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CHAPTER I 

INTRODUCTION 

Digitalis compounds were introduced in clinical practice more than 

a century and a half ago. Al.though these compounds were featured in one of 

the earliest known herbales in 1542, it was William Withering in 1185 who 

first gave a careful account of the effects of these preparations on dropsy_ 

Wi thering did not classify these preparations as cardiac drugs, but he did 

suggest tllat they bad a power over the heart. It was John Ferriar in 1199 

who ascribed the primary action to the effect on the heart, with diuresis as 

a secondary role. 

Probably no other class of drugs bas been the subject of such ex­

tensive and thorough pharmacological investigation as the digitalis series. 

The dramatic effects caused by these compounds in the clinic by their ability 

to increase the force of contraction of the myocardium, thus increasing the 

stroke volume of the heart with a reduction of residual volume, has intrigued 

many a researcher. Even with the vast amount of literature available I only 

the gross manifestations of these effects on altered heart and tissue ac­

tiVity are well understood. The underll1ng mechaDism of action of these 

compounds on cardiac function is still more or less obscure. 

The effects of these and other drugs on the electrical actiVity of 

the heart has been largely descriptive. The amount of information available 

of an electrocardiographic nature bas been limited because the development 

of theory and instrumentation has not proVided an adequate system to furnish 

data for a critical evaluation of the electrical actiVity of the heart. 

1 
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!i>wever 1 recent advances 1n theory have made possible the establishment of 

suitable "units" which adequately describe this electrical type data. 

The present study was undertaken to deVise a method and build an 

instrument sui table for the measurement and expression of data in appropriate 

electrical "units" as obtained in an electrocardiogram. The development of 

the vector concept for expression of these "units" in electrocardiography is 

tbe most rational and obJective method for evaluating information in the form 

of directed electrical forces. Vectors as used in engineering have three 

dimensions; magnitude, direction, and sen~e (polarity). In a study of the 

electrical actiVity of the heart (electrocardiogram), the manifest electrical 

potential of the heart eXists and changes each instant. Thus it can be de­

scribed as a series of instantaneous spatial vectors, haVing the dimensions 

of magnitude, direction, and sense (polarity). 

Some of the recent advances in clinical technique have been con­

cerned with spatial electrical changes as der! ved from the human heart. 

However, these findings were not actually measured but were abstractions 

from a series of recordings. The application of the new method to be de­

scribed here, will allow the separate calculation of the magnitude (voltage 

and polarity) and orientation electrical spatial vectors by actual measure­

ments from the recorded graphs. Modifications of these vectors caused by 

digitalis compounds or other drugs then can be readily measured. 

This study will add to the findings obtained by many investigations, 

which have centered mainly around three aspects of cardia.c glycoside act1 Vi tYj 

namely, (a) the relation to the action on and metabolism of certain inorganic 
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ions (K, Ca, etc.), (b) effects on the physiological and chemical states of 

the protoplasm, and (c) the effects on the energy transformation in the 

heart, especially energy production concerned with the recovery phase of the 

cardiac cycle. This additional techniQ.ue of study may provide new informa­

tion leading to a better understanding of tbe underlying mechanism of action 

of these intriguing digitalis compounds. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

In the course of an investigation of the effects of digitalis com­

pounds on the spatial electrocardiogram of the dog, it is necessary to be 

familiar with vectorcardiographic methods. Hence this review of the litera ... 

ture will emphasize the vector concept and special interest will be given to 

this type of data. 

The vector concept, as used in spatial electrocardiographic analy ... 

siS, is nothing more than an integration ~d schematizing of instantaneous 

electrical force data. If such an electrical force, from the contracting 

heart, is at the center of a cylindrical volmne conductor, (the chest), it 

would produce a distribution of potential on the surface of the cylinder 

similar to that which is encountered in the leads of the clinical electro­

cardiograph. 

Even without this vector concept, the usefulness of the standard 

clinical electrocardiogram in clinical evaluation of cardiac abnormalities 

is well recognized (Harrison, 1954). However, many physiological conditions 

and certain drugs effect each standard electrocardiographic lead, in a manner 

which simulates the effects of organic abnormalities. These similarities, 

Without the vector concept, are often evaluated with difficulty and unsatis­

factorily. For example, the alteration of the T wave by such drugs as 

digitalis, and phySiological variations in the same wave produced by hypo­

potassemia and cardiac injury are very much the same (Harrison, 1954, Gold, 

!i !:!:!., 1942, and Bellet.. !1!!., 1950). 
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Recent advances in clinical methodology, using the standard clin!-

cal electrocardiograph, have been concerned with spatial electrical changes 

in the heart. Observations of the electrical changes have been visualized 

by using the vector concept from the standard clinical leads (Graettinger, 

et ,!!!., 1951; Grant, ~ !!., 1951; Grishman, !! !!., 1952; Duchosal, et !!., -
1949; Mann, 1938; Schellong, 1936; Wilson, !! .!!.., 1938; Hollmann, !! .!!.., 

1938, and Minot, 1938). A search of the literature does not provide data 

using the vector type analysis in the dog with G-strophanthin or other digi-

talis-like preparations. Further, there is only limited data, using vector 

analysis of the standard electrographic reaordings, for the normal dog 

(Lombard and Witham, 1955, Dobbie, 1955). 

Two other methods, termed "vector cardiograms" (Wilson and 

Johnston, 1938) and "timed vectocardiograms" (Selvester and Griggs, 1957), 

are noted in the literature. 'l'b.ese methods have not been utilized for a 

study of digitalis preparation on the dog heart. However, a limited amount 

of data is available utilizing the vectorcardiographic method (Horan, Burch, 

and Cronvich, 1957). 

If one accepts the concept that the ideal recorded observation of 

the electrical changes proJected by a vector would be a series of recordings 

whose sum or integral will produce a cardiac vector at the moment of obser-

vation (instantaneous integral vector) (Grishman and Scher lis, 1952), we 

find, therefore, that the available methods evaluated in this light are of 

limited value. 
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The vector data that is available for the normal dog is that 

obtained by the method of Grant, ~ !±.O, (195l) ° This method allows the 

estimation but not actual recording of the spatial vectors from the standard 

clinical electrocardiograms. The disadvantage of this method is that the 

values are not actual recording of vectors, but visual estimations taken 

from a number of electrocardiographic leads. However, it is possible to 

plot a frontal plane vector graph taken from the limb leads, but consider­

able error is introduced unless the leads are recorded simultaneously. 

Plotting these graphs is also very tedious and time-consuming. 

The method termed "vectorcard1ograms" (Wilson and Johnston, 1938) 

has overcome some of the disadvantages of the method of Grant (1951) because 

an actual graph of the electrical changes that occur in the frontal, sagittal 

and horizontal plane are recorded. One report using this method is found 

describing the "normal" dog (Horan, Burch and Cronvich, 1957) ° One disad­

vantage ot this method is that these recordings often have the various major 

portions of the electrocardiograph cycle superimposed upon each other. Wi th 

very elaborate equipment (Mann, 1938) these smaller waves can be separated 

so that their size and shape (p and T loops) can be determined. Even With 

such separation of the various complexes one still cannot determine informa­

tion such as heart rate, irregularities in rhythm, and many of the clinically 

important time intervals. 

The method termed "timed vectorcardiograras" (Selvester and Griggs, 

1957) also has some disadvantages. Though these records give the progressive 



electrical changes of a complete cycle occurring in a plane, they do not 

gi va the information necessary for the measurement and calculation ot the 

relative spatial magnitudes and the spatial angles of the smaller 

deflections. 
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A new method, distinct from those described above, is introduced 

in this work for the study of G-strophanth1n and digitoxin. This method 

uses a three dimensional type recording similar to that used in "timed 

vectorcardiograms • " However, the introduction ot the time dimensions will 

be such that the perpendicular height ot a particular wave in each of three 

leads will give the X, Y and Z components ot its spatial vector. 

NORMAL OOG 

This literature may be divided into two groups, those directly 

concerned with the description of the dog's electrocardiogram, and those 

obtained in a similar manner but used as controls for other experimental 

studies. 

One of the first papers concerned with the description of the 

electrocardiogram of the dog was that ot Katz, ~!!. (1934), who determined 

the electrocardiographic variation on three normal dogs, using only the 

three standard limb leads. Recordings were taken twice a week for a period 

of four weeks. These dogs were unanesthetized and trained to lie on their 

right side. Although no data was presented in their paper, they concluded 

that repeated electrocardiograms on normal dogs show significant variations. 

This variation was attributed to the mobility of the dog's heart. 
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In a later study of eight dogs by Mainzer and Krause (1937) it was 

concluded that records taken from the dog in a standing position were value­

less, because of "electrical disturbance," while recordings obtained in the 

sitting position were almost as constant as the recordings obtained in man. 

A marked variation on different days was obtained with the animals lying 

either on their right or left side. This variation was correlated with the 

different degrees of rigidity of' the mediaatnum of each dog as noted by X-ray 

and postmortem examination. Though no records were presented, a general 

description of the major features of each of the three standard limb leads 

was given. 

Lalich, et al., (1941) studied 24 normal unanesthetized dogs trained --
to lie on either the right or left Side, using the three standard limb leads. 

Five of these dogs were examined on both sides. Although no detailed analy­

sis wa.s made, they did report that: the P waves showed changes in amplitude 

and direction in the same lead; that the T waves were variable in amplitude 

and directionj and that a variation in amplitude or disappearance of the Q. 

and S waves occurred. The electrical axiS, as calculated by Dieuaide's 

method (1935), had a variation of 700 in one dog (-650 to 100 ), however, 6o~ 

of the data for the 24 animals fell between 500 and 7r:? The shift in elec-

trical axis was less than 150 for each dog from day to day and the Twave 

reversals were not related to the animal's position. They expressed the be­

lief that each dog's electrocardiogram was characteristic even tbough day to 

day variation occurred in the various complexes. 
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In a study of three unanesthetized and fifty anesthetized nonrual 

dogs, Luisada , !:!! !d.., (1944) reported a heart rate of 90 to 140 with res­

piratory arrhythmia present in all leads. The P waves were upright and 

"sbBrP, It lasting 0.06 to 0.08 seconds while the P-R interval lasted 0.07 to 

0.08 seCOn(16. The S-T segment was often slightly displaced from the base 

line in the animals without anesthesia. The T waves were usually dipbasic 

with a sharp upright phase, ending Simultaneous 'With the second heart sound. 

The q,r interval lasted from 0.20 to 0.24 seconds. No other data was given. 

Peterson, ~ ~., (1951) attempted to set up detailed criteria 

for the standard and augmented unipolar li~b leads in a study of normal, 

untrained and unanesthetized young beagle dogs, in the supine posi tlon. 

They presented a table of intervals of the important complexes and a voltage 

measurement for each deflection or wave. An exception was the P wave which 

was measured only in lead II. A calculation of the electrical axis was made 

but no statistical analysis was presented. Their conclusion was that the 

variations in the serial electrocardiograms were more marked in dogs tban in 

man, but were not so great as to preclude comparison with one another. 

A "detailed" analysis of 62 electrocardiograms on 30 normal 

laboratory dogs on mongrel breed and indeterminate age was made by Horwitz, 

~ !!:!.., (1953) with a direct writing machine. The standard limb leads and 

the augmented unipolar extreml ty leads were recorded With the dog in the 

supine position. The amplitudes of each wave in each lead was measured and 

expressed in millivolts along with the intervals of the important complexes, 
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measured in seconds. The minimum and maximum value for each series of 

znea.surements was tabulated with the statistical calculation of the mean and 

standard deviation. A series of 10 consecutive readings on the same dog was 

presented, but no attempt was made of a statistical nature to compare these 

results to the total group. '!'hey concluded by recommending that a mean of 

three tracings be taken at different times to reduce the effect of the occa-

sional extreme values sometimes encountered. 

Lombard and Wi them (1955) published the first attempt to report 

vector type electrocardiographic data. in the dog, using the standard clinical 

electrocardiograph. They reported the vol1;ages of all the waves in the three 

standard limb leads and the six precordial leads. It should be pointed out 

that a modification of the routine placement of the precordial lead elec-

trodes was made. '!'hey were all placed in a straight horizontal line at the 

level of the fourth intercostal space. Estimates of the direction of the 

vectors of the Q, ST deviation, and T waves were presented using the method 

of Grant (1950). Using this same method, they presented the angles between 

the deflection of the QRS and T, ST, and T. They concluded that there is no 

predictable relationship between the direction of the mean QRS vectors, R 

vectors, or the ST vectors which will define the normal tracing. 

One study, using the vectorcardiographic method, was reported by 
1\ 

Horan, ~!:!.. (1957). Recordings of the QRS sE-loopl (Baylet, 1943) proJec-

1 sE is introduced to standardize nomenclature and symboliCally 
represent the spatially oriented loops ~ The symbol E is used to indicate 
electric quantities of vectorial (I') nature and the "s" to indicate that 



tiona in the frontal, left sagittal and horizontal planes in 34 "normal" 

mongrel dogs, anesthetized with pentobarbital, were reported. The equi­
/I. 

lateral tetrahedral reference lead system was used. The QJlS sE-loop was 

described as a long, narrow, and elliptical loop. Its deviation varied 
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only sligh1#ly to the righ1# I left, ventrad or dorsad from a stric1#ly caudal 

orien1#ation2 • For most of the dogs, 1#he orienta1#ion of 1#he maximal vector 
A 

of the QRS sE-loop lies in 1#he fifth sextan1# of the triaxial reference sys-

tem in both the anterior (fron1#al) and lefi sagittal plane projections. 
A 

Similar configuration orientation of 1#he P and T sE-loops were ofien 

orientated in the second sextant on the triaxial reference system in both 

the anterior (frontal) and lefi sagittal plane proJections. This indicates 
1\ 

some negative T waves. T sE-loops, which lie in both the fifih and second 

sextant of the triaxial reference systems, were described as discordant. 
1\ 

other T sE-loops showing notching or irregularities were obtained, but no 

description or emphasis of these types was made by the authors. 

~ A 1\ 
these are spatial in orientation. Theref'ore P sE-loop, QRS sE-loop and 1.. sE-
loop indica~e the loops as they appear oriented in space, P ~loop, QRS E­
loop and T E-loop indicate the frontal plane projections of' the respective 
spatial loops, unless otherwise stated. 

2 Spatial orientation of' 1#he spa1#ial vectocardiogram in the dog, 
as in raan, is def'ined in the anatomic posi 1#ion except that in the dog the 
term "caudad" corresponds 1#0 inferior in man, "cephalad" to superior, 
"ventral" to anterior and "dorsal" to posterior. For the convenience of' 1#he 
readers who are more familiar with human terminology, 1#he human convention 
will be used, with the understanding 'that the dog will be described as stand­
ing upright on his hind legs. 
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Literature Where Pre-treated Normal Dogs Were Used -
Several authors reported control electrocardiographic recordings 

prior to artery ligation in the course of investigation of this effect on 

the electrocardiogram of the dog. Smith (1918) concluded, that the tracings 

were "fairly constant in conformation" with the T waves being small in all 

the leads and negative quite frequently. Extreme variation in the T waves 

were reported by Barnes and Mann (1934), but they concluded that unless the 

direction of the T waves was established in the control observations, con-

clusions drawn atter coronary ligation might be confusing. Harris and Hussy 

(1936) with similar results reported " extreme variability of the so-called 

'normal' tracing." 

Betlach (1937) reported on controls of a series of four highly 

trained unanesthetized dogs used in a study of the effects of certain drugs 

and anesthetics on the electrocardiogram. They reported that variation from 

day to day in the three limb leads and Lead IV (Wolterth and Wood, 1932) was 

limited to that of the T wave. This variation could not be related to en-

vironmental factors although varying the position of the dogs did introduce 

additional changes in the records. Measurement of the amplitudes in milli-

volts of' the P, R, and T waves and the intervals in seconds of the P .. R and 

ST were given. 

The electrocardiogram of normal dogs was reported by Barnes and 

VJa.Dll (1939) to vary greatly in respect to the pattern of the T waves. These 

were pretreated dogs used in an electrocardiographic study of experimental 

localized pericarditis. They concluded that the most stable electrocardiogram 
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of the dog is one which shows negativity of the T wave in all leads (I, II, 

III, and IV). No additional data was given. 

Control electrocardiograms of 39 dogs were reported by HBlkesgring 

and Wertenberger (1947) as pretreated animals used in a study of the effects 

of sulfonamide administration on cardiac function. These dogs were trained 

to lie on their right side while lead II was recorded on a Hindle 13 Electro­

cardiograph. In the dogs having "normal" electrocardiograms, the heart rate 

ranges from 62 to 141 per minute and the duration of the ~S ranged from 

0.026 to 0.059 seconds. Fourteen of these dogs showed abnormalities in their 

control electrocardiograms such as sinus ~bytbrnia and slurred S waves. The 

T wave was variable with a negative T wave in lead II being common and not 

considered pathological. 

A series of pretreated or control electrocardiograms on the dog was 

reported by GroUman, .!1!!.., (1952) in a study of malignant hypertension. 

The range and amplitude in millivolts of the P, Q, R, S, and T waves along 

with the deviation of the ST segment were tabulated. Their conclusions were 

that the dog has a vertical heart with T waTes upright in leads II and III 

most of the time. 

Electrocardiogram After Digitalis 

Selenin (1912) observed, in morphinized dogs, an increase in the 

size of the T wave after the administration of digitoxin. The same observa­

tion was reported by Bickel and Pawlow (1913) with moderate doses of stroph­

anthin and digestropban, but with large doses there was a decrease in the 

heiglrt of the '1' wave. In the same year Rothberger and Winterberg found no 
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electrocardiographic changes with smBl1 doses and sometimes inVersion of the 

T waves with large doses. 

In a study of the relation between cardiac size and cardiac output 

per minute> Cohn and Stewart (1929) reported the effects of "therapeutic" 

doses of digifoline on the electrocardiogram of the dog. Although no details 

were given they do state that the T waves were constantly changing atter 

digifoline. Negative T waves might change size or become positive; positive 

ones ndght become negative. These changes persisted for 24 to 48 hours, but 

the control form always was obtained atter four days. The ventricular rate 

slowed for 2 or 3 hours atter injection and returned to normal after 24 hours. 

Brams (1929) studied the effects of "therapeutic" and "toxic" doses 

of various preparations of digitalis on dogs and cats. Although no data or 

graphs were reported he commented that "practically no change occurred in the 

electrocardiogram at any time." Constant lowering of the T wave ~td not 

occur and in no ease was a negative T wave observed. He doubted that changes 

in the T wave could be used as a criterion of the action of digitalis com­

pounds in the dog, as Pardee (1941) had suggested for the human. 

A series of electrocardiograms on dogs were obtained by La Due 

(1942) in a study of myocardial necrosis and fibrosis occurring as a result 

of the administration of massive doses of the cardiac glycosides. Every 

animal in the series showed some electrocardiographic effects from these 

drugs. The only details presented in their paper were a series of graphs 

on one dog along with general descriptions of the changes. These were de­

scribed as alterations in the shape of the T waves, alterations of the S-T 
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interval with slight depression to depression with "coving," and slight 

lengthening of the P-R interval. These T and ST changes seemed to occur 

spontaneously and could not be directly related to the appearance of myo­

cardial necrosis or fibrosis. Large doses also produced arrhythmias. 

Levine, .::!! al., (1951) suggested that the "electrocardiographic 

pattern of digitalis" was produced by slOwing of repolarization in the apical 

region. From a study on anesthetized dogs after tbe intravenous inJection of 

lanatOSide C, four types of evidence for this conclusion was presented. These 

are: (1) The digitalis pattern (depression of ST and flatting of T in the 

precordial leads and in VF) .. (2) absence o~ QT shortening, (3) abolition of 

the pattern by the acceleration of apical repolarization (this was accom .. 

plished by increasing the dog· s temperature to 42 degrees centigrade by 

radiant heat).. and (4) apical localization of ectopic beats produced by 

digitalis (this was concluded from the observation of qS configuration in 

VF and an R configuration in VR and VL. 

The amount of literature prOviding electrocardiographic information 

for the dog is surprisingly limited, particularly in the study of digitalis 

compounds. This is even more limited when we look for vector concepts in 

interpretation of the electrocardiograms. 

Even the meager experimental information on the "normal" dog which 

is available does not have direct relevance to the work to be descr1bed, 

wherein a completely new Time-Based vectorcardiographic analysis is to be 

made. Therefore a detailed analysis of Non-drug (control) dogs will be 

described. 
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A critical evaluation of the effects of digitalis compounds on the 

electrocardiogram of the dog is not found in the literature. The application 

of the new method, making use of vector concepts, is proposed. The applica­

tion of the new instrument with the collection of actual numerical data and 

the use of metbods of statistical evaluation of this data should provide a 

more adequate and quantitative description of the effects of drugs of this 

type in the dog. Such information may give some insight into the fundamental 

mecbanism of action of these dig! taiis compounds. 



~~-------. 
CHAPTER III 

HETHODS AND l<1ATERIALS 

Experimental Animal : Adult mongrel "normal." dogs vere used through­

out these experiments. The unanesthetized dogs vere trained to lie on their 

right side. The anesthetized dogs were lightly anesthetized with pento­

barbital, 25-30 mg per Kg intraperitoneally, and placed on their right side. 

The electrocardiographic electrodes were applied with REDOX 

( Sanborn) electrode paste and secured with electrode straps to shaved areas. 

These areas were shaved carefully in such a way that they outlined the posi­

tion of the electrodes for repeated recordi~s. 

The lead system used for recording the standard clinical electro­

cardiographic method was the usual one for the limb leads, and slight modifi­

cations were used for the precordial leads. Their pOSitions were modified 

according to the method of Lombard and Wit han (1955) for comparison with their 

data. They placed Vl and V2 at the level of the fourth intercostal space 

about 2 em from the mid-line and V 6 placed in the same plane in the mid­

axillary line. V3, V4, and V5 were placed eqUidistant between V2 and V6 

also on the same plane of the left side. 

In the Vectorcardiographic method and the new Time-Based vector­

cardiographiC method the cube lead system of Grisbman (1951) was used through­

out. The electrode placement for this lead system is as follows: 

(1) A-, B- and C+. One electrode with three cable connections is 

placed in the right posterior axillary line at the level of the first or 

second lumbar vertebra. 

11 
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(2) A+. In the left posterior axillary line at the same level as 1. 

(3) B+. In the right anterior axillary line at the same level as 1 

and 2. 

( 4) C.... Over the right scapula in the right posterior axillary 

line. (See footnote 1 and 2). 

See Figure I. 

Recording Methods 

Standard Clinical Electrocardiogram. The three bipolar leads 

(leads I, II, and III), augmented unipolar leads (leads AVR" AVL" and AVF) , 

and unipolar leads (precordial leads Vl to V6 with modification) were re-

corded serially on a Sanborn single channel Viso Cardette. 

1 The symbol - or + refers to the selected polarity of the elec­
trode as compared with its mate. 

2 For ease of the discussion, the dog is viewed as if standing 
upright on two bind legs. 
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The following measurement and analyses was made on each of these 

leadS: 

Volttyljes Intervals Axis3 ~es 

P T P QaS QRS-T 
Q ST P-R T ST-T 
R QRS ST 
S QT 

The analysis of the axis of the QRS, T and ST in the frontal plane and the 

spatial angles between QRS and T, and ST and T were estimated according to 

the method of Grant and Estes (1950). 

This method depends upon the principle that when a vector is per-

pendicular to the!!!! of one of the leads, it produces a net zero or a 

transitional deflection in that lead. If the vector is parallel to the ~ 

of a lead then it writes its largest deflection in that lead. Thus by simply 

studying the enclosed areas of the deflection on the limb and chest leads 

(subtracting ln one' s mind' s eye the posl t1 ve area from the negati va area when 

the deflection is bi-phasic) and deCiding whether the net area is conspicu-

ously biggest on one lead or conspicuously smallest (most nearly zero) on 

another, one knows instantly the spatial direction of the mean vector. 

