle. However results 01 spectral analysis are difficult to reproduce since the 

basic requirement lor the signal sta!ionary is no! lulfilled. More advan~ed 

techniques, such as spectrotemporal mapping and, in particular, !urbulence 

analysis reduced some undesirable properties 01 spectral analysis. These 

dynamic techniques were found to be more sensitive than time-domain analysis 

lor the deteetion 01 patients prone to the ventricular arrhythmia lollow¡ng 

myocardial inlaretion. 

Novak, et al. (33) used time-Irequeney mapping based on the modilied 

Winger distribution to study the ORS complex 01 patients with and without heart 

di sea se. Their findings verify abnormalities on ORS complex in patients with 

heart disease. 

11.4.3.2. Coneept of time-frequency Mapping. 

The ventricular activily can be expressed in a two·dimensional plane 

where one axis is time and the second is Irequency. The summed projection in 

the time axis is the ORS complex (more precisely, the square 01 the ORS 

complex), while the summed projection in the Irequency axis is its spectrum. In 

other words, a square 01 the ORS complex at a chosen time instant is equal to 

the sum 01 all Irequency components at the time. In Mathematical language: 

f P(! ,f)df = ¡S(t)!' 

where s(!) denotes a spectrum 01 the signal s(t) and P(t,!) stands lor a time

Irequency distribution (t = time, 1= Irequency) 

The duality between time and Irequency is a basic concept 01 time

Irequency mapping. The advantage 01 this approach is that it enables more 

detailed analysis 01 high-Irequency components 01 the ORS complex than 
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standard Fourier methods. In addition, it eliminates the assumption 01 signal 

stationary. 

Since only the time projection (e.g., the QRS complex) is know, the 

problem is to reconstruct the time-Irequency plane lrom the QRS complex. In 

1932, Wigner (34) described a lunction (Wigner distribution) that turned about to 

be a good candidate lor reconstruction 01 the time-Irequency plane Irom time 

lunctions. 

However, undesirable properties 01 the basic definition 01 the basic 

definition 01 the Wigner distribution limited its applications to only simple 

monocomponent signals. II two or more Irequencies are coneurrently present in 

the signal, the Wigner distribution generales spurious peaks called eross terms. 

This spurious interferenee oeeurs between the signal Irequeneies. The 

relationship between the elassieal Fou rier speetrum and Wigner distribution can 

be demonstrated on the time-Irequency plane. When the Irequency components 

do not change during the analyzing time interval, then the Fourier spectrum is 

equal to the sum 01 the Irequency components along the Irequency axis (over 

that time). 

The source(s) 01 the high-Irequency components delecled on the body 

surlace both in healthy and myocardial inlarction palients remains lo be clarilied. 

11.4.4, High-Frequency Electrocardiography in Oogs Ouring a Coronary 

Artery Occlusion. 

Similar to finding by Abboul S. el al, we in order lo detecl Ihe changes on 

QRS by ischemic insult were studied Mongrel dogs. They were anesthetized with 

pentobarbital, artificially ventilated through a cuffed endotracheal tUbe, their 

chest opened, pericardium incised, and the left anterior descending artery 

exposed. A Balloon occluded was placed just distal to Ihe lirst diagonal branch 01 

the vessel and tested to determined the level 01 infiation required lor complete 

occlusion. Ischemia was induced by a complete 5-minute occlusion. The chest 
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was closed and evacuee of air. The tree orthogonal derivations were recorded. 

(X, Y, Z) and its average. (Fig.3·). 

The high-Irequency QRS complex can be represented by multiplication 01 

two sinusoidal wavelorms . (1) a high-Irequency component that simulated the 

rapid alterations and (2) a low-Irequency component that represents the 

envelope 01 the high-Irequency QRS complex . The Fourier's Iransform 01 a 

wavelorm separates the signal into a sum 01 sinusoids 01 two Irequencies: 

FH+FL and FH-FL.. A broad-spectral peak is present at approximately 160 Hz. 

Abboul el al. studied the effects 01 angioplasty on high-Irequency 

electrocardiogram, they inlormed that each patient, surface electrocardiographic 

leads 1, aVL , and V5 were continuously recorded during PTCA by means 01 a 

photographic multichanel oscillographic recorder. Bandpass filters 01 the ECG 

amplifiers were set at 0.01 to 100 Hz lar leads I and aVL, but V5 was recarded 

as a high-fidelily signal with bandpass filters among 0.01 to 500 Hz. Additionally, 

a unipolar intracoronary ECG Irom the dilated was obtained by positioning a 

standard PTCA guidewire and balloon catheter across the target stenosis and 

recording among 0.01 and 500 Hz. Belare advanced 01 the guidewire and 

balloon catheter across the LAO (Lefl Artery Oescending) stenosis, the three 

surface electrocardiographic leads were recorded continuously after the 

guidewiere and balloon catheter had been positioned across the stenosis and 

during subsequent balloon inflations and deflations. After completion 01 the 

dilation and withdrawal 01 both the guidewire and balloon catheter Irom LAO, 

another lO-minute recording 01 surface electrocardiographic leads was obtained. 

The digitized data lorm surface lead V5 were divided into three time segments: 

(1) the control period belore advancement on the guidewire or balloon catheter 

across the target stenosis. (2) the last 30 seconds 01 initial balloon inllation and 

the la-minute recording period at the conclusion 01 the procedure. 

Electrocardiopgraphic wavelarms in ea eh time segment were averaged together, 
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filtered among 150 and 250 Hz, and used to compute the rool mean square 

(RMS) voltage of filtered QRS as well as its envelope. A computer algorithm was 

used to define the time 01 onsel and termination of Ihe QRS complex by 

searching between the PR interval and the ST segment for a signal with RMS 

amp/itude greater than three times the RMS 01 a noise. The cross-correlalion 

coefficient then returned lo its control value within 20 beats after balloon 

dellation. During Ihe control recording period high-Irequency RMS voltage was 

3.97 mcV and the envelope revealed a reduced amp/ilude zone (RAZ) after 30 

seconds 01 balloon inflation associated wi!h a reduc!ion in the high Irequency 

voltage (RMS, 2,26 mcV) and broadenrng 01 the RAZ. After balloon dellation and 

withdrawal of balloon catheler RMS increased lo 5,13 mcV and the RAZ X was 

less obvious. 

11.4.4.1. Exercise-Induced Ischemia. 

The diagnostic usefulness of exercise electrocardiography is limited and 

lalse negative responses are Irequent in patient with clinically suspected 

coronary disease. Conven!ional me!hods relate myocardial ischemia lo changes 

in the repolarization process 01 the cardiac cycle. Preliminary sludies lrom 

laboratories' Abbout, have suggesled Ihal Ihe morphology 01 Ihe high Irequency 

QRS may provide uselul inlormation regarding Ihe presence 01 myocardial 

ischemia during exercise tesling. However, many patienls reliel still had RAZ 

after PTCA perhaps indicating nonrevascularized viable myocardium in Ihe 

drstribution 01 other no dilated diseased vessels or, alternalively, regions 01 prior 

inlarelion rather Ihan ischemia. 

11.5. Eleclrocardiographic Models 01 Myocardial Ischemic Injury. 

The assessmen! 01 alterations in ST segment defleclions obtained by 

electrocardiographic mapping 01 the epicardial or precordial surface remains a 

valuable experimental and clinical method 01 dynamically rellecting allerations in 

the melabolic status 01 ischemic myocardial cells. Consequently, considerable 
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interest has been focused a defining as specifically as possible the relationship 

between epicardial ST segment defiections and transmembranal potential (TMP) 

changes in the underlying region of ischemic cells.(35-36) Only in this way may 

ST segment defiections be realistically interpreted in terms 01 the cellular 

changes that they refiec!. The predictors of previous models of myocardial 

ischemic injury, employing a solid angle analysis, have proven to be inconsistent 

with experimental observations regarding both the distribution of TMP changes 

within an ischemic region and the distribution of epicardial ST segment elevation 

(ST ) overlying and ischemic region. 

The origin of cardiac injury potentials, manifested as ST segment 

elevation, in the epicardial EeG, was initially formulated by Wilson et al.(37), 

Bayley(38), Sodi Paliares (39), de Micheli (40) and others (41-42). by the 

application of basic principies of field theory. Wilson proposed that solid angle 

theory could be used to predict the ST segment elevation at a given recording 

site from Knowledge of the geometrical configuration of a region ischemic injury. 

A solid angle analysis (see appendix e), is based on the assumption that TMP is 

unilormly altered throughout as ischemic region such that a difference in TMP 

exists only at the boundary has been represented as a polarized surface giving 

rise to injury potentials measured as ST segment elevation in the EeG, and we 

will therelore refer to models employing a solid angle analysis as "polarized 

surface" models. Polarized surface models predict that the ST segment 

elevation, observed at a given recording site is proportional to the solid angle 

subtended at that recording site by the polarize surface representing the 

boundary of ischemia. HoJland and Brooks applied the principies developed by 

Wilson and Bailey to spherical heart model and in this way predicted the 

epicardial and precordial electrocardiographic alterations produced by ischemic 

regions 01 various geometrical configurations. Their theoretical findings provided 

the first thorough examination 01 a polarized surface model of ischemic injury 

and form the basis upon witch the validity of such a model may be assessed. 
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More recently, has been examined a polarized surface model by correlating the 

degree 01 sr segment elevation recorded at precise epicardial locations 

overlying a region 01 ischemic with solid angle measurements obtained Irom the 

ischemic region. The results led Richarson to conclude that the polarization 

giving rise to epicardial sr segment elevation is distributed over an ischemic 

border zone rather than a sharply defined polarized surface between ischemic 

and normal regions 01 myocardium, as had been initially proposed. Smith et al., 

demonstrated in a model in which polarization is distributed over the entire 

ischemic reglons provides the most accurate model linking cellular alterations in 

rMP to the distribution 01 epicardial sr segment elevation. Such model was 

relereed as "polarized volume"(43). 

11.5.1. Distribution of the epicardial sr segment elevation: 

Firsf, polarized surface models 01 ischemia predict that with transmural 

ischemia the highest sr segment elevation is expected to occur near the 

boundary of ischemia, while a progressive decrease in sr segment elevation is 

expected to occur approaching the center of the ischemic region (increasingly 

distant from the boundary of ischemia). This characteristic is a "keystone" in the 

distribution of sr segment elevation overlying a region of ischemia predicted by 

models 01 either Holland and Brooks or Richarson such as is iIIustrated in its 

computer generated 3-dimensional plots. 

Secondly, there is a discrepancy between theoretical predictions derived 

lrom polarized surface models and experimental observations with regard to the 

directional changes which occur in sr segment elevation after an increase or 

decrease in the size 01 an ischemic region. A polarized surface model predicts 

that as the size of a transmural ischemic region is reduced, epicardial sr 
segment elevation overlying the region is decreased. However, experimental 

observations have shown that when the size 01 an ischemic region was 

increased by 1) hypoxemia, 2) isoproterenol, glucagon, bretylium or ouabain or 
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3) laehyeardia or hypolension, epieardial sr segmenl elevalion overlying Ihis 

region inereased. Also, when Ihe size 01 isehemie region was redueed by 1) inlra

aortie balloon eounlerpulsalion 2) mannilol, 3) glueocorticoids, 4) inereased 

oxygen inhalalion or 5) nilroglyeerin, epicardial sr segmenl elevation 

correspondingly deereased. 

11.5.2. Dislribulion 01 Transmembrane Potential: 

A Ihird limilalion 01 polarized surfaee models as applied lo isehemie injury 

is Ihal experimenlal observalions have nol supported Ihe lundamenlal 

assumplion 01 sueh models Ihal Ihe ehanges in rMP are unilorm Ihroughoul Ihe 

ischemic region. Several invesligalors have ulilized inlraeellular Iloaling 

mieroeleclrode reeordings lo examine Ihe spalial ehanges in rMP wilhin a region 

01 ischemia. Prinzmental et al (36)., Ralli and San na and Millra have observed 

that Ihe ehanges in rMP are, in laet, nonunilorm, with the smallesl ehanges 

oeeurring near Ihe boundary 01 ischemia, and progressively greater ehanges 

approaehing the eenter 01 isehemia. Bailey and Spaeh and Barr (38) have 

previously eommenled on inability 01 a polarized surfaee model lo aecount lor 

Ihis nonunilormity 01 rMP alterations within Ihe isehemie region; however, no 

suitable alternative analysis has as yel been proposed. 

The lailure on theorelieal polarized surface models 01 myocardial isehemie 

injury lo be eorroboraled by a number 01 experimenlal findings suggesls Ihal our 

eurrenl underslanding 01 eleelrieal evenls responsible lor sr segmenl elevalion 

is inadequale. In Ihe presenl protoeol, a model is developed which aecounls lor 

nonunilorm changes in sr segmenl ehanges wilhin Ihe ischemic region and 

which conlorms more closely lo experimenlal observalions regarding sr 
segmenl elevation Ihan polarized surface models. 
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11.6. Development 01 a novel approach lor High-fidelity ECG model. 

11.6.1. Phase l. 

The model that we proposed has the capability 01 representing polarization 

which is distributed throughout a ORS complex and thereby affords a method 01 

accurately describing the nonunilormity in ORS changes witch occur within a 

region 01 ischemia. (Fig. Below) 

The development 01 our model began with a charac!erization 01 the polarization 

01 any given ORS segment contained within the total ischemic zone. The 

correspondence rules were set lorth by witch the 'sr segment changes at a 

given point on the epicardial surface may be defined in terms 01 the summated 

contribution 01 all such Irequency-spectral ZOnes. For simplicily a geometrical 

INC-GROUP 
UNA M 

TESIS DOCTORAL 
CIENCIAS MEDICAS 

MARTÍNROSAS 1999 
ÁREA CARDIOVASCULAR 



ECG-HIGH FIDELITY FOR DETECTlON OF MYOCARDIAL ISCHEMIA IN HUMANS 30 
A NEW APPROACH USING FREQUENCY DOMAIN MODELS 

model is employed similar to that introduced by Abbout et al., in which the 

ventricle is represented as a spectral-temporal mapping of QRS complex. A 

transmural Ischemia is defined as the reduction in both frequency and voltage of 

the QRS components. The size of the ischemic region is defined by angle ( <t ) 

which determines the angular extension of the ischemic boundary from the 

center (lsoelectric point) 

p:= Wave front of 
electric activation 

"~ X H~ modtlof,-.runaolu actn-1tlOD, Ih< .. """la, do=xoo ..."j <n<ru<>oo ,.&<poe!«l 
(P)~~olaodowdo","",q:,¡,;.,do=.lOd"""",,","ol«n""IO~. 

~':= Extention 
angle 

13= Direction 
oriented 

This model in eludes the recording of three orthogonal derivation called "X, Y,Z", 

similar to vectocardiogram. Each derivation is analyzed in a separated form and 

also the averaged QRS complex. In order to reduce interpretation error by angle 

of analysis, the spectral mapping was divided into an arbitrary larger number of 

segments to analysis, so, each segment was correlated with its segment 

adjacent 
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ó 

HIPO""''''' Mo<I<I 01 ¡><lJ¡>«"" ).d''''.''0 •• 1 o!Y,.I",.I .. depo""""O" IU «I,"on,h,p 10<,,,, ... So. r« •• d Ob .. ,~" (.Ic<t<od') da".E f«ord 01 ECG, 
p. V<c10< .... I".' .. R_ ( ..... 0« .... ob ....... d _ ¡.,"o CO, &lIn .&g •• gl. b"",.," .. ,nd 
fO. B_ '.11< b'''.«. l' •• d R.,_" ,h. <ondo""i,,0Hb. ,,,,,,,11 ... 'pace. 

Limiting the region of interes!. Once the QRS image had been established on the 

monitor, the starting mark was pIaced 25 fiSec befare the start of the QRS 

compIex (termed start mark or TI), and the ending mark was pIaced 100 msec 

after the end of the QRS comp ¡ex (T2). 

Spectrocardiographic calculations. In accordance with Kelen JG, calculation 

was performed independently for each orthogonal lead in the terminal region and 

in the whole ORS. The ORS complex was divided in 24-msec intervals between 

the T1 and T2 marks, each of these segments is separated from the nex! one by 2 

msec, and the end of the last segment must coincide with the T2 mark. 

Differentiation. Each 24-msec segment was differentiated according to the 

following formula 

y(t) = «x(t+1)) -(x(t-1)) +«x(t+2)) - (x(t-2) - x(t-2)/8) 

where y(t) is the new (differentiated) value of the signal at a given time; X(t) is 

the original amphtude of the signal from leads X, Y, or Z at a given time. 
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Al! calculations were made on the basis 01 the velocity and not the amplitude 

01 the electrical wave lron!. Hence, each differentiation step is critical lar the rest 

01 the analysis. It should be noted tha!: 

a) /1 is Ihe e/ear drop (>30%) in Ihe ve/ocily of the wave front which is 

corre/ated lo the possib/e presence of ischemia. 

b)Oifferentiation allows to exchange frequency con tenIs of the signa/ 

progressive/y following a precise mathematica/ path. Fourier ana/ysis of 

re/ative/y short segments provides sufficient frequency reso/ution to allow 

ifs use. 

Mean Sub!rac!ion. The arithmetic mean 01 the differentiated signal segments 

was nex! calculated and subtracted lrom each (differentiated) data point to 

remove the effect 01 direct-current offset. 

Window assignment. After differentiation and subtraction 01 the general 

mean Irom each 24-msec segment, these are each multiplied by a 4th-level 

Blackman-Harris window 01 equivalen! duration. Window selection is based on 

the excellent concentration at its central lobe and low structure in the lateral lobe. 

Fas! Fourier transformo After window assignment, each 24-msec segment is 

placed on the beginning of the data arrangement at 64 points, zeros are used to 

fill from point 25 to 60, and then a last Fourier transform is performed at a double 

precision to 64 points. The spectral power density 01 each frequency of 

harmonics is standardly calculated as the sum 01 the squares 01 the 

corresponding real and imaginary Fourier coefficients. 

Normaliza!ion. After calculating separately the power 01 the spectral density 

lar each segment 01 each 01 the orthogonal leads (X, Y, Z), the maximum 

spectral power density for any frequency at any lead is arbitrarily designated as 
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100% 01 power in decibels, and the rest 01 the Irequencies are calculated in 

proportion to this maximal peak. 

Graphic representation of the spectrum, The CEWS equipment's software 

generates automatically three dimensional plots lor each lead, and due to the 

tridimensional nature 01 the spectral inlormation multiple views can be obtained. 

Numerical calculations. The power 01 the normalized spectral density lor 

each segment In each orthogonal lead is recorded on a separate table, rows 

contain the spectral power density 01 the 24-msec segments, which varies with 

Irequency. Columns contain the spectral power density at a given frequency 

which varies with time during the whole QRS complex. The comer stone 01 

normality is that time transition is generally homogeneous lrom one segment to 

the 

nex!o Calculations are based on the correlation 01 spectral power density 

among the different segments. 

We eh ose lour spectral turbulence parameters to identify the different variations 

in abnormality observed visually on the spectrocardiogram. In some subjects 

spectral turbulence is very intense but with a relatively short duration, whereas in 

others it might be not as intense but more prolonged. The lour spectral turbulence 

parameters are: 1) Mean interslice correlation (MISC), that is, the average level at 

which one segment corre lates with the preceding one. 2) Standard deviation 01 the 

interslice correlation (SDISC). 3) Low interslice correlation rate (LlSCR) 

corresponding to the percentage 01 paired segments that correlated below 0.985; 

4) Spectral entropy (SE), which is the mean discordance (1 - correlation 

coefficient) 01 each segment with respect to a mean imaginary segment, multiplied 

by 100. The average segment by which each actual segment is correlated 

corresponds to the arithmetic mean 01 the spectral power density lor each 

Irequency over the entire QRS complex. Qur hypothesis was based on the 
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assumption that a crossed correlation index, measured through a determination 

coefficient (r ) > 90%, must be kept when comparing the basal state vs. the 

pharmacological challenge. 

= 

X+Y+Z ~ 

Slice {24 msee} 

Fig. Graphic representation of the analysís form and construction of a spectral t 
mapping. X+Y+Z; tridimentional plot of vector magnítude according to spectral ( 
51 ices 

11.6.2. Phase 11 

Alter the analysis 01 the overall outcome we detected severallimitation in this 

model. The principal limitation was the size 01 si ice (24 msec) and the signal 

overposition beca use 01 the change step by step 01 each segment. 01 course 
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when the zone of ischemia was large the manifestation was clearly identified. 

Another problem was the difficult to define what frequency band was involved. 

The phase two of our syslem was done lo develop a model in which the analysis 

of any selected band were possible. Firsl Ihe signal of each aVeraged ortogonal 

lead was recovered directly from Ihe computer, then We developed a software lo 

convert the original file inlo the ASCII codeo An extraordinary characlerislic 01 our 

algorithm was the opportunity lo rescue from the averaged file each ortogonal 

lead. (appendix F) 

1) Software A 

2) Software B 

3) SofWare C 

l X-Lead 

Averaged File. 

Converter 
(ASCII) 

Y-Lead 

LFFT analyzer I 

Z-Lead) 

I Autoregressive Modell 

This software was made using Turbo C++ language package for PC. 
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Although for that time several authors had been proposed that the ischemic 

insult gave alterations principaliy into the width band of 120-250, we probed 

several intervals using as gold standard cases in which the evidence of ischemia 

was incontrovertible. 

Thus we eonfirm that the best width band was 160-250 Hz. Eaeh orthogonallead 

in both time and frequency domain (FFT) were graphically presented and a 

correlation eoefficient was available at sereen. 

219 8 
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Thus, the confrontabon between basehne sta!e and post-dYPlndamole sta!e 

was possible and eorrelation coefficients were collected. 
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11.6.3. PHASE 111 

Applications 01 Fourier analysis were expected to improve the deteclion 01 

abnormal activation patterns. However. the implicit assumption 01 the signal 

stationary is in contrast with real situations and this discrepancy could explain the 

controversial reports that use Fourier-based analysis. An elegant way to reduce 

the requirement on the signal stationary is to compute the successive spectra 

over shorter segments (spectrotemporal mapping) using Fast Fourier Translorm 

(FFT) algorithm or autoregressive model. [ Harbel R. Jilge G. Steinbeck G: 

Spectral Mapping 01 the electrocardiogram with Fourier translorm or identilication 

01 patients with sustained ventricular tachycardia and coronary artery disease. 

Circulation 1990;82: 1183.] These techniques showed that high frequency 

components 01 the terminal QRS complex could be present in both patients with 

and without ventricular tachycardia. Dr. Novak (Ontario, Canada) did a strong 

criticism to our system. He said that our system not salve the main limitation of 

Fourier-based analysis (the assumption 01 the signal stationary). The FFT 

generates spurious peaks even lor very short segments if the frequency content 

within this data segment changes. Furthermore, the resulting frequency 

resolution for such short segments is very low. 

Therefore, we developed a system to overcome these limitations of FFT by 

means of more adequate signal processing method. It focuses on the time

Irequency characteristics of ventricular activation in normal subjects and in 

myocardial ischemic patients. We use a novel signal processing approach, 

already successfully applied for the analysis of heart rate variability, 

AUTOREGRESSIVE MODEL. Our method was based on the distribution of 

frequency populations into the QRS complex using the 80rg's method which can 

classify subgroups of PSD according with its frequency content. The main 

implications of our new system were: (1) High frequency components of the QRS 

complex can be reliably detected and traced in frequency by means of Power 

Spectral Density (msec2/Hz); (2) High Irequency components are present 
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throughout normal ventricular activation; (3) these components are increased in 

patients after an ischemic insult and they are not limited to the terminal ORS 

complex; and (4) the results of time-frequency components are no influenced by 

ORS duration, and thus palienls with conduction defects do not have to be a 

priori excluded. 

Burg's Model. 

Parametric power spectral eslimators such as Burg, Yule-walker, and covariance 

are based on time series models. The real problem in parametric power spectral 

estimation is lo find the time series model. Once the time series model is found, 

it is easy to find the power spectrum vía DFT. The model assumed for burg is 

lermed autoregressive. The autoregressive model derives the currenl sample of 

a sequence from Ihe weighled sum of previous sequence sample values and a 

zero mean noise term: 

X[n] = a,x [n-1]+a2[n-2]+ ......... +apx(n-p) + E [n] 

By convention Ihe coefficients are actually the negative of the above, so Iha!: 

X[n]+a'x[n-1]+a2x[n-2]+ ....... + apX[n-p]= E [n] 

a, .......... ap are lermed the auloregression coefficients or paramelers of the 

model. hence Ihe word "parametric" in parametric power spectral estimation. 

Burg's method is similar to Ihe covariance method in Ihat the error filler is kept 

on the data [ Burg JS: Maximum Entropy Spectral Analysis, A New Analysis 

Technique for time Series Dala, Modern Spectral Analysis, D.G. Childers, ed., 

IEEE Press, New York, 1978.] Addilionally, Burg's method runs the dala 

throughout the error filler in the forward and reverse directions which slated 

another way is minimizing the sum of the fOlWard and reverse error powers. An 

algorithm for calculating the auloregressive coeficienls by Burg's method is given 

by Andersen [Andersen N: On the calculalion 01 Filler Coefficienls lor Maximum 

Entropy Spectral Analysis, Geophysics, 1974; 39: 69-72. Reprinled in Modern 
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Spectral Analysis, D.G. Childers, ed., IEEE Press, New York, 1978.] High 

Irequency (above 01 100 Hz) are lead dependent, but their spatial distribution on 

the body surface did not correlate with the site 01 ischemia, This is true only if not 

exist a way to determine the source of them. We hypothesized that il it is 

possible to create an inverse autoregressive model like anti-FFT we could know 

where the Irequency signals are produced. This point will require lurther sludies. 

Sequence of analysís usíng Burg's Method. 

Once the averaged signal was obtained, each file was converted to ASCII 

language by the method described in phase 11. Then al/ ASCII values at each 

orthogonallead were read and converted into TXT file to be analyzed. A new file 

lor each orthogonallead befo re and after Dypiridamole testing were obtained 

and pooled in specific directories 01 PC. Then, each file was read and processed 

in a computer program lor time and Irequency domain. The specilic 

autoregressive analysis (Burg's Method) was done using the SACALC (signal 

analysis calculator) program developed by William T. Hardy. Three specific steps 

summarize our work. ( 

First step: Template 01 both signals to be conlonted. (see Fig. Below) 

..,'(,-(1..1- ;-{¿~l.~~ ,_~" ~ __ .!_ x 

~~m.Jg¡jB~ 

Quit. 

• File 

F1-Uie~ F2-Stat F3-HorA F4-~ FS-« F'-Kill F7-ID F8-.'ü F9-d8 F1D-Graph 
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1)Each signal was read using a sample rate 01512 Hz, and a polynomial arder 01 

eleven. 
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2). Selection of QRS complex: Sacalc program permits cut an specific interval for 

analysing. 
~dws.{)os, SAI:AlC ....EI 

¡ 

.. 1 

, " 

3. Filtering. 80th signal were filtered using a High pass filter of .005 to eliminate 

DC effect. 

INC-GROUP 
UNAM 

&o ,,'" ,.0 _. 
TESIS DOCTORAL 

CIENCIAS MEDICAS 
MARTÍNROSAS 1999 

ÁREA CARDIOVASCULAR 



ECG-HIGH FIDELlTY FOR OETECTION OF MYOCARDIAL ISCHEMIA IN HUMANS 42 
A NEW APPROACH USING FREQUENCY DOMAIN MODELS 

4. 80rg's method. A parametric model analysis was applied using 80rg's method. 

We selected a polynomíal 01 20th order beca use graphícally demonstrated to be 

the best ta evidence the changes provoked by ischemia. Then we selected the 

intervallrom 100 to 250 Hz. 80th signals were graphically showed. 

¡ ... ---

.j 

.... j - ·····f· 

~ . - -! ... f 

"28 "\<;0 ,~ n'.' -zU 
'-" 

Thus, PSD between 100-250 hz was avialable, all values were pooled in a new 

file to be read in Excel programo AII values were used to create a new data base 

to analyse into SPSS programo 

5). Three-dimensional graphs were constructed lrom data obtaíned at each 

ortogonallead, thus the changes ocassionated by ischemia were evident. 
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Case Positive 

Case Negative 
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Al! power speclral density values were recorded al each msec, Ihe sum of Ihal 

values permitted calculaling Ihe areas for each inlerval of Hz. The lolal of PSD 

was calculaled for each orthogonal lead and Ihen, Ihese lolals were divided inlo 

Ihree areas. One area from 100 lo 120 Hz lermed as very low frequency (VLF), 

next area from 120 lo 150 Hz lermed low frequency (LF), and Ihe lasl one from 

150 lo 250 Hz, lermed high frequency (HF). After Ihe value of each speclral 

density was oblained, al! values were converted lo nalurallogarilhm. 
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111. Justification 

The foregoing information let us to establish a elear fundamental lo make a sludy 

for analyzing the behavior of the eleetrical activily Irom Ihe human heart using a 

noninvasive method. The impact 01 this modelan elinical practice could be 

relevant as an alternative method to detect earlier myocardial ischemia with 

several advantages. which are cost-benefit related. 

In addition. the use 01 this syslem will permit Ihe possibilily lo explore Ihe ECG 

recording to open a new way lo understand Ihe eardiac physiology, specilicaliy 

the confraction phenomena. Until now, Ihe documentation 01 high Irequency 

disorders intra-QRS during an episode of ischemia has been very problemalie 

and certainly, it is anolher justification lo make this project. However, the most 

important justification would be Ihe opportunily to have a new approach lar 

earlier diagnoses 01 myocardial ischemia that could be applied at any medical 

room without sophislicaled and expensive equipment. 

INC·GROUP 
UNAM 

TESIS DOCTORAL 
CIENCIAS MEDICAS 

MARTíNROSAS 1999 
ÁREA CARDIOVASCULAR 



ECC-HIGH FIDELITY FOR DETECTION OF MYOCARDIAL ISCHEMIA IN HUMAN S 46 
A NEW APPROACH USING FREQUENCY DOMAIN MODELS 

IV.Objectives: 

IV.1. Principal. 

This study was deslgned in order 1) to assess the accuracy 01 a novel 

noninvasive Irequency analysis method to ORS complex lor identilying patients 

with myocardial ischemia during a pharmacological stress lest. 2) to determine il 

the spectral temporal-mapping method on the ORS complex could be used lor 

the location. extension and severity level lo the myocardial ischemia. 3). To 

assess the role 01 FFT in identifying the Irequency changes due lo ischemia. 4) 

to assess the role 01 a parametric model (Burg's method) to identify Ihe 

Irequency sub-populations intra-ORS and lo compare with Ihose oblained alter a 

pharmacological challange (dypiridamole). 

IV.2. Particular. 

To known the changes in Irequency conlent on the signal-averaged ORS 

complex in both pre and posl-applicalion 01 dipyridamole (Pharmacological 

stress). 

To determine Ihe power speclral density in each orthogonal lead and ils 

correlation with presence or absence 01 myocardial ischemia. 

T o develop a computer program in order lo analyze in an aulomatic and 

accessible way the speclral-Iemporal mapping. Besides. lo determine Ihe 

sensitivity, specificity and predictive accuracy 01 the different parameters lo 

analyze the spectrocardiogram in relation to presence 01 myocardial ischemia. 

To determine il an autoregressive model is possible to be applied, il so, 

shows the changes in the Irequency populations intra-ORS. 
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V. Hypothesis 

1. The speetroeardiogram reeording is an alternative method lor deteetion 01 

myoeardial isehemia whose predietive aeeuraey is higher than stress-ECG 

conventional recording. 

2. The speetral-temporal mapping allows deteeting the extension and severity 01 

an ischemic process. 

3. During an episode 01 isehemia in human myoeardium the eleetrieal 

propagation wave ehange in the depolarization phase and it can be 

demonstrated by speetroanalysis. 
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VI. PATIENTS AND METHODS 

The research protocol was approved by the Research and Ethics Commit!ee 01 

the Nationa[ Heart [nstitute Irom México cily. The study was performed in two 

groups 01 subiects. Group 1 conlormed by patients with a c[inica[ history 01 

precordial pain suggestive 01 angor and/or with risks lactors lor coronary disease, 

such as. smoking, hypercho[estero[emia, hypertenslon, obesity, and lamilia[ 

history 01 ischemic cardiopathies, submit!ed recently to a stress test (2 weeks 

belore) yie[ding doubtfu[ resu[ts lor the diagnosis 01 ischemic cardiopathy. Group 

2 comprised by hea[thy subiects without patho[ogica[ antecedents in the 

cardiovascu[ar sphere and a normal ECG-exercise test. [n phase [[ were inc[uded 

patients wlth spectrum 01 ischemic cardiopathy. 

Patients were collected lrom the outpatient ward lrom June 1996 to August 

1998. A complete c[inica[ history wlII be made lor each subiect. locused on risk 

factors for arteriosclerosis, past events related to coronary disease, characteristics 

01 the pain, and previous medication. Physica[ examination was performed by a 

competent cardio[ogist. AII patients were submit!ed to an ECG recording in resting 

position, an echocardiogram, a chest X-ray, and [aboratory tests, which will 

inc[ude, complete b[ood tests, i.e., b[ood count and b[ood chemistry with [ipid 

profi[e. 

V[.1.1. Inclusion criteria. 

1) Less than 70 years 01 age, 2) with or without previous inlarct, 3) 

surface ECG in resting position showing normal characteristics (sinusa[ rhythm, no 

conduction disorders), 4) suspected ischemic cardiopathy or doubtlu[ ECG

exercise test, 5) living in the metropo[itan area 01 Mexico City, 5) written consent to 

participate in the study. 6) Without contraindlcations to make a nuclear medicine 

study. [f phase [ was comp[eted the va[idation 01 our system wou[d continue with 

INC-GROUP 
UNAM 

TESIS DOCTORAL 
CIENCIAS MEDICAS 

MARTÍNROSAS 1999 
ÁREA CARDIOVASCULAR 



ECG-HIGH FlDELITY FOR DETECTION OF MYOCARDIAL ISCHEMIA IN HUMANS 49 
A NEW APPROACH USING FREQUENCY DOMAIN MODELS 

Phase 11. During Phase 11 of this study we accepted patients with history of 

Myocardial ischemia or previous angor, recent Myocardial infarction underwent or 

not to thrombolysis to see if the myocardial ischemia can be anyway detected. 

VI.1.2. Exclusion criteria. 

1) Extreme obesity which did not allow to lay down the patient in the 

gammagraphy, 2) cancer or severe systemic disease, 3) hypertension with severe 

mismanage, 4) suspicion of any other associated cardiopathy, 5) allergy to 

dipyridamole or iodized materials. 

VI.1.3. Elimination criteria. 

Those palients that developed disorders in the rhythm, frequent 

extrasystoles or bundle branch block at the moment of performing the high fidelity 

ECG with pharmacological stress will be eliminate from the study. 

VI.2. Dala Collection. 

Demographic data, risk lactors, and history 01 ischemic cardiopathy, 

as well as its evolution, angiographic data, characteristics 01 the coronary lesions 

and 01 the high fidelity ECG will be sto red in a computer on special predesigned 

formats to ease their analysis with Ihe statislics software for social sciences 

(SPSS-X)* 

V1.3. High fidelily electrocardiograrn. 

VI.3.1. Orthogonal leads. 

We performed a signal averaged surface ECG and another while challenging 

pharmacologically using the commercial compulerized system Irom del Mar 

Avionics, Model 183-CEWS. The electrical signals were time-domain analyzed as 
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described previously by Simson et al. (44), the high sensitivity electrodes (silver 

chloride) were placed according lo the bipolar and orthogonal conllguralion (X, Y, 

Z) al the level 01 V5 on the left and right medial clavicular line (X+, X-), 

respectively; in the left inlraclavicular parastemal line (Y+) and its corresponding 

(Y-) on the same line at the level of the xyphoid appendix, and linally the last pair 

01 eleclrodes will be placed in Ihe area 01 the heart apex (Z+) and ils 

corresponding (Z-) area on the posterior ches!. At least 300 beats should be 

averaged simultaneously on all Ihree leads to limil the noise lo <5 uV. A veclor 

magnilude V = (X + Y +Z) will be obtained after high-pass bi-directional liltering. 

This is the universally accepted system to study late potentials (45-46). Once the 

filtered ORS had been obtained, we analyzed ils duralion in each lead, ils high 

Irequency and low amplitude components, as well as the spectrotemporal 

mapping leatures described by Kellen et al. (47). Our analysis differed lrom the 

aboye technique in that we searched lor Ihe speclral lumulence occurring in Ihe 

130 to 260 Hz bando This bandwidth will be eh osen based on previous studies 

made at our institute, in which the vectocardiographic traces accompanied by the 

surface traces in the thoracic circle suggested changes in these !requencies. 

These observations have been confirmed by other authors (48-50). 

VJ.3,2. Limiting the region of interes!. Once Ihe ORS image has been 

established on the monitor, the starting mark is placed 25 msec belore Ihe slart 01 

Ihe ORS complex (Iermed start mark or T1), and Ihe ending mark is placed 100 

msec after the end ollhe ORS complex (T2). 

VJ.3.3. Spectrocardiographic calculations. Calculalion was performed 

independently lor each orthogonal lead in the terminal region and in the whole 

ORS. The ORS complex was divided in 24-msec inlervals be!ween the Tl and T2 

marks, each ollhese segments was separated Irom the nex! one by 2 msec, and 

the end 01 the lasl segment must coincide with the T2 mark. 
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V1.3.4. Differentiation. Each 24-msec segment was differentiated according to the 

following formula 

y(t) = ((x(t+1)) -(x(t-1)) +«x(t+2)) - (x(t-2) - x(t-2)/8) 

where y(t) is the new (differentiated) value of the signal at a given time; X(t) is 

the onginal amplitude 01 lhe signal Irom leads X, Y, or Z at a given time. 

AII calculations are made on the basis 01 the velocity and not the amplitud e 01 

the electrical wave Iron!. Hence, each differentiation step is critical lar the rest 01 

the analysis. It should be noted tha!: 

a) /1 is Ihe clear drop (>30%) in the ve/ocily of Ihe wave front which is 

corre/ated lo the possib/e presence of ischemia. 

b)Differenlialion affows to exchange frequency conlents of Ihe signa/ 

progressive/y foffowing a precise mathematica/ path. Fourier ana/ysis of 

re/ative/y shorl segments provides sufficient frequency reso/ution to aflow 

¡ts use. 

VI.3.5. Mean Subtraction. The arithmetic mean 01 the differentiated signal 

segments is nex! calculated and subtracted lrom each (differentiated) data pOlnt 

to remove the effect 01 direct-current offse!. 

VI.3.6. Window assignment. After differentiation and subtraction of the general 

mean lrom each 24-msec segment, these are each multiplied by a 4th-level 

Blackman-Harris window 01 equivalent duration. Window selection is based on 

the excellent concentration at its central lobe and low structure in the lateral lobe. 

VI.3.7. Fast Fourier transformo After window assignment, each 24-msec 

segment is placed on the beginning 01 the data arrangement at 64 points, zeros 

are used to fill lrom point 25 to 60, and then a last Fourier translorm is performed 

at a double precision to 64 points. The spectral power density 01 each Irequency 
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01 harmonics is standardly calculated as the sum 01 the squares 01 Ihe 

corresponding real and imaginary Fourier coefficients. 

VI.3.8. Normalization. After calculating separately the power 01 the spectral 

density lor each segment 01 each 01 the orthogonalleads (X, Y, Z), the maximum 

spectral power density lor any Irequency at any lead is arbitrarily designated as 

100% 01 power in decibels, and the rest 01 the Irequencies are calculated in 

proportion to this maximal peak. 

VI.3.9. Graphic representation of the spectrum. The CEWS equipment's 

software generates automatically three dimensional plots for each lead, and due 

to the tridimensional nature 01 the spectral inlormation multiple views can be 

obtained. 

VI.3.10. Numerical calculations. The power 01 the normalized spectral density 

lor each segment in each orthogonal lead is recorded on a separate table, rows 

contain the spectral power density 01 the 24-msec segments, which varies with 

Irequency. Columns contain the spectral power density at a given Irequency 

which varies with time during the whole QRS complex. The comer stone 01 

normality is that time transition is generally homogeneous lrom one segment to 

the nex!o Calculations are based on the correlation 01 spectral power density 

among the different segments. 

We chose four spectral turbulence parameters to identily the different 

variations in abnormality observed visually on Ihe spectrocardiogram. In some 

subjects spectral turbulence is very intense but with a relatively short duration, 

whereas in others it might be not as intense but more prolonged. The four 

spectral turbulence parameters are: 1) Mean interslice correlation (MISC), that is, 

the average level at which one segment corre lates with the preceding one. 2) 

Standard deviation 01 the interslice correlation (SDISC). 3) Low interslice 

correlation rate (LlSCR) corresponding to the percentage 01 paired segments 
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that correlated below 0.985; 4) Spectral entropy (SE), which is the mean 

discordance (1 - correlation coelficient) 01 each segment with respect to a mean 

imaginary segment, multiplied by 100. The average segment by which each 

actual segment is correlated corresponds to the arithmetic mean 01 the spectral 

power density lor each Irequency over the entire QRS complex. Qur hypothesis 

was based on the assumption that a crossed correlation index, measured 

through a determination coelficient (r) > 90%, must be kept when comparing the 

basal state vs. the pharmacological challenge. 

The other two lorms to analyze the high Irequency ECG were described in the 

section 'developmnet 01 Our system'. 

VI.4. Coronary angiography. AII patients with coronary ischemia evidenced by 

nuclear medicine studies will be submitled to a coronography within two weeks 

after ischemlc cardiopathy had been diagnosed. We will be recorded the number 

and location 01 arteries with a greater than 75% obstruction, as well as the TIMI 

fiow classification (51). AII coronographies were assessed by two 01 the authors, 

whom will not know the results lound in the high lidelity spectrocardiogram. 

VI.5. Nuclear medicine Study. A Sesta-MIBI study was performed in all patients 

using the intemational criteria (rest and stress). Dypiridamol was selected as the 

challenge drug because 01 multiple evidence had demonstrated its high utility to 

provoke myocardial ischemia by the horizontal stole mechanism. The incidence 

01 high-risk collateral elfects are minimal and rapidly reverted byaminolilina. 

VII. Design. 

VII.1. The principal Axis of this study were: 

VI1.1.1. Purpose. The characteristics 01 this study permit to deline it as a 

comparative study. 
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that correlated below 0.985; 4) Spectral entropy (SE), which is the mean 

discordance (1 - correlation coefficient) of each segment with respect to a mean 

imaginary segment, multiplied by 100. The average segment by which each 

actual segment is correlated corresponds to the arithmetic mean of the spectral 

power density for each frequency over the entire QRS complex. Our hypothesis 

was based on the assumption that a crossed correlation index, measured 

through a determination coefficient (r) > 90%, must be kept when comparing the 

basal state vs. the pharmacological challenge. 

The other two forms to analyze the high frequency ECG were described in the 

seetion 'developmnet of our system'. 