Vectorcardiogram. Recordings as used in this method are essentially 

the method of Wilson and Johnston (1938) using the lead system of Grisbman 

(1951). Apparatus used in the method is the same apparatus designed and 

built for Time-Based Vectorcardiographic metbod, without the use of the 

3 Frontal Plane. 
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special sweep for the time-based recordings. The description of the appara­

tus will be presented in the next section under Time-Based Vectorcardiographic 

method. p. block diagram of this apparatus is given in Figure II. 

Permanent recordings were obtained by photographing the recording 

screen ,vlth a modified 35 rum Universal movie camera or a Polaroid oscillo-

graph record camera (type 2514). 

All the information obtained by the Vectorcardiograph recordings are 

also obtainable from the Time-Based Vectorcardiogra.ms. However, it was though 

desirable to run both methods in order to compare the new Time-Based Vector ... 

cardiogram method to the preVious work. A ;frontal, Sa.gg:ttal and Horizontal 

lead were recorded and the following measurements taken from these recordings: 

Voltage Angles 

Time-Based Vectorcardio~ram6. This is essentially a new method and 

no commercial apparatus was available for this study. Figure III shows a 

block diagram ot the components needed for the three dimensional type record-

ings obtained by this method. 

The impute to the apparatus from the 4 electrodes are controlled by 

the lead switch. This switch has 5 positions: (1) frontal lead, (2) sagittal 

leaa. (w"i.th vertical time dimension), (3) hOI'izontal lead, (4) calibrate, and 

(5) additional sagittal lead with hcrizontal time dimension (used for addi-

tional clarification). With the lead switch in position 4, the calibrate 
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s~tch is introduced. Tbis switch has four positions: (1) No signal (input 

grounded), (2) 1 mv introduced into the horizontal amplifier, (3) 1 mv intro­

duced in the vertical amplifier, and (4) 1 mv signal introduced in both 

amplifiers simultaneously, for calibration. The two separate signals from 

the lead switch are then introduced in the horizontal and vertical pre-

amplifiers respectively_ 

The pre-amplifiers were designed and built for this study. They 

are feed back, high impedance difference amplifiers with a fixed voltage gain 

of 100. The schematic diagram for this circuit is given in Figure IV. A 

special power supply, voltage regulated supply With DC current for the fila-

ments, was designed for these pre-amplifiers. The circuit for this power 

supply is given in Figure V. The over-all performance of these different 

pre-an~lifiers is DC to 30 kc with a rejection ratio of 1 to 300 with a ! 

1-1/2 volt signal. 

The signal from each pre-amplifier is then introduced to the rea 

spective X and Y amplifiers of the Dumont Cathode-Ray Oscillograph (Type 340). 

An AC-DC switch determines if they are direct coupled or capacity coupled. 

The horizontal (X) and vertical (Y) amplifiers are identical. They 

have a relative phase shift that Will not exceed 3.50 below 10 kc for any X 

and Y amplitude control settings. Both these amplifiers have a sensitivity 

of 100 mv peak-to-peak full scale or 25 mv peak-to-peak volt/inch (8.5 mv 

rillS/inch) nominal, and a frequency response that is DC to not down more than 

30% at 100 kc. 
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The over-all performance of each pre-amplifier is DC to over 

30 kc. However, it was found that Junction potentials were produced between 

the electrodes, skin, and various other junction or connections which made 

DC recordings impractical, since these potential were sometimes as large as 

15 mv. All the recordings were recorded with the AC-DC switch in the AC 

position, limiting the low frequence to 0.25 cps. (-6db). The upper limit 

of the frequency response also was limited because of muscle potentials and 

other high frequency interference. The usual upper limit of frequency used 

in clinical electrocardiographic instruments is about 45 to 60 cps (-6db). 

However, in the present study, there was a definite distortion of the records 

with this low upper limit of frequency response, so a higher frequency limit 

was chosen. Very satisfactory tracings were obtained with an upper frequency 

limitation of 2000 cps (-6db) and this frequency limit was regularly used. 

The time dimension for each oscilloscope display was introduced by 

the addition of a mechanical sweep to the horizontal amplifier unit. The 

horizontal amplifier was modified so that the signal from the sweep would be 

added to the horizontal signal without distortion of either. This horizontal 

sweep was adjusted to 50 rum/second for photography. 

Z intenSity modulation of the beam was added by the introduction of 

a negative signal from a Lab-Tronic Inc. signal generator at 500 cps and a 

positive signal from a specially built generator at 30 cps. The negative 

Signal blanked the tracing every 0.002 seconds and the positive signal inten­

sified the tracing every 0.033 seconds. 



Permanent records were n~e by photographing the oscillograph screen 

'lith either a polaroid oscillograph record camera (type 2614) or a modified 

continuous moving film 35 rom Universal movie camera. In the case of the 3~i !:r;; 

Uni versal camera the film speed was at the standard rate of speed, 25 nun per 

second. The sweep circuit was used only for visual observation and recordinG 

with the polaroid camera. The records from the moving film camera were pre­

ferred because a black tracing on a white background was obtained while the 

polaroid camera produced a white tracing on a black background. 

CALCULATIONS. A record obtained with this apparatus gives the pro­

gressive electrical change that occurs in a;plane similar but not identical 

to that used in "timed vectorcardiograms" (Selvester and Griggs, 1957). How­

ever, this method differs in that the time dimension in each of the three 

orthogonal leads is applied in such a way that each lead will have its time 

dimension perpendicular to the other two. A measurement of the perpendicular 

height of a particular deflection on each record would measure its X, Y, and 

Z components in space or its spatial vector. Figure VI shows an example. 

Knowing the X, Y, and Z components of a vector, one can calculate 

the m.agnitude of the spatial vector, A, as follows: 

A • V X2 + y2 + Z2 (1) 

If one also knows the X, Y, and Z components of a second vdctor B, origillatin~~ 

frOlii. the same origin as A, the ll',,'lgni tude of vector B can be calculated. with 

formula 1. 

In order to calculate these spatial 8n~:sles the following Gteps J':US't 

be taken. A line drawn frou the termil1:"l.l l)Ol'ti()llS of t"ro uf th<:!se vecl:iol':': 
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origin.3tine from the same point Will form a triangle. The magnitude of' this 

line, c, can be calculated: 

(2) 

If three sides of a triangle are Y.Ilown one can calculate the angle,'-><\, 

oPPosite the side c (formed With the two spatial vectors) by the law of 

Cosines: 

c,,\ is the angle formed by the two measured instantaneous vectors from two 

electrocardiographic waves. 

¥.teasurements and AnalY!eis: The procedures used in making the volt-

age measurements were essentially those used in clinical human electrocardio-

graphic analysis (Lepeschkin, 1951). These rules can be applied also to our 

new method, With emphasis being placed on perpendicular measurements. 
/\ 

Three measurements were m.a.Ue on the QRS sE-loop wave: (1) QR~v 

or its maximal instantaneous vector, (2) QRSi or its initial .006 instanta­

neous vector, and (3) cmst or its terminal 0.006 instantaneous vector. 

A modification of the terminology of the ST-T wave was made when 

it became apparent that this wave is regularly quite different in the dog 

from that of the T wave in the human. In the hUlJJ.8n, the I' wave (S1'-'l' 'lave) 

is a smooth curve reflecting a gradual decent of activity, starting at ~he 

isoelectric base line, and does not contain any frequencies exceeliing 5 

cycles per second (Lepeschkin, 1951). On the other hanG, in the liog, 'the 2 
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¥T[1Ve ,iDes nut have a smooth curv.:.:: utarting at the isoelectric base line, but 

rather has a deep notched S'f·'r wave, almost always starting above the base 

line. In orciel' to adequately describe this wave in the dog it was necesse,ry 

to subdi v:!J~e the ST segment portion of the ST-Twa."l-r;: in'1:.o three sections [Jl1il 

to J.e:Jcribe a separate T wave. 

AD shown in F16>'Ure VII, the STa deflection is cletermined by measur-

ingthe voltage that is produced at the end of the QRS complex. If the ru.le 

is fell,ivied (Lepeschkin, 1951), the end of the QRS complex is determined by 

the abrupt change of slope of the QltS to the gradual. slope of the ST-T I then 

the STa. is the measurement of' the voltage at this junction. The S'l\, wave is 

that portion of' the ST segment which shows a tendency to return to the base 

line. The last portion of the ST segment, the STc wave, is the portion fol­

lowing S~, Which usually tends to become posi ti ve in voltage and then usually 

returns to the base line before the actual T wave. The T wave :i s tbat portion 

of the graph from the notch ending the STc wave to the point of' return to 

either the base line or the U wave. 

(See Figure VII) 

The Frontal, Sagittal and Horizontal leads were recorded serially. 

See Figure 8 for details of orientation for each recording. The following 

perpendicular voltage measurements were made on each lead.: 

,!oltage 

p 
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From these measurements in each lead calculations using formula 

(1), following voltage magnitudes in space were made: 

and (3): 

tabulated: 

Spatial Magnitude. 

p QRSm STa T 
QRSi 
Q;RSt 

srb 
s'rc 

The following angles were calculated using the formulas (1), (2), 

Spatial ~es 

P-QRS 

From the records the following angles were measured: 

Frontal Lead Sagittal Lead 

Q;RSm 

~Si 

QRSt 

Measurements of the heart rate and the following intervals were 

Intervals 

p " 
QRS sE-loop 
QT 

DESIGN OF EXPERIMENTS AND STATISTICAL ANALYSIS 

The general statistical analysis performed on most of the data taken 

from the different electrocardiogral)hic tracings is ba.sed on the methods fror;! 



Batson (1957), Villars (1951), Teppet (1952) and Bennett and Fr8.lL1.tlin (19:j:i). 

I'he student "tit test is utilized where comparison of' two :nearw :l,c; 

l;lcd.e. i'lhere more than two comparisons are indicated, analysis of varlc.nc:e 

is utl11zed. 'roo major comparisons a.na.lyzed using the analysis of variallce 

,[ere: 

1) Dogs. 

2) Waves (voltages, spatial magnitudes, spatial angles 
and intervals of all the waves measured). 

3) Conditions: 

a) ~ ... DruS dog 
b) af'ter Low ... Dose of drug 
c) af'ter Hie-l);)se of drug 

in the anesthetized and unanesthetized series of dogs. However, since we \-lere 

not interested in the variations between dogs and knew that each elec:tro-

cardiographiC wave is different by definition, we li11dted the analysis to 

differences between conditions. 

The level of significance is deSignated by a single plus (+) for a 

p (probability) value between 0.05 and 0.01, a double plus (++) for a p value 

between 0.01 and 0.001, and a triple plus (+++) for a p value leS3 tbc~ 

0.,../)1. 

"NORMAL" roG. This data, obtained under the Hou-Dl'Ug cOllo.i.tion uf 

each series, was d.escribed separately under t\iO heauings: unc..."lc:Jtheti ze:"t 

"n,)l'111al
lt d.ogs, and anesthetized. !fnorr;ru" dogs. A tabulation of ti.1.e i:.eans, 

standard deviation and range of the data collectecl frO)Sithc .i:;0n-Drug cunZli-

t.iel(}. for each electrograpmc metho,l is given. A statistical. cozr:parison 01: 



tnc i..;.eans of the valulls between theoe two groupo of "normal" dogs is made 

usi.llG the student lit" test. 

As used here I drug title refers to the interval '-.::f tin;e bet ... /een the 

adlJ.;.~~llistl'ation of the digitalis drug and th8 recording of the elt'!ctrocal'(li.,;-

DRUG EXPERlIvlElfrS. 'l'hree different series of eXperiI:1ents were una.cr­

taken using digitalis preparations. The first series was a study designed to 

determine if any mar~ed characteristic changes occurred with varying doses of 

strophanthin G in dogs lightly anesthetized with pentobarbital. A second 

series of experiments was undertaken on trai'ned unanesthetized dogs, thus 

eliJilinating the effect of anesthesia. A third series was designed to control 

the interval and effect ot anesthesia. 

SERIES I, ANESTHErIZED mas: A group of 7 dogs was studied under 

light :pentobarbital anesthesia (30 rng./Kg., i.p.). Pre-drug (Non-Drug con­

dition) recordings using each of the three electrocardiographiC methods were 

taken. 1);)ses of Strophanthin G bet\veen 0.25 and 1.0 nrg were adr:rl.nistered 

i • v. and serial electrocardiogrm;J.s were taken at selected intervals of tilU('! 

t':.fter administration of the drug. These drug times va.riE~d bet\'leen 1 Dlld 24 

hours. 

The data frorli this series of e}::peritaents .. ras statistically ~n~.lyzeG. 

using the student's Itt" test for paired experlnents. 'rhe electrocardJ.ogrm,G 

from the pre-drug dogs (Non-Drug condition) were used n~ control and the 

u.:U.'fcrcnces obtained after aruf!inistl'ation of drug analyzed. The post ... drug 

!' 
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el.::;etJ'c;cacd:Loc;rans vere divided into two groups, those \lith a drug time of 2 

bourG or leGs and those 'With a drug time of more than t'Wo hours. Each group 

was analyzed separately. 

SER.IES II, UNANESTRETIZED IX>as: Four dogs were trained to lie on 

their riGht side and submit quietly to electrocardiographic recordings. Two 

recordings 'With each of the three methods were taken on two different days 

for the Non-Drug condition. Data for the Low-Dose condition was obtained by 

t~~ing serial recordings on different days during a. period of daily oral ad-

rAnistration of 0.1 rug digitoxin. The dose and recording schedule is given 

in Ta.ble 1. Data tor the High-Dose condition was obtained from the ssme set 

of dogs after an administration of 1 rug digitoxin per da.y. A recovery period 

of three months was allowed between the tvo dose series. 

Analysis of variance was used to analyze the data obtained from thea 

drug studies. Three main sources of error were separated, that resulting from 

differences between dogs I between waves, and between conditions. The means 

squares used for the calculation of the F ratiO were taken following the 

directions from the tables of the components of variance according to Villars 

(l95l) for Two Factors with v-fold Replication and Three Factors with w-fold 

Replication. Our primary interest is in the conditions variance. This vari-

8llce is composed of the Non ... Drug, Low-Dose and High-Dose conditions. These 

condi tions were further analyzed by use of the Least Standard I:eviation (LSD) 

I,lcthod (Villars, 1951). 

II 
I' 
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roSE AND EI..EX1TROCARDIOGRAM R1!X!ORDING SCHEroLE 
FUR SERIES II 
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=;:;':;;'-~';':;';;~;;;;-=.'=="==-=--="=-=-=--==-=====-=-- -=-==-===""===== 

Day 

1 
2 
3 
4 
5 
6 
1 n 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

methods. 

Low Dose 

Dose (rng) Recording 

0.4 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.4 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

Digitoxin vas given orally. 

I 
I 

High Dose 

IbseT miJ Recording 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I 

+ 
+ 

+ 

+ 

+ 

P1UB signs indicate day on which recording was taken by the three 

a Indicates' that only Dog #15 recording was obtained on that day. 
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SERIES III, ANE5THETIZED mas WITH CON'rROL ANES'.PlID3IA: This groUp 

of experiments was specia.1.ly designed to utilize the advantages 01' the 

Factorial method of statistical anaJ.ysis (Batson, 1951 and 1953). Five doBS 

were anesthetized with pentobarbital (30 mg./Kg., I.P.) and studied. Six 

conditions were selected and electrocardiographic recordings for each method 

taken during each condition. Details of these conditions are presented in 

the results. 

'rhe advantages 01' the factorial statistical method are the sim­

plification and shortening of the arithmetic involved. Ihwever, 0017 the 

differences in the conditions are studied by this method. 

The procedure used is simple. The error term used for caJ.culation 

of the F ratiO is the variance of all of the data. The mean squares for 

each of the compari sons is calculated as follows: (1) sum of squares (55) -

obtained by squaring the difference ot sums of the columns to be compared. 

(2) The degree of freedom (DF) used tor calcula.tion of mean square (MS) is 

the sum of first group's co-eff'icients squared, times the number ot values 

in the first group. This is added to the sum of the second group co­

e:t'ticients squared times the number of values in the second group, to give 

the appropriate degree of freedom. 

The data of the spatial magnitudes, derived from the Time-Based 

Vectorcardiogram, were transformed into ratiOS, using the QRSm spa.tial volt­

age as 100. Such ratios would tend. to eliminate variations in field dis­

tortions, electrode and skin reSistances and have been suggested tor routine 

electrocardiograph anal7sis b7 Lepeschkin (1951). This transformation is 
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possible, unique and especiall)" useful in analyzing data from this method 

because the actual magnitude of each wave in space is calculated independentl)" 

regardless of its orientation in space. This eliminates the errors in the 

xnagnitudes of the waves obtained with other methods whose magnitudes of the 

waves change with spatial orientation. 

Iii 



CHAPTER IV 

RESULTS 

"NORMAL" OOG 

A statistical description of the electrocardiograms of the pre­

treated ("normal" adult) dogs is given for each of the three methods. One 

of the methods, the Time-Based vectorcardiographic method, is new and no 

previous da'ta is presented in the literature. Further, not all of the 

standard clinical electrocardiographic leads have been described statisti­

cally and only scanty vectorcardiographic dita 1s available. These pre­

treated dogs are separated into two groups and separate descriptive stat­

istical analysis of these "normal" dogs given. One group contains 8 electro­

cardiograms With each method trom 4 unanesthetized trained dogs and the 

second 18 electrocardiograms tram 13 dogs anesthetized with pentobarbital, 

30 rug/Kg. 

Standard Clinical .Method: The means, standard deviations, and 

ranges of the voltages for all the waves of the 12 standard clinical electro­

cardiographic leads are given in Tables 2a and 2b for the unanesthetized 

trained dogs and in Tables 3a and 3b for the anesthetized dogs. For typical 

records see Figures VIII and IX. 

Table 4 bas the means,· standard deviation, and range of values for 

the heart rates I intervals, and axes of the various waves for the unanesthe­

tized dogs and Table 5, Similar values for the anesthetized dogs~ 

40 
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fiGURE VIII 

STANDARD EI..l!X:;TROCARDlOORAM: A CON'l'ROL R&!ORD OF ABESTHETIZED OOG 
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FIGURE lXa 

STANDARD ~'l'ROCARDIOGR.AM: A CON'mOL RliX:ORD OF ANESTBrIZED :ooG 
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FIGURE IXb 

STANDARD ELl!X.'!TROCARDIOGRAM: A Rm:!ORD OF THE SAME ANFSTHm'IZED OOG 
on lfOUR AFl'ER 0.25 mg OUABAIN 
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TABLE 2a 

MEANS OF VOLTAGE MEASURDmn'S OF THE WAVES FROM THE 
LIMB LEAOO - STANDARD Er...!X:!'1'ROCARDlOGRAM 

-
Limb Leads 

I II III AVR AVL 

I Mean 
.03 .ll .09 .01 .04 

S"D.* t,,02 t.02 t.01 t.o4 t.04 
! Range .01-.05 .08-.12 .03-.19 .02-.12 .01-.12 

! 

Mean .10 .21 .12 .12 .09 
S.D. t.13 t.l0 t.01 t.01 t.09 
Range 0-.39 .10-.35 0-.22 .02-.21 0.,,24 

Mean .57 1.09 .78 .80 .It.6 
S.D. t.24 t.41 t.30 t.30 t.43 
Range .22-.85 .61-1.82 .40.1.22 .12 .. 1.12 .11-1.18 

Mean 0 .08 .13 .19 .10 
S.D. to t.08 t.17 t.42 t.18 
Range 0-.02 0-.21 0-.48 0-1.23 0- .It.6 

Mean .01 .08 .02 -.03 .03 
S.D. t.10 t.o8 t.10 t.15 t.o6 
Range -.20 •• 05 -.22-.26 -.10-.18 -.26-.11 -.06-.12 

Mean 0 0 0 0 .01 
S.D. 1'.03 1'.05 to 1'.02 t.02 
Range 0-.08 -.03-.02 ... 02-.03 -.02-0 0-.06 

This group of dogs was trained and unanesthetized. 

All the measurements are in millivolts (standardization of 
1 em • 1 mv.) 

Means - 8 electrocardiograms on 4 dogs. 

* Standard Deviation. 

j 

i 
i 

-

AVF 

.11 
t.04 

.08-.12 

.11 
t.l0 

.01-.29 

.93 
t.39 

.34-1.49 

.09 
t.12 

0-.31 

.02 
t.l0 
-.15-.13 

-.0 
1'.03 
-.02-.02 
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Wave 

P Mean 
S.D.* 
Range 

Q Mean 
!, S.D. 

Range 

R Mean 
S.D. 
Range 

S Mean 
S.D. 
Range 

T [Mean 
S.D. 
Range 

ST .Meau 

TABLE 2b 

MEANS OF VOLTAGE MEASUR»iEN'.l'S OF THE WA YES FROM THE 
CHEST I.EA.m .. STANDARD ELmTROCARDIOGRAM 

::;::;.:::::: 

Chest Leads 

Vl V2 V3 V4 V5 

.05 .04 .05 .05 .04 
t.03 1".02 1".04 t.03 t.02 

0-.08 .01-.01 .01-.10 .02-.10 .01-.08 

.01 . .03 .03 .02 .02 
t.Ol t.02 t.03 t.02 t.02 

0 ... 03 0 ... 08 0-.08 0-.06 0-.05 

.91 .91 .91 .90 .93 
t.28 t.21 t.20 t.20 t.13 

.62-1.20 .71 ... 1.22 .64 .. 1.23 .60-1.19 .74 .. 1.12 

.09 .10 .08 .06 .06 
t.08 t.10 t.07 t.05 t.06 

0-.19 0-.24 0-.16 0-.15 .02 ... 18 

.11 .08 .10 .10 .05 
t.ll t.12 t.08 t.07 t.l0 

.01-.32 ....12-.26 .02 ... 74 .02-.20 ... 12-.14 

0 0 0 0 .01 

l' t.06 t.ot.. to t.Ol t.Ol 
Range -.05-.02 -.02-.03 -.01-.02 -.01-.03 -.02-.03 

This group of dogs was trained and unanesthetized. 

All the measurements are in millivolts (standardization of 
1 cm • 1 mv.) 

Meaue ... 8 electrocardiograms on 4 dogs. 

* Standard Deviation. 

V6 

.03 
t.02 

.01-.05 

.04 
t.03 

.01-.10 

.91 
t.16 

.72-1.18 

.07 
t.05 

.02-.19 

.05 
t.l0 
-.10 ... 22 

.01 
t.Ol 

0-.02 

I 

.j 
'I 
.11 

,\ 
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MEABS OF VOLTAGE MEASUREMEB'l'S OJ' WAVPB OJ' LIMB LEADS, 
AlESTBETIZED OOG .. STAIDARD ELPX:TROCARDIOGRAM 

I II III AVR AVL 

Mean .25 .19 ,14 .07 .07 
S.D.* t.08 t.l0 t.06 t.05 t.05 
Rangei .09-.49 .02-.37 .02-.23 .02-.20 -.02-.20 

Mean .11 .16 .11 .11 .05 
S.D. t.12 t.12 t.l0 t.08 t.07 
Range 0-.41 0-.41 0-.30 0 .... 28 0-.27 

Mean .46 1.76 1.52 1.23 .66 
S.D. t.18 t.78 '!'.50 !.52 !.30 
Range .20-.75 .2'7-3.28 .76-2.57 .01-2.25 .12-1.26 

Mean .06 .10 .11 .04 .07 
S.D. t.24 t.12 t.13 t.07 t.10 
Range 0 .. 1.00 0-.33 0·.36 0-.22 0-.28 

Mean -.01 .04 .02 .06 -.01 
S.D. t.07 t.30 t.33 t.16 t.09 
Range -.15-.10 -.62-.49 -·37-1.03 -.34-.22 -.12-.19 

Mean .01 .01 0 0 -.01 
S.D. !.02 t.05 t.2l t.2l t.02 
Range -.05-.05 -.20-.15 -.09-·12 -.10-.09 -.08-.02 

All the measuremel1ts are in millivolts (standardization of 
1 em • 1 mv.) 

MeaDS - 18 electrocardiograms on 13 dogs. 

Pentobarbital anestheSia, 30 mg/Kg. 

* Standard De'V1ation. 
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AVF 

.23 
t.08 

.05-.38 

.17 
t.ll 

0-.40 

1.87 
!.67 

.90-3.2'7 

.12 
t.14 

0 .... 42 

-.°7 
t.26 
-.59-.41 

0 
t.31 
-.10-.19 
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TABLE 3b 

MEANS OF VOLTAGE MEASUREMENTS OF WAVES OF CHEST J:..F.Am, 
ADSTBETIZED OOG .. STANDARD ELECTROCARDIOGRAM 

V1 V2 V3 V4 V5 

Mean .10 .13 .14 .18 .11 
S.D.* 1'.06 1'.06 1'.06 1'.04 1'.05 
Range 0-.20 .02-.23 .01-.23 .10-.25 .ll-.28 

,Mean 0 0 .01 .06 .13 
S.D. to to 1'.02 1'.01 1'.10 
Range 0-0 0-0 0-.01 0-.27 .02 ... 32 

Mean 1.59 2.33 2.42 ; 1_82 1.57 
S.D. 1'.61 1'.51 t.69 t.64 1'.69 

'Rrmge .28-2.33 1.00-3.01 .91-3.65 .01-3.62 .70-2.90 

Mean .47 ·29 .22 .08 .08 
S.D. 1'.39 1'.29 t.26 t.ll 1'.13 
Range 0-1.20 0".79 0-.76 0-.40 0-.46 

Mean .14 .03 .02 -.06 0 
S.D. t.24 1'.33 t.33 t.23 t.23 
Range -.17-.63 -.50-.66 .. • 1~5-.13 ... 50 ... 35 -.43-.39 

Mean .04 .05 .04 .17 .02 
S.D. 1'.10 1'.14 t.13 t.08 1'.04 
Range -.14-.30 -.16 ... 32 -.ll-.29 -.16-.18 .03-.10 

All the measurements are in mill1 volts (standardization of 
1 em • 1 mv.) 

Means .. 18 electrocardiograms on 13 dogs. 

Pentobarb1tal anesthesia, 30 mg/Kg. 

* Standard Deviation. 
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V6 

.15 
t.04 

.07 ... 21 

.23 
1'.11 

.05-.53 

1.25 
t.40 

.50-2_18 

.05 
t.l0 

0-.40 

.02 
t.21 
-.32-.38 

.01 
1'.04 

. -.05-.14 
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Mean 
S.D.* 
Range 
N** 

-

Mean 
S.D. 
Range 
N 

Means 
S.D. 
Range 
N 

TABLE 4 

MEANS OF HEART RATE, INTERVALS, AXES AND ANGLES FROM 
STANDARD ELlir'mOCARDIOGRAMS OF Ul'fANESTHm'IZED 

NORMAL IOOS 

Heart Rate Intervalst Beats/ 
Minute P-R Q-T RR' 

70 .15 .24 .'76 
t33 t.03 1'.02 t.o8 

33 ... ll3 .13 .. .20 .21 - .26 .68 .. .89 
8 I 8 8 8 I 

AxeStt I Frontal Plane 
QRS l' STo S-T+ 

710 54° No 60° 
t:i~ t78° Wa'\re t4~ 

50° - 8~ -130° .. 100° 30° .. 90° 
8 8 5 2 

Spatial Anglestt 
Qi{S-T ST-T. 

+ T Waves .. T Waves 

21° 15~ No 60° 
±l8° t4~ Wave 1'620 

00 .. 4~ 9~ .. 1800 100 .. 130° 
5 3 5 3 

I --- -

t Intervals in seconds. 

tt Axes and angles in degreese 

* Standard DeViation. 

** Number of Observations. 

QRS 

.03 
to 

.03 - .03 
8 

ST-

-1000 

1 
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TABLE 5 

MEANS OF THE HEART RATE, INTERVALS, AXES, AND ANGLES FROM 
ANESTHETIZED OOGS .. STANDARD ELP.X";TROCARDIOGRAM 

- Heart Rate Intervals';' 
Beats/ 

I 

Minute P-R QRS q.r RR' 

Mean 150 .09 .03 .218 .423 
S.D.* !31 !.01 !.oo !.044 !.109 
Range 94 .. 210 .08 - .11 .03 - .04 .16 • .36 .288 ... 600 
N** 18 18 18 18 18 

--= "f - .- -- .,. , 
Axe sf';' , Frontal.; Pl8.De 

QRS T+ T - STo 8T .. I ST + 

Mean 7CJO 87° -950 No -92° 740 

S.D. 'h40 'h6° :t 60 Wave nso t300 

Range 6~ .. 1250 60 - 1000 _88° - -105° -7~ .. -120° 30 - 115° 
N 18 10 8 .5 5 8 
-

-
Spatial Angles';'';' 

QRS.T ST-1' -ST +81' 

+1' .. T 

Mean 'Z"{0 1730 No 1460 90 

S.D. '!'29° ! 4° Wave +'17° -;) ~26° 
Range 50 .. 700 8~ - 1800 85° - 1700 50 _ 20° 
N 10 8 5 8 

I 
5 

, 

f Intervals in seconds. 
f';' Axes and angles in degrees. 

* Standard Deviation. 

** Number ot Ob;;.3rvatlons. 

Anesthesia .. Pentobarbital, 30 mg/Kg. 
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A statistical comparison of the voltages using the "t" test anaJ.y-

sis was made for each wave, comparing the unanesthetized With the anesthetized 

dogs. Tables 6a and 6b gi va the differences in the means, "t" values, and 

significance of these comparisons for the two groups of dogs. A summary of 

these anaJ.yses shows that the voltage of the P wave in the anesthetized group 

of dogs is significantly larger (O.l~ level) in leads I, '5' and '6. The R 

waves in leads V 5 and V6 are significantly greater in the anesthetized group 

of dogs, and the Q wave in the same group is larger in lead '6. 
Statistical comparison of the differences of means from the same 

two groups of dogs for the heart rates and the electrocardiographic intervals 

is presented in Table 7. The heart rates of the anesthetized dogs is sig­

nificantly higher (0.1; level) than those of the unanesthetized dogs. The 

P-R and RR' intervals were significantly shorter (0.1; level) in the anes-

thetized dogs. 

Vectorcardiograms: 
1\ 

T,ypical QRS sE-loop proJections in the frontal, 

sagittal, and horizontal plane leads are given in Figures X, XI, and XII. 

" Most of the QRS E-loops in the frontal plane lead are long narrow ellipses. 

" The sagittal plane E-loops are also ellipses, but are usually less narrow. 
1\ 

The QR,S E-loop in the horizontal plane lead (Figures X, XI, and XII) are 

" usually of small magnitude indicating a thin sE-loop orientated very ver-

tically. A counter clOCkWise inscription of the traCing was found in all 

the frontal plane proJections while a clockwise inscription was found in all 

the sagittal plane lead projections in both groups of dogs. 1'he horizontal 

plane projections were usually very small and the rotation was in either 

J 
1,1 

·1.' 
,II 

IIlil: 

III! 
ill 

1

·.1.' ,I 
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TABLE 6a 

MEAN DIFFERENCm3 OF VOLTAGE AND STATISTICAL COMPARISONS 
OF UNANFSTBETIZED AlfD ANESTBETIZED OOGS ... 

STANDARD EL:ro'l.'ROCARDIOGRAM 

I II III AVR 

Mean Ditt. 10:~(2) .08 .05 0 
t* <1 <1 <1 

Sig.** +++ 

Mean DiU. .01 .05 .01 .01 
t <1 <1 <1 <1 

Sig. 

Mean Ditt. .11 .67 .74 .43 
t 1.1 <:1 <1 <:1 

Sig. -
Mean Ditt. .06 .02 .02 .16 

t 1.1 <1 <1 <1 
Sig. ... 

Mean Ditt. .02 .04 0 .09 
t <1 <1 <1 < 1. 

Sig. 

Mean Ditt. .01 .01 0 0 
t <1 <1 <1 <1 

Sig. 

Mean differences are in millivolts. 

(1) Unanesthetized group ot dogs - voltage larger. 

(2) Anesthetized group ot dogs .. voltage larger. 

'* tit" test 

** Signiticance 

AVL 

.03 
<1 

.04 
<1 

.20 
<1 

.03 
<1 

.04 
<1 

.02 
<1 

AVF 

.12 
<1 

.16 
<1 

.96 
<1 

.03 
<1 

.18 
<1 

0 
<1 

i , , 

: ii 
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TABLE 6b 

MEAN DIFFERENCES OF VOLTAGE AND STATISTICAL COMPARISONS 
OF UlWfESTHF..'l'IZED AND ANESTHF:rIZED ooas -

ST.A.NDARD ELEC'l.'ROCARDIOGRAM 

-
Vl V2 V3 V4 V5 

Mean Diff. .05 .09 .09 .13 .13(2) 
t* <). <1 .c;1 <1 9.2 

Sig.** +++ 

Mean Ditt. .01 .03 .02 .04 .11 
t -<I 1 < 1 <1 <1 <1 

Sig. 

Mean Ditf. .68 1..36 1.45 .92 .64( ) 
t <1 <1 <1 <1 3.78 2 

Sig. ++ 

Mean Diff. .38 .19 ;J-4 .02 .02 
t <1 <1 1 <1 <1 

Sig. 

Mean Diff. .03 .05 .08 .16 .05 
t <1 <1 <1 <1 <1 

Sig. 

Mean Diff. .04 .05 .04 .17 .01 
t <1 < 1- <1 <1 <1 

Sig. 

Mean differences are in millivolts. 

(1) Unanesthetized group of dogs - voltage larger. 

(2) Anesthetized group of dogs • voltage larger. 

* "t" test 

** Significance 

53 

liZ: 

V6 

.12(2) 
10.0 

+++ 

.19(2) 
4.63 
+++ 

.34(2) 
2.09 

+ 

.02 
<1 

.03 
<1 

.01 
<1 
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Difference 
in Means 

t* 

Sig.** 

TABLE 7 

MEAN DIFFERDCl!5 IN MILLIVOLTS OF HEART RATtS AND 
IH'l'ERVALS AND STATISTICAL COMPARISON OF 
UNABES'l'BrIZED AND ANESTHErlZED OOGS -

STANDARD ·.ELlOOTROCARDIOGRAM 

I Heart Rate Intervals 
Beats/ 
Minute P-R Q-T 

80 .06 .02 

5_71(2) 6.0 (1) 1.66(1) 

+++ +++ 

Mean differences in millivolts (standardization of 
1cm-1mv.) 

(1) Unanesthetized group of dogs bas high mean. 

(2) Anesthetized group of dogs bas high mean. 

** Significance 

RR' 

.44(1) 

11.28(1) 

+++ 
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FIGURE X 
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~TORCA..,,{DIOGRAM: Q.;RS sE·LOOP WITH A TERMINAL 

CEPHALID INSCRIPTION 
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YrroRCARDIOORAM: ~s sE-LOOP WITH ONLY A CAUDAL INSCRIPrI01I 
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DOG 19 

FIGURE XII 

" ~ORCARDIOGRAM : ~s sE~LOOP WITH ONLY A CAUDAL INSCRIPrION 
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frontal h6rizorital" 
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, 1 mv sagittal-­

DOG 21-1 

FIGURE XIlla 

A 
vroroRCARDIOGRAM: A NARROW TmN ~S E-LOOP IN FRONrAL LEAD, 

MJRE OV ID E-LOOP IN SAGI'Pl'AL LEAD I MMEDIATELY 
AFrER PENTOBARBITAL ANESTHESIA 



frontal horizontal 

I ' m'\l 

DOG 

sagit'tal 

21-2 

FIGURE XIlIb 

~RCARmOGRAM: AF'l'ER THREE IDURS UNDER PENTO~ITAL 
ANESTJID3IA A COUNl'ER CLOCKWISE ROTATION OF THE QRS s~-LOOP 
OCCURRED so THAT A ltDRE OVOID QRS ~-LOOP WAS INSCRIBED IN 

THE mONTAL LEAD AND A THIN ~S :i-LOOP INSCRIBED IN THE 
SAGI'rl'AL LEAD 
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direction depending on whether the frontal plane loops were oriented slightly 

to the right or to the lett. An isolated but interesting observation was ob-

tained with dog #2l (see Figure Xllla and XlIIb). Vectorcardiographic record­
.'\ 

ings taken during the first recording period gave a QRS sE-loop projection in 

the frontal plane that was long and very narrow and a sag! ttal plane lead 
1\ 

projection E-loop that was more ovoid. Recordings from the second period or 
A 

three hours later showed a clockwise rotation of the QRS aE-loop resulting in 

a thicker ellipse being found in tbe frontal plane proJection and the very 
• 

thin ellipse being found in the sagittal plane proJection, indicating a 

clockwise rotation in the electrical axis. 
1\ 

Two major types of QRS aE-loops may be described, depending on .. 
whether the QRSt vector has a caudal. or a cephalad inscription. In 8 dogs 

the QRSt vector had a caudal inscription, and in 9 dogs the QRSt vector had 

a cepba.lad inscription. See Figures X and XI for examples. The initial in-

6-
scription of each of these t;ypes of QRS s:g;..loops is slower until the maximum 

instantaneous vector is reached, then there is a more rapid phase, followed 
A 

by a terminal slowing. )t)st of the QRS sE-loops are slightly open. In those 

loops which have a QRSt vector with a cephalad inscription, the slowing is 

found in the terminal inscription where the potential. is returning to the 
A 

zero point. Many of the QRS sE-loops show an addi tiona! irregularity or 

marked slowing at the portion of the loop Just before the maximal instanta-

neous vector is reached. 

The magnitude and direction of the maximal mean instantaneous 

vector in the frontal. and right sagittal. plane projections are given in 

Ii 
,I 
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Figure XIV - Magnitude and direction of the maximal mean instantaneous vectors 
of the frontal and right sagittal plane projections of 8 QRS sE-loops (circles) 
and 8 T sE-loops (dots) on triaxial reference frames. These measurements are 
from 4 unanesthetized dogs. Numbers indicate the sextents for each plane. 
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Figure XV - Magnitude and direction of the maximal mean instantaneous 
vectors in the frontal and right sagittal plane projections of 19 QRS 
sE-loops (circles) and 19 T sE-loops (dots) on a triaxial reference 
frame. This group of dogs was anesthetized with pentobarbital, 30 mg/Kg. 
Numbers indicate the sextent for each plane. 
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Figure XIV for the anesthetized dogs and in Figure XV for the unanesthetized 

trained dogs, using the triaxial reference frame (Horan, !1!!" 1957). The 

" circles in Figures XIV and XV g1 ve the maximal vector of the ~s sE-loop and 
A A 

the dots the maximal vector of the T E-loops. All of the maximal ~ E-loops 

vectors lie in the fifth sectant in both the frontal and right sagittal plane 

" projectiOns in both series of dogs. The maximal T E-loops (Figure XIV) of 

the unanesthetized trained dogs all lie in the fifth sextant in both plane 
1\ 

projectiOns indicating they all had positive T waves. The maximal T E-loops 

of the anesthetized dogs (ngure XV) show a greater variation. In the 
A 

frontal plane proJection, 10 of the maximal T I-loops were in the fifth 

1\ 
sextant and 9 of the maximal T E-loops in the second sextant. In the sag-

1\ 
i tta.l plane projection 8 maximal T E-loopa are in the fifth sextant with 2 

1\ 
maximal T E.loops in the sixth sextant, iDd1cat1ng positive T waves. Of the 

A A 
rema1ning 9 T I-loops in the sagittal plane projection, 1 maximal T E-loops 

1\ 
lie in the second sextant and 2 maximal T E-loopa 11e in the third sextant 

"-indicating negative T sE-loops. 

All of the P and ~ loops were very narrow ellipses in both series. 

Time-Based VectorcardiogramB. Figures XVI and XVII show two typi-

• cal recordings obtained from the three regular leads and a fourth lead show-

ing a right sagittal projection with a horizontal time dimension. This 

method as can be seen, g1ves the same scalar information as the standard 

clinical method and also the vector information obtained in the vectorcardio-

grams in only three leads where the other two methods requ1re 15 leads and 

two different recorders. 

! 
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1\ 
TIME-BASED VEX:TORCARmOORAM: A TYPICAL RE£ORD SlDWING A ~S sE-LOOP 

WITH A TERMINAL CEPHALAD INSCRIPl'ION. 
OOG ABESTImrIZED WITH PENTOBARBITAL. 
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FIGURE XVlla 

TIME-BASED VECTORCARDIOGRAM: A TYPICAL R:mORD SHOWING A 
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'FIGURE XVIIb 

TIME-BASED ~TORCARDIOGRAM: A RE£ORD OF THE SAME 
ANESTHE.'l'IZED OOG ONE HOUR AFTER .25 }oX} OUABAIN 
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The P wave in the frontal lead is downward or positive in voltage 

and non-existent or very small in the sagittal and horizontal leads indicat­
/\ 

ing a narrow, very thin vertical P sE-loop. Such waves are rather sharply 

pOinted and sometimes tent shaped in the frontal lead. FolloWing the P wave 

is an isoelectric portion corresponding to the P.R interval in the standard 
1\ 

scalar recordings. The general description of the QRS sE-Ioop projection in 

each lead is similar to that described using the vectorcardiographic method 

except that these ~ -g.loopS Will be open corresponding to the duration of 

the QRS defiection plus any ST deviation. This difference is due to the time 
A 

dimenSion superimposed on the horizontal amplitude dimension. The QRS E-Ioops 

inscription, here, as in the vectorcardiograms, show a slower downward in .. 

scription or positive voltage until the maximal voltage is reached, a more 

rapid return to zero or to a negative voltage, With a final slower return to 

the base line or zero voltage. 
A 

From Figure XVI, it can be seen that the ST-T wave or sE-loops are 

considerably different in the dog, from 1#bat desoribed for the human. Figure 

XVIII shows some examples of the ST-T wave from the dog marked With the 

suggested terminology. Similarly, Figure XIX shows that these divisions of 

the ST .. T wave can be seen in the standard clinical recordings, though they 

are not so clearly defined. 
A 

Beoause the P, QRS, and T sE-loops are shaped as narrow ellipses, 

and are oriented in a very caudad direction, the horizontal plane projections 

of these loops are usually very small. As a consequence the P, QRS, and ST-T 

I' 

II 

II 
I I 

,! 
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"aves, from the horizontal lead in the time-based vectorcardiographic method, 

lfill bave very small deflections for most dogs. 

The angles of the proJection of the spatial QRBm" QRSil and QJ\St 

instantaneous vector in the horizontal and sagittal leads are measured in 

degrees. Table 8 gives the angles of the frontal plane leads and Table 9 
1\ 

similar angles for the sagittal plane lead. Since two types of QRS sE-loops 

exist, one which bas a caudal orientation of the QRSt vector and the other 

which bas a cephalad orientation, two descriptions are necessary. Analysis 

using the "t" test comparing the differences of these angles is given in 

Table 10. SUIlU'.Il8I'Y of the significant comparisons shows tbat the QRBm vector 

angle in the frontal plane is smaller in the anesthetized dogs, tbe QRSi vec­

tor angle in the frontal plane is smaller in the same group of dogs. 

Means, standard deviations, and ranges of the spatial voltage of • i 

the P, ~~, QRSil QRStl STa , STt" STc and T instantaneous spatial vectors ,I: 

bave been calculated using formula (1), page 28. These voltage magnitudes 

for the unanesthetized dogs are given in Table 11 and for the anesthetized 

dogs in Table 12. A statistical comparison between the two groups using the 

Itt" test is given in Table 13. A s'W1ll1l8.l';y of the significant results shows 

tbat only the P waves voltage are ditterent, the voltage of the P wave in 

the anesthetized group being larger than the unanesthetized dogs. 

Calculations of the angles of the QRSi -QRSm, QRSm-QRst, P-QRBm, 

STa-QRBm, ~-~, STc-QRSm' and T-~, using formulas (1), (2), and (3), 

are given in Table 14 for the unanesthetized dogs and in Table 15 anesthe-

tized dogs. Here again two separate descriptions of the QRSt-~ angle are 



rr 
necessary because of the two types of QRS S~-lOOPS. 
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Statistical comparisons 

using the "t" test comparing the two groups are given in Table 16. Summariz-

1ng these comparisons, none of these angles show any differences between the 

two groups of dogs. 

I 

I 



Mean 

S.D.* 

Range 

N** 

TABLE 8 

ME.A.NS or MEASURED ABGLES IN THE J'ROftAL AHD SAGIftAL LEAIS 
or UBAD'STDlIZED JX)GS .. TIME-BASED 

VBX:TORCARDIOGRAMS 

I 
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QRBut-F QRBut-S QRs1-r I QRS1-S QRSr,r-F QR~-S 

- + - + 

90° 9° 91° 13° .. 89° 89° -174° 16° 

1'~ 1'11° t 2° 1'12° 1'~ t 7° t 5° 1'10° 

87°· 0° .. 88°. 0°. -8ro· 84°. _166°. 9°· 
93° 34° 9~ 40° -91° 94° -178° 240 

8 8 8 8 6 2 (1 dog) 6 2 (1 do 

F .. Frontal Lead 

S .. Sag! ttal Lead 

Angles in degrees 

* Standard Deviation 

** Number of observations 

g 



~-

Mean 

S.D.* 

Range 

N** 

TABLE 9 

MEAHS OF MEASURED ANGLES IN THE PROlffAL AND SAGITTAL LEA.IS 
OF A.NmTlmlfiZED :tOGS .. TIME-BASED 

V»:TORCARDIOORAMS 

14 

QRSm-F QRSm-S QRS1-F QRS1-S QRS;r-F QRS;r-S 

.. + .. + 

86° 8° 8T> ly> _90° 8T> -165° 0° 

tT> tT> + 6° - tt' t 9° t 3° tIt> + 1° .. 
10°. ~- 10°. 3°· -10°. 84° ... .. 125°· 0°. 
91° 29° 9')'> 30° .. ~ 90° .. 180° _0° 

19 19 19 19 15 4 15 4 

F .. Frontal Lead 

S .. Sag1 ttal Lead 

Angles in degrees 

Anesthesia, .pentobarbital 30 mg/Kg. 

* Standard Deviation 

** Number of observations; 19 electrocardiograms on 13 dogs. 

; 
", 
III 
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Wave 

QR~ 

Q,RSm 

QRSi 

QRS1 

QRSi 

~st 

QRSt 

QRst 

II r 
I: 
! 
I' 

TABLE 10 

ANALYSIS OF CBA1fG~ IN MEADS OF AIfGLES IN THE 
FROIfl'AL AND SAGI'l'l'AL I..lIAm or tJlf.ADSTlmrIZED 

AND ANESTIm'IZED roGS .. TIME-BASED 
Vl!l':roRCARDIOGRAMS 

Mean of Angle 
r 
I Changes 
i 

Anesthetized. Itt" Unanesthet1 zed ! in I; II Plane Dog Dog Mean Test 

I 

I r 86° 90° 4° 2.29 I 

S 80 9° 1° <1 

F 81' 91° 4° 2.58 
I 5 13° 13° 0° <1 
I 
I F _90° .. 89° 1° <1 

II F 87° 89° 2° <1 
II 
Ii s -165° -174° 9° 1.88 
Ii Ii 

0° 16° 16° t: 5 2.25 
I. 

tI 
f t I; 

F - Frontal Lead 

S - Sagittal Lead 

Angles in degrees 
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! 
, 

! 

Mean 

! S.D.* 

Range I 
i 
i 

N** 
i 

p 

.16 

:.09 

.05-
.33 

8 

TABLE 11 

MEAlCS OF CALCULAi'ED SPATIAL MAGNITUDES OF 
WAVES FROM UNAJES'l'BE'l'IZED OOGS 

'l'IME.BASED ~RCARDIOORAM 

QRSm QRSi QRSt S'.ra S'lb 

2.74 1.25 .61 .14 .06 

:.46 :.36 !.28 .!.05 :.03 

.63- .62- .26- .03- .02-
2.08 1.43 ·99 .18 .10 

8 8 8 8 4*** 

Voltage in millivolts. 