VI.4. Coronary angiography. AlI patients with coronary ischemia evidenced by 

nuclear medicine sludies will be submitled lo a coronography wilhin two weeks 

after ischemic cardiopathy had been diagnosed. We will be recorded the number 

and localion 01 arteries with a greater than 75% obstruclion, as well as Ihe TIMI 

ftow classificalion (51). AlI coronographies were assessed by two ollhe authors, 

whom will not know Ihe resulls lound in Ihe high lidelity spectrocardiogram. 

VI.5. Nuclear medicine Study. A Sesla-MIBI sludy was performed in all palienls 

using Ihe inlernational crileria (resl and stress). Dypiridamol was selected as the 

challenge drug beca use 01 mulliple evidence had demonstrated its high utility to 

provoke myocardial ischemia by Ihe horizonlal slole mechanism. The incidence 

01 high-risk collateral effects are minimal and rapidly reverted byaminolilina. 

VII. Design. 

VII.1. The principal Axis ofthis study were: 

VII.1.1. Purpose. The characterislics 01 this study permit lo deline it as a 

comparative study. 
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VI1.1.2. Type of Agent. Due to the principal endpoint is to validate a novel 

diagnostic marker test the central agent is a process. Despite the possible 

controversy secondary to the use 01 a maneuver (dypiridamole), we need keep in 

mlnd that we don't want to demonstrate the efficiency 01 dypiridamole to provoke 

myocardial ischemla. We want to compare our new tool lar identifying myocardial 

ischemia compared with that tool that is considered as a "gold Standard" 01 

noninvasive testmg 

VI1.1.3. Assignment of agent. We decided what patients would be included lar 

this study. 

VI1.1 4. The temporal direction. The temporal direction is delined as 

transversal. 

VI1.1.5. Population of study. The last axis 01 this study was delined by the type 

01 population selected. This is an homodemic study. 

V11.2. Sequence of study. 

AII patients included in this study will be evaluated at the same time (8.00 a.m.); 

after the high fidelity ECG had been recorded in the computer. a copy 01 the 

signal-averaged recording from each lead will be saved on diskettes. 

Immediately thereafter, the radiolabeled tracer (MIBI) will be administered lar Ihe 

basal recordings laken in !he gammagraphy. Afterwards. lo emply Ihe 

gallbladder and bife ducls. Ihe palients will take milk (0.5 1) and natural yogur! lo 

reduce lalse negatives. The palient will be then returned lo Ihe high lideli!y EKG 

recording room. here the patien! received adoses 01 Dipyridamole (0.56 mg/kg 

body weight, administered iv. lor 6 min.). During adminislralion 01 the drug, Ihe 

12-Ieads surface EKG will be conlinuously monilored and recorded every 2 min 

Inlusion will be suspended if either precordial pain suggestive 01 angina or clear 

electrocardiographic signs 01 subendocardic lesion appeared. Immediately after 
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the infusion, a second doses of MIBI (Isonitrile) will be administered and another 

high fidelity ECG will be taken. II precordial pain to persist or a progression to the 

ischemia is electrocardiographically evidenced one doses 01 aminophiline (200 

mg, iv.) will be administered. It should be noted that this is the current standard 

protocol used In all nuclear medicine wards (7), so we took advantage 01 this 

protoeol to make our reeordings. 

VIII. STATISTICS. 

V1I1.1. Sample size. 

Estimating sample size was based on the binary groups. [Campbel Mj, Julious 

SA, Altman DG. BMJ 1995;311:1145-48.] Thus, although several eontriversies 

have been diseussed in relation to the importanee 01 rigorous methods to assess 

equivalence studies the lundamental are essentially the same. Using notation 

lound in Poeoek [reler] we define 'p' to be the overall pereentage 01 sueeesses to 

be expected il the treatments are equivalent and use to deline the range 01 

equivalenee lor the differenee in percentage suceess rates. Other notation is 

unchanged. The required size 01 each treatment group and the power can be 

calculated as lollows. 

The overall percentage 01 successes reported lor detecting myoeardial ischemia 

by Nuclear Medicine study (SESTA-MIBI-Dypiridamol) is - 95% in high selected 

population. The minimum expected to be considered equivalent by High Ildelity 

espectrocardiogram is 85%, (Ior conventional exercise-ECG test has been 

inlormed in - 75%). Thus, 'p'= 90. The maximum variation around 'p' (delta) was 

estimated in ±15%. Using: n = 2p(100-p)x2(Zalla+Zbeta)' 

Delta' 

Were alla=.05 and beta=.2 , therelore n=33 patients by group. 
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the infusion, a second doses 01 MISI (Isonitrile) will be administered and another 

high fidelity ECG will be taken. If precordial pain to persist or a progression to the 

ischemia is electrocardiographically evidenced one doses of aminophiline (200 

mg, iv.) will be administered. It should be noted that this is the current standard 

protocol used in all nuclear medicine wards (7), so we took advantage 01 this 

protocol to make our recordings. 

VIII. STATISTICS. 

VIII.1. Sample size. 

Estimating sample size was based on the binary groups. [Campbel Mj, Julious 

SA, Altman DG. SMJ 1995;311:1145-48.] Thus, although several contriversies 

have been discussed in relation to the importance 01 rigorous methods to assess 

equivalence studies the fundamental are essentially the same. Using notation 

found in Pocock [refer] we define 'p' to be the overall percentage of successes to 

be expected if the treatments are equivalent and use to define the range of 

equivalence for the difference ín percentage success rates. Other notation is 

unchanged. The required size of each treatment group and the power can be 

calculated as follows. 

The overal! percentage of SUccesses reported for detectíng. myocardíal ischemia 

by Nuclear Medicíne study (SESTA-MIBI-Dypirídamol) is - 95% in high selecled 

population. The minimum expected to be considered equivalent by High lidelity 

espectrocardiogram is 85%, (lar conventional exercise-ECG test has been 

informed in - 75%). Thus, 'p'; 90. The maximum variation around 'p' (delta) was 

estimated in ±15%. Using: n; 2p(1 00-p)x2(Zalla+Zbeta)' 

Delta' 

Were alla;.05 and beta;.2 . therefore n;33 patients by group. 
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V1I1.2. Continuous variables. 

Conlinuous variables were expressed as average ± SD. comparisons between 

independen! groups was made using unpaired T -Iesl ar U-Mann/Whilney il Ihe 

dlslribulion 01 Ihal variables were not Gaussian·s. T o explore Ihe change in a 

same variable belare and after Ihe Dypiridamole challange. paried !-tes! was 

used. The high fidelity espectrocardiogram paramelers. measured as conlinuous 

form were analyzed in a similar lorm. however. due lo our principal aim was lo 

campare Ihe dlflerences between those subjects wilh a nuclear medicine posilive 

vs Ihose palienls wilh a negative NM study. a two-way ANOVA lar repeated 

measures was used. 

VIII.3. Categorical Variables. 

Convenlional X2 01 pearson or Fisher exact tesl were used lo idenlily signilicanl 

independent differences. The differences between 2 categorical variables wilh a 

commun lactar was explored by McNemar Test. 

Concordance indexes were obtained lo evaluale the NM study vs the new 1001 01 

analysis. 

VIII.4. End points. 

The principal end point was lo compare Ihe uselulness 01 our syslem with Ihal 

obtained by NM sludy in similar circumslances. However. olher points su eh as 

palhophysiological mechanisms of ischemic injury in heart were also very 

important. 

V1I1.5. Dichotomization 01 continuous variables. After idenlifying continuos 

parameters highly related lo an event 01 myocardial ischemia, they were 
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evaluated in a univariate form to estimating the probability of having ischemia 

using a logistic model, then a ROe plot was constructed and then, we selected 

the best cutott point to discriminate groups. 

VIII,6. Autoregressive model. 

To identify frequency populations intra-QRS, befare and alter dypiridamole 

challenge we use an autoregressive model (Burg's model), then the área under 

curve was determined and this permitted to compare the ditterences in the 

frequency populations measured by Power Spectral Density (PSD expressed on 

ms'/Hz). The whole area under cUrve was then divided in an arbitrary lorm as 

lollow: 

a) High Frequency: PSD localized beyond 01 150 Hz. 

b). Very Low Frequency (VLF): PSD localized between 100 and 120 Hz. 

c). Low Frequency: 120 to 150 Hz. 

We would construct Roe tables to find the best Irequency band lor the 

detection 01 ischemia, according to the Tugwell method (52). Ditterences in 

proportions will be calculate based on the value 01 Z. To avoid possible spurious 

associations we accepted an alpha error (error type 1) 010.05. 
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IX. Results 

From Ihe inillal 72 subjecls included in Ihis sludy, 12 were excluded; 6 (8.3%) 

due lo incomplele informalion on ECG recordings, and 6 due lo technical 

problems in Ihe nuclear medicine sludy. The remaining 60 palienls were 

included in Ihe analysis. There were 50 (83%) men and 10 (17%) women. The 

mean age al ECG recording was 54.8 ± 6.94 (range, 43 to 68 years). They were 

divided inlo two groups: Group 1 [n= 31] (palienls with myocardial ischemia 

demonslraled in Ihe nuclear medicine sludy); Group 2 [n=29] (non-ischemic 

group) palienls wilhoul any evidence of cardiovascular disease. 

AH palienls who mel Ihe inclusion crilena were sludied wilhoul any major 

complicalion due lo Dypiridamole's lesling. Il was loleraled and only in 6 cases 

(10%) was reported a moderale episode of headache, which disappeared inlo 

Ihe firsl hour later. The clinical demographic and QRS characleristics are showed 

in Table 1. There were nol differences between bolh groups on Ihe lolal 

averaged QRS duralion nor in each orthogonal lead. Four palients in group 1 

had left bundle branch block, bul Ihey were not excluded because of the high 

frequency analysis was possible wilhout any difficully. The mean of RR inlerval 

confirmed thal Ihe heart rate was similar in both groups. However, and even Ihe 

mentioned foregoing we did the analysls adjusting to Ihis parameler. 

[In order to make aH Ihe sequence of sleps so Ihal a new diagnostic lesl 

should undertaken. Qur work was designed in according with Ihe mentioned by 

Alvan R. Feinslein y '. Thus, Phase I basicaHy consisted in the comparison of 

subjects with vs withoul high risk lo development Ihe endpoinl, which in Ihis case 

r Feinstein AR Clínical Ep¡demiology. The Arch¡tedure of Chmcal Research. Ph¡ladelphia. WB Saundres 
Co 1985. 

INC-GROUP 
UNAM 

TESIS POCTORAL 
CIENCIAS MEDICAS 

MARTÍNROSAS 1999 
ÁREA CARDIOVASCULAR 



ECG-HIGH FIDELfTY FOR DETECTION OF MYOCARDIAL ISCHEMIA IN HUMANS 59 
A NEW APPROACH USING FREQUENCY DOMAIN MODELS 

is myocardial ischemia. Furthermore we presented that results to the scientific 

committee to obtain the permission to continue with phase 11 in which we 

included a wide spectrum of patients in order lo verify Ihe stability of our results 

IX 1 Phase I 

Following this point we present a brlef sumary of 1ha1 study and the results shown only this 

aspect. 25 patients were studied. Group A (healthy contro[s) consisted of 15 subJects, average 

age of 503 +-7.1 years; 13 men, 2 women. Group B (suspected Ischemic cardlopathy, wlth 

doubtful stress test) consisted of 10 patlents, average age of 54.3 +-9.8 years. Four of these 

patients had a hlstory of diabetes and eight coursed with hypertension.Accordlng to our inelusion 

criteria, significant dlfferences existed among the risk factors for isChemlC cardlopathy (diabetes, 

hypertension, hyperlipidemla, and smoking). 

High fidelíty ECG. Companson of the parameters obtained in the high fidelity ECG recorded 

trom both groups in basal (resting) position showed no slgnificant dlfferences among Ihem. 

However, under pharmacological challenge, in-group B patlents the length of the enlire QRS 

cornp[ex reached was not statisticalty signlficant dlfference when submitted to palred test analysls. 

Disperslon of the changes in the dlfferent orthogonal axes avoided reaching slgnificance when 

companng QRS duration with the different X, Y, Z axes Although a tendency tar a longer durallon 

of QRS 10 the posihve-patients for ischemia demonstrated in the nuc1ear medicine evaluatlons, 

this was not a good predictive parameter. 

Qualitative analysis (comparison of spectrocardiograms). Variations in spectral turbulence 

occurred at around 200 Hz, this region showed the malO changes. The camparison among 

different bandwidth mtervals, the ¡nterval wllh the c1earest sensibvity and speciflcity was between 

130 and 260 Hz. Comparing the determlnation coefficients recorded befare and afler the 

pharmacological challenge wlth Dipyridamole in groups A and B yielded c1ear signiflcant 

dlfferences. (p < O 001) 

Assesslng whether the [ocatlon of myocardlallschemla was correlated with the anormahties of 

any specific orthoganal axis we did not found any correlation However, due to il was documented 

the principal endpoint (demostrating changas on the frequency content mtra-QRS dunng an 

ischemic insult) the phase 1I was continued (wide spectrum of patients). Intentionally we included 

patients with history of mfarction (recent and old) to demostrate that the mterval of frequency 
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changes produced by ischemla is no influenced by other structural alteratlons (fibrosis). The 

kappa index was excellent (.87) between High frequency analysis of QRS usmg FFT (Fast Founer 

Transform) and Nuclear Medicine. These findings revitallzed our enthuslasm because we were 

the first group that demonstrated with a novel approach the suspected by other authors since 

1950's. However, several pragmatic difficulties were identified and a new software was required. 

(see ~development of OUT systemn in the sectlOn of methods).J 

HIGH FREQUENCY ELECTROCARDIOGRAPHY. 

Because 01 the analysis 01 QRS complex in terms 01 Irequency domain was 

analyzed by 3 diflerent approaches, the results will be presented lollowing the 

findings in each method. 

IX.2. Phase 11. (Patients from Phase I are included) 

IX.2.1. High Frequency ECG 

IX.2.1.1. Spectral-Temporal Mapping. 

Using the Simpson's method we obtained the QRSd (magnitude vector or 

averaged QRS). It represents a squared summation 01 the three diflerent 

orfhogonalleads: QRSd= .,¡ X' + y' + Z' 

Thus, an automated process identified the exactly duration 01 QRS, which Was 01 

92.5 ± 5.5 in group 1 vs 93.6 ± 5.4 milliseconds in group 2 (p=NS). As mentioned 

the QRS duration was diflerent in according with the orfhogonal lead, but there 

was not any significant diflerence between groups. 
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IX.2.1.1.1. The root mean squared (RMS40) 01 high Irequencies in the last 40 

milllseconds. which is used as a marker 01 late potentials. was similar il the 

analysis was done using the row data. However il they were classilied in 

accordance with the presence or absence 01 late potentials. the prevalence 01 

LP's was more elevated in the group 1 (as expected). 

IX.2.1.1.3. Power spectral density (PSD) using FFT was determined byeach 

orthogonallead. The baseline values between both groups 01 study were similar. 

(Table 2) Notably it was identified as the most specific parameter to differentiate 

the impact 01 an ischemic insult, this point will be detailed later. 

IX.2.1.1.4. Mean Peaks per Slice (MPS). The maneuver occasioned changes in 

the mean peaks per slice. In the X lead, the mean 01 MPS changed Irom 26.5 ± 

.5 to 26.0 ± .5 after dypiridamole, which reached statistical signilicance, but it 

was not related with the group 01 study as it was demonstrated by two-way 

repeated measures ANOVA (F .388, p= .536). Similar lindings were lound in Y 

and Z lead (Table 8, 8B, 8C). 

IX.2.1.1.5. Low Slice Correlations Ratio (LSCR). There were clearly changes 

in X lead 01 this important ratio, which means that significant disturbances in the 

signal propagation have occurred. However, despite the changes were more 

important in Group 1 (mean difference 01 -3.3 ± 2.4), the stochastic difference 

was not reached. The same behavior was observed in Y and Z leads. (Table 9, 

9B,9C). 

IX.2.1.1.6. Inter-slice Correlation Mean (ISCM). Dyplridamole's test modilied in 

the same way to X (mean ± sd, belore 94.5 ± .31, after 93.0 ± .16, 11=-1.561 ± 

.33, p=.001); Y(mean ± sd, belore 93.5 ± .31, after 93.0 ± .16, 11=-.376 ± .12, 
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p=.003); and Z lead(mean ± sd, belore 92.9 ± .31, after 93.6 ± .2, "'=.61 ± .33, 

p=.001), which was statistically signilicant, however it was not related with the 

groups 01 analysis (tables 10, 10b, 1 Oc). 

IX.2.1.1.7. Inter-slice correlation standard deviation.(ISCSD) The changes in 

this parameters were clearly showed. In all cases the changes were to increase, 

it means that a dispersion 01 the signal process after dypiridamole testing 

occurred, however these changes were very heterogeneous. (Tables 11, 11b, 

11 c). The same was observed in the spectral entropy. 

The loregoing data demonstrated that important changes oeeur on the eleetrieal 

signal after a ehallenge as dypiridamole testing. However, exeepting to the PSD, 

\he ob\ained values were unable to differentiate isehemie vs no isehemie. The 

possible reasons lor this linding were widely explained into the section 01 

methods, and will be discussed later. 

IX,2.2, FFT signal processing. 

Using Turbo C++ Pascal language lar PC we developed a system that is 

capable to convert the electrical signal 01 the QRS lrom time domain to 

Irequency domain using the Fast Fourier T ranslorm. A comparison 01 the high 

Irequency components intra-QRS belore and after dypiridamole challenge was 

possible into the two groups 01 study using a trend index (correlation coefficient, 

CC). Thus, the mean CC ± SD in group 1 were .33 ± .27; .33 ± .28, and .42 ± .23 

lor X, Y and Z lead respectively, whlle in group 2 were .66 ± .27; .66 ± .28, and 

.71 ± .23. Slgnificant differences between group 1 and 2 were clearly 

es\ablished. (Table 17). 
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Alter of knowing Ihis clear differences we used a ROe model lo creale a 

prediclive estimation lo have myocardial ischemia and we found: 
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Because of Ihe dislurbances in Ihe frequency conlenl inlra-QRS al each 

orthogonal lead are nol independenl variables a combinalion of Ihe Ihree 

parameters was nol realized, however we can observe Ihal Ihe risk of ischemia 

was similar for the Ihree leads. 

This finding lel us lo define Ihe culoff poinl lo separale subjects at high risk to 

have myocardial ischemia. The selected point was 0.75. Thus, palienls wilh ee 
? 0.75 al any orthogonal lead were calalogued as negative lo have ischemia, 

and Ihose with a ee < 0.75 as posilive for ischemia. After Ihis, we compare Ihe 

results from FFT with Ihal oblained by Nuclear Medicine. The sensitivity was .90, 

specificity of .83, PPV of .84 and NPV of .82 and Ihe concordance index was 

.732 (kappa). The likelihood ralio was 36.2. (Table 18.) 
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IX.2.3. High Frequency QRS analysis: Autoregressive modelo 

For reasons explained lrom page 28 to 43. we developed a new approach 01 

analysis using an autoregressive model (Burg's Method), which let us to know in 

a very exact manner how the Irequency sub-populations intra-QRS are 

distributed. Thus the whole area under curve was possible 01 analyzing. There 

were not differences in the baseline values at any orthogonal lead, however after 

the dypiridamole challence inmediatly occured changes that clearly separates 

the group 1 lrom the group 2. AII three orthogonal leads were very sensible to 

change. AH group 1 except 4 cases presented a sudden drop 01 delta (mean 01 

change) in the PSD after dypiridamole, by the contrary occurred in group 2. 

(Tables 13 to 13C). The next graphic shows this linding. The three model curves 

were estimated according with the obtained delta at each orthogonallead. 

Notably, delta = zero differenciated clearly the High an Low risk 01 having 

myocardial ischemia . 
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After this we classified in positive vs negative lor myocardial ischemia using the 

zero value as cutoff poin!. Although Ihe sensilivity was similar lo FFT, the 

specificily was lesser, However, an extraordinary manileslation was Iha! 4 ollhe 

9 supposed lalse posilive presenled a major evenl 01 myocardial ischemia al six 

monlhs ollollow-up. 

Finally we analyzed Ihe behavior 01 the Irequency subpopulalions al each 

orthogonallead. Thus we discovered, Ihal Ihe principal changes occurred at 100-

150 Hz interval beca use 01 Ihe ischemic group reduced Ihis area and !he 

conlrary occurred in controls. 

AII values expressed in Ln, as will as Ihe mean differences are showed in lables 

14 to 16. Crosslabs between FFT, PSD and Nuclear medicine are showed in 

tables 17-19. 

IX.2A. Crosstabs. 

X. Clínical implications. 

Coronary artery disease (CAD) is one 01 Ihe mosl common causes 01 dealh 

in the world. In Mexico, each year -400,000 people are suffering an acute 

coronary syndrome. Although Ihe mortality in-hospital has been importanlly 

reduced in Ihe lasl Ihree decades (-8-15%); Ihe mortality rale belore arriving to 

hospital is so lar lo be resolved. Around 60% 01 palienls wilh an acute 

myocardial inlarclion die while Ihey are carried out lo Ihe hospilal. Mosl 01 !hem 

as a consequence 01 an arrhythmic even!. 

Therelore, Ihe main challenge lo be approach should be aimed to Ihe 

possibility lo detecl earlier Ihis calastrophic disease. 
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Afler Ihis we classified in posilive vs negalive lor myocardial ischemia using Ihe 

zero value as culoff poinl. Allhough Ihe sensilivily was similar lo FFT, Ihe 

specificily was lesser, However, an extraordinary manifeslalion was Ihal 4 ollhe 

9 supposed lalse posilive presenled a major evenl 01 myocardial ischemia al six 

monlhs ollollow-up. 