* Standard Deviation. 

S'.rc 

.24 

:.12 

.04-
.43 

8 

** Number of ob8ervations; 8 electrocardiograms on 4 dogs. 

*** Wave not preseat 1n tour observations. 

i~ 
II 

76 I 

II 
'II 
I 

~ 
~ 

':,1 1 

'I ,~L ' 

~II JI' 

\~ I' 
~ 

T 

.28 

:.12 
.07-
.45 

8 
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I , 

Mean 

S.D.* 
I 

Range 

! 

N** I 

I 

TABLE 12 

MEANS OF CALCULATED SPATIAL MAGNITUDES OF 
WAVES FROM ANiSTDrIZED WOO FROM 

TIME-BASED VEC'l"ORCARDIOGRAMS 

P QRSm QRSi ~St STa STt, 

.33 2.33 1.61 .68 .20 .06 

t.19 t.94 t.59 t.41 t.17 t.06 

.09- .60- .45- .27- 0-

I 
0-

.88 3.62 2.28 2.03 .42 .20 

19 19 19 19 19 
I 

19 
I 

Voltaae in millivolts. 

Anestbesia, Pentobarbital 3Omg/x.g. 

* Standard Deviation. 

i 

f 
STC 

.26 

t.15 

0-
.56 

19 
I 

** Number of observations; 19 electrocardiograms on 13 dogs. 

17 

I T 

·29 

t.16 

.08-
.65 

19 
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ft 
il 
!i 
~f Wave I 

p 

QRSm 

QRSi 

QRst 

STa 

~ 

STc 

T f 

I 
I 

TABLE 13 

ANALYSIS OF CHABGES OF MEANS OF SPATIAL MAGNITUDES 
OF THE WAVFJ3 FROM UNANESTHETIZED AND ANESTHErIZED 

DOGS - TIME-MSED VFr.rORCARDIOGRAM /' 

Means of Magnitudes Difference 
Anesthetized i Unanesthetized of "t" , 

Dogs I Dogs Means Test 

.33 .16 .11 3.15 

2.33 1.14 ·59 1.02 

1.61 1.25 .36 <1 

.68 .61 .07 <1 

.20 .14 .06 1.05 

.06 .06 0 <1 

.26 .24 .02 <1 

.29 ! .28 .01 <1 
I 
I 

Magnitudes in millivolts. 

18 

i 
r 

I 
I 

Signif1-I 
I , 

cance 

+++ 



== If 

Angle 

Mean 

S.D.* 

Range 

N** 

Angle 

Mean 

S.D. 

Range 

N 

~-
QR~ 

6° 

t40 

1°. 
Uo 

8 

+STii 

~ 

~ 

1°· 
17° 

7 

TABLE 14 

MEANS OF CALCUIATED SPATIAL ANGLll5 OF WAVES TO THE ~S 
MAXIMAL vmTOR FROM UlfANESTHETIZED OOGS -

TIME-BASED VECTORCARDIOGRAM 

QRSm-QRSt 

~ -QRSt QRSm- (5-J;w wave J QRSm-

+ - 'I' ~Bm ... ST P 

~ 169° 7° 8° t> 

t90 t~ taO t18° t5° 

~. 163°· 0°_ ; ~- ~-
18° 176° 25° 51° 19° 

2 (1 dog) 6 8 3 8 

! 
QRS -ST QRSm-STb I (4-no wave) m a 

-STa ~ -STb QRSm-STc 

171° Uo NO 8° 

t.L2° 
Wave 

t.L10 -
w to ~ ... - 1°· 
171° 270 - 340 

1 4 4 8 

Angles in degrees. 

* Standard DeViation. 

** Number of observations. 

19 

(5ano wave) 

ST .. T 

2SO 

t48° 

8~-
Vo 

3 

~S -'I' m 

8° 

'!90 

1° .. 
310 

8 

II' 
'Ii'l ,], 
':1: 
" 
I' 

il 
I 

I 

I' 

ii" 

i', 

::11: 

1,' 
II: 

IIIII 



~ 

Mean 

S.D.* 

Range 

N** 

Mean 

S.D. 

Range 

N 

TABLE 15 

MEANS OF CALCULATED SPATIAL ANGLES OF WAVJ.i::3 TO THE QRS MAXIMAL 
VEm'OR FROM A.NESTIrerIZED JX)GS .. TIME-BASED 

VPm'ORCARDIOGRAM 

-
P-QRSm QRSi- QRSt-QRSm ST-a STb-QRSm 

QR~ 
.. QRSt + QRSt ~ + STb .. STb 

9° 8° 165° 9° . 1~ 13° 112° 

too !~ !20° !3° n~ !6° !4° 

3°· 0°. 98°- ~- 0°_ 6°_ 169° .. 
210 11° 1780 110 50° 4~ 11~ 

19 19 15 4 19 8 5 

STc-QRS T ... QRS 

+ STc -ST c None .. T - T 

22? 140° No 14° 169° 
wave 

!l5° ~o !l4° !9° 

3°-50° 12~-1100 ~ .. 44° 15~-11oo 

14 3 2 10 

Angles in degrees. 
Anesthesia .. Pentobarbital 30 mg./Kg. 
* Standard Deviation. 
*11 Number of observations. 

9 

+ or ... indicates whether wave was positive (+) or 
negative (-) in voltage. 
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None 

6 

I· 
I 
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,illl' 



~--~ -
Spatial 
Angles 

QRSm-QRSi 

QRSm-QRSt-

QRSm-QRSt+ 

QRS ... p m 

QRSm-STa 

QRSm-STb 

Q,RS -ST m c 

QRS -T m 

TABLE 16 

ANALYSIS OF DIFFERENCES OF .MEANS OF SPATIAL ANGLES 
PUR ANESTImrIZED AND UNANmTHFlrIZED ooGS FROM 

THE TIME-BASED VECTORCARDIOGRAM 

Means of Angles Difference 
Anesthetized Unanesthetized of Itt" Significance 

Dogs Dogs Means Test 

8° 6° 2° <1 

165° 169° 4° <1 

9° 12° 3° <1 

9° f> 2° 1.83 

l~ -ro 5° 1.16 

13° 11° 2° <1 

22.0 8° 12° 1.85 

14° 8° 6° loll 

Angles in degrees. 

- indicates a negative voltage for that wave. 

+ indicates a positive voltage for that wave. 
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The measurement of the intervals in seconds, of the P, P-R, QRS, 

£8, and RRt I which are not obtainable with standard vector loop methods, are 

given in Table 17 tor the unanesthetized dogs, and Table 18 for the anesthe­

tized dogs. Statistical comparisons lJ.!'Jing the Itt" test of the two groups of 

data are given in Table 19. Summarizing these significant comparisons shows 

that the P-R interval in the anesthetized dogs is shorter and the <ll' inter-

val in the anesthetized dogs is also shorter. 

Mean 

S.D.* 

Range 

N** 

TABLE 17 

MEANS OF MEASURED HEART RATE AND IN'l'EIWALS OF UNANESTIml'IZED 
:ooGS - TIME-BASED VECTORCARDIOGRAM 

p QRS RR' 

.03 .13 .025 .21 ·75 

+ -.01 + -.03 + •• 011 !.O2 + ·.30 

.024- .18- ·51-.02- .10-
·)5 2'" .030 .24 1.44 • v 

8 8 8 8 8 

.----
Intervals in seconds. 

* Standard deviation. 

** Number of observations. 

I 
I 

Ii 
','II,' 
'i l' 
1,'1

1
'11

1 II' 
1,li l" 
II,,: ~ 

,
'llilll 

I' 

II' 

, 

1:
1

11 

III 
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1>1ean 

Standard 
Deviation 

Range 

TABLE 18 

MEANS OF MEASURED HEART RATE AND IDTERVALS OF ANESTHm'IZED 
!X)GS - TIME-BASED VECTORCARDIOGRAM 

-
P P-R QJ{S QT RR' 

.0353 .082 .027 .189 .387 

+ -.078 1'.013 1'.014 1'.028 t.091 

.02- .07- .022- .160- .268-
.05 .11 .04 .230 .692 

Intervals in seconds. 

Anesthesia - Pentobarbital, 30 mg/Kg. 

Means - 19 electrocardiograms on 13 dogs. 

TABLE 19 

ANALySIS OF DIFFERENCES IN MEANS OF THE INTERVALS BETWEEN lJN.AltmTHEl'IZED 
AND ANESTHETIZED ooas - TIME-BASED VECTORCARDIOGRAM 

Means of Intervals Changes 
Anesthetized Unanesthetized in "tit Signifi-

Intervals IOgs IOgs Means Test cance 

P .035 .030 .005 <1 

P-R .082 .130 .058 5.27 +++ 
QRS .027 .025 .002 <1 

QT .189 .210 .021 22.1 +++ 
RR' .387 .750 .363 1.10 

J 
Intervals in seconds. 

I' 
I 

IiI.. 
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~t!Q STUDIES - SERIES I - ANESTHETIZED ~ 

Varying doses of strophanthin G between 0.25 and 1.0 mg were ad-

minlstrated i.v. to 7 dogs anesthetized with pentobartibal (30 mg/Kg i.p.). 

Electrocardiograms using the three methods were taken before administration 

of the drug and at selected intervals of time after the administration of 

the drug. 

Standard Clinical Method: The voltage measurements of the waves in the twelve I, 
standard clinical electrocardiographic leads for the pre-treated dogs are 

given in Tables 20a, 20b and 2Oc. Similar voltage measurements, dose of drug, 

and drug time atter treatment, are given in Tables 2la, 21b, 2lc, 2ld, 2le I 

and 2lf for each dog. 

Two separate analysis of the treated dogs were made, those where 

drug time was. 2 hours or less, and those where drug time was more than 2 

hours. Tables 22&., 22b, 22c, 22d, 228, and 22f give the ditterences of 

voltage, differences of means between pretreated and treated state for each 

dog, standard deviation, standard error, and significance for the recordings 

taken 2 hours or less atter drug administration. Tables 23&, 23b, 23c, 23d, 

23e, and 23f give similar data for the recordings taken more than 2 hours 

after drug administration. 

A summary of the significant comparisons from Tables 22&, 220, 22c, 

22d, 22e, and 22f is given in Table 24. These are for the recordings taken 

With a drug time of 2 hours or less. The analysis shows that the P wave in 

the AVF lead is increased in voltage after administration of the drug. The 

voltage of the R waves is decreased in leads AVF, Vl , V2, V
3

, V4, and V
5

• 

I 
" I 
'I 

I 
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TABLE 20a 

AMPLlTUDPE OF WAVPE FROM STANDARD ELBVrROCARDIOGRAMS 
OF PRE-TREATED AIm3THm.'IZED OOGS 

_ .. 
'1k)g Lead I Lead II 
No. 

P Q R S T S-T P Q R S 

1-

7-1 .06 - .21 .02 .02 -.05 .32 .18 1.08 .33 
8-1 -.10 ... .21 1.00 .10 0 .20 .10 .27 .22 

10-1 .02 .04 .36 0 -.05 0 .18 .17 2.13 0 
12 .. 1 .02 .05 .27 0 .03 0 .29 .09 1.71 .08 
13-1 .16 .12 .66 0 -.03 .02 .28 .12 1.42 -
14-1 .08 - .67 0 -.15 0 .20 0 2.30 -
19-1 .07 .. .37 - .06 .03 .32 .09 2.28 -

--

~-

Ibg Lead III LeadAvR No. 

P Q R S T S-T P Q R S 

7-1 .22 .03 .76 .26 .10 .12 .20 .02 .58 .10 
8-1 .30 .30 1.31 .21 .ll - .02 ... .01 -

10-1 .20 .10 1.70 Q .... 21 .02 .10 .08 1.20 0 
12-1 .26 .03 1.31 .04 -.13 -.02 .15 .06 1.00 .02 
13-1 .12 0 ·50 0 -.08 .... 03 .19 .11 1.05 0 
14-1 .37 0 1.57 0 -.06 .02 .21 0 1.50 ° 19 .. 1 .12 .22 1.82 - -.10 .. .18 .02 1.37 .. 

Amplitudes in millivolts 
Anesthesia .. 30 mg/Kg Pentobarbital 
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T S-T 

.10 -.20 

.20 -
-.26 0 
-.14 -.02 
-.23 -.10 
-.20 .04 
-.09 .02 

T S ... T 

.08 -.10 

.12 .. 
-.16 0 
.... 10 0 
-.10 -.07 
-.18 .05 
-.12 -

r 

II 

1:11.' 

" 
": 

I 

I 
II 
I I 

,II 

I: 
I" 

! 
I;: 

I 
:1 
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TABLE 20b 

AMPUTUDES OF WAVE5 FROM STAlfDARD ~OCARDIOGRAMS 
OJ' PRE-TREATED AIm3TBJ.iIrlZED JX)GS 

=---
Dog LeadAVL Lead AVF 
No. 

P Q R S T S-T P Q R S T S-T 

7-1 .09 .01 .30 .18 .01 -.02 .25 .10 ·90 .21 .11 .19 
8-1 .20 .27 1.14 .12 .02 .16 .20 .91 .20 .11 

10-1 .08 .03 .62 0 -.09 .02 .21 .11 2.08 0 -.21 .01 
12-1 .12 .62 .02 ... 05 0 .30 .08 1.59 .08 -.11 0 
13-1 .01 0 .12 .02 -.03 -.02 .23 .07 1.00 0 -.24 -.09 
14-1 .10 0 .52 0 -.07 .01 .23 0 2.12 0 -.09 .04 
19-1 .02 .14- .~r3 -.03 .• 22 .20 2.31 -.17 

"'" I 
1))g Lead Vl Lead V2 

II 

No. 
P Q R S T S .. T P Q R S T S-T 

7-1 .09 0 1.05 .72 .09 .11 .10 0 1.90 ·71 -.14 -.12 
8-1 .08 1.32 .37 .25 .09 1.79 .28 .04-

10-1 .16 0 1.80 .08 -.13 .11 .ll 0 1.91 0 -.20 .06 
12-1 .13 0 1.37 .37 t.15 .05 .17 2.00 .2l t.l1 -.02 
13-1 .07 0 1.02 .36 -.05 -.05 .11 0 1.00 .33 -.05 .04 
14-1 .20 0 1.82 0 ... 06 .30 .23 0 2.40 0 -.50 .28 
19-1 .10 1.83 1.20 .38 .15 2.80 .28 +.14 

... 20 

Amplitudes in millivolts , , 

Anesthesia - 30 mg/Kg Pentobarbital 
I 

[I 

III 
" 

! 

11,1 

I' 
"I 
I', 
11,,1 

'l 
,!IIII, 

I'll 
iJ 
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TABLE 20c 

AMPLITUDES OF WAVES FROM STANDARD ELEr!TROCARDIOGRAMS 
OF PRE-TREATED ANESTHm'IZED OOGS 

-"-.~ 

J»g Lead V Lead V4 
No. 3 

~.--

p Q R S T S-T P Q R S T S-T 

7-1 .19 .01 1·51 .32 -.18 -.11 .21 .04 .91 .11 0 -.12 
8-1 .12 .06 1.68 .20 -.15 .. .13 .il 1.10 .12 ;.07 .. 

+.06 
10-1 .13 0 1.85 0 -.22 .02 .15 .03 1.70 0 -.20 .03 
12-1 .16 0 2.00 .20 -.13 0 .18 0 1.81 .11 -·09 -
13-1 .12 0 .97 .20 -.05 -.05 .10 .05 1.00 0 -.10 0 
14-1 .18 .02 2.51 0 -.30 .16 ~23 .02 2.10 0 -.21 .10 
19-1 .18 .07 2.49 .03 -.15 - .20 .18 1.82 .02 -.12 -

-

Dog Lead Vs Lead V6 
No. 

p Q R S T SooT P Q R S T SooT 

7-1 .18 .05 .72 .16 .02 0 .17 .09 .62 .11 .06 -.05 
8-1 .11 .30 ·70 .10 -.05 - .13 .32 .50 .10 -.06 -

10-1 .12 .07 1.42 0 .15 0 .18 .07 1.30 0 -.18 0 
12-1 .18 .10 ·90 .05 -.07 0 .18 .09 .90 .05 .03 0 
13-1 .20 .04 .89 0 -.05 -.02 .20 .20 .77 0 -.04 -.04 
14-1 .28 .02 1.48 0 -.10 .02 .15 .05 1.10 0 -.05 0 
19-1 .13 .25 1.36 .04 -.05 .. .07 .32 1.08 .09 -.04 -

Amplitudes in millivolts 
Anesthesia" 30 mg/Kg Pentobarbital 

I \! 

I 



Dog Dose Time* Wt. 
No. ln ln in -. HOurs Lbs. 

7-3 .5** 24 12 
8-2 .25 1 12 
8-3 .25 4 12 

10-2 .25 1 20 
10-3 .25 4 20 
12-2 .25 1·5 14 
13-2 1 mg. 2 16 
14-2 .5 1 20 
14-3 6.5 20 
14-4 7.5 20 
19-2 .50 4.5 

~ ~~~--

TABLE 21& 

Lead. I 

P Q R S T S-T 

.09 0 .08 .35 .17 0 
-.10 0 .31 1.18 .06 0 
-:"10 0 .25 1.08 .14 0 
.04 0 .73 0 -.07 -.06 
.06 0 ·53 0 -.03 -.02 
0 .13 .31 0 .01 '0 

.10 .08 .50 0 -.03 -.02 

.09 0 .60 0 -.10 .02 

.03 .07 ·57 0 ... 04 0 

.. 03 .05 .58 0 -.05 0 

.03 .07 .31 - - -

Ampl1tude in mU11vo1ts 
Drug - C-stropbaath1n, Siven i.v. 
Anesthesia .. 30 mg/Kg Pentobarbital 

Lead II 

P Q R S 

.15 .04 .35 .44 

.16 .08 .20 .14 

.18 .07 .20 .22 

.17 .16 1.99 0 

.17 .11 1.93 0 

.29 .18 1.12 .17 

.20 .05 1.08 .02 

.36 0 1·95 0 

.40 0 1.18 0 

.56 0 1.28 0 

.28 .20 1.82 -

*Interval of time between administration of drug and recordiugs. 

.~ 

l' 5-1' 

.36 .34 

.23 0 

.19 -.02 
-.40 0 
-.24 -.09 
.10 -.18 

-.22 -.19 
t.05 -.05 
~ .15 .05 
.13 .09 
.10 -

**Dose given i.m. in this experiment. &: 

-:¥44" -= w .. 



Dog Dose T1me* \it. 
No. in in in 

Mg. lburs !.;bs. 

7-3 .5** 24 12 
8-2 .25 1 12 
8-3 .25 4 12 

10-2 .25 1 20 
10-3 .25 4 20 
12-2 .25 1·5 lit. 
13-2 1 mg. 2 16 
14-2 ·5 1 20 
1"-3 6.5 20 
14~ 7.5 20 
19-2 .50 4.5 

-

TABLE 21b 

AMPLITUDE OF WAVPB FROM S1'AN.DARD ELWl'ROCARDIOGRAM 
AF'.rlm DRUG ... TREATMENT OF AN'.iSTHETIZED DOGS 

Lead. III 

p Q It S If 8-'1 

1:.10 0 .51 .11 .17 -.09 
~ .27 .40 1.38 .10 .17 0 
.23 .37 1.30 .15 .10 -.03 
.13 .15 .13 0 ... 41 .08 
.15 .12 1.26 0 -.18 -.03 
.27 .10 .67 .01 .09 -.19 
.05 .01 .38 0 -.10 -~O7 
.27 0 1.03 0 .12 .10 
.32 0 .60 0 .20 .15 
.32 0 .57 0 .21 .10 
.19 .12 1.36 - .02 .. 

AlPlitudes in millivolts 
Drqg - G-stropbaathin given i.v. 
Anesthesia - 30 mgfKg Pentobarbital 

P Q 

.12 0 

.05 0 

.03 0 

.13 .10 

.1.6 .10 

.20 .18 

.19 .08 

.11 0 

.22 0 

.30 0 

.14 .14 

Lead. Avi 

It S 

.12 ,28 

.12 0 

.10 .49 
1.18 0 
1.21 0 

.70 .01 

.86 0 

.37 0 

.84 0 

.80 0 
1.08 -

*Interval of time between adm1D1strat1on of drug and recordings. 
**Dose given i.m. in this experiment. 

--- .~~; 

~;~ 

• 

If S-T 

.29 .10 

.11 0 

.10 .07 
.... 23 0 
-.12 -.03 

.03 -.10 
-.06 -.05 
.14 .03 
.03 .02 
.06 .03 
.02 .02 

& 



Do& Dose Time· W"\O. II 
Ifo. in in in 

Me· Hours lbs. 

7-3 .5** 24 12 
8-2 .25 1 12 
8-3 .25 ... 12 

10-2 c25 1 20 
10-3 4 
12-2 .25 1.5 14 
13-2 1 mg. 2 16 
14-2 .5 1 20 
14-3 .5 6.5 20 
14-4 7 
19-2 ·50 4.5 

=-~--~~:_~-'--'==-~o~ 

T.AB.LB 2lc 

AMPL.tTUDE 0'1 WAVIS PROM STADARD ELiCTROCARDIOGlWI 
AftER DIMJ-~ OF AlOB'.r.IIBrIZ.BD DOQS 

Lead A.VL 

P Q R S T S-T 

-.65 .01 .47 0 0 0 
.05 .36 1.31 .10 .05 0 
.14 .39 1.20 .04 -.06 .04 
.03 .05 .33 0 -.20 .10 
.03 .04 .~ 0 -.12 0 
.10 0 .16 0 .03 -.08 
.01 0 .09 .06 .02 ·;02 
.25 0 1.39 0 -.03 .03 
.07 0 .22 0 .12 .05 
.10 0 .17 .03 .12 .05 
.02 .03 .53 - .01 .02 

Amplitudes in millivolts 
Drug - G-atrophallthin given i. v. 
AIles1;hesia .. 30ag/~ Pentobarbl tal 

P Q 

.12 0 

.20 .21 

.20 .24 

.19 .12 

.18 .05 

.27 .12 

.21 .05 

.40 0 

.45 0 

.46 0 

.26 .17 

Lead AVF 

R S 

.~ .30 

.80 .15 

.82 .30 
1.73 0 
1.75 0 

.89 .11 

.75 .05 
1.71 0 

.93 0 
1.02 0 
1.76 

"'Interval of time between adnrlDistration of drug and recordings. 
HDose given l.m. 111 this experiment. 

T S-T 

.22 .12 

.20 0 

.12 -.03 
-.~ .05 
-.18 -.04 
.08 -.12 

-.10 -.08 
.13 .10 
.22 .16 
.25 .15 
.04 

'8 



Dog Dose 'l'1me* Wt. 
No. in in in 

Mg. !burs Lbs. 

A-3 .5** 24 12 
-2 .25 1 12 

8-3 .25 4 12 
lO-2 .25 1 20 
lO-3 4 
12-2 .25 1..5 l4 
13-2 1 mg. 2 1.6 
l4-2 .5 1 20 
l4-3 .5 6.5 20 
14-4 7 
19-2 .50 4.5 

'--~~~ -~~~-

~ L 

'fABLE 2ld 

AMPI.at'.lUDB OF WAVIS FROM ftAJIIlARD ELlI!'l'ROCARDIOORAM 
APTlIt JRU-'l'.REA.'.l'IIE OF ADS'tHHtIZED DOGS 

Lead Vl 

P Q R S '1' S-T 

1:.10 0 .80, .65 .23 .l6 
.07 0 1.12 .42 .30 ... 05 
.07 0 .94 .60 .21 .16 
.lO 0 l.33 0 -.29 .04 
.12 0 l.23 0 -.1.8 -.1.0 
.l.8 0 1..09 .40 .29 -,29 
.05 0 .65 .1&0 -.07 -.07 
.23 0 l.27 .09 .04 .13 
.l4 .03 .13 .10 .l4 -.l9 
.19 0 .81 .08 t.05 0 
.21 - .65 1.81. , .• 43 -.23 

Ampll tude in mUll volts 
Drug - G-atrophauth1n given i.v. 
ADeathesia .. 30 ms/Kg Pentobarbital. 