Finally we analyzed Ihe behavior 01 Ihe Irequency subpopulalions al each 

orthogonallead. Thus we discovered, Ihal Ihe principal changes occurred al 100-

150 Hz inlerval because 01 Ihe ischemic group reduced Ihis area and Ihe 

conlrary occurred in conlrols. 

AII values expressed in Ln, as will as Ihe mean differences are showed in lables 

14 lo 16. Crosslabs between FFT, PSD and Nuclear medicine are showed in 

la bies 17-19. 

IX.2.4. Crosslabs. 

X. Clinical implicalions. 

Coronary artery disease (CAD) is one 01 Ihe mosl common causes 01 dealh 

in Ihe world. In Mexico, each year -400,000 people are suffering an acule 

coronary syndrome. Although the morta/ily in-hospital has been importanlly 

reduced in Ihe lasl Ihree decades (-8-15%); Ihe mortalily rale before arriving lo 

hospilal is so lar lo be resolved. Around 60% 01 palienls wilh an acule 

myocardial inlarction die while Ihey are carried oul lo Ihe hospilal Mosl 01 Ihem 

as a consequence of an arrhythmic event. 

Therelore, Ihe main challenge lo be approach should be aimed lo Ihe 

possibilily lo delecl earHer Ihis calaslrophic disease. 
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Currently, mulliple efforts are being performed in order lo delecl risk markers 

such as age, gender, lipid's profile, smoking, genelic faclors, etc. However, even 

Ihough all 01 Ihis is important and means advances in fighling, the mortalily rale 

has changed jusi a little bit. In addilion, Ihe increased survival 01 palienls wilh 

coronary artery disease has enhanced Ihis problem. 

There is no doubl Ihal as earlier a palienl arrives lo Ihe hospilal grealer Ihe 

probabilily lo improve Ihe surviva!. In addilion Ihe prognosis lo long-Ierm will be 

increased too 

The eleclrocardiography has been Ihe mosl importanl melhod lo approach 

and eslablish a diagnosis 01 ischemic cardiopalhy. lis utility has been proved 

through many years, and il is not only beca Use 01 delecling bul also permils lo 

evaluale Ihe extension and severity 01 an ischemic injury in Ihe myocardium. In 

addilion il gives Ihe greal opportunily lo monilorize on screen the rhytm. RR 

inlerval is a significanl way lo evaluale Ihe sympalhovagal balance which is a 

prognosis marker. The morphology 01 ECG waves is a guide lor Iherapeulic 

approaches. 

Previous observations have suggesled Ihe mosl 01 Ihe underlying cardiac 

palhology is presenl in ECG. Unlortunalely, Ihe basic principies in which is based 

Ihe ECG were undereslimaled as Ihe lime goes by. Due lo Ihe lanlaslic manner 

lo discover abnormalities in heart using graphical patterns, linally Ihe ECG was 

enclosed lo Iha! 'patterns'. Thus Ihe ECG analysis was reslricted lo certain band

filters. Step by step, Ihe physiological principies 01 ECG are being lorgotten. Qur 

central poi ni to develop a new approach lo analyze Ihe ECG recording is based 

on Ihal principies. 

The Mexlcan Eleclrocardiography school has delended thal ECG recording 

is nol only a graphical represenlation 01 Ihe electncal aclivily from heart, bul also 
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is essentiaJly the elec!ro-mechano-metabolic state in and out 01 the myocites. It 

is a mirror 01 an electrical phenomenon occasioned by the molecular ionic 

movement throughout the ceJlular membrane[De Micheli et al: ¿Que debemos 

entender por isquemia, les ion y necrosis? Arch Inst Cardiol Mex 1994;64:205-

221]. 

T ransmembrane ionic fluxes are responsible lar voltage differences between 

activated and resting tissues. The ionic fluxes reflected as the transmembrane 

action potential (TAPJ, the cellular counlerpart 01 TAP are QRS complex, ST 

segment and T wave. The synchronization and velocity 01 the electrical wave 

propagation are crucial to the mechanical efficiency Irom heart as a blood bombo 

Therelore all the vectorial changes in both velocity and magnitude should be 

present in ECG. II we were able to analyze in a different manner the ECG 

recording, probably we will discover many inlormation that is masked with the 

conventional systems. 

At any instant, the cardiac generator can be viewed as a dipole consisting 01 

a positive and negative charge, separated by a small distance. Since the dipole 

generates a lorce that has magnitude, velocity and direction, it can be expressed 

as a vector. 

The eleclrical surface with is boundary projected at a given point (PJ results in a 

cane and defines the salid angle subtended by the area in question [see 

appendix El The segment 01 a sphere inscribed by a radius 01 unity drawn about 

point 'P', with P as a center 01 the sphere and its border delineated by the cone, 

is proportional to the area 01 electrical activity. Taking into account that the 

variables sucha as tissue resistance and geometry being constant, the voltage 01 

'P' can be expressed as EP=$ x 'l, where $ is the voltage per unit 01 sol id angle 

(0). In other words, the magnitude and direction 01 the movements in the 
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electrical field depends on both the electrochemical phenomena itsell that is 

occurring at any time, and the perspective by which it is recording. 

On another hand, the TAP is directiy related with the ionic concentration in 

and out (gradient) of the cellular membrane. The electronegativity potential in cell 

is crucial, beeause 01 it is a determinant to the veloeity of the initial ionie 

movement (Phase O 01 PAT). Thus, as more negative the potentfal in cell higher, 

laster and vertical will be inscribed the phase O. Conversely, il the negative 

potential in cell is lesser, the PAT will be differen\. The phase O will be slower, 

oblicue, and the vollage will be also reduced. In other words the electrical 

propagation is slower. 

Different causes have been detected to be responsible 01 this PAT 

modification. One 01 the most important and unlortunately common causes is the 

ischemic injury. However, any increase in demand or deliciency in support of 

oxygen and nutrients lrom the blood flux into the coronaries may cause this 

damage. A metabolic change, is the first step, initially the cell compensate by 

several mechanisms but sooner or later the anaerobic metabolism is necessary. 

However, this mechanism will be insufficient and then a cumulate 01 protons will 

translorm to the medium in cell. The K + efflux is obligated as an intent to 

maintain the equilibrium, but this will call a reaction 01 transient hyperpolarization. 

Rapidly, this state is changed to an unstable ionic movement, the cumulate 01 

protons in cell stimulates other membrane-structures to promote the ionic 

movement. Thus calcium is changed by hydrogenous 2: 1 and the over saturation 

in cell 01 calcium is obligated. Consequently, the normal electronegativity in cell 

is changed and the membrane polarization in resting is reduced (termed diastolie 

depolarization). The diastolic depolarization is the principal marker 01 'Iesion' in 

terms of Electrophysiology This depolarization makes to the contractility 

machinery inefficient, slower and unstable. An important point to be considered 

is as greater the diastolic depolarization greater also the injury in myocardium. 
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Thus the difference between lesion and necrosis in terms 01 pathology is directly 

related with the magnitude 01 the diastolic depolarization. We must emphasize 

that all mentioned changes can be described in terms 01 vectorial theory. 

As the diastolic depolarization in creases the resultant vector is lesser and 

slower. It means that the electrical wave propagation will be torpid, and the 

Irequency 01 movement is reduced. It can be rellected in lerms 01 Irequency 

content 01 the electrical field. 

In accordance with Dr. Abbud et al, the changes in Irequency content in QRS 

complex permils to discover the changes on electrical propagation in 

myocardium. Qur study support this and enhance the scientilic principie in which 

is based the electrocardiography. We demonslraled that Ihe 'diaslolic 

depolarization changes the Irequency content intra-QRS secondary lo delicit 01 

oxygen and nutrients by coronary artery disease. Interestingly, the magnilude 01 

changes perhaps is related with the magnilude 01 diastolic depolarization 

(Iesion). Further studies are necessary lo corroborale Ihis Iremendous lealure 

that we lound. Qur sludy supports the hypolhesis Ihat Irequency domain 

analysis is belter Ihan lime doma in to delect myocardial damage secondary lo 

ischemia. The wide speclrum 01 changes in myociles can be studied in a belter 

and exact lorm. Part 01 Ihe limitalions occasioned by sol id angle may be 

overcome by this novel approach ollhe ECG thal we have lermed 'High Fidelity 

Spectrocardiography'. We leel and believe that this is the rebom 01 an old basic 

principie that could have the similar o may be belter impact on clinical practice 

that had the conventional ECG recording. 
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XI. Conclusions. 

1. The high frequency electrocardiogram is able to detect changes in the 

frequency content of the QRS complex that otherwise is no detected by the 

conventional ECG of surface and it is a mirror the magnitude of the diasto/ic 

depolarization from myocardial cells. 

2. The characteristics of the signal propagation in the human myocardium can 

be detected by spectral analysis. The magnitude of microvectorial changes 

occasioned by an acute damage in the myocardium of humans can be 

detected and quantified. 

3. The hypothesis that an ischemic event can be detected since the 

depolarization phase in the QRS complex was sustained. The speculations 

did in the 1950's decade were confirmed. 

4. The sensitivity and specificity and concordance of high frequency analysis 

measured by FFT and PSD were good and similar to that obtained by the 

Nuclear Medicine Study. However and perhaps, it might be belter because of 

ECG-HF is a mirror of the metabolic and ionic movement throughout the 

membrane of cel! and not only ils capability of the isotope capture. 

5 Spectral turbulence analysis in QRS complex using slice of 24 milliseconds 

was not able to define an ischemic event, however let us to discover that PSD 

is the best para meter to analyze. 

6 High frequency ECG using FFT and PSD·autoregressive model are 

alternative techniques to detect myocardial ischernia. 
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7. The ischemic phenomenon is an evenl Ihal can be sludied between 100-250 

Hz. 

8. The orthogonal syslem was unable lo define Ihe localion 01 a ischemic 

process, however as Ihe PSD drop, Ihe extension 01 myocardial ischemia 

increase. 

9. The novel approach (High Irequency analysis) lo delecl myocardial ischemia 

in humans has been validaled. 
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XII.1. APPENDlX A 
ELECTROCARDIOGRAPHIC FINDINGS DURING THE EXERCISE TEST. 

NORMAL MORPHOLOGICAL RESPONSES 

During exercise, the P-wave vector tends to become more vertical and the P-wave 

magnitude increases in the inferior leads. The interval PR shortens and slope downward 

in the inferior leads. The change, which has been attributed to the atrial repolarizatlon 

(Ta wave), may cause false positive or indeterminate ST depression in the inferior leads. 

Changes in R-wave amplitude are noted near maximal effort with a decrease in the R 

wave in the lateralleads at maximal exercise and 1 min into recovery. In the lateral and 

vertical leads, the S wave becomes greater depth, showing a greater deflection at 

maxlmal exercise, and then gradually returning to resting values in recovery. The J 

junction 15 depressed in the lateral precordial leads at a maximum exercise. A dramatic 

¡ncrease in J-junctional depre5sion may be observed in allleads and may be greatest at 

1 min into recovery. Subjects with resting J-junction elevation may develop an isoelectric 

J juncUon with exerdse as a normal finding. These changes revert in recovery. The 

normal ST 5egment vector response to both tachycardla and exercise ls a shift rightward 

and upward in the frontal plane; however, there appears to be considerable biological 

variation in the degree of this shift. A gradual decrease in T-wave amplitude is observed 

in all leads during early exercise. At maximum exercise the T wave begins to ¡ncrease, 

and at 1-min recovery the amplitude ls equivalent to resting values in the lateralleads. 

ABNORMAL MORPHOLOGICAL RESPONSES 

The ST-segment level is measured relative to the PR segment, for wlth the increased 

HR during the exercise, the U-P se9ment is usually unclear, but a clear new 

manifestation of U wave should be considered as an early sign of ischemla (observation 

from Dr. De Micheli et al: Instituto Nacional de Cardiología). ST elevation is measured 

as the deviation from the baseline ST level. If the baseline ST segment 15 depressed, 

the devlation from that level to the level during exercise or recovery is measured. The 

point to the ST level is the J junction; point 60 or 80 ms beyond this are usua\\y used 

when the ST -segment slope is horizontal or dowsloping. Considenng a rapidly upsloping 
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ST depression to be abnormat increases test sensitivity but decreases specificity. 

Various ST scores have be en recommended but not have been validated as superior to 

standard "visuar measurements. Exercise-induced myocardiat Ischemia can resutt in 

one of three ST -segment changes on the surface ECG: depression, elevation, and 

normalization. 

ST -segment depression is the most comman manifestatlon ot exercise-induced 

myocardiat ischemia. It usually reflects diffuse subendocardial ischemia, with vector 

direction determined largely by the area of lschemia and the position of heart in the 

thoracic cavity Classically jt is explained by an increase in the watl stress. The standard 

criterion for this abnormal response is horizontal or downsloping ST segment depression 

of 0.1 míllivolts (1 O mm) or more tor 80 ms in at least 3 consecutive isoelectric or level 

complexes. As shown in the next figure, however, other criterla have been considered. 
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Downsloping (divergent) ST-segment depression usuatty refleets more Ischemia than 

horizontal depression. In the presence of baseline abnormalltles (especially in-patients 

on digitalls), exercise-induced ST -segment depresslon becomes more diffieult tor 

establishing rnyocardial ischernia. The lower the workload and the double praduct at 

which the ST ehange occurs, the worse the prognosis and the more likely the presence 

of multivessel CAD. ST elevation must be judged by whether or not it oecurs in the 

presence of Q waves from a previous myocardial ¡nfarction. ST -se9ment elevation is 

more frequently observed in anterior leads (V1 and V2) with Q waves. 

Previous myocardial Infaretion is the most frequent cause of ST-segment elevation 

during exercise and seems to be related to dyskinetic areas or ventricular aneurysms. 

Approxlmately 50% of patients wlth recent anterior and 15 % wlth previous infenor 
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myocardlal infarcllon exhibit this finding during exercise. These changes may result in 

reciprocal ST depression simulating ischemia in other leads. The development of both 

ST-segment depression and elevatlon during the same test may índicate multivessel 

CAD. 

In-patients without previous infarct asevere elevation of ST -segment frequently reflects 

severe transient ischemia resuJting from signifícant proximal CAD or spasm. 
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XII.2. APPENDIX B 

Complications Secondary to Exercise Tests. 

Cardiac 

Bradyarrhythmias 

1ft Sinus 

* Atrioventricular Junct;on 

* Ventricular 

* Atrioventricular block 

* Asystole 

Sudden death (ventricular tachycardialfibrillation) 

Myocardial Infarclion 

Congestive heart failure 

Hypotension and shock. 

NONCARDIAC 

Musculoskeletallrauma. 

Miscellaneous 

Severe fatigue. dizziness, fainting, general malaise, body aclles. delayed iII 

feelings and fatigue sometimes persisting lar days, 
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XII.3. Appendix C 

General indications for Exercise Testing 

Class I 

Condition for which there is general agreement that exercises testlng Is justlfled 

to asslst In the diagnosis of coronary artery disease (CAD) in male patients wlth 

symptoms that are atypical for myocardial ischemia. 

T o assess functional capacity and to aid in assessing the prognosis af patients 

wlth know CAD. 

To evaluale the prognosis and functlonal capacity of pallenls with CAD soon 

after an uncomplicated myocardial infarction. 

To evaluate patients after of revascularizatian chirurgic. 

To evaluate patients with symptoms consistent with recurrent, exercise-induced 

cardiac arrhythmia. 

To evaluate functional capacity of selected patients with congenltal heart 

disease. 

To evaluate patients with rate-responsive pacemakers. 
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XII.4. Appendix O 

Absolute and Relative Contraindications to Exercise Testing 

Absolute 

Acute Myocardial 

Infarction 

Active Unstable Angina 

Serious cardiac arrhythmias 

Endocarditis 

Severe, dysfunction LV 

Embolism Pulmonary 

Serious Systemic Disease 

Severe physical handicap 

or disability. 
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Relative 

Less serjous noncardiac 

disorder 

Pulmonary Hypertension 

severe 

Tachyarrhythmia or 

Bradyarrhythmias ligh! 

Drug Ellects or electrolytic 

abnormality. 

Hyperthophic 

Cardiomyopathy 
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XI/.5. APPENOIX E 

SOLIO ANGLE THEORY AND THE ELECTROCARDIOGRAM." 

The concept of the solid angle is not new. rather, it has been neglected. Nearly 

300 yr. ago, Newton formulated the first expression incorporating the concept of 

the solid angle in his classic studies on gravitation (55). 

The solid angle Q is defined as the area of spherrcal surface cut off a unit 

sphere (inscribed about a point P) by the cone formed by drawing lines from P to 

every point at a boundary of interes!: 

Solid Angle (n) 

Vm2 

Boundary 

The boundary is a source of current flow established by portions of the 

heart having different transmembrane voltages (Vm1 and Vm2). The potential 

recorder al poin! P can be described by the following relationship: 
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K!l.VmO 

4 7< 

where Q is the sol id angle constructed at point P by the limits of the boundary, 

"Vm is the difference in transmembrane potential between the two regions, and 

K is a term correcting for differences in intracellular and extracellular conductivity 

and the occupancy 01 much of the heart muscle by interstitial tissue and space. 

The electrocardiographically recorded potential is then directly proportional to 

both "Vm and Q. The polarity 01 Q is positive or negative depending on whether 

an observer at point P views first the positive or negative side 01 the surface 

enclosed by the boundary. 

Although rather easy to visualize, actual computation 01 the solid angle is 

olten only posslble with computer assistance. Here the boundary delines a disc, 

with the point P directly overlying its center. Q is then given by: 

1 n ~ 2TI (I-cow) - 2TI (1- D/(R,+ D,)-) 
2 

Where R is the radius 01 the disc, D is the distance Irom P to the disc, and (J. the 

polar angle. The examination 01 this equation and the curve is showing below: 
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In the ischemia, the transmembrane voltages of the cells ischemics (Vmi) 

differ from those of the normal cells (Vmn): 

- 70 

," 

~83 
_100 J l;-

A B A 4 

~~ 
Diastole 

Mid-Systole 

Flg. Genesis of ST and TQ segmenl 

During diastole the ischemic cells have a lower (Iess negative) Vm than do 

normal cells. This potential difference establishes a boundary resulting in the 

fiow of the electrical currents from the ischemic to the normal tissue. During the 

repolarization portio n of systole (phases 2 and 3 ), Vm1 becomes negative 

earlier than Vmn, either beca use of incomplete depolarization and/or early 

repolarization due primarily to the shortening of phase 2. 

In electrode leads overlying the ischemic area, diastolic current flow 

causes TO segment depression and the midsystolic electron flow causes ST 

segment elevation. The so-called "ST segment elevation", then, is actually the 

summation of TO depression and ST elevation. In addition, precordial and 

epicardial locations have its differences, so, the boundary of epicardium can be 

identified as those positions where the polarity of n quickly changes. 

Anothermore, the TO-ST segment deflection is also a function of the difference 

in the transmembrane voltage (t. Vm) that exists between the ischemic and 
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normal tissues during both systole and diastole. In this situation the equation can 

be adjusted: 

sTQ 
K n (Vm n - Vm i) -4~rr=--

where ElQ equals the magnitude 01 the lQ segment deflection. 
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XII.6. Appendix F 

uw>X LEADX 
SpedI'OCIrdiosnlllo TM PJll1Imc¡en: SpecttocardiogralD TM Pal1lfDeters: 
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Fig. 3 Spectral mapping, model 3-dimensions for an or!hogonal X lead. 
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Table 1. Characteristics 01 Patien!s. 

Variable Group 1 Group 2 p Value 
(Isehemie) (healthy) 

Number 31 29 

Male(%) 26 (83) 24 (83) .883 

Age 554 ± 5 6 541±81 .446 

Diabetes (%) 4 (11) O .087 

Hypertension (%) 9 (25) O .045 

Smoking (%) 15 (31) 3 (11) .032 

CTR 051 ± 0.09 0.48 ± O 06 .157 

L888 (%) 4 (11) O .087 

EF% 57.6± 3.1 601 ± 9.3 .889 

IRTLV msee 1000±103 95.3 ± 6.2 .045 

QRSd msec 93.6 ± 5 4 92.5±5.5 .424 

QRSx msee 88.9 ± 6 7 904± 11.0 .522 

QRSy msee 100.3 ± 7 6 988 ± 9.2 .500 

QRSz msee 979 ± 10.2 98.4±11.2 844 

RMS40 38.4±11.7 32.7±12.1 .070 

LAS40 26.0 ± 6.3 25.4±6.7 .732 

Qte msee 330 ± 60.5 410 ± 99.7 .001 

LP+(%) 10 (32) 3 (10) .765 

RRm msee 870.2 ± 1749 963.7 ± 52.4 .804 

Data are shc .... ed as me¡m : sl¡¡ndald del/lallon or n (%), CTR cardlolhoraclc ratiO. lBSS. left bundle branch 
b:ocll; EF, eJechen fracllon e~pressed in percenlages. IRTlV Isovolumelnc relaxatlOn time of left venlncle, 
QRSd, mean 01 QRS comoiex from XVZ leads. QRSx. QRS durahon In X [ead, QRSy, QRS duratlon In Y lead. 
QRSz, QRS dura!lon In Z leae RMS40, roo! mean square value flom las! 40 milllseconds 01 Ihe ORSd 
complex, LAS40. duratron 01 low amplllude slgnais Irom lasl 40 mílliseconds ollhe QRSd complex (QRSd, 
RMS40. ¡If'ld LAS4Q were calculaled \>smg a filler of 40-250 Hz), ate. corrected al mlerval duralion, RRm, mean 
durallon of RR mter/al 



PSOX 

PSDY 

PSOZ 

TABLE 2. 