P Q 

.02 0 

.09 -

.01 0 

.:1.0 0 

.12 0 

.l1 0 

.ll 0 

.28 0 

.20 0 

.21 0 

.22 -

Lead V2 

R S 

.8l .11 
l.14o .3l 
l.21 .42 
l.63 .03 
l.56 0 
l.49 .33 
1..00 .40 
2.22 0 
1.39 0 
1.45 0 
l.28 .88 

*Interval of time betveeu adm1n1stration of drug aDd record1.Dgs. 
'"Dose g1 ven 1.m. 1n this experiment. 

or 

.32 

.20 

.lO 
-.30 
-.l1 
.1.7 

-.05 
-.20-
"t.06. 
-.1.2 
.42 

S-T 

.23 
0 

.12 

.02 
-.08 
-·3l 
-.lO 
.12 
0 
0 

.... 10 

\0 .... 



Dog Dos e 'l'ime* Wt. 
Wo. in in in 

Mg. Hours Lbe. 

7-3 .5** 24 12 
8-2 .25 1 12 
8"3 4 

10-2 .25 1 20 
10-3 4 
12-2 .25 1.5 14 
13-2 1 mg. 2 16 
14-2 .5 1 20 
14-3 6.5 
14-4 <: 
19-2 .5 4.5 

-~--

.-

'l'ABJ.E 2le 

AMPLt'l'lJDE or WAnB FROM STANDARD ~ARDIOGRAM 
AftER DRUO-TUAT.MElft' OF AlIIS'l'BI:1'IZED DOGS 

Lead '3 

P Q R S T S-T 

.05 0 .56 .55 .35 .21 

.12 .06 L.~ .20 .12 .07 

.11 .08 1.30 .30 .13 .14 

.12 .09 1.1£ 0 -.31 0 

.15 0 1.37 0 -.23 -.04 

.20 0 1.45 ·30 .20 -~23 

.11 0 .86 .27 -.06 -.10 

.30 0 2.12 0 -.09 .10 

.23 0 1.22 0 .12 .05 

.21 0 1.30 0 .10 .05 

.28 .09 2.36 .18 .20 .05 
------------ .-.-- .. ~- -_ .. - --

Alllpl1 twle 1n mill1 volts 
Drug - G-strophanthin g1 ven 1. v. 
Anesthesla - 30 mg/'K8 Pentobarbital 