Power Spectral Density (PSD) at each Ortoghonal Lead 
T-Test (Group 1 vs Group 2) 

Group Statistics 

Sld. Sld. Error 
PACIENTE N Mean Oev:allOn Mean 

PSOX 1 31 1 784 1 510 .271 
2 29 1,614 1504 .279 

PSOY 1 31 490 311 5591E-02 
2 29 _683 587 .109 

PSDZ 1 31 1.652 1886 339 
2 29 2.048 2075 .385 

Independent Samples Test 

Levene's Test 
tor Equahly of 

Vanances Hes! tor Enuall of Means 

Sld. 95% Confidence 
Sigo Mean Error Inlarval of the 

(2-j~lle Differ Differen Difference 
F Sia. I df enca ce Lower Uooar 

Equal vanances 
.124 726 .437 58 .664 170 .389 - 609 949 assumed 

Equal vanances 
.437 57.766 .664 .170 .389 ·.609 949 nol assumed 

Equal vanances 
1082 .002 -1.601 58 .115 - 192 .120 - 433 48E-02 assumed 

Equal variances 
-1 571 41 969 124 -.192 .122 - 440 S SE·02 nol assumed 

Equal varíances 
1455 233 -.776 58 441 -.397 .511 -1.420 627 assumed 

Equal vanances 
-.773 56506 443 ·397 513 -1424 .631 nol assumed 



MPSXT 

MPSYT 

MPSZT 

MPSXT 

MPSYT 

MPSZT 

Equalvariances 
assumed 

TABLE 3. 

SPECTRAL TURBUlENCE 
MEAN PEAK PER SLlCE 

ANALYSIS OF TOTAL QRS COMPlEX 
(GROUP 1 VS GROUP 2) 

T·Test 

Group Statistics 

Sld. Sld Error 
PACIENTE N Mean Oevialion Mean 
1 31 26.139 4.277 768 
2 29 26.855 4.146 770 
1 31 29216 2.530 454 
2 29 29624 3309 614 
1 31 30332 2.731 .490 
2 29 30703 2.964 550 

Independent Samples Test 

Levene's Test 
tar Equality of 

Variances Hes! ter Eaualitv of Means 

Std. 
Mean Error 

Sig Oiffer Dlffere 
F S'Q t df Jj2-ta,ledt ence nce 

.021 884 -.658 58 513 -.716 1089 

Equal vanances fIol 
- 659 7.922 513 -.716 1088 assumed 

Equalvarrances 
546 463 - 539 58 592 - 408 757 assumed 

Equal variances nol 
- 534 2375 596 -.408 764 

assumed 

Equal vanances 
593 .445 - 50S 58 616 - 371 735 

assumed 

Equal vanances nol -.503 6733 617 ·371 737 
assumed 

95% Confidence 
Interval of the 

Difference 

Lower IlPper 

-2896 1.463 

-2894 1461 

-1924 1108 

-1 941 1125 

-1843 1101 

-1848 1105 



TABLE 4. 

SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX (BASAL) 
PARAMETER: LOW SLICE CORRELATIONS RATIO (LSCR) 

GROUP 1 VS GROUP 2 
T-Test 

Group Statistics 

Sld Std Error 
PACIENTE N Mean DeviaUon Mean 

TCSBXT 1 31 62.558 10.477 1.882 
2 29 65.855 11.152 2.071 

TCSBYT 1 31 71.081 6.292 1.130 
2 29 70.834 4.412 .819 

TCSBZT 1 31 70.094 7.378 1.325 
2 29 67597 6.568 1.220 

Independent samples Test 

Levene's Test 
tor Equallty of 

Varlances t-test ter Enualiru of Means 

Sld 95% Confidence 
Sigo Mean Error Intervalofthe 

(2~~~il Differe Dlffer Difference 
F S," I df ed nce enee Lower Uooer 

TCS8XT Equal variances 
.150 .700 1 181 58 242 -3297 2.792 -8.886 2292 assumed 

Equal variances 
1 178 57035 24. -3297 2.798 -8.900 2306 not assumed 

TCSBYT Equal varlances 
2861 .096 .17~ 58 862 .246 1412 -2.580 3073 assumed 

Equal variances 
.176 53876 861 .246 1.396 -2552 3045 nol assumed 

TCSBZT Equal variances 
3.322 074 1.381 58 173 I 2497 1808 -1 122 6116 assumed 

Equal variances 
1387 57865 171 2497 1801 -1.108 6.102 nol assumed 



TABLE 5. 

SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX (BASAL) 
PARAMETER: INTER-SLlCE CORRELATION MEAN (lSCM) 

XYZ LEADS 
GROUP 1 VS GROUP 2 

T-Test 

Group Statistics 

Sld. Std Error 
PACIENTE N Mean Devlation Mean 

MCISXT 1 31 94.790 2.556 .459 
2 29 94.459 2.224 413 

MCISYT 1 31 93.465 1.679 .302 
2 29 93.414 1.319 245 

MCISZT 1 31 92974 2352 .422 
2 29 92876 2083 .387 

Independent Samples Test 

Levene's Test 
for Equallty of 

Variances t-test tar Enuali 01 Means 

Sld. 95% Confidence 
Slg. Mean Error Inlerval 01 the 

(2-~\ile Difter Differe Difference 
F Sin t df ence nce Lower Uppe, 

MCISXT Equal vanances 
.980 .326 .535 58 .595 .332 .620 -.910 1 573 assumed 

Equal vanances 
.537 57710 .593 332 .617 -.904 1568 nol assumed 

MCISYT Equalvanances 
1.214 .275 130 58 .897 .051 .392 -.733 835 assumed 

Equal vanances 
131 56363 .897 .051 389 - 727 829 nol assumed 

MCISZT Equa1 variances 
.899 .347 .171 58 865 098 575 -1.053 1249 assumed 

Equal variances 
172 57.833 864 098 573 -1 048 1245 nol assumed 



TABLE 6. 

SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX (BASAL) 
PARAMETER: INTER-SLlCE CORRELATION STANDARD DEVIATION (decis) 

XYZ LEADS 
GROUP 1 VS GROUP 2 

T-Test 

Group Statistics 

Sld. Std. Error 
PACIENTE N Mean Devlation Mean 

DECISXT 1 31 62.897 34.631 6.220 
2 29 69.045 32.155 5.971 

DECISYT 1 31 86.632 19645 3528 
2 29 84807 17.456 3.242 

DECISZT 1 31 98.065 44.608 8.012 
2 29 105.579 45.297 8.411 

Independent Samples Test 

Levene's Tes! 
for Equallty of 

Varlances t-test for Eouali of Means 

Sld. 95% Confidence 
Sigo Mean Error Interval of the 

(2-~~iI Differen Differen Difference 
F Sio. I di ed ce ce Lower Uppe, 

DECISXT Equal variances 
000 992 -.711 58 480 -6148 8644 -23.450 11 154 assumed 

Equal variances 
-.713 57.998 479 -6148 8.622 -23.407 11 111 nol assumed 

DECISYT Equal vanances 
.604 .440 .379 58 .706 1.825 4.811 -7.804 11455 aS5umed 

Equal vananCes 
.381 57.855 .70S 1.825 4.791 -7766 11.417 no! assumed 

DECISZT Equalvariances 
155 .696 - 647 58 520 -7.515 11.610 -30.756 15.726 assumed 

Equal variances 
-.647 57602 .520 -7515 11 616 -30771 15742 nol assumed 



TABLE 7. 

SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX (BASAL) 
PARAMETER: SPECTRAL ENTROPY (ee). 

EEXT 

EEYT 

EEZT 

EEXT Equalvariances 
assumed 

Equal vanances 
not assumed 

EEYT Equa! variances 
assumed 

Equal vanances 
not assumcd 

EEZT Equal variances 
assumed 

Equalvariances 
not assumed 

XYZ LEADS 
GROUP 1 VS GROUP 2 

T-Test 

Group Statistícs 

Sld 
PACIENTE N Mean Deviallon 
1 31 8339 3291 
2 29 10.434 4575 
1 31 12.606 4.094 
2 29 12.731 3636 
1 31 12.900 3594 
2 29 13.428 3.524 

Independent Samples Test 

Levene's Test 
far Equality of 

Std. Error 
Mean 

.591 

.850 
735 
.675 
645 
.654 

Vanances t·test for Eaualit1 of Means 

Sld. 
51g. Mean Error 

(2-~~íle Oifferen Differen 
F Sia. I dI ce ce 

7.455 .008 -2.047 58 .045 -2096 1.024 

-2025 50596 048 -2.096 1.035 

310 .580 - 124 58 902 - 125 1.002 

-.125 57852 .901 - 125 998 

035 852 -.574 58 568 - 528 .920 

- 574 57.865 568 -.528 919 

95% Confidence 
IntelVa! of the 

Dlfference 

Lower Upper 

-4145 -5 E-02 

·4174 -2 E-02 

-2 131 1 882 

·2.123 1874 

-2369 1314 

-2.368 1 313 



TABLE 8 
SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(MEAN PEAKS PER SLlCE) X-LEAD 

Descriptive Statistics 

Std. 
PACIENTE Mean Oeviation 

MPSXT 1 26139 4277 
2 26855 4146 
Total 26.485 4.194 

MPSXT_D 1 25.803 4.355 
2 26314 3.949 
Total 26050 4136 

Tests of Within-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of Mean 

Source MPS SQ~ares dI Sauare 
MPS Unear 5760 1 5.760 
MPS • PACIENTE Linear .318 1 .318 
Error(MPS) Linear 47.461 58 .818 

Tests of Between-Subjects Effects 

Measure MEASURE_1 
T ransformed Variable: Average 

Type 111 
Sumof Mean 

N 
31 
29 
60 
31 
29 
60 

F 
7.039 

.388 

Source $nuares dI Sauare F Sia 
Intercept 82770192 1 82770.192 2414.547 .000 
PACIENTE 11279 1 11.279 .329 568 
Error 1988.229 58 34280 

1. PACIENTE 

Estimates 

MeasUre MEASURE_1 

95% Confidence tnterval 

Lower Upper 
PACIENTE Mean Std Error Bound Bound 
1 25971 .744 24.483 27.459 
2 26.584 .769 2S 046 28123 

Sia. 
.010 
.536 



Pairwise Comparisons 

Measure MEASURE_1 

95% Confidence InteNal 
Mean for Differencea 

Lower 
(1) PACIENTE (J) PACIENTE 

Diff(~r1;ce 
I-J Sld. Error Sj~.a Bound 

Upper 
Bound 

1 2 ~.614 1.070 568 ~2 754 1 527 
2 1 .614 1.070 .568 -1 527 2.754 

Sased on estlmated marginal means 

a AdJustment for multiple compansons: Bonferroni 

2. MPS 

Estimates 

Measure MEASURE_l 

95% Contidence tnterval 

Lower Upper 
MPS Mean Std. Error Bcund Bound 
1 26.497 .544 25.407 27587 
2 26059 538 24.982 27.135 

Pairwise Comparisons 

Measure. MEASURE_1 

95% Confidence [nterval for 

Mean Differencea 

Olfference Lower 
I.illMPS ..l-l) MPS ti-JI Std. Error Sia.a 80und U.QJ)er Bound 

1 2 .438* .165 
2 1 ~ 438* 165 

8ased on esllmated margmal means 

• The mean dlfference is significan! al the .05 leve!. 

a. Adjustmenl for multiple comparisons. Bonferrom 

3. PACIENTE * MPS 

Measure' MEASURE_l 

PACIENTE MPS Mean Std Error 
1 1 26.139 757 

2 25803 748 
2 1 26855 783 

2 26314 773 

.010 108 769 

.010 - 769 ~.108 

95% Confidence Interval 

Lower Upper 
Bound Bound 

24624 27654 
24306 27.300 
25289 28422 
24.766 27.861 



TABLE 8 B 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(MEAN PEAKS PER SLlCE) Y-LEAD 

Descriptive Statistics 

Std 
PACIENTE Mean Deviation N 

MPSYT 1 29.216 2530 31 
2 29.624 3309 29 
To!al 29413 2914 60 

MPSYT_D 1 30219 3.088 31 
2 30.410 3.060 29 
Total 30.312 3.050 60 

Tests of Within-Subjects Contrasls 

Measure' MEASURE_1 

Type 111 
Sum of Mean 

Saurce MPS y Squares df Sql1are F 
MPS_Y Linear 23989 1 23989 12.067 
MPS_ Y· PACIENTE Linear .353 1 
Error(MPS Y) Linear 115302 58 

Tests of Between-Subjects Effecls 

Measure" MEASURE_1 

Transformed Variable: Average 

PACIENTE 

Type 111 
Sum of 

2.688 

MeaslJre: MEASURE_1 

Mean 

2.688 

1. PACIENTE 

Estimates 

.353 
1.988 

167 

95% Confidence Interval 

lower Upper 
PACIENTE Mean Sld. Error Bound Boun"d 
1 29.718 .509 28699 30737 
2 30.017 525 28964 31 071 

.177 

.684 

SIO. 
001 

.675 



Pairwise Comparisons 

Measure MEASURE_1 

95% Confidence Interval 
Mean for Dlfferencea 

LOwer 
111) PACIENTE (J) PACIENTE 

Diff(~r~)nce 
I-J Sld. Error Siq.a Bound 

Upper 
Bound 

1 2 -.299 .732 .684 -1.765 1 166 
2 1 299 732 684 -1.166 1765 

Based on esllmated marginal means 

a. AdJustmenl for mulliple compansons: Sonterroni 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 

Lower Upper 
MPS y Mean Sld. Error Bound Bound 
1 29.420 .379 28.662 30.178 
2 30.315 .397 29.520 31 110 

Pairwise Comparisons 

Measure MEASURE_1 

95% Confidence Interval 

Mean 
Difference 

(1) MPS y IJI MPS y I¡-jl Sld. Error 
1 2 - 895" .258 
2 1 .895" 258 

Based on estlmated marginal means 

., The mean difference IS signlficant al Ihe .05 level. 

a. Adjustment for multiple comparisons: Bonferroni. 

3. PACIENTE * MPS_Y 

Measure MEASURE_1 

PACiENTE MPS y Mean Std Error 
1 1 29.216 .527 

2 30.219 .552 

2 1 29.624 .544 
2 30410 .571 

for Dlfferencea 

Lower Upper 
::;19.:..

a Sound Bound 
.001 -1.410 -.379 
.001 .379 1.410 

95% Confidence Inte!val 

Lower Upper 
Bound Bound 

28162 30.270 

29.114 31.325 
28.534 30.714 
29.268 31553 



TABLE 8 C 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(MEAN PEAKS PER SLlCE) Z-LEAD 

Descriptive Statistics 

Sld 
PACIENTE Mean DevlatlOn N 

MPSZT 1 30332 2.731 31 

2 30.703 2964 29 
Total 30.512 2828 60 

MPSZT_D 1 31.287 2589 31 

2 31.066 2522 29 
Total 31.180 2538 60 

Tests ofWithin-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of Mean 

Source MPS Z SQuares dI SQuare F 
MPS Z Linear 12.992 1 12992 5.647 
MPS_Z' PACIENTE Lmear 2.632 1 2632 1.144 
Errot(MPS Z) linear 133433 58 

Tests of Betw"een-Subjects Effects 

Measure: MEASURE_1 

Transformed Variable: Average 

Type 111 
Sum of 

Measure: MEASURE_1 

Mean 

1. PACIENTE 

Estimates 

2.301 

95% Confidence Interva! 

lower Upper 
PACIENTE Mean Std Error Bound Bound 
1 30.810 446 29917 31703 

2 30.884 461 29961 31 808 

SiQ 
.021 

.289 



Palrwise Comparisons 

Measure: MEA5URE_1 

95% Cenfidence Interval 
Mean fer Oifference8 

lower 
I (11 PACIENTE (J) PACIENTE 

Dlffn,r]~ce 
I-J Sld Error 

Upper 
5i9 a Bound Bound 

1 2 -7.481E-02 .642 .90S -1.359 1.210 
2 1 7,4BiE-02 .642 .908 -1.210 1.359 

Based on estlmated marginal means 
a. Adjuslment tor multiple comparisons' Bonferronl. 

Estimates 

Measure. MEASURE_1 

95% Confidence tnterval 
lower Upper 

MPS Z Mean Sld. Error Bound Bound 
1 30.51S .36S 29782 31.254 
2 31.176 330 30.515 31.837 

Palrwise Comparisons 

Measure: MEA5URE_l 

Mean 

1m MPS Z (JI MPS Z 
Difference 

II-JI Sld. Error 
1 2 -.65B" .277 
2 1 65S' 277 

Based on estlmated marginal means 
• The mean difference is significan! al Ihe 051evel 

él Adjustment for mulliple comparisons: Bonferroni. 

3. PACIENTE' MPS_Z 

Measure. MEASURE_1 

PACIENTE MPS Z Mean Sld Error 
1 1 30332 511 

2 31.287 459 
2 1 30703 .529 

2 31066 .475 

95% Confidence Interval 
tor Oifferencea 

lower Upper 
SiQ.a Bound Bound 

.021 -1.213 -.104 

.021 .104 1 213 

95% Confidence lnterval 
lower Upper 
Bound Bound 

29.309 31.355 
30.368 32206 
29646 31.761 
30 115 32.016 



TABLE 9 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(LOW SLlCE CORRELATONS RATIO) X-LEAD 

Descriptive StatistiC$ 

Std 
PACIENTE Mean Oeviatlon 

TCSBXT , 62.558 10477 
2 65.855 11152 
Total 64.152 10844 

TCS8XT_D , 59.032 8281 
2 62624 9149 
Total 60768 8824 

Tests of Within-Subjects Contrasts 

Measure. MEASURE_1 

Type 111 
Sum of Mean 

Source LSCR SQuares dI Square 
LSCR Linear 342.031 1 342.031 
LSCR' PACIENTE Linear 651 1 .651 
Error(LSCR) Linear 1082811 58 18.669 

Tests of Between-Subjects Effects 

Measure' MEASURE_1 

Transformed Variable: Average 

Type 111 
Sum 01 Mean 

N 

3' 
29 
60 
31 
29 
60 

F 
18321 

.035 

2043 .158 

1. PACIENTE 

Estimates 

Measure MEASURE_1 

95% Confidence Inlerval 

Lower Upper 
PACIENTE Mean Std Error Bound Bound , 60795 1.675 57442 64.149 
2 64240 1732 60772 67.707 

SIO. 
000 

.853 



Pairwise Comparisons 

Measure: MEASURE_1 

95% Confidence Interval 
Mean for Differencea 

Difference Lower Upper I (llPACIENTE ~) PACIENTE O-JI Std. Error Sig.a Bound Bound 
1 2 -3.444 2410 .158 -8.268 
2 1 3.444 2410 .158 -1.379 

Based on estlmaled marginal means 

a. Adjuslment for murtiple compaflsons: BonferronL 

2. PACIENTE" LSCR 

Measure: MEASURE_1 

95% Confidence Interval 

Lower Upper 
PACIENTE LSCR Mean Std. Error Bound Bound 
1 1 62.558 1.941 58.672 66.444 

2 59.032 1.564 55.901 62.164 
2 1 65.855 2.007 61.838 69.873 

2 62.624 1.618 59.386 65.862 

2. LSCR 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 

Lower 
LSCR Mean Std. Error Bound 
1 64207 1.396 61.412 

2 60.828 1.125 58576 

Pairwise Comparisons 

Measure MEASURE_1 

Mean 

L{II LSCR (JI LSCR 
Difference 

I-JI Sld. Error 
1 2 3.378* 789 
2 1 -3.378* 789 

Based on estimated marginal means 

• The mean dlfference 15 signlficanl allhe .05 level 

a. Adjuslment for multlple compansons' Bonferrom. 

SiQ.a 
000 

.000 

Upper 
80und 

67.001 
63.080 

95% Confidence Interval 
for Oifferencea 

Lower Upper 
Bound Bound 

1.798 4.958 
-4958 -1.798 

1 379 

8.268 



TABLE 9 B 
SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(LOW SLlCE CORRELATONS RATIO) Y-LEAD 

Descriptive Statistics 

Sld. 
PACIENTE Mean DevlallOn 

TeseYT 1 71081 6.292 
2 70834 4.412 
Total 70962 5.420 

TCSBYT_O 1 67745 4.465 
2 67276 4.262 
Total 67.518 4.337 

Tests of Withln·Subjects Contrasts 

Measure' MEASURE_1 

Type 111 
Sum of Mean 

Saurce LSCR SQuares df S.9uare 
LSCR Linear 356.069 1 356.069 
LSCR • PACIENTE Linear .373 1 .373 
Error(LSCR) Linear 898,621 58 15.493 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 

Transformed Variable: Average 

Type 111 
Sumaf 

Measure: MEASURE_1 

Mean 

1. PACIENTE 

Estimates 

N 
31 
29 
60 
31 
29 
60 

F 
22,982 

,024 

i, 

.736 

95% Confidence ¡nterval 

Lower Upper 
PACIENTE Mean Std Enor 80und Bound 
1 69.413 735 67.942 70.883 
2 69055 759 67.535 70.575 

SIC. 
,000 
.877 



Pairwise Comparisons 

Measure MEASURE_1 

95% Confidence Interval 
Mean for D¡fferencea 

Lower 
(1) PACIENTE (J) PACIENTE D~r~rce Upper 

I-J Sld. Error Sig_a Bound Bound 
1 2 .358 1.057 .736 -1.757 
2 1 -.358 1.057 736 -2473 

Based on estlrnaled marginal means 

a Adjuslment far mulHple comparisons: Banferroni. 

2. LSCR 

Estimates 

Measure MEASURE_1 

95% Confidence Interval 

Lower Upper 
LSCR Mean Sld. Error Bound Bound 
1 70.958 .706 69.544 72.371 
2 67511 564 66.381 68.640 

Pairwise Comparisons 

Measure. MEASURE_1 

Mean 
Difference 

1(1) LSCR (J) LSCR II-JI Sld Error 
1 2 3447* .719 
2 1 _3.447 e 719 

Based on esllmated margmal means 

e. The mean dlfference IS significant at Ihe 051evel 

a AdJustment for multiple comparlsons: Bonferroni. 

3. PACIENTE * LSCR 

Measure MEASURE_1 

PACIENTE LSCR Mean Std Error 
1 1 71.081 .982 

2 67745 .784 

2 1 70.834 1.015 

2 67276 .811 

95% Confidence Interval 
tor Differencea 

Lower Upper 
Sia.a Bound Bound 

000 2.008 4.886 
.000 -4.886 -2.008 

95% Confidence lnlerval 

Lower Upper 
Bound Bound 

69.116 73.046 
66175 69.316 
68.803 72.866 
65652 68899 

2473 
1.757 



TABLE 9 C 
SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(LOW SLlCE CORRELATONS RATIO) Z-LEAD 

Descriptive Statistics 

Sld. 
PACIENTE Mean Devlallon 

TCSBZT 1 70094 7_378 
2 67597 6.568 
Total 68.887 7052 

TCSBZT_D 1 71416 7608 
2 69117 7.347 
Total 70305 7.509 

Tests of Within-Subjects Contrasts 

Measure. MEASURE_1 

Type 111 
Sumof Mean 

Source LSCR SQuares df Sauare 
LSCR linear 60.564 1 60.564 
LSCR • PACIENTE linear 294 1 .294 
Error(LSCR) Linear 1055431 58 18197 

Tests of Between-Subjects Effects 

Measure MEASURE_1 

Transformed Variable Average 

1. PACIENTE 

Estimates 

Measure: MEASURE_1 

N 
31 
29 
60 
31 
29 
60 

F 
3.328 
.016 

95% Confidence Inlerval 

Lower Upper 
PACIENTE Mean Sld Error Bound Bound 
1 70755 1.183 68387 73.123 
2 68357 1.223 65908 70,805 

Sia 
.073 

.899 



Pairwise Comparisons 

Measure' MEASURE_1 

95% Confidence lnterval 
Mean for Oifferencea 

D¡ff~~~)nce lower Upper I fI} PACIENTE (J) PACIENTE I·J Sld. Error SIQ.a Bound Bound 
1 2 2398 1702 .164 ·1.008 5.804 
2 1 ·2.398 1 702 164 -5804 1.008 

Based on estlmaled margmal means 

a. Adjuslment for multlple comparísons: Bonferroni. 

2. LSCR 

Estimates 

Measure MEASURE_1 

95% Confldence In\erval 

lower Upper 
lSCR Mean Sld. Error Bound Bound 
1 68.845 904 67.036 70.655 
2 70.267 967 68.332 72.202 

Pairnise Comparisons 

Measure. MEASURE_1 

95% Confidence Interval 
Mean for Difference8 

(1) LSCR 
Diff~r&ce lower Upper 

(J\ LSCR I·J Sld Error S~ Bound Boune! 
1 2 -1.422 779 073 ·2.981 .138 
2 1 1.422 .779 073 • 138 2.981 

Based on eslimated marginal means 

a Adjustment for multíp!e compaflsons: Bonferroni 

3. PACIENTE * L$CR 

Measure MEASURE_1 

95% Confidence Inlerval 

lower Upper 
PACIENTE LSCR Mean Sld Error Bound Bound 
1 1 70.094 1257 67578 72610 

2 71.416 1344 68726 74.106 
2 1 67597 1300 64.995 70.198 

2 69117 1390 66336 71899 



TABLE10 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(lNTER-SLlCE CORRELATON MEAN) X-LEAD 

Descriptive Statistics 

Std 
PACIENTE Mean Devlsllon 

MCISXT 1 94790 2.556 
2 94.459 2224 
Total 94.630 2387 

MCISYT_D 1 92.906 1.433 
2 93.221 1 157 
Total 93058 1 305 

Tests ofWithin-Subjects Contrasts 

Measure" MEASURE_1 

Type 111 
Sumaf Mean 

Source ISCM SQuares df Square 
ISCM Linear 73.011 1 73.011 
ISCM • PACIENTE Linear 3.126 1 3.126 
Error(ISCM) Unear 190425 58 3.283 

Tests of Between-Subjects Effects 

Measure MEASURE_1 

Transformed Variable: Average 

Type 111 
Sumof Mean 

N 
31 
29 
60 
31 
29 
60 

F 
22.238 

.952 

2285E-03 .001 

1. PACIENTE 

Estimates 

Measure' MEASURE_1 

95% COflfldence Interval 

lower Upper 
PACIENTE Mean Std Error Bound Bound 
1 93848 260 93328 94.369 
2 93840 269 93302 94.378 

981 

Sio. 
000 
.333 



Pairwise Comparisons 

Measure: MEASURE_1 

95% Confidence Interval 
Mean tor Difference 8 

Lower 
I (I) PACIENTE (J) PACIENTE 

Diffe~1)ce 
JI-J Std Error 

Upper 
Siq.a Bound Bound 

1 2 8.732E·03 374 .981 -.740 
2 1 ·8.732E·03 374 981 ·757 

Based on estlmated marginal mcans 

a Adjustment for multip!e comparisons. Bonferronl. 

2. PACIENTE" ISCM 

Measure: MEASURE_1 

95% Confidence tnterval 

Lower Upper 
PACIENTE ISCM Mean Std. Error Bound Bound 
1 1 94.790 .431 93.927 95.654 

2 92.906 235 92437 93.376 
2 1 94.459 .446 93.566 95.351 

2 93.221 243 92735 93.706 

2.ISCM 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 

Lower 
ISCM Mean Std Error Bound 
1 94.624 .310 94.004 
2 93.064 169 92.726 

Pairwise Comparisons 

Measure' MEASURE_1 

Mean 
Difference 

.iD ISCM (J1ISCM (I-J' Std Error 
1 2 1.561* 331 
2 1 ·1.561" 331 

Based on esllmated marginal means 

• The mean difference is significan! al the 05 level 

a. Adjuslment for multlple compansons: Bonferront 

Sjq.a 

000 
.000 

Upper 
Bound 

95245 

93.401 

95% Confidence lnterval 
for Differencea 

Lower Upper 
Bound Bound 

898 2.223 
·2.223 ·,898 

757 
.740 



TABLE 10 B 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(INTER-SLICE CORRELATON MEAN) Y-LEAD 

Descriptive Statistics 

Sld 
PACIENTE Mean Oeviation N 

MC1SYT 1 93.465 1679 31 
2 93414 1 319 29 
Total 93440 1.503 60 

MCISYT_D 1 92.906 1.433 31 
2 93221 1.157 29 
Total 93.058 1.305 60 

Tests of Within-Subjects Contrasts 

Measure' MEASURE_' 

Type Iff 
Sum of Mean 

Soucce ISCM y Squares df $--º-uare F 
ISCM y Linear 4.227 1 
ISCM_ Y· PACIENTE Linear .998 1 
Error(ISCM Y) linear 25107 58 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 

Transformed Vanable. Average 

Type 111 
Sum of Mean 

Sauree SQuares df Square 

4.227 
.998 
.433 

F 
Intercept 1042338.55 1 1042338.55 291683.23 
PACIENTE .520 1 .520 146 
Error 207265 58 3574 

1. PACIENTE 

Estimates 

Measure MEASURE_' 

95% Confidence [nterval 

Lower Upper 
P~CIENTE Mean Std Error Bound Bound 
1 93185 240 92705 93.666 
2 93.317 .248 92.820 93.814 

9.765 
2.305 

~ 
.000 
.704 

Sin. 
.003 
.134 



PailWise Comparlsons 

Measure MEASURE_1 

95% Confidence tnterval 

Mean for Olfferencea 

Difference Lower Upper 
I (1) PACIENTE _ (J1PACIENTE I·J) Sld. Error Sio.a Bound Bound 

1 2 -.132 .345 .704 - 823 
2 1 .132 345 704 -.559 

Based on esllmaled margmal means 

a AdJuslment for muítipJe compa(lsons' Bonferron¡ 

2. PACIENTE' ISCM_ y 

Measure' MEASURE_1 

95% Confidence Interval 

Lower Upper 
PACíENTE ISCM y Mean Slci Error Bound Bound 
1 1 93.465 .272 92919 94.010 

2 92.906 235 92437 93.376 

2 1 93.414 .282 92.850 93.977 
2 93221 243 92.735 93.706 

Estimates 

Measure' MEASURE_1 

95% Confidence Interval 

Lower Upper 
I$CM y Mean Sld. Error Bound Bound 
1 93439 .196 93047 93.831 
2 93.064 169 92.726 93.401 

Pairwise Comparisons 

Measure. MEASURE_l 

95% Confidence lnlerva1 

Mean 

(1) ISCM y (J) ISCM y Ol~~])nce 
I·J Sld. Error 

1 2 .376* 120 
2 1 -.376* 120 

Based on estlmated marginal means 

'. The mean dlfference is significan! at the .05 leve! 

a AdJuslment fa' mulllple compansons. Bonferrom. 

far Differencea 

Lower Upper 
SIO.a Bound Bound 

.003 135 .616 

003 - 616 - 135 

559 
823 



TABLE 10 C 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(INTER-SLlCE CORRELATON MEAN) Z-LEAD 

Descriptive Statistics 

Std. 
PACIENTE Mean Devlatlon N 

MCISZT 1 92.974 2352 31 
2 92.876 2083 29 
Total 92927 2208 60 

MCISZT_D 1 93.416 1 814 31 
2 93734 1.540 29 
Total 93570 1.681 60 

Tests of Within-Subjects Contrasts 

Measure. MEASURE_1 

Type 111 
Sum of Mean 

Source ISCM Z $ouares df Sauare F 
ISCM Z Linear 12.672 1 12.672 13577 
ISCM Z' PACIENTE linear 1.301 1 
Error(ISCM Z) Linear 54133 58 

Tests of Between-Subjects Effects 

Measure. MEASURE_1 

Transformed Varíable: Average 

Type 111 
Sumaf Mean 

Source S-Quares df SQuare 

1.301 
933 

F 
lntercept 1042311.82 1 1042311.82 151724.28 
PACIENTE .363 1 .363 .053 
Error 398447 58 6870 

1. PACIENTE 

Estimates 

Measure MEASURE_l 

95% Confidence Inlerval 

Lower Upper 
PACIENTE Mean Sld Error Bound Bound 
1 93195 .333 92529 93861 
2 93305 .344 92616 93994 

1.394 

S,a 
.000 
.819 

Sigo 
.001 

.243 



Pairwise Comparisons 

Measure: MEASURE_1 

95% Confidence Interval 
Mean tor Dlfferencea 

Difference Lower Upper 
(1] PACIENTE (J) PACIENTE (I-Jl Std. Error Si~ta Bound Bound 
1 2 -.110 .479 819 -1 068 848 
2 1 110 479 819 -.848 1068 

Based on esllmated marginal means 

a AdjuSlment for muftiple compansons: BonferrOnl 

Estimates 

Measure' MEASURE_l 

95% Confidence Inlerva1 

Lower Upper 
ISCM Z Mean Std. Error Bound Bound 
1 92.925 .288 
2 93.575 .218 

Paírwise Comparisons 

Measure. MEASURE_1 

Mean 

1(1) ISCM Z (J) ISCM Z 
Dlffe~~~ce 

(I-J Sld. Error 
1 2 - 650· 176 
2 1 .650' 176 

Based on estlmated marginal means 

• The mean dlfference is significan! at the 051eveL 

a_ Adjuslment for multiple comparisons Bonferronl 

3. PACIENTE· ISCM_Z 

Measure: MEASURE_1 

PACIENTE ISCM Z Mean I Sld Error 
1 1 92974 400 

2 93416 303 
2 1 92875 413 

2 93734 313 

92349 93.501 
93139 94012 

95% Confidence Interval 
tor Differencea 

Lower Upper 
Slg a Bound Bound 

001 -1004 -.297 
001 .297 1004 

95% Confidence Interval 

Lower Upper 
Bound Bound 

92.174 93.775 
92.809 94.023 

92048 93703 
93107 94362 



TABLE11 
SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(INTER-SLlCE CORRELATON SD) X-LEAD 

Descriptiva Statistics 

Std 
PACIENTE Mean Devlation N 

DECISXT 1 62897 34631 31 
2 69045 32.155 29 
Total 65868 33.318 60 

OECISXT_D 1 70226 41.040 31 
2 73548 35.321 29 
Tolal 71.832 38.096 60 

Tests of Within-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sumof Mean 

Source ISeSO S-o-uares dI Sauare F 
Iseso linear 1048890 1 1048.890 1.937 
Iseso * PACIENTE linear 59.813 1 59.813 
Error{lSCSD) Linear 31407.737 58 541.513 

Tests of Between-Subjecls Effects 

Measure MEASURE_1 

Transformed Variable" Average 

Type 111 
$um of Mean 

Source S-a~ares dI Sauare 
lntercepl 569510046 1 569510.046 
PACIENTE 671.934 1 671.934 
Error 118982.156 58 2051.416 

1. PACIENTE 

Estimates 

Measure: MEASURE_1 

F 
277.618 

328 

95% Confidence Interval 

Lower Upper 
P/lCIENTE Mean Sld. Error 80und Bound 
t 66.561 5752 55047 78.075 
2 71297 5.947 59392 83201 

.110 

Sio. 
000 
.569 

Sic. 
.169 
.741 



Pairwise Comparisons 

Measure' MEASURE_1 

95% Confidence Interval 
Mean for Differencea 

1", PACIENTE (JI PACIENTE 
Diff(rr~lnce Lower Upper 

I-J Sld Error Sig.a Bound Bound 
1 2 -4.735 8.274 569 -21 297 11.827 
2 1 4.735 8.274 569 -11827 21297 

Based on estlmaled marginal means 

a. Adjustment for multlpre comparisons' Bonferroni. 

2. PACIENTE' ISCSO 

Measure MEASURE_1 

95% Confidence tnterval 
Lower Upper 

PACIENTE ISCSO Mean Sld Error Bound 80und 
1 1 62.897 6.009 50.868 74.926 

2 70.226 6894 56.425 84.026 
2 1 69.045 6213 56.608 81.482 

2 73.548 7.128 59.280 87.817 

3.ISCSD 

Estimates 

Measure' MEASURE_1 

95% Confidence Interval 

Lower Upper 
ISCSO Mean Std. Error Bound Bound 
1 65.971 4322 57.320 74622 
2 71.887 4958 61.962 81.812 

Pairwise Comparisons 

Measure. MEASURE_1 

Mean 
95% To~n~~~~~~~~terva' 

Dlff~~1)nce Lower Upper 
, (1) ISCSO (J) ISCSO I-J Std Error SlfLa Bound Bound 

1 2 -5.916 4251 169 -14425 2593 
2 1 5916 4.251 169 -2.593 14425 

Based on esl,mated marginal means 
a Ad¡uslment tor mulllple compansons Bonferrom. 



TABLE 11 B 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(INTER-SLlCE CORRELATON SO) Y-LEAD 

Descriptiva Statistics 

Std 
PACIENTE Mean Devíatlon 

DECISYT 1 86.632 19645 
2 84807 17456 
Total 85750 18.485 

DECISYT_D 1 101645 29.221 
2 94403 27517 
Total 98.145 28404 

Tests ofWithin·Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of 

Source ISeSD y Sauares dI 
ISCSD.Y Linear 4537.143 1 
ISCSO_Y· PACIENTE Linear 219.782 1 
Error(ISCSD Y) Linear 15461.002 58 

Tests of Between-Subjects Effects 

Measure. MEASURE_1 
Transformed Variable Average 

Type 111 
Sum of Mean 

Mean 
Sauare 
4537.143 
219.782 
266569 

N 
31 
29 
60 
31 
29 
60 

F 
17.021 

.824 

694 408 

1. PACIENTE 

Estimates 

Measure MEASURE_1 

95% Confidence Interval 

Lower Upper 
PACIENTE Mean Std Error Bound Bound 
1 94139 3.783 86.5G6 101 711 

2 89605 3911 81776 97.435 

Sia 
.000 
.368 



Pairwise Comparisons 

Measure: MEASURE_1 

95% Confidence ¡nterval 
Mean tor Dífferencea 

Difference Lower Upper 
I (1) PACIENTE (J) PACIENTE I-J) Std Error Sia.a Bound Bound 

1 2 4.534 5.442 408 ·6359 15426 
2 , -4534 5442 408 -15.426 6359 

Based on estlmated marginal means 

a AdJustment tor multlple compansons Bonferronl 

Estimates 

Measure MEASURE_1 

95% Confidence Interva! 

Lower Upper 
ISCSO y Mean Sld. Error Bound Bound 
1 85.720 2405 
2 98.024 3.670 

Pairwise Comparisons 

Measure: MEASURE_1 

Mean 

I (1) ISCSO y (JL'SCSO y 
Dlfference 

(I-J) Sld. Error 
1 2 -12.305· 2983 
2 1 12.305" 2.983 

Based on estlmated margrnal means 

• The mean dlfference ¡s significan! al the .05 level. 

a. AdJustmenl for rnulllp!e comparisons BonferronL 

3. PACIENTE * ISCSO_Y 

Measure' MEASURE_1 

PACIENTE ISCSO y Mean Std Error 
1 1 86.632 3344 

2 101 645 5.103 
2 1 84807 3.458 

2 94.403 5.276 

80.905 90534 
90.678 105.370 

95% Confidence Interval 
tor Differencea 

Lower Upper 
Sia a Bound Bound 

.000 -18.275 -6.335 

.000 6.335 18.275 

95% Confidence Interval 

Lower Upper 
Bound Bound 

79938 93327 

9i 431 111 859 

77 885 91728 

83843 104964 



TABLE 11 C 
SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATEO MEASURES ANOVA 
GROUP1 VS GROUP 2 

(INTER-SLlCE CORRELATON SO) Z-LEAO 

Descriptive Statistics 

Sld 
PACIENTE Mean Devlatlon N 

DECISZT 1 98065 44608 
2 105579 45.297 
Total 101697 44720 

OECISZT_D 1 89258 30869 
2 83.376 27983 
Total 86.415 29.410 

Tests of Within-SubJects Contrasts 

Measure MEASURE_1 

Type 111 
Sum of Mean 

Source Iseso z Sallares df Sauare 
ISCSO_Z Linear 7204.091 1 7204.091 
ISCSD_Z' PACIENTE Linear 1344.601 1 1344.601 
Error(ISCSD Z) linear 36465.174 58 

Tests of Between-Subjects Effects 

Measure. MEASURE_1 
Transformed Vanable Average 

Type 111 
Sum of Mean 

Source Sc;uares df Sauare 
Intercept 1050707.23 1 106070723 
PACIENTE 19968 1 19968 
Error 131195033 58 2261.983 

1. PACIENTE 

Estimates 

Measure MEASURE_1 

628.710 

F 
468.928 

009 

95% Confidence Inlerval 

lower Upper 
PN":IENTE Mean Std Error Bound Bound 
I 93661 6040 81 571 105752 
2 94.478 6245 81.977 106978 

31 
29 
60 
31 
29 
60 

F 
11459 
2.139 

Sio. 
.000 
.925 

Sia. 
.001 
.149 



Pairwise Comparisons 

Measure MEASURE_1 

95% Confidence Interval 
Mean for Difference8 

L(II PACIENTE j.J) PACIENTE DI~~.r~Lce Lower Upper 
I-J Sld. Error S.¡g~8 Bound Bound 

1 2 -.816 8.688 .925 -18207 16.575 
2 1 .816 8.688 .925 -16575 18207 

Based on estimated marginal means 

a. Adjustmenl for mu!tiple comparisons Bonferrani 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 

Lower Upper 
ISCSO Z Mean Sld. Error Bound Bound 
1 101822 5.805 
2 86.317 3.812 

Pairwise Comparisons 

Measure. MEASURE_1 

Mean 

(11 ISCSO Z (JI ISCSO Z 
Diff(:r1rce 

I-J Std. Error 
1 2 15.505' 4.580 
2 1 -15.505' 4.580 

Based on esllmated marginal means 

• The mean dlfference is significan! al the 05 level 

a Adjuslment for mulllP!e camparisons: Bonferronl 

3. PACIENTE' ISCSO_Z 

Measure. MEASURE_1 

PACIENTE ISCSO Z Mean Sld. Error 
1 1 98065 8072 

2 89258 5_300 
2 1 105579 8.346 

2 83376 5.480 

90.201 113.442 
78.686 93.947 

95% Confidence lnterval 
far Differencea 

Lower Upper 
S19.a Bound Bound 

.001 6.336 24.674 
001 -24.674 -6.336 

95% Canfidence Interval 

Lower Upper 
Bound Bound 

81.907 114222 
78648 99.868 
88874 122285 
72.406 94.345 



TABLE12 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(SPECTRAL ENTROPY) X-LEAD 

Descriptive Statistics 

Std 
PACIENTE Mean Deviation 

EEXT 1 8339 3.291 
2 10.434 4.575 
Total 9352 4.069 

EEXT_D 1 7816 1.591 
2 9.662 3.834 
Total 8708 3.021 

Tests of Within·Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of Mean 

Source EE SQuares df Sauare 
EE Linear 12.564 1 12.564 
EE * PACIENTE Linear 468 1 468 
Error(EE) Linear 110.516 58 1.905 

Tests of Between·Subjects Effects 

Measure: MEASURE_1 

Transformed Vanable: Average 

Type [11 
Sum of Mean 

N 
31 
29 
60 
31 
29 
60 

F 
6.594 
.245 

Source S-cuares df Square F Sia. 
Intercept 9845.273 1 9845.273 443325 .000 
PACIENTE 116.399 1 116.399 5.241 .026 
Error 1288053 58 22.208 

1. PACIENTE 

Estimates 

Measure' MEASURE_1 

95% Confidence Interval 

lower Upper 
PACIENTE Mean Sld Error Bound Bound 
1 8077 .598 6879 9275 
2 10048 .619 8810 11.287 

Sia. 
.013 
.622 



Palrwise Comparisons 

Measure' MEASURE_1 

95% Cenfidence Interval 
Mean ter Oifference3 

Oifference Lower Upper 
I III PACIENTE (J) PACIENTE (I-J) Std Error Siq.a Bound Bound 

1 2 -1.971' .861 .026 -3.694 
2 1 1.971" .861 026 .248 

Based on estlmated margmal means 
• The mean dlfference IS slgmficant at the .051evel 

a AdJustment for multlp!e comparisons: Bonferrom 

2, EE 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 
Lewer 

EE Mean Std. Error Bound 
1 9.387 .512 8.362 
2 8.739 .375 7.989 

Palrwise Compañsons 

Measure: MEASURE_1 

Mean 
Oifference 

• (1) EE (J) EE tl-J) Std. Error Siq.a 
1 2 .647' .252 .013 
2 1 -.647* 252 .013 

Based on estlmated marginal means 
*. The mean dlfference is signlficant at the .051evel 

a AdJustment for multiple compansons: Bonferrom. 