P Q 

.08 .03 

.20 .14 

.16 .11 
·13 .10 
.12 .10 
.17 .04 
.20 0 
.31 .02 
.30 .01 
.31 0 
.31 .13 

-

Lead V~ 

R S 

.39 .31 
1.10 .07 

.88 .20 
1.34 0 
1.38 0 
1.16 .21 

.80 0 
1.63 0 
1.05 0 
1.18 0 
2.16 -

--

*Interval of time between administration of drug and reco1"d1Dgs. 
"lbse given 1.m. in this experiment. 

~~~~~~~~~~~~~~~~~~~~~~~ 

T S-T 

.25 .ll 

.ll .06 

.10 .03 
-.25 0 
-.16 -.06 
.14 -.19 

-.06 -.cO 
-.04 .02 

.12 .05 

.14 .10 

.16 - .03 

~ 



'-*4,. . .. :.1IIIIIIII 
~ 

ti.BLE 2lt 

.AMPL;[WJ)B ~ 'WAVE FROM STAlIDARD ~OORAM 
APTER DBUQ~ OF AlIlIm1JD.'IZED DOGS 

Dog Dose T1me* wt. Lead V5 Lead V6 
l'fo. in in in 

Mg. lburs u,s. P Q R S T SJ]! P Q R S T SooT 

7 .. 3 .5** 24 12 .07 .03 .31 .22 .11 .09 .09 •. 03 .22 .20 .14 .07 
8-2 .25 1 12 .16 .28 •. 66 .10 .01 0 .15 .31 .56 .07 .06 0 
8-3 4 .14 .30 .70 0 .05 0 .12 • 3 It. .50 0 .01 -.02 

10-2 .• 25 1 20 .14 .10 1.32 0 -.20 0 .ll .ll 1.22 0 -.20 0 
10-3 4 .15 .05 1.21 0 -.15 -.04 .18 .ll 1.12 0 -.17 .... 03 
12-2 .25 1.5 14 .15 .16 .64 .10 .07 -.09 .14 .11 .70 .05 .06 -.06 
13-2 1 mg. 2 16 .12 .05 .10 0 -.09 -.05 .15 .ll .63 0 -.06 .03 
14002 .5 1 20 .21 .01 1.23 0 .08 .08 .26 .03 1.04 0 .03 .02 
14-3 6.5 .21 0 .82 0 .12 .05 .26 .04 .53 0 .12 .05 
14-4 < .21 0 .80 0 .16 .09 .21 .05 .64 0 .14 .09 
19002 ·5 4.5 .24 .16 1.89 .. .05 -.02 .13 .21 1.33 - -.05 .02 

Ampl1 tude 1n m:1111 volts 
Drug ... G-strophanthiD g1 yen 1. v. 
Auesthes1a .. 30 mg/K& Pentobarb1 tal 

*Interval of t1rae between administration of drug and recordings. 
**Dose g1 veJl 1... in t.b1s experiment. \0 

w 



TABLE 22a ~ 
AMPLITUDE DIF.FERENCl!S OJ' WAVE FROM STANDARD ~OCARDIOGRAM 

B:&'l'WEl!.:N PRE-TRFATED AND DROG...IJ!REM"ED ANlBTImTIZED DOGS, 
WI'1'H S'l'ATIftICAL COMPARISONS 

Dog Dose Time wt. Lead. I Lead II 
No. in in in 

Mg. !burs Lbs. P Q R S T S-T P Q R S T S-T 

8-2 .25 1 12 0 0 .10 .18 -.04 0 - .. 04 -.02 -.04 -.08 .Oi - i 

10 ... 2 .25 1 20 .02 -.04 .31 0 - .. 02 -.06 -.01 -.01 -.1 0 -.1 0 
12-2 .. 25 1·5 14 -.02 .01 .04 0 -.02 0 0 .09 -.59 .09 .24 -.16 
13-2 1~0 2 16 - .. 06 -.04 -,,16 0 0 .. ,,04 -.08 -.01 -.34 .02 -.01 -.09 
14-2 .5 1 20 .01 0 -.01 0 .05 .02 .16 0 -.35 0 .15 -.09 

"-

Mean J)1f'ferenees -.01 -.002 .056 .036 -.006 .024 -.006 -.002 -.298 .006 .054 -.068 

Standard Deviation .032 .402 .08 .032 .1l2 .092- .21 .147 .068, 
Standard Error .019 .179 .035 .019 .041 .168 .066 

I 

.050 .0301 

! 

lit" Teat <1 <1 <1 1.01 <1 <1 <1 <1 1.71 <1 <1 2.27 

Sign11'1cance 

Differences in mill1 volts 
Pre-Treated - Treated (Paired Experiments) \0 

.po-

Drug T:tme: 2 hours or less 
_._- --

~ , -==-+ =--= -~, -~ ~ -w '-~- #7 -- =_ 



Dog Dose T1me 
10. in in 

Mg. Hours 

8-2 .25 1 . 
10-2 .25 1 
12-2 .25 1.5 
13-2 1.0 2 
14-2 .5 1 

Mean Differences 

Standard Deviation 

Standard Error 

lit" Test 

Significance 

TABLE 22b 

AMPLt'roDE ~IS 0' WAVES J'ROK S'l'AIDARD ELl!£TROCA1U)IOGRAM 
B&'l'WEEI P.RE-1'.UWlKD AD IIlW-TBKlUD ADBTDTIZED DOGS, 

WX'l'B S'l'A'rIS'l'IC.A COIIPABISOlfS 

Wt. Lea4m Lead AvR 
111 
Lbs. P Q It 8 '1' S-'l' P Q R S 

12 -.03 .10 .07 -.05 .06 0 .03 - .11 0 
20 -.01 .05 ... 1.51 0 -.20 .06 .03 .02 -.02 0 
1~ -.01 .07 -.64 -.03 .22 -.17 .05 .12 -·30 -.01 
16 -.01 .01 -.12 0 -.02 -.04 0 -.03 -.19 0 
20 -.10 0 -.54 0 .18 .08 -.10 0 -.13 0 

-.052 .046 -.56 • 016 .01t8 -.014 .002 .022 -.106 -.002 
". 

.O~ .041 .635 .020 .168 .099 .057 .151 

.019 .018 .283 .008 .015 .044 .022 .070 

2.73 2.56 1.97 2.00 <1 <1 <1 1.00 1.51 <:1 

'1' S-'l' 

.... 01 0 
-.01 0 
.13 -.10 
.04 .02 
.32 -.02 

" .. 

.082. -.0 

.151 .0 46 

.067 .0 20 

1.22 1.0 

"~--------~~--" 

Differences in mUli volts 
Pre-Treated ... Treated (Pa1red. Experiments) 
Drug Time: 2 hours or less 

\() 
\J1 

- £ 



TAm.E 22c 
, 

AMPLITUDE DDTIRJ!:ICIS OF WAVJB FROM ST.AlIDARD ELliX:TROCARDIOGRAM 
BJI1'W:1i:D ~ AID 1RlG-TRBA.TJa) AllSTHl!4'rLED DOOS, 

WITH ftA..'l!I8I.l" COJCPARISOIS 

I 

Dog Dose Time Wt. Lead AVL Lead. AVF 
lio. in in in 

Mg. Hours Lbs. P Q R S !or S-T P Q R S T S-T 

8-2 .25 1 12 -.15 .11 .13 -.02 .03 0 .04 .01 -.11 -.04 .09 0 
10-2 .25 1 20 .05 .02 .29 0 -.11 .08 -.02 .01 -.25 0 .... 19 .04 
12-2 .25 1.5 14 ... 02 0 .46 -.02 .08 -.08 .... 03 -.04 -.70 .03 .19 ... 12 
13-2 1.0 2 16 0 0 ... 03 -.olt. .05 0 ... 02 -.02 ... 25 -.05 .14 .01 
14-2 .5 1 20 .15 0 .87 0 .04 .02 .17 0 -.41 0 .22 .06 

Mean Differencea .006 .026 .34 -.016 .018 .004 .108 -.008 -.344 -.012 .09 -.002 
--

Standard Deviation .109 .047 .344 .017 .074 .084 .014 .232 .033 .163 

Standard Error .049 .021 .154 .008 .033 .038 .006 .104 .015 .073 

1ft" Test <: 1 2.24 2.20 2.00 <1 <:1 2.84 1.33 3.31 <1 1.23 <1 

Significance + + 

D1fferellCes in millivolts 
Pre ... 'l'reated - 1T_ted (Paired. Experiments) 
Dirug Time: 2 hours or leas 

'8.. 

5- -~-



Dog Dose Time 
No. in in 

Mg. Hours 

8-2 .25 1 
10-2 .25 1 
12-2 .25 1·5 
13-2 1.0 2 
14-2 .5 1 

Mean D1ffereacss 

Standard Dev1ation 

Standard Error 

'tt" '!'est 

S1gD1:f'1ea.uce 

'!'ABLE 22d 

AMPLrruDE ~IS or WAYD lI'ROM S'lAIDAlm ELI£TROCARDIOGRAM 
BE'lWEEtf PRE-'J.'J!Wd'ED AIm D!IJG -'1'BEA'J.'BD AlIEST1D1tIZED DOGS, 

wrm ~1fICAL COJIPARISOlfS 

Wt. Lead V1 Lead '2 
in 
Lbs. 

12 
20 
14-
16 
20 

P Q R S T S-T P Q 

-.01 0 ... 20 .05 .05 -.05 0 .. 
-.06 0 -.47 -.08 -.16 -.07 -.01 0 
.05 0 .... 28 .03 .44 -.24 0 0 

-.02 0 -.37 -.04 -.02 .02 0 0 
.03 0 -.55 .09 .10 -.17 .05 0 

-.002 0 -.37 .01 .082 - .. 102 .008 0 
" . 

• 141 .222 .102 

.063 .099 .o~ 

<1 <1 5.87 <1 <1 2.22 <1 <1 

++ 

Differences 1n m1111volts 
Pre-Treated - Treated. (Paired. kper1ments) 
Drug Time: 2 hours or less 

R S 

-·39 .03 
-.28 +.03 
-.51 -.12 

0 .07 
-.20 0 

-.276 .002 

.193 

.086 

3.21 <1 

+ 

'''!'"<;a ~~ ... ~A"-"'~ _"~ , 

11 

T 

.16 
-.10 
.28 
0 

·30 

.128 

.174 

.078 

1.64 

SooT 

0 
-.04 
-.29 
-.05 
-.16 

-.1 

.1 

.0 

2.0 

\0 
~ 

,08 

,8 

3 

ji;;- :is;; hrF_ -- Q~ ~- _ ~""'":" kji-"'- -_ 
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TABLE 22e ~ AMPLI'IDDE DD'FEREriCES OF WAVES FROM STANIWU) ELECTROCARDIOGRAM 

BETWEEN PRE-'lREATli:D AN]) DRW-TBEA.'l'&D ANESTRE'l'IZED DOGS I 
WITH S~TICAL COMPARISONS 

Dog Dose Time 'Wt. Lead. V3 Lead V4 
No. in in in 

Mg. Hours Lbs. P Q R S T S-T P Q R S T S-T 

8-2 .25 1 12 0 0 -.28 0 .21 .07 .01 .03 0 .05 .olt. .06 
10 .. 2 .25 1 20 -.01 .09 -.31 0 -.09 -.02 -.02 .01 -.36 0 -.05 -.03 
12-2 .25 1.5 14 .04 0 -.55 .10 .33 .... 23 -.01 .04 -.65 .10 .23 -.19 
13-2 1.0 2 16 .05 0 -.11 .01 -.01 -.05 .10 -.05 -.20 0 .04 -.06 
14-2 ·50 1 20 .12 -.02 -·39 0 .21 -.06 .08 0 ... 47 0 .11 -.08 

Mean D1:f"ferenees .04 .014 -.34 .034 .142 -,,058 .044 .018 -.336 .01 .086 -.06 

Standa.rd DeviatIon .051 .161 .049 .182 ~i.09 .. 055 .. 045 .248 .112 .09 

Standard Error .023 .072 .022 .081 .049 .025 .020 .. lll .. 050 .040 

"t" Test 1.:73 <1 4.,72 1.55 1.15 1.21 1.16 <1 3.03 <1 1.72 1.50 

SIgn1:f'1eance ++ + 

Differences in millivolts 
Pre-Treated - Treated (Paired Experiment.s) 
Drug 1'1me: 2 hours or less 

'& 

~"" ... ,. __ . CC.:. WE_;;;U E& .~=~",". 
~~ 
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T.A:8L1!: 22f 

AMPLI'.rUDB DD7ERB1C!8 07 WAVE J'RCII S'J.'AlIDA1U) J:l'..'ICIfROCABDlOORAM 
BB'l'WEJiJI PRE-'1'RBA.ftD AID DRm-'lRBA!l'BD All5STJlIttZm DOGS, 

wrm S'l'M'IS'rICAL COJIPARISOBS 

Dog Dose Time 'Wt. Lead V5 Lead V6 
No. in 111 in 

Mg. Hours Lbs. P Q R S T S-T P Q R S T S-T 

8-2 .25 1 12 .05 -.02 -.04 0 .12 0 .02 -.01 .06 -.03 .12 0 
10-2 .25 ~ 20 -.02 -.03 -.10 0 -.35 0 -.01 -.04 -.18 0 -.02 0 
12-2 .25 1.5 14 -.03 .06 -.26 .05 -.14 -.09 -.04 .08 -.20 0 .03 -.06 
13-2 1.0 2 16 -.08 +.01 -.19 0 -.04 -.03 -.05 -.09 -.14 0 -.02 -.01 
14-2 .50 1 20 -.01 •• 01 -.25 0 .18 .06 .11 -.02 -.06 0 .08 .02 

! 

Mean Differences -.018 .002 -.178 .01 -.046 -.012 -.006 -.016 -.104 -.006 .038 -.022 
--

Standard Dev1ation .olt6 .095 .210 .05la. .062 .106 .062 .04 

St-and_d Error .021 .042 .093 .024 .028 .041 .028 .019 

Itt" Test <1 <1 4.24 <1 < 1 <1 <1 < 1 2.21 <1 1.36 <1 

Significance + 

Differences 1n Dd.ll1 volts 
Pre-Treated ... Treatecl (Paired Exper1men.ts) 
Drug 'l'1me: 2 hours or less 

~ 

~. 

_."" , . = us> Tk. __ 



.. ~ , 
TABLE 23& 

AMPLI1'UDE DD'J1SRElICBS OF WAYES FROM ST.A1tD.ARD ELJI:IlROC.ARDIOGRAM 
B!1l.WEiJI PU.J.rBEADD AID DRm-'l'Bli:lTID A1'IJBT.81ttIZED DOGS, 

WI!rB S'lAftS'1'lCAL COMPARISOlIS 

Dog . Dose Time Wt. 
Lead I Lead II 

lfo. 111 in in 
Mg. Hours Lbs. P Q R S T S-T P Q R S T S-T 

7-3 .5 24 12 .03 0 -.13 .33 .15 -.05 -.16 -.14 -.73 .11 .26 .54 
8-3 .25 4 12 0 0 .13 .08 .04 0 -.02 -.03 -.07 0 -.01 -.02 

10-3 .25 4 20 .04 -.04 .17 0 .02 -.02 -.01 -.06 . -.20 0 .02 -.09 
1"'-3 .5 6.5 20 -.05 .07 -.10 0 -.ll 0 .20 0 -1.12 - ·35 .01 
14-4 .5 7.5 20 -.05 -.05 -.09 0 -.10 0 -.36 0 -1.02 0 .33 .05 
19-2 .5 4.5 -.04 .07 -.06 0 -.£}6 -.03 -.04 .11 -.a..6 0 .19 -.02 

Mean Differences -.01 -.008 -.01 .07 -.01 -.017 -.065 -.02 -.60 .018 .19 •078
1 

Standard Deviat.ion .035 .026 .129 .13 .20 .172 .077 .~8 .4~ .141 .223 

Standard Error .014 .011 .053 .05 .08 .070 .031 .172 .182 .05'7 .091 

:'ttl Test. <1 <1 <1 1.40 < 1 <1 <1 <1 3.49 <1 3.33 <1 

Significance . + + 

Differences in millivolts 
Pre-Treated - Treated (Pa1red Experiments) 
Drug Time: More than 2 hours .... 

(,) 
0 

ii ___ - ~_- ,_s._ 
-... 
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TABLE 23b 

AMPLITUDE DD'RRENC18 OF WAV1i8 J'ROIl STANDAlU) EI.iI:TROCABDIOGRAM 
BfiWEEN PRE-1'.REA.TED AND DRUG-TREl'fli:D AJlESTlmlI2J!» DOGS I 

WITH STAfiSTXCAL COMPARISONS 

Dog Dose Tille Wt. 
Lead m LeadAV!' 

No. in in in 
Mg. Hours Lbs. P Q R S '1' 5-'1' P Q R S T SooT i 

I 

i 

7-3 .5 24 12 -.12 -.03 -.19 -.15 .07 -.21 -.08 -.02 -.46 .18 .21 .20 I 
8-3 .25 4 12 -.07 .07 -.01 -.06 -.01 -.03 .01 0 .09 .49 -.02 .07 

10-3 .25 4 20 -.05 .02 .34 0 +.03 -.05 .06 .02 .01 0 .04 -.03 
14-3 .5 6.5 20 -.05 0 -.97 0 .26 .13 .01 0 -.66 0 .21 -.03 
14.L4 .5 7.5 20 -.05 0 -1.00 0 .27 .08 .09 0 -.70 0 .24 -.02 
19-2 ·5 4.5 .07 -.10 -.46 .. .12 .. ... 04 .12 -.29 0 .14 .02 I 

-. 

Mean Differences -.045 -.007 -.38 -.035 .123 -.013 .008 .02 ... 335 .112 .137 .035 

Standard Deviation .062 .055 .534 .061 .118 .118 .05 .05 .332 .163 .333 .089 1 

.036 1 Standard Error .025 .022 .218 .025 .048 .048 .02 .136 .061 .135 

"t" Test 1.80 <1 1.74 1.40 2.56 <1 <1 1.00 .246 .167 1.01 <!J. 

S1gn1f1cance 

Differences 1n mill1 volts I 

Pre-'Jreated - Treated (Paired Experiments) 
r--

! 0 r--
I Drug Time: ltbre than 2 hours 
I 

-

-RtF· -OJ - FT-- ~. __ - - ::!!!!!!!!II!!!!!!!!!I~ ~ ... ~-



~ 
TABLE 23c 

, 
ANPLnUDE DIft'ERIlfCBS OF WAV18 PROM STAImARD EL1E'J.'ROCARDIOGRAM 

BB'.l'WEIB PU-T.RIAftI') .AJID DRUG-TREA1'ED A1lI!8'.fllBI'IZED DOGS ~ 
wr.L'H STA!rIS'.fICAL COMPARISOIIS 

Dog Dose Time Wt. Lead AVL Lead AVF 
No. 1D 1D 1D. 

Mg. Hours Lbs. P Q B S • S-T P Q R 8 l' 8-1' 

A-3 .5 2~ 12 -.l~ 0 :~ -.1.8 -.01 .02 -.It -.10 -.~ .09 .11 .01 
-3 .. 25 4 12 -.06 .12 -.08 -.08 .02 .0 .04 -.19 .10 .. 01 -.0,3 

10-3 .. 25 4 20 -.05 .01 -.22 0 -.03 - .. 02 -.03 -.06 -.33 0 .03 -.05 
lla.-3 ·5 6.5 20 -.03 0 -·30 0 .. 19 .04 .22 0 -1.19 0 ·31 .04-
14-4 ·5 1 .. 5 20 0 0 -·35 .03 .19 .04 .23 0 ... 1 .. 10 0 .3la. .ll 
19-2 ·5 4 .. 5 0 -.11 • .. 20 - .04 .02 .ola. ... 03 - .. 55 0 .21 .. 

Mean DU't'erences -.041 .003 -.14 -.0)8 .05 ;02 .062 -.025 -.6l.7 .03 .168 .023 

Standard Dev:Lat.lon .052 .208 .079 .363 .022 .450 .05 .437 .05 .448 .06 

Standard Error .021 .085 .032 .1)£ .009 .183 .020 .118 .204 .182 .024 

"t.' Test 2.23 <1 1.64 1.19 <1 2.22 <1 <1 3.47 1·50 <1 <1 

S1gn1t'icance + 

Differences in millivolts 
Pre-Treated .. Treated. (Paired Experiments) 

I-' 
Drug T1me .. More than 2 hours e ro 

~~--~ 

-w-~- --,_-~ __ ~-~~~~ ~~~~~~==::~~===~-~~_::::=-_~_=~ ~,~--==~~~ __ ~ 
.~.:...-~~-~~ 



1'ABLE 23d 
, 

AMPLITUDE DD'.PICRIriCIB OF WAVE I'RCI( ST.AIDARD ELiC'rROCARDlOOlWC 
BB'fWBRf P.RE-'l'BM'l1D AMI) DRUG-D.IATJ.I) ..... .tHlttIZII) DOGS, 

Wl'.rB 8'.l'N1'IS'.rICAL COMPARISOIlS 

Dog Dose 'l'1me Wt. Lead. '1 Lead '2 
No. in ia in 

Mg~ Hours IDs. P Q It 8 '1' 8-'1' P Q R S T S-T 
I 

I 

7-3 .~ 24 12 -.19 0 -.19 -.07 .14 .05 -.08 0 .09 0 .46 .35 i 

8-3 .25 4 12 -.01 0 -.38 .23 -.04 .16 -.02 0 -.58 .14 .06 .12 
10-3 .25 4 20 -.04 0 -.47 -.08 -.05 -.21 .01 0 -.35 0 .03 -.14 I 

14-3 .5 6.5 20 -.06 .03 -1.09 .10 .20 -.49 -.03 0 -1.01 0 .56 -.28 
14-4 ·5 7.5 20 -.01 0 -1.01 .08 .11 -·30 -.02 0 -.95 0 +.38 -.28 
19-2 .5 4·5 .11 0 -1.18 .61 .05 -.23 .07 0 -1.52 .60 .62 -.10 

-
Mean Differences -.033 .005 ~. 72 .145 .068 ·:335 .012 0 -.917 ·123 -352 .055 

Stamard Deviation .098 ~·426 . .2;8 .100 .231 .05 0 .410 .240 .248 .24q 

Standard. Error .040 .114 .105 .040 .097 .020 0 .161 .097 .101 .101 

"t" Test <1 <1 4.13 1.38 1.70 3.45 <1 <1 5.49 1.27 3.45 <1 

Significance ++ + ++ + 

Differences in millivolts 
Pre-Treated - Treated (Paired EKperiments) 
Drug T1me: )bre thaD. 2 hours ..... 

c w 

_____ ~-=_ ... c 
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TABLE 23e 

AMPLITUDE DUFERBfCIS OJ' VAVlS FROM S'fANDARD ELECTROCARDIOGRAM 
BE'rWEEI PRE-'.L'REATED AID DRUG-~ ANiBTBEl'IZED DOGS, 

WI'l'H STM'ISTICAL COMPARISOlIS 

Dog Dose Time Wt. Lead V Lead VI,. 
3 No. in in in 

Mg. lburs Lbs. P Q p. S T S-T P Q R S T S-T 

A-3 .5 24 12 -.14 -.01 -.~ .23 .53 ·32 -.13 -.01 -.32 .20 .25 .23 
-3 .25 4 12 -.01 .02 -. .10 .07 .14 .03 .06 .22 .08 .03 .03 

10-3 .25 4 20 .02 0 -.~ 0 -.01 -.06 -.03 .orl -.32 0 +.04 -.09 
14-3 .; 6.; 20 .05 -.02 ... 29 0 .42 -.11 .07 -.01 1.05 0 > .33 -.05 
14-4 .5 1.5 20 .09 -.02 -1.21 0 .!tc -.11 .C8 -.02 -.92 0 ·35 c 
19-2 .5 4.5 .10 .02 -.13 .14 ·35 -.05 .11 -.05 .34- -.02 .28 -.03 

>. 

Il!an Differences .018 -.001 -.557 .078 .293 .022 .032 .007 .008 .043 .213 .015 

Standard Deviation .088 .. .428 .095 .214- .113 .106 .047 .619 .084 .142 .112 

Standard Error .036 .. .175 .039 .087 .070 .043 .019 .211 .021 .058 .045 

"t" Test <1 <1 3.18 2.00 3·37 <1 <1 <1 <1 2.05 3.67 <1 

Significance + + 
I + 

- . . .. . ._--

D1ff'erences in millivolts 
Pre-Treated .. Treated (Paired Experiments) I-' 

Drug Time: More than 2 hours 0 
~ 

~~--~~: ~~ -~~::.==::~~~~~~==== ~~~~~~~=~ .--.-~-~:!JS'j 
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TABLE 23f 

AMPLITUDE DIFFERENCJ:3 OF 'WAvm3 FROM STANDARD ELreTROCARDlOORAM 
BETWED' PRE-TRFATID AND DRUG-TREATED ANESTHETIZED DOGS I 

WITH STATISTICAL COMPARISONS 

Dog Dose Time r/t. Lead V5 Lead V6 
No. in in in 

Mg. Hours Lbsa P Q R S T S-T P Q R S T S-T 

7-3 .5 24 12 -.11 .02 -.35 .06 .15 .09 -.08 -.06 -.40 .09 .08 .12 
8-3 .25 4 12 .03 0 0 -.10 .10 0 -.01 .02 0 ... 10 .07 -.02 

10-3 .25 .4- 20 .03 -.02 -.21 0 -.)0 -.04 0 -.04 -.18 0 +.01 -.C3 
14-3 .5 6.5 20 -.01 -.20 -.66 0 .22 .03 .11 -.01 -.57 0 .17 .0, 
14-4 ., 7.5 20 -.07 -.02 -.68 0 .L>6 .07 .06 () -.46 0 .19 .09 
19-2 .5 ~ .• 5 .11 -.09 ·53 -.04 -.10 -.02 .06 -.l)5 ~25 -.09 -.el -.02 

Mean Differences .... 003 ... 058 -.228 -.013 .08ts .022 .023 -.023 -.227 -.017 .cB5· .032 
: 

Standard Deviation .075 .454 .053 .020 .051 .067 .031 .031 .(;'[0 .081 .064 

Standard Error .031 .185 .022 .008 .021 .027 .013 .013 .029 .033 .026 

Itt" Test <1 1.87 1.23 <1 1.10 1.05 <1 1·'17 17.4 <1 2·56 1.23 

Significance +++ + 

-- I 
I 

Differences in millivolts 
Pre-Treated - Treated (Paired Experiments) I-' 

0 
Drug T1me: Ibn than 2 hours \J1 

~--=:...--~ 



-

P Wave 

R Wave 

TABLE 24 

SUMMARY OF SIGNIFICANT DIFFERENCES OF VOLTAGE MEANS 
OF THE STANDARD ELECTROCARDIOGRAM WAVES 

OF mUG TIMES OF TWO HOURS OR LESS 

106 

Lead Changes Itt" Test Significance in Mean 

AVF .11 2.84 + 

AVF .... 34 3.31 + 

V1 -.37 5.87 + + 

V2 ... 28 3.21 + 

V3 -.34 4.72 + + 

V4 -.34 3.03 + 

V5 -.18 4.24 + 
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Table 25 gives a summary of the significant results of voltage 

changes from Tables 23a, 23b, 230 1 23d, 23e, and 23f where drug time is more 

than two hours. The voltage of the R waves is decreased in leads II, AVF, Vl , 

V2' V3 and V6 attar drug administration. The ST segment is eleve.ted in V1 

and the voltage of the T waves is increased in leads II, V2 , V3, V4 and V6. 

Measurement of the heart rate, the intervals, axes, and spatial 

angles of the dog's electrocardiograms before treatment With the drug is 

gi ven in Table 26, and atter treatment with the drug, in Table 27. Analysi s 

of the differences of the measurements trom these two tables is given in 

Table 28 for recordings with a drug time of two hours or less, and in 

Table 29 for a drug time of more than two bourSe 

Summarizing in Table 30 the significant results of Table 28 shows 

that the QT interval is smaller and the ~S axis in the frontal plane is 

slightly less vertical atter drug administration. Table 31 s1.munarizes the 

significant results trom Table 29. Here again the QT interval is decreased 

atter drug treatment. 
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TABLE 25 

SUMMARY OF SIGNIFICANT DIFFEREliCES OF MEANS 
OF VOLTAGE FROM STANDARD ELECTROCARDIOGRAM WAVES WITH DRUG TIMES 

OF }.()RE THAN TWO HOURS 

~ - - -==r="'" 
Lead 

Changes Nt" Test I Significance 
in Mean 

R Wave II -.60 3.49 + 
AVF .... 62 3.47 + 
Vl -.72 4.13 + + 
V2 -.92 5.49 + + 

~ 
-.56 3.18 + 
-.23 17.4 +++ 

T Wave II .19 3.33 + 
V2 .35 3.45 + 
V3 ·29 3.37 + 
V4 .21 3.67 + 
V6 ·09 2.58 + 

ST \>lave V1 -.34 3.45 + 
, 

i 
I 
i I 

.,-

I 

I 
II 
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TABLE 26 

HBART RATE I INTERVALS I .AXES AND ANGLES 
FROM STANDARD ELiX:TROCARDIOGRAM OF PRE-TREATED ANE5Tm.:TIZED OOGS 

~ = 

Dog Heart Rate Intervals* 
No. beats/ 

minute P-R QRS Q-T 

7-1 . 160 •. 09 .03 .232 
8-1 160 .08 .03 .191 

10-1 145 .08 .03 .24 
12-1 155 .09 .04 .240 
13-1 150 .10 .03 .192 
14-1 135 .11 .03 .220 
19-1 94 .12 .03 .240 .- -, .- - - -.~~~~.-= 

== - -
Dog Heart Rate Axes - Frontal Plane** Beats/ No. minute QRS S-T T 

7-1 160 80° _120° 6~ 
8-1 160 ]25° 115° 6~ 

10-1 145 790 90° 105° 
12-1 155 80° -90° -1000 
13-1 150 740 80° liOo 

14-1 135 750 800 600 

19-1 94 6~ 800 -800 
- 0,· 

.- --
Dog Heart Rate 

beats/ Angles** 
No. minute QRS-T ST-T 

~(-1 160 180 1700 

8-1 160 700 500 

10 .. 1 145 175'> 1700 

12-1 155 1800 100 

13-1 150 1750 1700 
14-1 135 2~ 8~ 
19-1 94 1700 1800 

* Intervals in seconds. 
** Axes and angles in degrees. 

Anesthesia: 30 mg/Kg Pentobarbital. 



-----
Dog 
No. 

7-3 

8-2 

8-3 

10-2 

10-3 

12-2 

13-2 

14-2 

14-3 

14-4 

19-2 

Dose 
in 
Mg. 

.5* 

.25 

.25 

.25 

1.0 

.5 

.5 
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TABLE 27 

HEART RATE I INTERVALS, AXES AND ANGLES 
FROM STANDARD ELECTROCARDIOGRAM AF1'ER mUG TREATMENT 

OF ANESTHP:rIZED :ooas 

, 

Time Wt. Heart Intervals 
Axes-Frontal 

in in Rate Plane 

Hours Lbs. beats/ 
minute P-R ~S Q ... T ~S T 

24 12 125 .11 .04 .236 95° 5~ 

1 12 135 .09 .04 .182 120° 75° 

4 125 .10 .03 .208 130° 65° 

1 20 155 .07 .03 .204 75° -9~ 

4 180 .09 .03 .196 78°-100° 

1.5 14 163 .09 .03 .192 7rf> 9~ 

2 16 145 .11 .03 .180 6~ -8~ 

1 20 155 .10 .03 .190 70° 14~ 

6.5 195 .10 .03 .180 72° 100° 

7 188 .12 .03 .180 6rf> 11~ 

4.5 198 .09 .03 .17 80° 90° 

Intervals in seconds. 
Axes and angles in degrees. 
Drug - G. Strophanthin. given i.v. 
Anesthesia ... 30 mg.jKg. Pentobarbital. 

S-T 

-125° 

65° 

60° 

100° 

_100° 

_90° 

-8~ 

90° 

100° 

100° 

-

Angles 

QRS .. T ST-T 

50° 140° 

65° 5° 

65° 5° 

180° 170° 

170° 0° 

30° 17rf> 

140° 5° 

80° 25° 

~ 0° 

60° 1~ 

30° -

* Dose of drug given i.m. in this experiment. 

, 

I" 
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'lABLE 28 

DIFFERENCES Ilf HEAR'l RId'ES, nrrERVALS, AXES .AND OGLES 
FROM ST~D F.:L!m'ROCARDIOGRAM OF PRE-TREATED AND mOO-TREATED 

Alf&S'l.'HETIZED :ooGS WI'lB S'l'ATIS'lICAL COMPARISON 

------ ------ -

Dog Dose 'l'ime wt. 
No. in in in 

Mg. Hours Lbs. 

7-3 ·5* 24 12 

8-3 .25 4 12 

10-3 .25 4 20 
14-3 ·5 6.5 20 
14-4 .5 7.5 20 
19-2 ·5 4.5 

Mean Differences 
Standard I2viation 
Standard Error 
"til Test 
Significance ! 

L 

Heart f Intervals 
Rate 

beats/ ; 
millUte ; P-R QRS Q-T QRS 

-35 i .. 03 .01 ... 045 _30° 
-35 .02 0 .017 rjJ 

35 .01 0 -.04 1° 
60 -.01 0 -.040 _3° , 

45 t .01 0 ... 040 -100 

104 I ... 03 0 -.010 15° 

29 I .005 .. -.036 _4° 
54.1 .02 - .029 15.2 
22·3 .008 - .0118 6.2 
1.30 <1 <1 3·05 <1 

+ 

Intervals in seconds. 
Axes and angles in degrees. 
Drug: G. Strophanthin - given i. v • 
Anesthesia: 30 mg./Kg. Pentobarbital. 

*Dose of drug given 1.m. in this experiment. 

.-

Axes 

SooT T 

50 _10° 
-5~ 0 

_1100 25° 
k,AO 20° 

20° 55° 
_80° 1100 

-45 43 
13.2 66 
29·9 27 
1.49 1.59 

ADgles 

QRS-T ST-T 

32° _30° 

-~ -450 

-5° 170° 
4° -850 

35° -70° 
_140° _180° 

-
-13 -40 
62 115 
25 41 

<1 <1 

I:: 
I-' 
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TABLE 29 