3. PACIENTE' EE 

Measure: MEASURE_1 

Upper 
Beund 

10.411 
9.469 

95% Confidence lnterval 
ter Difference8 

Lewer Upper 
Bound Bound 

.143 1.152 
-1.152 -.143 

95% Confidence lnterval 
Lower Upper 

PACIENTE EE Mean Std. Error Bound Bound 
1 1 8.339 712 6.914 9.764 

2 7.816 .521 6.774 6.858 
2 1 10.434 736 8.961 11.908 

2 9662 536 8564 10.740 

- 248 
3.694 



TABLE 12 B 
SPECTRAL TURBULENCE ANALYSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(SPECTRAL ENTROPY) Y-LEAD 

Descriptive Statistics 

S'd 
PACIENTE Mean Oeviation N 

EEYT 1 12.606 4,094 31 
2 12731 3636 29 
Total 12.667 3847 60 

EEYT_O 1 12.910 4.892 31 
2 12.917 3.870 29 
Total 12.913 4.390 60 

Tests ofWithin~Sublects Contrasts 

Measure' MEASURE_1 

Type Ifl 
Sumaf Mean 

Source EE y S-a-uares dI Souare F 
EE y Linear 1.795 1 1.795 .443 
EE Y' PACIENTE Linear .103 1 .103 .025 
Error(EE Y) Linear 235142 58 4.054 

Tests of Between-Subjects EffeclS 

Measure: MEASURE_1 

Transformed Variable: Average 

Type 111 
Sumef Mean 

Source S-auares dI Sauare 
Intercept 19611.657 1 19611657 
PACIENTE .131 1 .131 
Error 1775.187 58 30607 

1. PACIENTE 

Estimates 

Measure MEASURE_1 

F 
640.764 

.004 

95% Confidence Interval 
Lower Upper 

PACIENTE Mean Std Error Bounó Bound 
1 12758 .703 11.352 14164 
2 12.824 726 11.370 14278 

, 

SIC 

.000 
948 

Sic 
.508 
.874 



Pairwlse Comparisons 

Measure: MEASURE_1 

95% Confidence Interva! 
Mean for Differencea 

(1) PACIENTE (Jl PACIENTE 
DiffO:ence Lower Upper 

I-Jl Sld. Error Siq.a Bound Bound 
1 2 -6.607E-02 1.011 948 -2.089 1 957 
2 1 6607E-02 1 011 .948 -1 957 2.089 

Based on estlmated marginal means 
a. Adjustment for mu!tiple comparisons: Bonferroni. 

Estimates 

Measure: MEASURE_1 

95% Confidence 1nterval 
Lower Upper 

EE y Mean Std. Error Bound Bound 
1 12.669 .501 11.666 13.672 
2 12.913 .572 11.769 14.058 

Pairwise Comparfsons 

Measure: MEASURE_1 

95% Confidence Interval 
Mean for Differencea 

I (1) EE Y (J) EE Y 
Diff¡¡rj)nce Lower Upper 

I-J Sld. Error S.!9.a Bound Bound 
1 2 -.245 .368 508 -.981 492 
2 1 .245 368 .508 -.492 .981 

Based on estlmated margInal means 
a AdJustment for multiple comparisons: Bonferroni. 

3. PACIENTE' EE_ Y 

Measure: MEASURE_1 

95% Confidence Interval 
Lower Upper 

PACIENTE EE Y Mean std Error Bound Bound 
1 1 12.606 .697 11.212 14001 

2 12.910 .795 11.318 14502 
2 1 12.731 .720 11 289 14173 

2 12.917 822 11.271 14563 



TABLE 12 C 
SPECTRAL TURBULENCE ANAL YSIS OF TOTAL QRS COMPLEX 

TWO-WAY REPEATED MEASURES ANOVA 
GROUP1 VS GROUP 2 

(SPECTRAL ENTROPY) Z-LEAD 

Descriptiva Statistics 

Std. 
PACIENTE Mean Oeviation 

EEZT 1 12900 3.594 
2 13.428 3.524 
Total 13.155 3.540 

EEZT_D 1 14923 5.952 
2 13.797 5.772 
Total 14.378 5.844 

Tests ofWithin-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of Mean 

Source EE Z SQuares df SQuare 
,eE Z Unear 42.849 1 42.849 

EE Z' PACIENTE Linear 20.486 1 20.486 
Error(EE Z) Unear 763.118 58 13.157 

Tests of Between-Subjects Effects 

Measure. MEASURE_1 
Transfonned Variable: Average 

Type 111 
Sumof Mean 

Source Squares df Sq\Jare F 
Intercept 22700.808 1 22700.808 669.027 
PACIENTE 2.683 1 2.683 .079 
Error 1968004 58 33931 

1. PACIENTE 

Estimates 

Measure: MEASURE_1 

N 
31 
29 
60 
31 
29 
60 

F 
3.257 
1.557 

Si9c 
000 

.780 

95% Confidence Interval 
Lower Upper 

PACIENTE Mean Std Error Bound Bound 
1 13.911 .740 12.430 15.392 
2 13.612 765 12.081 15143 

Sio. 
.076 
217 



Pairwis9 Comparisons 

Measure: MEASURE_1 

95% Confidence lnterva! 
Mean for Oifference8 

Oifference Lower Upper 
. (IJ?ACIENTE (JI PACIENTE I-JI Std. Error Sia.8 Bound Bound 
1 2 .299 1.064 .780 -1.831 2.429 
2 1 - 299 1.064 .780 -2.429 1.831 

Based on estimated marginal means 
a. AdJustment for multiple comparisons' Bonferroni. 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 
Lower Upper 

EE Z Mean Sld. Error Bound Bound 
1 13.164 .460 12.243 14.084 
2 14.360 758 12.843 15.876 

Palrwise Comparisons 

Measure: MEASURE_1 

95% Confidence lnterval 
Mean for Oifference8 

(1) EE Z (J) EE Z 
D~rj)nce Lower Upper 

I-J Std. Error Si9,8 Bound Bound 
1 2 -1.196 .663 .076 -2522 .131 
2 1 1.196 .663 .076 -.131 2522 

Based on estimated margma! means 
a. Adjustment for multiple comparisons. Bonferroni. 

3. PACIENTE * EE_Z 

Measure: MEASURE_1 

95% Confidence Interval 
Lower Upper 

PACIENTE EE Z Mean Std Error Bound Bound 
1 1 12.900 .639 11620 14.180 

2 14.923 1054 12814 17.032 
2 1 13.428 .661 12.104 14.751 

2 13.797 1089 11616 15.977 



TABLE13 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

100-250 HZ INTERVAL 
GROUP 1 VS GROUP 2 

PSD(Ln) X LEAD 

Descriptiva Statlstics 

Std. 
ISQMN Mean Deviatlon N 

PSD_TX8_LN 1 6.550106 1.127510 31 
2 6219086 1.171648 29 
Total 6.390113 1.151399 60 

PSD_TXD_LN 1 6.085932 1.129583 31 
2 6.284610 1.034701 29 
Total 6.181960 1.080232 60 

Tests o, Within.subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum af Mean 

Source PSD X Squares df -ªª-uare F 
PSD-,< Unear 1.191 1 1.191 11.661 
PSD-,< • ISQMN Linear 2.102 1 
Error(PSD X) Unear 5.922 58 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 
Transformed Variable: Average 

Type 111 
Sumof 

.131 

Measure: MEASURE_1 

1.ISQMN 

Estimates 

2.102 20.588 
.102 

95% Confidence Interval 
Lower Upper 

ISQMN Mean Std. Error Bound Bound 
1 6.318 197 5925 6.711 
2 6252 .203 5845 6.659 

Sigo 
.001 
.000 



Pairwlse Comparfsons . 

Measure: MEASURE_l 

95% Confidence lnterval 
Mean tor Differencea 

Difference Lower Upper 
. (1) ISQMN (J) ISQMN (I,.JL Sld Error Slgoa Bound Bound 
1 2 6.617E-02 283 .816 -.500 .632 
2 1 -6.617E-02 028'3 .816 -.632 ,500 

Based on estimated marginal means 
a Adjustment tor mUltiple comparisons. Bonferroni. 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 
Lower Upper 

PSD X Mean Std Error Bound Bound 
1 6.385 148 6.087 6.682 
2 6.18S 140 5.905 6.466 

Pairwise Comparisons 

Measure. MEASURE_1 

Mean 
Difference 

.(1) PSD X . (J) PSD X (I-J) Std. Error 
1 2 .199' .058 
2 1 -.199' .058 

Based on estimaled marginal means 
'o The mean dlfference is significan! al Ihe .05 level 

a Ad¡ustment tor multiple comparlsons: Bonferroni 

Measure: MEASURE_1 

ISQMN PSD X Mean Std Error 
1 1 6.550 206 

2 6086 .195 

2 1 6.219 .213 
2 6.285 .201 

95% Confidence Interval 
tor Differencea 

Lower Upper 
Sig_a Bound Bound 

.001 8248E-02 ,316 
001 -.316 -8.248E-02 

95% Confidence Interval 
Lower Upper 
Bound Bound 

6137 6963 
5.696 6.476 

5792 6.646 
5.881 6688 



TABLE 13 B 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

100-250 HZ INTERVAL 
GROUP 1 VS GROUP 2 

PSD(Ln) y LEAD 

Descriptiva Statistlcs 

Tests ofWithin-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of Mean 

Source PSD y Sauares df Sauare F 
PSD y Linear 2.602 1 2602 14.772 
PSD Y-ISQMN Linear 1.757 1 1.757 9.976 
Error(PSD y) Linear 10.218 58 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 
Transfonned Van'abre: Average 

Type 111 
Sum of Mean 

Source Squares df SQuare 

.176 

F 
Intercept 4211.005 1 4211.005 1701.259 
ISQMN 3.040 1 3.040 1.228 
Error 143563 58 2.475 

1.ISQMN 

Estimates 

Measure. MEASURE_1 

95% Confidence ¡nterval 
Lower Upper 

ISQMN Mean Std. Error Bound Bound 
1 5.768 .200 5368 6.168 

2 6.086 .207 5.673 6500 

Slg. 
.000 
.272 

SIO. 
.000 
.003 



Pairwise Comparisons 

Measure MEASURE_1 

95% Confidence Interval 

Mean for Differencea 

Drffe~~ce lower Upper 
! m ISQMN (JIISQMN I-J Sld Error SiQ<I Sound Sound 
1 2 -.318 .287 .272 - 894 257 
2 1 318 287 .272 - 257 894 

Based on estrmaled margrnal means 

a AclJustmenl for multiple compansons' Sonferroni. 

2. PSD_Y 

Estimates 

Measure: MEASURE_1 

95% Confidence Inlerval 

Lower Upper 
PSD y Mean Sld. Error Sound Sound 
1 6.074 .142 5.791 6358 
2 5.780 .155 5.469 6.091 

Pairwise Comparisons 

Measure: MEASURE_1 

Mean 

(1) PSD y (JI PSD y 
Differ~rce 

(I-J Sld Error 
1 2 .295' .077 
2 1 -.295* .077 

Based on estimated marginal means 

• The mean difference is significant al {he 05leve1. 

a. Aqustment for multiple comparisons: Bonferroni. 

Measure MEASURE_1 

ISQMN PSD y Mean Std. Error 
1 1 6.036 .197 

2 5.499 216 
2 1 6.113 204 

2 6.060 223 

95% Confidence Inlerval 
fer Difference<l 

lower Upper 
~l9..:a Bound Seund 

.000 .141 .448 
000 - 448 - 141 

95% Confidence Interval 

lower Upper 
Sound Seund 

5642 6.431 
5.067 5932 

5704 6521 
5613 6507 



TABLE 13 C 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

100-250 HZ INTERVAL 
GROUP 1 VS GROUP 2 

PSD(Ln) Z LEAD 

Descriptiva Statistics 

Std. 
ISQMN Mean De"lation N 

PSD_TZB_LN 1 6.265784 .770026 31 
2 6.012621 1 057886 29 
Total 6143422 921347 60 

PSD_TZD_LN 1 6.039377 .710830 31 
2 6.042410 .783433 29 
Total 6040843 740407 60 

Tests ofWithin-Subjects Contrasts 

Measure' MEASURE_1 

Type lit 
Sum of Mean 

Source PSD Z Sauares df Sauare F 
PSD_Z Linear .290 1 .290 2.762 
PSD_Z ·ISQMN Linear .492 1 492 4.690 
Error(PSD Z) Unear 6.081 58 

Tests af Between-Subjects Effects 

Measure. MEASURE_1 
Transformed Vanable: Average 

Type 111 
Sum of Mean 

Source S-¿uares df Sauare 

.105 

F 
Intercept 4445697 1 4445.697 3420.371 
ISQMN .469 1 .469 361 
Error 75.387 58 1300 

1.ISQMN 

Estimates 

Measure' MEASURE_1 

95% Confidence Interval 
Lower Upper 

ISQMN Mean Std. Error Bound Bound 
1 6153 145 5863 6442 
2 6.028 150 5.728 6327 

SIO. 

.000 

.551 

Sio. 
.102 
.034 



Pairwise Comparisol'1s 

Measure' MEASURE_1 

95% Confidence Interval 
Mean for Oifferencea 

I (1) ISQMN (J) ISQMN Oi~~:1;ce Lower Upper 
I-J Std. Error Sio a Bound Bound 

1 2 .125 .208 .551 -.292 .542 
2 1 -.125 .208 551 -.542 .292 

Based on estlmated marginal means 
a Adiustment for multiple comparisons: Bonferroni 

Estlmates 

Measure: MEASURE_1 

95% Confidence lnterval 
Lower Upper 

PSD Z Mean Std. Error Bound Bound 
1 6.139 .119 5.901 6.377 
2 6.041 .096 5.848 6.234 

Pairwise Comparisons 

Measure: MEASURE_1 

95% Conñdence Interval 
Mean for Oifferencea 

I /11 PSD Z {JI PSD Z Diff~~1~ce Sio.a 
Lower Upper 

I-J Std. Error Bound Bound 
1 2 9831E-02 .059 .102 -2009E-02 217 
2 1 -9.831E-02 059 102 -.217 2 009E-02 

Based on estlmated margmal means 
a. Adjustment for multiple comparisons: Bonferroni 

Measure' MEASURE_ 1 

95% Confidence fnterval 
Lower Upper 

fSQMN PSD Z Mean Sld Error Bound Bound 
1 1 6266 165 5935 6597 

2 6039 134 5771 6.308 
2 1 6013 171 5671 6355 

2 6.042 139 5.765 6.320 



TABLE14 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

Very low Frequency 100-120 HZ INTERVAL 
GROUP 1 VS GROUP 2 

VLF(Ln) X LEAD 

Descriptive Statistics 

2 

Total 

2 
Total 

Tests ofWithin-Subjects Contrasts 

Measure MEASURE_1 

Type 111 
Sum af Mean 

Source VLF X Souares df ~are 
VlF X Linear 1.179 1 1.179 
VLF X ·ISQMN Linear 2661 1 2661 
Error(YLF X) Linear 11.629 58 .201 

Tests af Between-Subjects Effects 

Measure: MEASURE_1 

Transformed Variable: Average 

Type IH 
Sum of Mean 

F 
5.879 

13269 

Source Sauares df Sauare F SIQ. 

Intercept 3947966 1 3947.966 1379225 000 
ISQMN 2184E-03 1 2.184E·03 .001 978 
Error 166.022 58 2862 

1.ISQMN 

Estimates 

Measure. MEASURE_1 

95% Confidence Interval 

Lower Upcer 
ISQMN Mean Std Error Bound Bound 
1 5743 215 5313 6173 
2 5735 222 5290 6179 

~ 
.018 
.001 



Palrwis9 Comparisons 

Measure: MEASURE_1 

95% Confidence Interval 
Mean for Oifferencea 

I (1) ISQMN (J) ISQMN 
DI~~r~)nce Lower Upper 

I-J Std Error Siga Bound Bound 
1 2 8.537E-03 .309 .978 -.610 .627 
2 1 -8.537E-03 .309 .978 -.627 .610 

Based on esUmated margmal means 

a. Adjustment for multiple comparisons: Bonferroni. 

2. VLF_X 

EsUmates 

Measure: MEASURE_1 

95% Confidence [nterval 

Lower Upper 
VLFX Mean Std. Error Bound Bound 
1 5.838 .167 5.504 6.173 
2 5.640 .152 5.335 5.944 

Pairwise Comparisons 

Measure: MEASURE_1 

Mean 
Oifference 

Based on estimated marginal means 

• The mean difference is significant at the .05 level. 

a. Adjustment for multiple comparisons. BonferronL 

Measure: MEASURE_1 

ISQMN VlF X Mean Std. Error 
1 1 5991 .232 

2 5.495 212 
2 1 5685 .240 

2 5.785 .219 

95% Confidence [nterval 

Lower Upper 
Bound Bound 

5.526 6.457 
5.072 5919 
5.204 6.166 
5.347 6.222 



TABLE 14 B 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

Very low Frequency 100-120 HZ INTERVAL 
GROUP 1 VS GROUP 2 

VLF(Ln) Y-LEAD 

Descriptiva Statistics 

Tests ofWithin-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of Mean 

Source VLF y Souares df $ouare 
VLF_Y Linear 4.709 1 4.709 
VLF Y·ISQMN Linear 2.621 1 2.621 
Error(VLF Y} Linear 14.328 58 .247 

Tests of Between-Subjects Effects 

Measure MEASURE_1 

Transformed Variable: Average 

1.ISQMN 

Estimates 

Measure: MEASURE_1 

F 
19.060 
10608 

95% Confidence Inlerval 

Lower Upper 
ISQMN Mean Sld. Error Bound Bound 
1 5247 .213 4820 5.674 
2 5.556 .221 5114 5997 

SIO. 

.000 
002 



Palrwise Comparisons 

Measure: MEASURE_1 

95% Confidence lnterval 
Mean tor Differences 

III ISQMN (J1ISQMN 
Oiff'erence Lower Upper 

I-Jl Sld. Error Sla.s Bound Bound 
1 2 - 309 .307 .319 -.923 .306 
2 1 .309 .307 .319 -.306 .923 

Based on estlmated marginal means 
a. Adjustment tor multiple comparisons: 8onferroni 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 
Lower Upper 

VLF y Mean Sld. Error Bound Bound 
1 5.600 .151 5.297 5.902 
2 5.203 .166 4.666 5.540 

Pairwise Comparfsons 

Measure. MEASURE_1 

Mean 
Difference 

I IIlVLF Y (J1VLF y (I-Jl Std. Error 
1 2 .396· .091 
2 1 -.396" 091 

Based on estlmated marginal means 
... The mean difference is significant at the .05 level. 

a. AdJuslment tor multiple comparisons: Bonterroni 

Measure: MEASURE_1 

ISQMN VlF y Mean Sld. Error 
1 1 5.593 .210 

2 4.901 .234 
2 1 5.606 .217 

2 5.505 242 

95% Confidence Interval 
tor Oifference8 

lower Upper 
Sia.s Bound Bound 

.000 .215 .576 

.000 -.576 -.215 

95% Confidence IntelVal 
Lower Upper 
Bound Bound 

5172 6.014 
4.432 5.370 
5.171 6.041 
5.021 5990 



TABLE 14C 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

Very low Frequency 100-120 HZ INTERVAL 
GROUP 1 VS GROUP 2 

VLF(Ln) Z-LEAD 

Descriptiva Statistics 

Tests ofWithin-Subjects Contrasts 

Measure' MEASURE_1 

Type 111 
Sum of Mean 

Source VLF Z Sauares df Sauare 
VLF_Z Linear .746 1 .746 
VLF Z 'ISQMN Linear .493 1 .493 
ErrorMF Z) Linear 10.583 58 .182 

Tests of Between~Subjects Effects 

Measure: MEASURE_1 
T ransformed Vanable' Average 

Type 111 
Sumof 

Measure: MEASURE_1 

Mean 

1.ISQMN 

Estimates 

F 
4.087 
2.703 

95% Confidence Interval 
Lower Upper 

ISQMN Mean Std. Error 80und Bound 
1 5.592 .157 5.277 5906 
2 5.569 .162 5.244 5894 

Sia. 
.048 
106 



Pair'INise Comparisons 

Measure' MEASURE_1 

Mean 
Difference 

8ased on estimated marginal means 

a AdJustment for multiple comparisons: 80nferroni. 