DIFFERENCES IN HEART RATE, INTERVALS, AXES .AND ANGLES 
FROM STANDARD ELECTROCARDIOGRAM OF PRE-TREATED AND llIDG-TREATED 

AlfESTBm'IZED OOGS WITH STATISTICAL COMPARISONS 

=---- . -
l):)g 

, Heart Intervals Axes Dose Time Wt. Rate No. in in in bents/ 
Mg. Hours Lb •• minute pooR QltS Q-T Q,RS S-T T 

8-2 .25 1 12 -25 .01 .01 ".009 _5° _50° 10° 

10-2 .25 1 20 10 -.01 0 -.036 -40 10° 170° 

12-2 .25 1.5 14 8 o -.01 -.o~ -5° 16~ 0 

13-2 1.0 2 16 -5 .01 0 -.120 -9° 16~ -16~ 

14-2 .50 1 20 20 -.01 0 -.032 -~ 10° 8~ 

~--.... --

Mean Ditterences 1.6 .004 0 -.051 -5.6 

Standard Deviation .0134 1.7 

Standard Error .006 .7 

"ttl Test <1 <1 <1 8.50 8.00 

Significance + + ++ 

Intervals in seconds. 
Axes and angles in degrees. 
Drug: G. Strophanthin. given i. v. 
Anesthesia: 30 mg./Kg. Pentobarbital. 
Drug times: 2 hours or less. 

60 10 

97.4 123 

43 55 

1.40 <1 

! Angles ! 

~S-T ST-T 

-~ .. 45° 

-~ 0 

-150° 16~ 

-3~ -16~ 

5~ 60° 

-

-28 3 

76 

34 

<1 <1 

1 

I 

I 

:;\1 

! 
':1 
:1 

;jll 
!"I, 
:,I!I 

I:: 

i'l 

1'1 

iii 
,I" 

" Ii 
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Interval 

Axis 

Intenra1 

TABLE 30 

SUMrv'lARY OF SIGNIFICANT DIFFERENCES OF MEANS OF INTERVALS I 
AXES OF STANDARD ELECTROCARDIOGRAM 

113 

Comparison Differences "t" Test Significance in Mean 

Q-T -.051 sec. 8.50 

QRS -5.6° 8.00 

Drug Time: 2 hours or less ~ 

TABLE 31 

SUMMARY OF SIGNIFICAN'l' iJIn"'&":nmCES OF MEANS OF 
INTERVALS I AXES AND ANGUS OF 

STANDARD EI.EX:TROCARDIOORAM 

+ + 

+ + 

Comparison Differences "t" Test Significance in Mean 

Q-T -.04 3.05 + 

Drug Time: lOOre than 2 hours. 

, : 
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~ctorcardiograms: Only the angles of the QRSm' QRSi and QRSt instantaneous 

vectors were measured in the frontal and sagittal leads for analysis of the 

drug effects. The other measurable information is more easily obtained in 

the time-based vectorcardiographic method. Difficulties previously mentioned 

like superimposed QRS, P and T a~-looPS make separation, identification, and 

measurements difficult. 

The measurements of these angles in degrees is given in Table 32 

tor the pre-treated dog, Table 33 for the drug-treated dog with drug time 

of 2 hours or less, and Table 34 for the drug-treated dog With a drug time 

of more than 2 hours. 

Using the "t" test, analysis of this data for the differences in 

spatial angles, from tbe pre-treated and drug-treated dogs, is given in 

Table 35 for drug times of 2 hours or less, and Table 36 for the drug times 

of more than 2 hours. Analysis shows that there are no significant differ-

encaa between tbese two conditions With a drug time of 2 hours or less. 

Summary of differences with a drug time of more than 2 hours is given in 

Table 36a. Analysis of these two conditions With a drug time of more than 

two hours shows that the axis of the Q~S and QRSl vector in the sagittal 

plane bas a larger angle or a more anterior orientation after the administra-

tion of the drug. 

I.III!I' 
, ' ! i', 
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lA?g 
No. 

7 

8 

10 

12 

13 

14 

19 

TABLE 32 

ANGLES OF WAVES FROM VECTORCARDIOGRAM LEAIS 
OF PRE-TREATED ANESTDrIZED IX>GS 

.. < •• .. 

QRSzn QRSi 

F S F S F 

700 12'> 70° ~ -11~ 

90° 8° 87° 20° -90° 

81" 6° 87° 16° -100° 

91° 1" 89° 10° -8~ 

820 29° 95° 6° -10° 

aso 5° 94° 2~ _88° 

'f> 90° 90° 8° 0° 

Angles in degrees. 

F • Frontal lead. 

R : Sagittal lead. 

Iii" 

',1 
" ,I 
I 
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QRSt 

S 

-15~ 

.. 154° 

-125° 

-114° 

-151" 

_1° 

~ 

, i 
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Dog tose 
in 

No. Mg. 

8 .25 

10 .25 

12 .25 

13 1.0 

14 .5 

TABLE 33 

ANGL1!5 OF WAVES FROM VECTORCARDIOGRAM LEAll3 
APTER mUG TREATMENT OF ANESTHEl'IZED IX)(',s 

i 

Time wt. ~S QJtSi 
in in m 

Hours Lbs. 
F S F S 

1 12 88° 41" ; 86° 15° 

1 20 87° 9° 870 16° 

1·5 14 91° 7° 88° 100 

2 16 8~ 40 90° 19° 

2 20 a-ro 90° 9° lSO 

Angles in degrees. 

F • Frontal lead; S • Sag! ttal lead. 

Drug Times: 2 hours or less. 
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i 
QJtSt 

F S 

.~o _140° 

-~o _136° 

_88° -175° 

-ert> _150° 

-990 -1580 

'iilli, 
",I 

II 

111,11 

1 

" 

I,!:I 

1 
:11, 
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l)?g 
Dose 

No. in 
~. 

7 .50 

10 .25 

14 ·5 

14 ·5 

19 .25 

TABLE 34 

ANGLES OF WAVES FROM VECTORCARDIOGRAM LEAre 
AFTER mUG TREATMENT OF ANESTHETIZED OOGS 

-

Time wt. QRSm ~Si 
in in 

Hours Lbs. 
F S F S 

24 12 86° SO S1° SO 

4 20 90° 5° 90° 9° 

6.5 20 86° 1° 100° 24° 

1.5 89° _1° 105° 6° 

4.5 15 90° 4° 90° ~ 

\ 

Angles in degrees. 

F • Frontal lead; S = Sagittal lead. 

Drug Times: More the.n 2 hours. 

117 

QRSt 

F S 

-9So -113° 

_90° -112° 

_88° 0° 

-1°5° 1160 

90° -~ 

I 
, I 
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TABLE 35 

DIFFERENCES OF !-k?fGLES OF. WAVES FROM VECTORCARDIOGRAM I..EAJ:f) 

OF PRE-TREA'rED ABD mUG-TREATED Alm3THE'l'IZED DJGS, 
WITH STATISTICAL COMPARISON 

r= '" - - ,.".,_ .. .. -~~ .~ , 
! 
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fug 
Dose Time Wt. 

QRSm ~Si Ql\St in in in 
No. Mg. Hours Lb •• 

F S F S F S 

8 2° -39° 
0 

~ 0° 14° .25 1 12 1 

10 .25 1 20 0 _3° 0° _1° 10° -11° 

12 .25 1.5 14 0 0 1° 0° _3° _1° 

13 1.0 2 16 _3° 25° 5° -13° -1T' l' 
14 ·5 2 20 1° _4° 2° l' 181' -157° 

.. - -- . --
Mean Differences 0 -4.3 1.8 ... 40 35.4 -29.6 

Standard Deviation 1.9 2.28 1.9 7.8 85.3 71.8 

Standard Error .85 10.2 .85 3.48 38.1 32.1 

"t" Test 0 <1 2.12 <1 <1 <1 

Significance 

Angles in degrees. 

Drug Timae: 2 hours or lass. 

II 

Ii 

!' 
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TABLE 36 

DIFFERENCES OF ANGLES OF WAVES FROM VECTORCARDIOGRAJ,1 LEAW 
OF PRE-TREATED AND DRUG-TREATED ANESTB:EJrIZED OOGS 

WITH STATISTICAL COMPARISON 

Iklg Dose Time wt. QllSm I QRSi QRSt 
No. in in in 

Mg. Hours Lbs. F S F S F 

7 .50 24 12 16° 40 IT> 140 140 
10 .25 4 20 -~o 1° _3° 'f> 10° 
14 .50 6.5 20 -20 40 _6° 1° 176° 
14 ·50 7.5 _1° 6° _11° 19° 193° 
19 .25 4.5 15 0° 3° 0° 3° 0° 
-

Mean Differences 2° 3.6 - .6 8.8 78.7 

Standard Deviation 7.9 1.7 10.1 6.5 97 

Standard Error 3.53 .76 4.51 2.9 43.3 

"t" Test <1 4.74 <1 3.03 1.81 

Significance + + + 
Angles in degrees. 
Drug Times: More than 2 hours. 

TABLE 36a 
SUMMARY OF SIGNIFICANT DIFFERENCES OF AXES FROM VECTORCARDIOGRAM 

- ,~ .. -.~-..- - --.~- . ..,.~~-

Changes ~ 
I tltlt Test Si,gnificance in Mean I 

QRS Axis 
Sagittal Plane 3.6 4.74 + + 
QRSiAxis 
Sagittal Plane 8.8 3.03 + 

Drug Time: }.bre than 2 hours. 

S 

-21° 
1° 

17~ 
:p 
~ 

23 

88.5 

39·5 

<1 

-

i 

I' 
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Time-Based Vectorcardiograms: -
The results of the calculation of the spatial magnitudes of the 

'Waves using formula (1) (Page 28) are given in Table 37 for the pre-treated 

dog, in Table 38 atter drug treatment with a drug time of 2 hours or less, 

and in Table 39 atter drug treatment with a drug time of more than 2 hours. 

The ratios of these spatial magnitudes to the QRSm spatial magni­

tude were calculated. Table 40 g1 ves these ratios for the pre-treated dog, 

Table 41 g1 ves these ratios atter drug treatment with a drug time of 2 hours 

or less, and Table 42 gives tbese ratios atter drug treatment with a drug 

time of more than two hours. The differences of the ratiOS between the pre-

treated dogs before and after treatment were analyzed. Table 43 gives the 

differences of the ratios and analysis for the drug times of more than 2 

hours. Table 45 8\1.l11ll8rizes the significant results. The P wave is smaller, 

the. STa wave is larger, and the T wave is smaller atter the drug with a 

drug time of more than two hours. 

The calculated spatial angles of each wave to the QRS maximal vec­

tor using formulas (1), (2) and (3) are given in Table 46 for the pre-

treated dog, Table 47 atter drug treatment With a drug time of 2 hours or 

less, and in Table 48 atter drug treatment with a drug time of more than 

2 hours. The differences between the pre-treatment and drug treatment for 

each dog is given in Table 49 with a drug time of 2 p,ours or less, and in 

Table 50 for a drug time of more than two hours. Summaridng these analyses 

I, 

! 
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shoWS that no comparisons of the angles were statistically different after 

drug treatment as compared to pre-treated values. 

Measurements of the heart rate and intervals from the time-based 

vectorcardiographic leads are given in Table 51 for the pre-treated .dogs, 

Table 52 atter drug treatment With a drug time of 2 hours or less, and in 

Table 53 atter drug treatment With a drug time of more than 2 hours. The 

differences between the pre-treated and drug treatment for each drug time was 

calculated. Table 54 gives the ana.lysis of these differences for the drug 

time of 2 hours or less, and Table 55 gives the analysis of tbese differ­

ences for the drug time of more than two hours. A summary of the signifi­

cant comparisons is given in T·:lble 56. Only the Q.l' interval is significantly 

different. It is longer in duration after administration of the drug With 

a drug time of 2 hours or less. 
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TABLE 37 

SPATIAL MAGNI'l'UDES OF WAVIiS C.ALCUI...ATED FROM TIME-BASED 
~RCARDIOGRAPHIC LEAI6 OF THE 

PRE-TRlW.'ED AItES'fH&TIZED mas 

.....:==- "¥"==- : . 

Dog P QRBm ~Si QRSt STa STb STc No. 

7 .35 1.57 1·52 .74 .11 0 .17 

8 .23 1.86 1.16 .75 .04 0 .05 

10 .21 2.52 1.86 .58 .23 0 .17 

12 .41 2.66 1.89 .47 0 .13 .05 

13 .20 1.02 1.22 .41 .04 0 .03 

14 .88 3.18 2.05 1.19 .40 .10 .25 

19 .47 3.58 2.17 2.03 .61 .08 .31 

Magnitude in millivolts, 

T 

.32 

.16 

.30 

.33 

.22 

.32 

.32 
I!! 

I i[,1 

11:1 
11II III 

I!I' I 1:,1 

I 
I! 

I I II 

!' 
II!I 

Ii 



Dog Dose 
1n 

No. Mg. 

8 .25 

10 .25 

12 .25 

13 1.0 

14 .5 

TABLE 38 

SPATIAL MAGNITUDES OF WAVES CALCULATED FROM TIME-BASED 
VPm'QRCARDIOGRAPHIC LE'.AW AP'l'ER DROO TRFATMENT 

OF A.N.m'.J:BI!tl'IZED OOGS 

Time wt. 
1n in P QRSm QRS

i QVtst ST 5Tb Hours Lb •• 
a. 

1 12 .17 .96 .81 .43 .076 

1 20 .25 2.39 1.85 .40 .233 .020 

1.5 14 .50 1.64 1.18 .58 .355 .383 

2 16 .22 1.15 1.21 .47 .040 .080 

2 20 .82 2.61 1.63 .28 .351 .161 

Magn1 tude in millivolts. 

Drug Times: 2 hours or less. 

Drug: G Strophanthin, g:i. Yen 1. v • 
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STc T 

.089 .191 

.045 ·530 

.305 

.182 .058 

.318 .2:70 
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Dog 
No. 

7 

10 

14 

14 

19 

Dose 
in 
Mg. 

.5* 

.25 

.5 

.5 

.25 

TABLE 39 

SPATIAL MAGNITUDES OF WAVES CALCULATED FROM TIME-BASED 
V'IiX':'l'ORCARDIOGRAPHIC LEAns APTER mUG TREATMEm' 

OF ANESTHETIZED DOGS 

Time 
in 

Hours 

24 

4 

6.5 

7.5 

4.5 

wt. 
in 
Lb •• 

12 

20 

20 

15 

p 

.23 1.22 

.28 2.46 

.72 1.80 

.69 1.84 

.53 2.40 

Magnitudes in millivolts. 

.86 

1.72 

.97 

1.03 

1.75 

Drug Times: More than 2 hours. 

.56 

·59 

.26 

.20 

1.43 

Drug: G Strophanthin, g1 yen i. v. 

ST a 

.163 

.030 

.100 

.226 

* Dose ot drug gi van i .m. in this experiment. 

.040 

.160 

.050 

124 

: I 

T 

.220 .265 

.071 .357 

.045 .253 

.110 .254 

.304 .363 



==-
Ik>g 
No. 

1-1 

8-1 

10-1 

12-1 

13-1 

14-1 

19-1 
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TABLE 40 

RATIOS OF MAGNITUDElJ OF EACH WAVE TO THE QRSm 
SPATIAL MAGNITUDES CALClJ'LATED FROM THE TIME-BASED VECTORCARDIOGRAM 

OF PRE-TREATED ANESTHEn'IZED DOGS 

~-=::; 

P QRSm QRSi QRSt STa S'lb STc T 

18.3 100 81.1 35 8.3 8.1 19.4 

12.4 100 62.4 40.3 2.2 2.9 8.5 

8.3 110 73.8 23.0 9·2 6.5 11.9 

15.4 100 11.1 17·1 4·9 1.9 12.6 

19.6 100 119.6 40.2 4.1 2.1 21.1 

21.1 llO 64.5 37.4 12.6 3.1 7·7 10.1 

13.1 110 60.6 56.1 11·0 2.2 8.5 8.9 

I 

III", 

III 



-
Dog 
No. 

8 

10 

12 

13 

14 

126 

TABLE 41 

RATIOS OF MAGNITUDE OF FAOH WAVE TO THE QJ{Sm 

SPATIAL MAGNITUDE CALCULATED ~OM TIME-BASED VE£TORCARDIOGRAM 
AFrER DRUG TREATMENl' OF ANESTHm'IZED OOGS 

;r-'"-"== 

Dose Time Wt. 
in in in P G]{Sm QRSi QRSt ST ST STc 

Mg. Hours Lbs. 
a b 

.25 1 12 17.7 100 84.4 44.8 7·9 9.3 

.25 1 20 10·5 100 77.4 16.7 9·7 .8 1.9 

.25 1·5 14 30.5 100 72.0 35.4 21.6 23.4 

1.0 2 16 19.1 100 105.0 40.9 3·5 7.0 15.8 

·5 2 20 31.4 100 62.5 10.7 13.4 6.2 11.8 

QRS magnitude x 100. 

Drug Times: 2 hours or less. 

Drug - G Strophanthin, given i. v. 

:1 
'[I'll I 

T 

19·9 

22.2 

18.6 

7.4 

10.3 



fug 
No. 

7 

10 

14 

14 

19 
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TABLE 42 

RATIOS OF MAGNITUDES OF THE WAVES TO THE QRSm 
SPATIAL MAGNITUDES CALCULATED FROM THE TIME-BASED VEVrORCARDIOGRAM 

Arl'ER DRUG TREATMEIf.r OF ANESTJIE:rIZED OOGS 

Dose Time Wt. 
in in in P QRSm QRSi QRSt STa STb STc 
Mg. Hours Lbs. 

.50* 24 12 18.9 100 70·5 45.9 3.3 18.3 

.25 4 20 11.4 100 69.9 24.0 6.6 6.5 2.9 

.50 6.5 20 40.0 100 53.9 14.4 1.7 2·5 

.50 7.5 37 ·5 100 56.0 10.9 5.4 6.0 

.25 4.5 15 22.1 lOU 72·9 59.6 9.4 2.1 12.7 

QRS magnitude x 100. 

Drug Times: M,jrc than 2 hours;. 

Drug - G Strophanthin, given i .• v • 

* Dose of drug given i.m. in this experiment. 

, 

Ir 

1:1 

.1 
T 

21.7 

14.5 

14.1 ' ~ 
I 

13.8 

15.1 
I 
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TABLE 43 

DIFFERENCES IN RATIOS OF MAGNITUDE OF WAVES BEl'WEEN PRE-TREATED 
AND DRUG-TREATED ANES'l'HE.'l'IZED OOGS CALCULATED FROM TIME-BASED 

VlX:TORCARDIOGRAM WITH STATISTICAL ANALYSIS 

- --. 

Dog !bse Time wt. 
No. in in in P QRSy,u QRSi QRSt STa S'lb STc 

Mg. Hours Lbs. 

8 .25 1 12 -5.3 - -26.3 -4.5 -5·7 0 .6.4 

10 .25 1 20 -2.2 - -3.6 6.3 -·5 -.8 4.6 

12 .25 1.5 14 -15·1 - -.9 -17.7 -21.6 -18.5 1.9 

13 1.0 2 16 .5 - 14.4 -.6 .6 -7·0 -13.1 

14 ·5 2 20 -4.3 - 2.0 26.7 -.8 -3·1 -4.1 

- - -
Mean Differences -5·3 -2.88 1.8 -5.6 -5·9 -3.4 

Standard Deviation 6.9 14.8 15.9 +: -9.3 !7.6 '!"r.O 

Standard Error 3.08 6.61 7·1 !4.15 :r3.39 1"3.13 

tit" Test 1.72 <1 < 1 1.35 2.01 1.09 

Si611ificance 

Drug Times: Lass than 2 hours. 

== 

T 

-11.4 

-10·3 

..6.0 

14.3 

-.2 

= 

-2.7 

:!LO·5 

4.6 9 

<1 
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TABLE 44 

DIFFERENCES IN RATIOS OF MAGNITUDES OF WAVES BErWEEN PRE-TREATED 
AND DRUG-TREATED ANESTIml'IZED r:oGS CALCUlATED FROM TIME-BASED 

V!Vl'ORCARDIOGRAM WITH STATISTICAL ANALYSIS 

= 
lbg 

lX>se Time Wt. 
in in in P QRSm QRSi QRSt STa STb STc No. Mg. Hours Lbs. 

7 .50* 24 12 0.5 10.6 -10.9 8.3 -3.3 -9.6 

10 .25 4 20 -3.1 3.9 -1;.0 2.6 -6.5 3.6 

14 .50 6.5 20 -12.9 10.6 23 10·9 3.1 5·2 

14 .50 7.5 -10.4 8.5 26.5 7.2 3.1 1.7 

19 .25 4.5 15 -13.2 .. ... 12.3 -2.9 1.6 0.1 -4.2 

- . 

Mean Differences -7·9 4.26 6.9 7.3 -.7 .... 7 

Standard Deviation 6.0 9·7 16.7 6.0 L; .2 6.1 

Standard Error 2.68 4.33 1.46 2.68 1.86 2.12 

"t" Test 2·95 .98 ·92 2·12 .38 .26 

Significance + + 

Deug Times: }!jure than 2 hours. 

T ,I, 

II 

!iil, 

-2·3 ~ I 

-2.6 I~ , 

-4.0 

-3.1 
I 

-6.2 

~\ 
-3·8 I;! 

1.6 

·11 

5.35 
I 

++ i 
I ~ 



Wave* 

p 

STe. 

T 

I 

TABLE 45 

SUMMARY OF SIGNIFICAlfr DIFFERENCES OF THE RATIOS 
OF MEANS OF MAGNITUDE Bm'WEEN THE 

PRE-TREATED AND mUG-TREATED ANESTHm'IZED OOGS 

I 
I 

130 

Differences 
"t" Test in Means Significance 

-7·9 2.95 + 

7.3 2.72 + 

-3.8 5.36 + + 

.. indicates wave magnitude became relatively smaller after drug. 

+ indicates wave magnitude became relatively larger atter drug. 

* All these waves are trom the Drug Time of More Than Two Hours 
Series. 

I'i I 

1',11,1'1111. il:,' 

I ill II'" ! i'1: 

,il'l; : 
i

ll
i ' i, , I 

!I 

! I 
!' 
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TABLE 46 

SPATIAL ANGLES OF EACH WAVE TO THE QRSm VECTOR CALCULA.TED 
FROM TIME-BASED Vim'ORCARDIOGRAM OF PRE-TREATED 

ANEST~ZED OOG 

f I 

til 
1"1' I --" "--=,= • ==;::r' I' 

Dog i P- QRSi- ~- 8l'a- S'lb- STe • T- 'i il 

! 
!'i': No. QRSm QRSm QRSm QRSm QllSm QRSm QRSm II 
Ii 

7 21° ~ 173° 46° 1~ 173° I 

8 10° lZ' 16~ 10° 1~ 11° :~I I 
'1111 

10 21° 3° 174° 0° 28° 17~ 
I,I!'I I 

III ' 
10° 1° 171° 170° 170° 179° 

h, , 
12 Ilil' ' 

I' 

"1 

13 21° 6° 15~ 50° 40° 1~ 

14 ~ 1-,0 ~ 4° 4~ 2r> 110° I 
I, 

r' 
19 ~ ~ -ro 6° 6° 25° 158° 

Angles in degrees. 



= 
lX>g 
No. 

8 

10 

12 

13 

14 

T.ABLE 41 

SPATIAL ANGLES OF EACH WAVE TO THE QR~ VECTOR CALCULATED 
FROM TIME-BASED VllmORCARDIOGRAM .AFl'm DRUG TREA'rMEJfl' 

OF A.N.ESTH!1rlZED roo 

Ibse Time wt. 
QRSi'" <atSt- STa - ~- STe• in in in 

Mg. Bours Lbs. ~ ClRSm QRSm QRSm QRSru 

.25 1 12 11° 16SO ~,8° rf> 

.25 1 20 6° 166° 3° cd 5~ 

.25 1.5 14 50 1730 168° 1100 

1.0 2 16 ~ 1590 9SO 11~ 1630 

.50 2 20 ~ 1300 rf> 1° 280 

Angles in degrees. 

Drug Times: 2 hours or less. 

Drug - G Strophanthin, given i.v. 

132 

T-
QRSm 

19° 

17SO 

140 

530 

90 

::::::: 

I' 
I 

1 

II 
'I 

! 
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fug 
No. 

7 

10 

14 

14 

19 

TABLE 48 

SPATIAL ANGLES OF EACH WAVE TO THE QRSm ~TOR CALCULATED 
FROM TIME-BASED VECTORCARDIOGRAM AFrER DRUG TREATMENT 

OF ANE3TIiErIZED OOGS 

::;: 

IOse Time lit. QRS.- QRSt- ST - STb- ST ... 
in in in J. e. c 
Mg. Hours Lbs. QRSm QRBm QRSm QRSm QRSm 

·50* 24 12 3° 180° 9° 9° 

.25 4 20 ,..0 145° 4° 173° 128° ') 

.50 6.5 20 J.7° 147° 4° 23° 

.50 7.5 18° 145° 6° 6° 

.25 4.5 15 14° 12° 6° 174° 3° 

Angles in degrees. 

Drug Times: More than 2 hours. 

Drug ... G Strophanthin, given i.v. 

* Dose of drug given i .m. in this experiment. 
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1 

i 
II 

T- " 

I: ! 

QR~ 

2° 

175° 

5° 

10° 

2° 

:1'1 ;II! 

',I,', "',I 

I,; 



TABLI 49 

DD'Fl1J.u~lfCm OF SPA'l'IAL AJDLIS ro QRSa CA.LCt1LA.1'lm FROM 
TIME-BASil) VEX!'l'ORCARJ)lOGRAM OF PRE .. TRJ'.A'!ID AlG> DRuG TREATED 

AIm3TBm'IZED DCNlS, WITH STATISTICAL AlfALYSIS 

Dose Time Wt. QRS1- QRSt- ST .. S'lb- ST .. T .. 
Dog ln ln ln a c 

No. 
_. 

lburs !.bs. QRSm ~ QRSm ~ QRSm QRSm 

8 .25 1 12 1° -3° "38° CO .,0 -80 

10 .25 1 30 -30 80 _3° 9'.P -300 _3° 

12 .25 1.5 14 -40 _20 _1680 0° 1700 1650 

13 1.0 2 16 -3° -.,0 48° 1720 -123° 9'fJ 
14 .5 2 20 50 -125° 10 490 -10 1610 

Mean Differences .8 -25.8 -32'> 630 40 83° 

Standard Deviation 3.8 55.7 820 730 .. 850 

Standard Error 1 .. 70 24·9 . 3.,0 .. 380 

"t" Test <: 1 1.04 <: 1 1·91 <: 1 2.18 

Slgn1ficance 

D1fferencea in degrees .. 

I>r'u6 T1mes: 2 hours or less. 

Drug .. G Strophanthin, given l.v. 



r 

TABLE 50 

DlFFERENCl!2 OF SPATIAL Al«lLES TO QRSm CALCULATPD FROM 
TIME-BASED VJX::'1'ORCARDlOORAM 0' PRE~m AND IlRUG-'l'REATED 

ANl!STHErIZED JX)GS, 'WITH STA'lISTICAL ANALYSIS 

Dose Time Wt. 
Dog in in in P- QRSi- QRSt- S1'a - STb ", STe-
Na. ~. Hours Lbs. Q.RSm QRSm ~ QRSm QRSm QRSm 

7 .50* 21!. 12 J.2O (:p -70 116<> .. ~ 60 

10 .25 1!. 20 11!.0 -20 2~ -1!-0 -1730 ... 1000 

14 .50 6.5 20 10 00 -1420 00 1!.5° 40 

14 .50 7.5 -20 -10 -1400 -20 450 210 

19 .25 4.5 15 10 -70 -50 00 -1680 220 

Mean Differences 5.2 .8 -53 80 -520 -9.40 

Stllndard Deviation 72.6 4.7 81.9 21.3 llO 51.3 

Standard Error 32·4 2.10 36.6 9.5 49.1 22.9 

"t" Test <: 1 <: 1 1.45 <: 1 1.06 <: 1 

Significance 

Differences in degrees. 

Drug Times: !bre than 2 hours. 

Drug .. G Strophanthin, given i.v. 

*Dose of drug given i.m. in this experiment. 
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T-

QRSm 

-1710 

00 

1650 

1600 

1560 

620 

147 

66 

.94 



Dog 
No. 

7 

8 

10 

12 

13 

14 

19 

TA:BLE 51 

HEART RATllE AND INTERVALS MEASURED FROM TIME-BASED 
VECTORCARDIOGRAM ON PRE-TREATED 

AlEBTHl!ttIZlQ) DOGS 

Heart Rate Interw.ls 
beats/ r -
Minute p 

t 
P-R QRS Q-T 

160 .03 
, 

.08 ; .030 .188 

155 .02 .08 .022 .168 

160 .05 .08 .026 .196 

176 .05 .08 .032 .204 

193 .03 .08 .028 .124 

183 .03 .08 .024 .156 

136 .04 .08 .040 .190 

Intervals in seconds. 

1m' 

.356 

.388 

.376 

.340 

.312 

.328 

.412 

11'1 

'1".1 '!', 
II 

"1,1. 
1.'1 

d lilil 
iii I 
,Iii 
, 
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TABLE 52 

BEART RA'l'ES AID IItrERVAIS MEAS'URl§) FROM mm .. BASED 
V1iX:'l'OBCARI)IOORAM .AF'D.'R DRIJG ~ 

OF AlOS'!'1Im'IZJ2) DOGS 
I 

III1 

III 
,I: 

Dose Time Wt. Heart Rate Intervals 
Dog in in in Beats/ , 
No. Mg. HOurs Ibs. minute P P-R QRS QT ; RR' 

! 

8 .25 1 12 165 .03 .08 .022 .18 .368 I 

10 .25 1 20 188 .03 . .07 .024 .18 .320 

12 .25 1.5 14 185 .04 .09 .034 .16 .304 

13 1.0 2 16 155 .03 .10 .026 .15 .388 

14 ·.50 2 20 200 .03 .08 .026 .15 .300 

Interva.ls 111 seconds. 

Drug Times: 2 hours or leas. 

Drug - G Strophanthin, g1ven 1.v. 



Dose 
Dog in 
No. JIg. 

7 -50* 

10 .25 

14 .50 

14 .50 
, 

19 .25 

TABLE 53 