Estimates 

Measure: MEASURE_1 

95% Canfidence Interval 

Lower Upper 
VLF Z Mean Std. Error 80und Baund 
1 5.659 .129 5.402 5.917 
2 5.501 .110 5.282 5.721 

Pairwise Comparisons 

Measure: MEASURE_1 

Mean 
Olfference 

I 

Based on estímated marginal means 

*. The mean difference ls significant at the .05 leve!. 

a. Adjustment far mulliple comparisons' Bonferroni. 

Measure MEASURE_1 

ISQMN VLF Z Mean Std. Error 
1 1 5.735 .179 

2 5.449 .152 
2 1 5583 .185 

2 5.554 .158 

, 

95% Confidence Interval 

Lower Upper 
Bound Bound 

5.377 6.093 
5.144 5.754 
5.213 5.954 

5238 5869 



TABLE15 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

Low Frequency 120-150 HZ INTERVAL 
GROUP 1 VS GROUP 2 

LF(Ln) X-LEAD 

Descriptiva Stalistics 

Sld. 
ISQMN Mean Deviation 

LF_XB_LN 1 5.331858 1.047484 
2 5.073555 1.121705 
Total 5.207012 1.082578 

LF JO_LN 1 5065965 1 128528 
2 5.023997 1.170129 
Total 5.045680 1.139218 

Tests ofWithin-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
Sum of Mean 

Source LF X S~auares df Sauare 
LF X linear .745 1 .745 
LF X * ISQMN linear .351 1 351 
Error lF X) linear 8.959 58 .154 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 
Transformed Variable: Average 

Type tll 
Sum of Mean 

N 
31 
29 
60 
31 
29 
60 

F 
4.826 
2.270 

Source S~ares df Sauare F Sio. 
Intercept 3146.952 1 3146.952 1344.729 .000 
ISQMN .675 1 675 .289 .593 
Error 135.732 58 2.340 

1.ISQMN 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 
Lower Upper 

ISQMN Mean Std Error Bound Bound 
1 5.199 194 4.810 5588 
2 5049 201 4.647 5.451 

Sio. 
.032 
.137 



Pairwise Comparisons 

Measure' MEASURE_1 

95% Confidence [nterval 
Mean for Differencea 

, (1) ISQMN (J) ISQMN Diff(~,r!}~ce Lower Upper 
I-J Sld. Error Sig.a Bound Bound 

1 2 .150 .279 593 - 409 .710 
2 1 - 150 279 .593 -.710 409 

Based on estlmated margmal means 

a. AdJustment tor multiple comparisons: Bonferronl. 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 

Lower Upper 
LF X Mean Std, Error Bound Bound 
1 5203 ,140 4.922 5.483 
2 5.045 148 4748 5.342 

Pairwise Comparlsons 

Measure, MEASURE_ 1 

Mean 

1 (1) LF X (JI LF X 
01~~r~)nce 

I-J Std. Error 
1 2 .158' 072 
2 1 -.158' 072 

Based on esllmaled margmal means 

* The mean dlfference is significant at the .05 level 

a AdJustment for multiple comparisons' Bonferronl 

Measure. MEASURE_1 

ISQMN LF X Mean Sld. Error 
1 1 5332 .195 

2 5066 206 
2 1 5.074 201 

2 5024 .213 

95% Confidence Interval 
tor Differencea 

Lower Upper 
Siga Bound Bound 

.032 1401E-02 .301 
032 - 301 -1.401E-02 

95% Confidence Interval 

Lower Upper 
Bound Bound 

4.942 5.722 
4.653 5479 
467í 5476 

4597 5451 



TABLE 15 B 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

Low Frequency 120-150 HZ INTERVAL 
GROUP 1 VS GROUP 2 

LF(Ln) V-LEAD 

Descriptive Statistics 

Std 
ISQMN Mean Deviation 

LF _YB_LN 1 4.679165 1.151748 
2 4.926797 1035498 
Tolal 4.798853 1 094963 

LF _YO_LN 1 4403423 1 444346 
2 4.857886 1.049239 
Total 4.623080 1.278929 

Tests ofWithln-Subjects Contrasts 

Measure: MEASURE_1 

Type !ti 
Sum of Mean 

Source LF y SQuares df ~quare 
LF_Y Linear .890 1 .890 
LF_Y·ISQMN Linear .320 1 .320 
Error(LF Y) Linear 11.182 58 .193 

Tests of Between-Subjects Effecls 

Measure: MEASURE_1 
Transformed Variable. Average 

Type 111 
Sum of Mean 

N 
31 
29 
60 
31 
29 
60 

F 
4.616 
1662 

Source SQuares df $quare F SilL 
Intercept 2666.838 1 2666.838 1017.303 000 
ISQMN 3693 1 3693 1.409 240 
Error 152046 58 2621 

1.ISQMN 

Estimates 

Measure: MEASURE_1 

95% Confidence Inlerval 

lower Upper 
ISQMN Mean Sld. Error Bound Bound 
1 4.541 206 4130 4953 
2 4892 .213 4467 5318 

Sigo 
.036 
.202 



Pairwise Comparisons 

95% Confidence Interval 
Mean for Oifferencea 

Oifference Lower Upper 
i (1) lSQMN (J) lSQMN (J-J) Sld. Error Sia.a Bound Bound 

1 2 -.351 .296 .240 - 943 .241 
2 1 .351 296 .240 -.241 .943 

Based on esllmated margmal means 
a AdJustment for mulllple comparisons Bonferroni 

2. LF3 
Estfmates 

Measure MEASURE_1 

95% Confidence Inlerval 

Lower Upper 
LF y Mean Sld Error Bound Bound 
1 4.803 .142 4519 5087 
2 4.631 164 4.303 4.959 

Pairwise Comparisons 

Measure: MEASURE_1 

Mean 

• (1) LF Y (J) LF Y DI~~~~)nce I-J Sld. Error 
1 2 .172- .080 
2 1 -.172- .080 

Based on esllmaled marginal means 

'. The mean dlfference is signlficanl al the 05 leveL 

a AdJustmenl fer multiple comparisens Bonferroni. 

Measure: MEASURE_1 

! 
I Sld ISQMN LF y Mean Error 

1 1 4679 .197 

2 4403 228 
2 1 4.927 .204 

2 4858 236 

95% Confidence Inlerval 
for Dífferencea 

Lower Upper 
SIO a Bound Beund 

036 1.177E-02 333 
.036 -.333 -1 177E-02 

95<')/0 Confidence Interval 

Lower Upper 
Bound Bound 

4285 5074 
3947 4860 
4519 5335 
4386 5330 



TABLE 15 C 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

Low Frequency 120-150 HZ INTERVAL 
GROUP 1 VS GROUP 2 

LF(Ln) Z-LEAD 

Descriptiva Statistics 

Std. 
ISQMN Mean Devlation 

lF _Z8_LN 1 5160674 842584 
2 4.693883 1021506 
Total 4935058 954743 

lF _ZD_lN 1 4872606 885035 
2 4.760503 877365 
Total 4.818423 .875664 

Tests ofWithin-Subjects Contrasts 

Measure' MEASURE_1 

Type 111 
$um of Mean 

Source LF Z Souares df Souare 
LF Z Lmear .367 1 .367 
LF_Z * ISQMN Linear .942 1 .942 

Error(lF Z) Linear 11.675 58 .201 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 

Transformed Vanable. Average 

Type 111 
Sum of Mean 

N 
31 
29 
60 
31 
29 
60 

F 
1.825 
4682 

Source S-a~ares df Sauare F SiQ. 
Intercept 2845.104 1 2845 104 1966.975 .000 
ISQMN 2511 1 2511 1.736 .193 
Error 83.893 58 1.446 

1.ISQMN 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 

lower Upper 
I$OMN Mean Sld Error Bound Bound 
I 5017 153 4711 5.322 

2 4.727 158 4411 5.043 

Slq 
.182 
.035 



Pairwise Comparisons 

Measure: MEASURE_1 

95% Confidence lnterval 
Mean for Dlfferencea 

Dlfference Lower Upper 
{l)ISQMN (J) ISQMN (I.J) Std Error SiQ.a Bound Bound 
1 2 269 .220 193 -.150 .729 
2 1 -.289 .220 .193 -.729 150 

Based on estlrnated marginal means 

a AdJustment tor mult¡ple comparisons: Bonferroni 

Estimates 

Measure. MEASURE_l 

95% Confidence Interval 

Lower 
LF Z Mean Std. Error Bound 
1 4.927 .121 4.666 
2 4.817 .114 4.589 

PailWise Comparisons 

Measure: MEASURE_1 

Mean 
Oifference 

I 

Based on esllmated marginal means 
a. Adjustment for multiple compaflsons. Bonferroni. 

3. ISQMN * LF _Z 

Measure: MEASURE_l 

Upper 
Bound 

5.169 
5.044 

I 
95% Confidence Interval 

Lower Upper 
ISQMN LF Z Mean Std Error Bound Bound 
1 1 5161 .168 4825 5.496 

2 4873 156 4.556 5.189 
2 1 4694 173 4347 5041 

2 4761 164 4433 5088 



TABLE 16 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

High Frequency 150-250 HZ INTERVAL 
GROUP 1 VS GROUP 2 

HF(Ln) X-LEAD 

Descriptive Statistics 

2 
Tolal 

1 

2 

3285259 
3375670 
3.329377 
3.535907 

1.030423 
1.028066 
1.095498 
1.123367 

Tests of Within-Subjects Contrasts 

Measure MEASURE_1 

Type 111 
Sum of Mean 

SOUfce HF X S-ouares df Sauare 
HF_X Unear .107 1 .107 
HF X 'ISQMN Unear 1.090 1 1.090 
Error(HF X) Linear 7000 58 .121 

Tests of Between-Subjects Effects 

Measure' MEASURE_1 

Transformed Vanabte. Average 

Type 111 
Sum of Mean 

F 

29 
60 
31 
29 

.891 
9.035 

$ource Sauares df Square F S,o. 
Intercept 1387859 1 1387859 637652 000 
ISQMN 7.452E-03 1 7452E-03 003 .954 
Error 126238 58 2177 

1.ISQMN 

Estimates 

Measure: MEASURE_1 

I 
I 95% Confidence tnlerval 

Lower Upper 
ISQMN Mean Sld Error Bound Bound 
1 3395 187 3020 3770 
2 3411 194 3023 3798 

SIO. 

.349 
004 



Pairwise Comparisons 

Measure: MEASURE_l 

95% Confidence Interval 
Mean for Dlfferencea 

I /IlISQMN (JI ISQMN 
Dlff~,r~~ce Lower Upper 

I-J Sld. Error SIOa Bound Sound 
1 2 -1.577E-02 .270 .954 -.555 524 
2 1 1.577E-02 .270 .954 - 524 555 

8ased on eslimaled marginal means 

a. AdJustment for mulllple compansons: 80nferronl 

Estimates 

Measure MEASURE_1 

95% Confidence Interval 

Lower Upper 
He x Mean Std. Error 80und Sound 
1 3.373 .133 3.106 3640 
2 3433 143 3.146 3.719 

Pairwise Comparisons 

Measure: MEASURE_1 

95% Confidence Interval 

Mean for Differencea 

! m HF x (J) HF 
Dlffe~1;ce Lower Upper 

X ((-J Std Error Sia a 80und 80und 
1 2 -5989E-02 .063 349 -.187 6.714E-02 
2 1 5.989E-02 .063 .349 -6714E-02 .187 

8ased on estimated marginal means 

a. AdJuslment tor ,nultiple comparisons: Bonferroni 

3. ISQMN • HF J 

Measure. MEASURE_l 

95% Confidence !ntelVal 

lower I Upper 
ISQMN HF X Mean Std Error Sauna Bound 
t 1 3.460 186 3.089 ! 3832 

2 3329 .199 2.931 1 3.728 
2 1 3285 192 2901 I 3.669 

2 3536 206 3124 3948 



TABLE16 B ' 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

High Frequency 150-250 HZ INTERVAL 
GROUP 1 VS GROUP 2 

HF(Ln) Y-LEAD 

Descriptive Statistics 

Std 
ISQMN Mean Deviatlon 

HF_YB_LN 1 3.244148 1 243355 
2 3.409379 .803119 
Total 3324010 1 048381 

HF _YD_LN 1 2962687 1.246854 
2 3.636683 .791067 
Total 3.288452 1096743 

Tests of Within-Subjects Contrasts 

Measure MEASURE_1 

Type 111 
Sumof Mean 

Source HF y Sauares df Sauare 
HF_Y linear 2.197E-02 1 2.197E-02 
HF Y*ISQMN Linear 1.939 1 1.939 
Error(HF Y) Linear 10794 58 186 

Tests of Between-Subjects Effects 

Measure. MEASURE_1 

Transformed Vanable: Average 

Type 111 
Sum of Mean 

N 
31 
29 
60 
31 
29 
60 

F 
.118 

10.419 

Source Sauares df Square F Sia 
Inlercept 1315831 1 1315.831 647835 .000 
ISQMN 5276 1 5.276 2598 .112 
Error 117.805 58 2031 

1.ISQMN 

Estimates 

Measure: MEASURE_1 

r 95% Conflder'lce Interval 
I Lower Upper 

ISQMN Mean I Std Error Bound Bound 
1 3 103 ¡ .181 2741 3A66 

2 3.523 187 3148 389a 

Sia 
.732 
002 



Pairwise Comparisons 

Measure MEASURE_1 

Mean 

95% Confidence Inlerval 
for Dlfferencea 

Difference Lower Upper 
(1) ISQMN (JlISQMN (I.J) Std. Error SiQa Bound Bound 
1 2 ·.420 .260 112 - 941 102 
2 1 .420 .260 .112 ·102 .941 

Based on estlmated marginal means 

a. Adjustment for multiple comparisons: Bonferronl. 

Estimates 

Measure: MEASURE_1 

95% Confidence lnterval 

Lower Upper 
HF y Mean Std. Error Bound Bound 
1 3.327 .136 3.054 3599 
2 3.300 .136 3.028 3572 

Pairwise Comparisons 

Measure' MEASURE_1 

95% Confidence Inlerval 

Mean for Dlfferencea 

Diff(~.rence Lower Upper 
I (1) HF Y (JI HF Y I·J) Std. Error Sla a Bound Bound 

1 2 2.708E·02 .079 732 ·.131 .185 
2 1 -2.708E-02 079 732 -.185 .131 

Based on esllmated marginal means 

a Ad}uslment fer multiple compansons: Bonferrom 

Measure' MEASURE_1 

95% Confidence lnterval 

LOVver Upper 
ISQMN HF y Mean Sld. Error Bound Bound 
1 1 3.244 189 2.865 3.623 

2 2.963 189 2.585 3341 

2 1 3.409 196 3018 3801 
2 3637 195 3.246 4028 



TABLE 16 e 
POWER SPECTRAL DENSITY OF TOTAL QRS COMPLEX 

High Frequency 150-250 HZ INTERVAL 
GROUP 1 VS GROUP 2 

HF(Ln) Z-LEAD 

Descriptiva Statistics 

Sld 
ISQMN IMean Devlation 

HF _ZB_LN 1 3213865 .843679 

2 3.318062 .860419 
Total 3.264227 .846183 

HF_ZD_LN 1 3.339755 .719950 
2 3.206369 .865767 
Total 3.275285 .789807 

Tests ofWíthin-Subjects Contrasts 

Measure: MEASURE_1 

Type 111 
$um of Mean 

Source HF Z Sa~ares df Sauare 
HF_Z linear 1.510E·03 1 1 510E-03 
HF Z· rSQMN Linear 423 1 423 
Error(HF Z) linear 7.741 58 .133 

Tests of Between-Subjects Effects 

Measure: MEASURE_1 
Transformed Variable: Average 

Type ItI 
Sum of 

Measure: MEASURE_1 

Mean 

1.ISQMN 

Estimates 

N 
31 

29 
60 
31 
29 
60 

F 
.011 

3168 

95% Confidence Inlerval 

Lower Upper 
ISQMN Mean Sld. Error Bound Bound 
1 3277 140 2996 3558 

2 3262 145 2.972 3553 

SIO. 
916 

.080 



Pairwise Comparisons 

Measure MEASURE_1 

95% Confidence Interval 
Mean for Differencea 

(1) ISQMN j.J) ISQMN DI~(rllce Lower Upper 
I-J Sld Error SI9.,a Bound Bound 

I 2 1.459E·02 202 .943 ·390 419 
2 I ·1.459E·02 .202 943 -.419 .390 

Based on estlmated margmal means 
a Adjustment for mu!t1ple compansons: Bonferronl. 

Estimates 

Measure: MEASURE_1 

95% Confidence Interval 
Lower Upper 

HF Z Mean Sld. Error Bound Bound 
1 3.266 .110 3.046 3.486 
2 3.273 .103 3.068 3478 

Pairwise Comparisons 

Measure: MEASURE_1 

Based on esllmated marginal means 
a Adjustment for multiple compansons: Bonferroni 

3. ISQM.N " HF _Z 

Measure' MEASURE_1 

95% Confidence Inlerva! 
Lower Upper 

!SQMN HF Z Mean Sld. Error Bound Bound 
1 1 3.214 153 2908 3.520 

2 3.340 143 3054 3625 
2 1 3.318 158 3001 3635 

2 3206 147 2911 3501 



CCX 

CCY 

CCZ 

TABLE17 

CORRELATION COEFFICIENT (r) BEFO RE ANO AFTER 
OYPIRIDAMOLE CHALLANt1E. 

X y Z LEADS. 
GROUP 1 VS GROUP 2 

Group Statistics 

Sld Std. Error 
ISQMN N Mean Deviation Mean 

CCX 1 31 331032 276040 .95783E·02 
2 29 .666207 276682 .13786E·02 

CCY I 31 .337484 .283798 .09717E-02 
2 29 .666207 273501 07879E~02 

CCZ 1 31 .427097 233584 .19529E·02 
2 29 .716207 .231230 .29383E-02 

Independent Samples test 

Levene's Test 
for Equality of 

Vanances t-test for Eauali of Means 

Sld 95% Confidence 
Sig Mean Error [nterval 01 the 

(2-~~'le Dlffere Differenc Oifference 
F Siq. I df nce e Lower Uooer 

Equal variances 
374 .543 -4.695 58 .000 -.3352 7 1E-Q2 -.478083 -.192266 assumed 

Equal vafiances 
-4.694 57.716 .000 -.3352 7.1 E-02 -.478110 -.192240 not assumed 

Equal van"ances 
.996 .322 -4.563 58 000 -.3287 7.2E-02 -.472937 -.184509 assumed 

Equal vanances 
-4.568 57945 .000 - 3287 72E-02 -.472760 -.184686 not assumed 

Equal variances 
565 216 -4.814 58 000 -.2891 60E-02 - 409317 - 168903 assumed 

Equal variances 
-4.816 57.807 000 - 2891 S.OE-02 -.409284 - 168936 not assumed 



TABLE18 
CROSSTABS BETWEEN FFT ANALYSIS ANO NUCLEAR MEDICINE 

GPOFFT t ISQMN Crosstabulation 

Count 

ISQMN 

1 2 Total 
GPOFFT 1 28 5 33 

2 3 2. 27 
Total 31 29 60 

Chi-Square Tests 

Asymp. &9. ~~act S~1 ~~act S~1 Value df {2-Slde(n~ 2-slded 1-Slded 
Pearson Chi-Square 32333 1 .000 
Conlinuity Corree/lona 29448 1 000 
Ukehhood Rallo 36202 1 .000 
Flsher's Exact Test 000 .000 
Unear-by·Unear 

31 794 1 .000 Assoclallon 

N of VaHd Cases 60 

a. Computed only for a 2x2 table 

b O ceUs (.0%) have expected count less than 5 The mínimum expected count is 13.05. 

Syrnmetric Measures 

Asymp. Std 
Value Erro(l AODfOX lb 

Approx. 
SIC 

Nominal by Nominal Contingency Coefficlent 592 .000 
Measure of Agreement Kappa .732 .OB8 5.686 .000 
N of Valid Cases 60 

a No! assuming ¡he null hypothesls 

b Usmg ¡he asymptotic standard error assumlng the nufl hypothesls 



TABLE19 
CROSSTABS BETWEEN PSD(+) ANALYSIS AND NUCLEAR MEDICINE 

GPOF • ISQMN Crosslabulation 

Counl 

¡SQMN 

1 2 Total 
psd + 1 28 9 37 

2 3 20 23 
Total 31 29 60 

Chi-Square Tests 

Valve df A;;mp ~~g 
2-slded ~~act S~1 2-slded ~~act S~1 

1-sided 
Pearson Chl-Square 22280 1 .000 
Continuity Correctiona 19843 1 000 
llkellhood Ratio 24245 1 .000 
Flsher's Exact Test .000 .000 
Unear-by-Unear 

21.909 1 .000 Assoclatlon 

N of VaJ¡d Cases 60 

a Compuled only far a 2:<2 table 

b O ceJls (.0%) have expected counl less Ihan 5 The rnlnimum expected counl is 11.12. 

Symmetric Measures 

Asymp. Std 
Aoorox Tb 

Approx. 
Value Erro,s Sla 

Nominal by Nominal Contingency Coefflcient .520 000 
Measure of Agreemenl Kappa .597 .102 4.720 000 
N of Valid Cases 60 

a Not assuming Ihe nu!J hypothesls. 

b Us¡ng the asymptotlc slandard error assumíng the nuH hypothesls. 

Risk Estimate 

95% Confidence 
Interval 

Value lower Uaaer 
Odds Ratio fer GPOF (1/ 

20741 4978 86.417 2) 
For cohert ISQMN :::: 1 5802 1988 16.930 
For cohort ISQMN == 2 280 155 505 
N of Vahd Cases 60 
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