HEART RATE AID mmVALS MlASURED FROM TIJCI-BASED 
V1!m'OltCARDIOGRAM .AFTBR DRUG 1'.ltEA.TMElfr 

OF ANl!:3THETIZED DOGS 

Time Wt. Heart Rate Intervals 
in in Beatsj 

Hours Lb •• minute P P .. R QRS 

24 12 150 .04 .13 .030 

4 20 200 .03 .09 .02"-
6.5 20 200 .04 .09 .024 

1.5 200 .04 .08 .026 

4.5 15 15 .03 .08 .025 

Intervals in seconds. 

Drug Times: )fore than 2 hours. 

Drug .. G Strophanthin, given i.v. 

Q'1' 

.270 

.168 

.150 

.180 

.150 

*Dose of' drug given i.m. in this experiment. 
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, I' 

aR' 

.50"-

.300 

.300 I i 
, I 

.276 

.280 



DD1'EftIlfCl!B OJ' HEART RATE AID DTlRVAtB MEASURED PROM 
~.ARDIOGRAN OF PRE-TRBlTED AID DRUG .. TREATED 

AlfJ!:S'fBmIZED DOGS WITH S'l'A!rISftCAI. AIfALYSIS 

])ose Time Wt. Jleart :Rate Intervals 
Dol 1n 1n in Beats/ 
No. Mg .. Hours lbs. minute P pooR QRS 

8 .25 1 12 -10 0 0 .006 

10 .25 1 20 -28 .02 .01 .002 

12 .25 1.5 1A -9 .01 .... 01 ... 002 

13 1.0 2 16 38 0 -.02 .002 

14 .50 2 20 -17 0 0 -.002 

Mean Differences .006 -.oolI. .0012 

Standard Deviation ... - .003 

Standard Brror .. .. .001 

tit" Test <: 1 <: 1 <: 1 

S1gn.1t1cance 

Drug Times: 2 hours or less. 

Drug - a Stl"ophantb.1n, given i.v. 

139 

QT 

.028 

.. 016 

.044 

.026 

.006 

.024 

.014 

.006 

4.00 

+ 



TABLE 55 

DIFFDOOICIiS OF HEA.B'l' RATE AIm :umaVALS MIAStJRl!.1) FROM 
TIME-BASED nx:'1'ORCARDIOGRAM OF PRE-'l'REA.TED AND D'ROO TREATED 

ANmTHETIZED DOGS WITH S'l'A!fIS'l'ICAL AlfAI.;[SIS 

Dose Time Wt. Heart Rate Intervals 
Dog in in in Beats/ 
Ifo. Mg. Hours Lb •• minute P P-R QRS 

7 .50* 2~ 12 0 -.01 ... 05 

10 .25 4 20 .. 140 .02 -.01 .002 

14 .50 6.5 20 11 -.01 .01 0 

14 .50 1.' 17 -.01 0 -.002 

19 .25 4.' 15 -12 .01 0 .015 

Mean DU'f"erenees -15.6 .01 ... 006 .001 

StaDdard. Deviation 39.2 .013 .008 .020 

Standard Error 17.5 .006 .004 .009 

lit" Test .89 1.66 1.50 .11 

Significance 

Drug T1me: )fore than 2 hours. 

Drug ... G Strophanthin, g1 ven i. v. 

*Dose of drug given i.m. in this experiment. 

140 

QT 

0 

.018 

.006 

.016 

.04 

.028 

.031 

.014 

2.00 
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TABLE 56 

SUIIIARY OF SIGNIFICANT DD'Fm:tElfCm OF INTERVALS 

Changes Signifi-
in Mean Itt" Test cance 

QT Interval .024 4.00 + 

Drug Time: 2 hours or less. 

For this st~, four dogs vere trained to 11e on their right sides. 

Digitoxin was given orally at a dose of 0.1 mg. per da7 for the low-dose condi­

tion and 1.0 mg. per clay for the h1gh dose condition. The recording and dose 

schedule 1s given in Table 1 (page 37). 

All the data obtained with the three methods were evaluated using 

analysis of variance. For the purpose of this analysiS, the major sources of 

variation separated were: 1) between dogs, 2) between conditions (non-drug, 

low-dose drug and h1gb.':'dose drug conditions), and 3) between waves (the 

voltage, magnitude or angles of the waves measured in each method). Minor 

sources of varlant:!e, separated, were the interactions: 1) dogs x conditiOns, 

2) dogs x waves, 3) conditions x waves and 4) dogs x conditions x waves. 

II 
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standard Clinical Method.: An analys1s of var1ance was performed. for each lead. -
Tables 51 to 62 conta1n the analys1s of var1ance for each of the 11mb leads 

and Tables 63 to 69 contain the analys1s of var1ance :t'or each of the chest 

leads. 

S1nce this study was designed to study the effects of the selected 

drUgs on the electrocardiogram, 1 t 1s noted that these effects are contained 

1n the variances between condit10ns. A sWIllla.rY' of the significant comparisons 

1s g1 ven 1n Table 57. SUII'II'18.r1zing, differences are noted between non-drug and 

drug, and vere s1gn.1t'1cant in leads A'IF, V1, V2, V3 and '4. Table 57 also 

l1sts the 'Wave ao.al.7sis ':for these sign1t'1cant ,leads. 'lbe differences between 

waves was s~f1cant in the following: 1) R wave 1s decreased in voltage, 

comparing DOn-drug versus low-dose drug condition, in leads Vl' "12' V3 and 

V4; the R wave 1s increased in voltage, comparing non-cirug versus h1gh-dose 

con<l1tiou, in leada AD, Vl, V2, V3 and V4; 2) -the S wave is increased 1n 

voltage, comparing DOn-drUg versus high-dose drug cond1t10ns, 1n lead V2i and 

3) the T wave 1s increased in voltage, comparing non-drug versus high-dose 

COnditions, 1n lead V2-

The source of variance, between clogs, was h1ghly sign1ficant in all 

the leads. This suggests that there 1s a large variation from dog to dog. 

The source of variation, between waves, was also highly signif1cant 1n all 

leads. This is an expected result because the waves are all different by 

definition. It may be noted that a number of the 1nteractions were also 

significant. In this study these are of no special interest, except for 

calculation purposes, and, hence, no further analysis or mention will be made 

of them. 

,I 

,I' 
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TABLE 57 

SUMMARY OF SIGlfIFICANT FINDIKlS FROM 1.'lm ~SIS 
OF V~E FOR CONDITIONS 

Lead F Signi:t1.- Wave Conditions "t" Test Differences 
Ratio cance Means* Comparisons in Means 

Non-Drug Low Dose High Dose NJ) va. LD S1gnifi- NJ) vs. BD Sign1fi. 
(if-D) (L-D) (H-D) cance cance 

AVF 6.54 ++ R 1.074 1.080 1.233 .006 .153 +++ 

Vl 7.40 + R 1.015 .924 1.283 -.091 + .359 +++ 

V2 17.32 +++ R 1.148 .978 4.373 -.170 +++ 3.395 +++ 
o. 

S .126 • loB _441 -.018 .333 +++ 

.089 .423 .334 
I 

T .1l9 -.030 +++ 

V3 16.39 +++ R 1.247 ·923 1.433 -.324 +++ .510 +++ 

V4 9.16 +++ R 1.039 .850 1.161 -.189 +++ .291 +++ 

'* Means of conditions in millivolts. .... 
~ w 

Ci1IIS!i __ !liii-===-;:; •• !i!r·~ •.. ~ 
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TABLJ:58 

ANALYSIS OF VA.RIANCE fOR LEAD I, SERtl!S II 

, I 
Source of } Degrees Sums of Mean Variance S1gn1fi-
Variation of s~ua.res s~uare Ratio cance 

(V.S. ) Freedom s.s. ) M.S. ) (,) 
(D.'.) 

Dogs (D) 3 .lll2 .0371 5.22 +++ 
Conditions (c) 2 .0J.88 ; .0094 <1 
Waves (w) 5 ll.3539 2.2108 32.96 ++++ 

, 

DxC 6 .• 2~9 .0436 6.14 +++ 
DxW 15 1.0328 .0689 9·70 ...... 
CxW 10 .1823 .03.82 2.56 
DxCxW 30 .5649 .oJ.88 2.65 +++ 

Error 294 2.0863 .0071 

-
Total 365 15.6l2l 



r 
TABLE 59 

AHA.tXSIS 011' VABI.AlEE lOR LIAJ) II, SIRlES II 

, • , 
Source of' Degrees Sums of' I Mean Variance Sigrdf'1-t , 

Variation of' st:uares 
t, 

s~e Ratio cance 
(V.S.) Freedom 8.S.) M.S. ) (11') 

(D.7.) 

Dogs (1» 3 2.5281 ; .8427 82.62 ++++ 
Conditions (e) 2 I .;"2~7 .1063 3.10 
Waves (w) 5 67.2370 13.4474 26.94 ++++ 

Dxe 6 .2058 .0343 3.36 +++ 
DxW 15 7.4878 .4992 48.94 +++ 
CxW 10 .3803 .0380 3.73 
DxCxW 30 2.7436 .915 8.97 +++ 

Error 294 2.9836 .0102 

Total 365 81.5089 
-

1,1 
I; 

i: 
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ANALYSIS OF VARIANCE FOR LEAD III, SERIES II 

Source of Degrees Sums of t Mean Variance S1gn1f1-i 
Var:1a;tion ot s~ua.rfda I Square Ratio cance 

(V.S. ) Freedom S.S.) (M.S. ) (1') 
(ll.'. ) 

Dogs (D) 3 1.2264 :.4088· 31.20 ++++ 
Cond.1tions (e) 2 .0022 .. 0011 <1 
Waves (w) ; 31.0195 6.2159 21.{)1 ++++ 

DxC 6 .5013 00846 6.46 +++ 
DxW 15 4.4386 .2959 22.59 ...... 
CxW 10 • 0341 .0034 <1 
DxCxW 30 .1980 .0066 <1 

Error 2~ 3.8531 .0131 

Total 365 41.3392 

I. !i 

'Iii I'!,: 



Source of' 
Var1ation 

(V.s. ) 

Dogs (D) 
Condit.ions (C) 
Waves (w) 

DxC 
DxW 
CxW 
DxCxW 

Error 

Total. 

TABLE 61 

ANALYSIS OF VARIANCE FOR LEAD AW, Smn.:8 II 

: Degrees 1 Sums of ! Mean Va.r1ance I 

' of I 
s~uares SQuare Rat.i0 

p-eedO) S.S. } (li.s. ) (F) D. F. 

3 1.0094 ; .3365 46.10 
2 .01400 .0200 2.'13 
5 36.6094 7.3219 31.97 

6 .0461 .0077 1.05 
15 3.4348 .2290 31.37 
10 .1251 .0125 1.34 
30 .2190 .0093 1.27 

294 2.1543 .0013 
-

365 43.6981 

S1gni:f1 ... 
cance 

+++to 

++++ 

+++ 

,,, 

\11 
!'''II il 
1

".1" : 

I" 

!'i 

'I"" Ii!' 

,11\ 

'ii 
I
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i 
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TABLE 62 

ANALYSIS OF VA...'E\IANCE FOR LEAD A vt, SERIES n 

Source of Degrees Sums of Mean Variance S1gnif1-
Variation of s~uarea Square Ratio ca.nce 

(V .s.) Freedom S.S.) (M.S. ) (F) 
(I).F. ) -

Dogs (D) 3 .3558 ; .1186 16.03 ++++ 
Conditions (C) 2 .0515 .025'( 1.31 
Waves (w) 5 1.6152 1. 5350 10.)1 +H+ 

-
DxC 6 .1171$ .0196 2.65 + 
DxW 15 2.1913 .1461 19.711 +++ 
C X ,~ 10 .1921- .0192 71 
DxCxW 30 2.6387 .0880 1l.89 +++ 

Error 294 2.1740 .0074 

Total 365 13.2222 



,II' 

TABLE 63a 

AltALYSIS OF VARIANCE 1"OR LEAD AW, SERIm II 

Source of l)egrees of Sums of Mean Var1ance Sign1f1-
Var1a1;10n Freedom Squares Square Ra1;1o cance 

Dogs (D) 3 1,7117 .5706 52.35 ++++ 
COx¥111;loD.8 (C) ,2 .11t26 .0113 6.54 .++. 
Waves (W) 5 55 .. 0174 1l.OO35 28.54 ++++ 

..... ~ .. - .., 

DxC , .0816 .01~ 1.34 
DxW 15 5.7822 .3855 35·}'1 +++ 
CxW 10 .2134 .0213 1.95 .+" 
DxCxW 30 .2305 .0011 <: 1 ~ 

Error 294 3.1908 .0109 

To1;al 365 66.4362 

TAJ3LE 63b 

Waves Cond! tiona - Me8ns* Comparisons I Differences 
tlro'n.:.~ Low Dose ~~ Dose ND va. LD in Means 

(N-D) . CL.D) H-D) ND VB. HD 

P .096 .092 .094 .004 .002 
-- .-_ .... 

Q .164 .1~7 .208 .011 .061 
-

R 1.014 1.080 1.233 .006 .153 
+++ ** 

S .018 .095 .129 .011 .034 
-

T .054 .069 .086 .015 .011 

ST .003 .001 .002 .002 .001 

*Means in millivolts. **S1gn1ficance. 
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ANALYSIS OJ' VARIANCE OJ' LEAD Vl1 SERIli3 II 

- --
Source of Degrees of Sums of r Mean Variance S1gnifi .. 
VariaUon Freedom Square. Sq\.1,8,l'e Ratio cance 

Dogs (D) 3 .1479 .0493 5.30 ++ 
Conditions (c) 2 .3227 .161.3 7.40 A* 
Waves (w) 5 50.0588 10.0117 197.47 -I+t+ 

, 
" , 

DxC 6 .1309 .02l8 2.35 + 
DxW 15 .7610 .0507 5.45 +++ 
Cxw 10 1.0828 .1083 3.23 .... 
DxCxW 30 1.0050 .0335 3.60 +++ 

-
Error 294 2.7268 .0093 

Total 365 56.2359 
- .. - -

'IABLE ~ 

AlfALYSIS OJ' WAVl!B IN LEAD Vl 

Waves Conc11tions - Means* Comparisons Differences 
lfon-Dr\ag IDw Dose r ~.Dose IfD vs. LD in Means 

(If-D) (L-]» , R-D) lfD va. BJ) 

p .034 .034 .024 0 .010 

Q .004 .017 0 .013 .017 

R 1.015 .924 1.283 -.091 .359 
+** ++to ** 

s .124 .108 .167 .016 ,959 

T .145 .107 .143 .038 .036 

8'1' .008 ... 003 .003 .Oll .006 

*Means in mi1Uvolts. **Signif1cance. t,' I I j, ~ 
",,, 

~i" 
" 
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TABLE 65a 

AlALYSIS 0' VARIAICE 0' LEAD '21 SmIm II 

Source of Degrees of Sums of Mean Variance 
Variation Freedom Squares Square Ratio 

Dogs (D) 3 .3067 .1022 7.15 
Conditions (C) 2 .4955 .2477 17.32 
Wa.ves (w) 5 61.l4668 12.2933 97.49 

DxC 6 .1498 .0250 1·A5 
DxW 15 1.8909 .1261 8. 2 
CxW 10 1.8812 .1881 6.99 
J)xCxW 30 .8076 .0269 1.88 

Error 294 4.2006 .0143 

Total 365 71.1991 

ABALYSIS OF WAYE II' IJW) Y2 

Waves CoD41tioaa ... Meau* Comparisons 
Non .. Drug low Jk)se BiIh ])ose D vs. LD 

(N-D) (L-D) (D-D) 

P .032 .034 .029 .002 

Q .. 013 .011 .039 .002 

R 1.148 .976 4.373 .170 
+++ ** 

s .l.26 .108 .441 .018 

T .119 .089 .423 .030 

ST .006 -.003 .003 .009 

*Means in millivolts. 
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S1gn1f1-
cance 

+++ 
+++ 
++++ 

+++ 
+++ 
++ 

Differences 
in Means 
RD va. HI) 

-.005 

.028 

3.395 
+++ 

.333 
+++ 

.334 
+++ 

.006 

"I ',! 

!ill 

Ii ~ 

'I," 
,'I! ' 
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A.l.ALYSIB OF VA.RIA.l£E 0' IJi:AD V31 Sl!MJ8 II 

SOurce of 1»egree8 of I Sum8 of Mean Variance S18n1f1-I 

Variation I rreedom Squares Square Ratio eance 

Dogs (D) 3 ·7223 .2~7 13·37 ++++ 
Conditions (C) 2 .5901 .2951 16.39 ++++ 
Wa"les (w) 5 61.3438 12.2687 53·30 +++to 

DxC 6 .2012 .0335 1.86 
DxW 15 3.4531 .2302 12.79 +++ 
CxW 10 2.3181 .2318 10.38 +++ 
DxCxW 30 .6855 .0229 1.27 --
Error 294 5.2970 .0180 

'fatal 365 74.6711 

'l'ABLI 66b 
I 

ANALYSIS or WAVE IN LEAD V3 
I
'i 
! 

Wayes Cond1 t1oll8 - Mean8* Comparisons Differences 
Non-~ Lc:?w Dose ! ~,~se 1m vs. LD in Means 

(N-D) (L-D) , ft-D) l(J) vs. lID 

p .035 .032 .027 .003 .005 

Q .013 .021 .011 .008 .010 

R 1.247 .923 1.433 • 321H+f.** .51~ * 
s .101 .077 .u4 .024 .031 

l' .119 .078 .104 .041 .026 

ST .004 .002 -.008 .002 .010 

*Means in millivolts. **S1gn1f1cance. 

I.: 

~I 
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TABLE 67a 

ANALYSIS OJ' VAR~E OJ' LEAD V4. SERnS II 

Source of Degrees of Sums of Mean Variance Sign1f1-
Variation Freedom Squares Square Ratio cance 

Dogs (D) 3 .6929 .2310 12.91 ++++ 
Conditions (C) 2 .3279 .1639 9.16 +++ 
Waves (w) 5 45.2314 9.0462 35.43 +++fa 

DxC 6 .0068 .0011 <1 
DxW 15 3.8303 .2553 14.26 +++ 
CxW 10 .1800 .0180 3.32 ++ 
DxCxW 30 .7059 .0235 1.31 

Error 294 5,2650 .0119 

Total 36;> 56.8402 

AIfALYSIS OJ' WAVlIS IN LEAD V4 

Waves Cond1 tions - Meaus* Compar1sons Differences 
1'fOn-~ ,lOW DOse H1€pl uose ND va. LD in Means 

(N-D) I (L-D) (H-D) ND vs. lID 

P .031 .037 .028 .006 .009 

Q .016 .035 .033 .019 .002 

R 1.039 .850 1.161 .189+++** ** .291+++ 

s .084 .062 .081 .022 .019 

T .096 .050 .058 .046 .008 

ST -.002 .002 -.004 .004 .006 

*Means in millivolts. **S1gn1f1cance. 



Source of Degrees r Sums of 
Variation of s~uares 

(V.S.) l Freedom S.S. ) ! 
! (D.F. ) i 

Dogs (D) 1 3 .. 4884 
Cond1tions (0) 2 .0391 
Waves (w) 5 35.2221 
-
DxC 6 .0914 
DxW 15 2.81.10 
DxW 10 .2353 
DxCxW 30 .6424 

-" 
Error 294 4.3278 

'.rotal 365 43.8581 
._._.-.... -

MeaD. Var1ance 
Sq\l8re Ratio 
(M.S. ) (F) 

.1628 11.01 

.0196 1.33 
1.0445 31.59 

.0152 1.03 

.1874 12.15 

.0235 1.10 

.0214 1.46 

.0147 
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Source of 
Variation 

(V .S.) 

Dogs (D) 
Conditions (e) 
Waves (w) 

DxC 
DxW 
CxW 
DxCxW 

--
Error 

Total 

TABLE 69 

ANALYSIS OF V.ARI.AlCE at LEAD '6, SmIES n 

! 

Degrees Sums of JIean 'IEU"1anee 

t 
of Squares Square Ratio 

Freedom (S.S.) (M.S. ) (F) 
(D.F. ) 

3 .4811 ; .1603 12.43 
2 .0373 .0186 <: 1 
5 30.2710 6.0542 32.92 

6 .2946 .0491 3.81 
15 2.7590 .1839 14.25 
10 .1702 .0170 11 
30 1.6777 .0559 4.33 

--..... ~.--

294 3.7618 .0129 

365 39.4727 
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The analysis of variance for the wave intervals is gi vert in Table 

70, for the frontal axes in Table 71, and for the QRS-5T-T angles in Table 72. 

The degree of variation, between conditions, is not significant in any of these 

analyses. The variation between dogs is significant in the analyses of inter­

vals and angles, again indicating a large variation from dog to dog. 

Source of 
Variation 

Dogs (D) 
Conditions (C) 
Waves (w) 

DxC 
DxW 
CxW 
DxCx"T 

Error 

TABLE 70 

ANALYSIS OF VARIAICE OF INTmVAtB, STANDARD 
ELECTROCARDIOGRAM, SImI:SS II 

Degrees Sums of Mean Variance 
of Squares Square Rat10 

Free<lom (F) 

3 .0030 .0010 3.30 
2 .0048 .0024 3.00 
1 .1992 .1992 16.6 

6 .0042 .0008 2.66 
3 .0035 .0012 4.00 
2 .0002 .0001 <: 1 
6 .0015 .0002 <: 1 

.0325 .0003 

121 

S1gn1f1 .. 
cance 

+ 

+ 

+ 
++ 
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I 

: I:i 



151 
TABLE 11 

ANALYSIS OF VARIAKCE OF FROl'fTAL AXIS I STANDARD ~'1'ROCARDIOGRAN 

Source of Degrees of Sums of Mean Variance S1gnifi ... 
Varia.tion Freedom Squares Square Ratio cance 

(V. S.) (D. F.) (S. S.) (M.S. ) (F) 

Dogs (D) 3 3,184 1,061 <:1 
cond1t~~nB (e) 2 10,802 5,lt01 1.81 
Wa.ves iV) 2 122,459 96~229 4.94 
DXC 6 29,673 4,946 1.65 
D x \v 6 116,843 19,474 6.53 +++ 
c x VI 4 19,762 4,941 1.66 
DxCxW 12 46,531 3,878 1.30 
Error 147 438,528 2,983 

-'. ~---
Total 182 857,782 

Axis in degrees. 

II. 

Source of Degrees of Sums of Mean Variance Sign1f1-
Variation Freedom Squares Square Ratio cance 

Dogs (D) 3 50/,83 16,927 9.41 +++ 
Conditions (C) 2 3,8~ 1,947 <:1 

.. 

DxC 6 27,292 4,548 2.53 + ---
Error 49 88,054 1,197 

--, -
Total 60 

Angles in degrees. 
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TABLE 73 

SUMMARY or ANALYSIS OF VARIA.NCE OF 5mBIFICAN'.r CONDITIOlfS AlID 
ASSOCIA!rED 'WAVP5, ~'l'ORCARDIOGRAM LEADS 

Lead 
Conditions - Means Comparisons DU':f'erences 

1" Slgn1f1- Axis (Degrees) in Means 
Ra.t10 cance Wave 

Non-Drug Low Dose High Dose lID vs. LD S1gn1:f1- 1m vs. lID S1gn1fi-
(Im) (LD) (lID) cance cance 

Sagittal 16.89 +++ Q,RSt -127.9 -127.9 
I 

-140.7 0 12.8 +++ 
I 
I 

I I -. 
r -

,.-. 
\.11 co 

- --~ ~--=-:-~~-;:-=~~~ 
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yectorcardiograms of Series II: 

.An analysis of variance for the sagittal and frontal leads of this 

method was studied. Only the measurements of the angles of the QRSm, QRSi 

and QR8t (instantaneous vector) were included in the analysis of variance 

" because measurements of the P and ST-T sE loop are difficult, since these 
<'\ 

waves are superimposed 'UpOn QRS sE loop. This information can be easily ob-

tained from the Time-Based vectorcardiographic method which is reported in 

the next section. 

Analysis of variance of wave angles' for the frontal lead are given 

in Table 74 and for the sagittal lead in Table 750.. The variation between 

conditions is sigu1ficant in the sagittal lead. Analysis of the magnitude 

of the waves, between conditions, for this lead is given in Table 75b. 

A summary of the analysis of variance of conditions and associated 

wave angles is given in Table 73. There is significance between conditions 

in the sagittal lead. Further analysis shows that the QRSt wave angle is 

larger, comparing the non-drug versus the high-dose drug conditions. 

The source of variation, between dogs, is significant in both of 

these leads, indicating a. large variation occurring from dog to dog. Source 

of variation, between vaves, was significant only in the sagittal lead, indi­

cating that smaller differences in the shape of the QRS s2-1oop occur as 

compared to the changes in its orientation. 



TABLE 14 , 

AHALYSIS OF VARIANCE OF WAVE ANGLES IN FRORrAL LEAD 
OF VIDrORCARDIOGRAM, SliRIES II 

-, 

Source ot Degrees ot Sums ot Mean F 
Variation Freedom Squares Square Ratios 

Dogs (D) 3 114,303 38,101 4,233.44 
Conditions (C) 2 451 226 4.03 
Waves (W) (QRS) 

QRSi and QRSt 2 156,342 318,111 <l 

DxC 6 -336 56 6.22 
DxW 6 231,286 38,548 4,283.11 
CxW 4 518 129 3.14 
DxCxW 12 .. 496 41 4.56 

Error 144 1,300 9 

Total. 119 1,103, 368 
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TABLE 758. 

ANALYSIS OF VARIANCE OF WAVE ANGLES IN SAGITTAL LEAD 
OF Vl!X:TORCARDIOGRAM, SERIES II 

Source of 
Variation 

fugs (D) 
Conditions (C) 
Waves (W) (QRS) 

QRSi and QRSt 

DxC 
DxW 
WxC 
DxWxC 

Total 

Degrees of Sums of I Mean F 
Freedom Squares Square Ratios 

3 133,021 44,340 1,198.37 
2 1,249 625 16.89 

2 768,579 384,289 10.08 

6 -249 ... 42 1.13 
6 234,585 ; 39,098 1,056.70 
4 26,459 6,614 3.01 

12 -26,298 -2,192 59,24 

144 5,265 37 

TABLE 15b 

ANALYSIS OF WAVES IN SAGITTAL LEAD OF 
V!'C1'ORCARDIOGRAM, SERIES II 

161 

Signifi-
cance 

++H-
++++ 

+ 

++++ 

++++ 

Wave Conditions ... Means (Jompar1sons Differences 
(Degrees) in Means 

Non-Drug Low fuse High ]))se ND va. LD S1gnifi- ND va. liD Signifi-
(ND) (LD) "(liD) cance cance 

QRSm 7.8 1.0 4.8 -.8 -2.2 

QRSi 10.2 8.4 6.3 -1.8 -2.1 

QRSt -lZl·9 -121.9 -140.1 0 12.8 +++ 

I. 

ii', 
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!ime-Based VectorcardiogrBms, Series II: 

The spatial magnitudes of the P, ~Bm, QRSi' QRSt, STa , ~, STc 

and T deflections were calculated using formula (1) (see page 28). As men-

tioned earlier, these magnitudes were transformed into ratios, using the QRSm 

vector as 100. The anal7Si& of variance studied used as the maJor sources 

of variation: 1) between dogs, 2) between conditions (drug and non-drug) 

and 3) between waves. Minor sources of variation, interaction. of these 

sources, were used in the calculations. 

Tables 76 to 79 g1 ve 8.D8lyses of variance for the ratios of the 

spatial magrU tudes. Tpbles 80 to 83 give the analyses of variance for the 

spatial SDgles. Table 84 summarizes the si8llificant findings which are ob-

ta1ned between conditions. 

S'UIIDllal"iziq the Significant findings sbows that the anal7Sis of 

variance of the QRSi -~ and QltSt-QRSm spatial angles, between conditions, 

was highly significant. The analysis of these waves shows that QRSt angle 

increased, comparing the non-drug versus high-dose drug condi tiona. 

The OU7 other significant findings were between dogs, indicating 

that a large variabilit7 occurs between dogs. Some of the interactions were 

noted to be significant. 

i" 

:.!.I,I 
"I 
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TABLE 76 

ANALYSIS OF VARIAlfCE OF QRSi/QRSm AND QRSt/QRSm MAGIfITUDE 
CALCULATED FROM THE TIME-BASED VlOC:TORC.A.RDIOGRAM, 

SERIES II 

Source or 
Degrees 

Sums of 
Variance 

or Mean Ratios 
Variation Freedom Squares Square (F) 

Dogs (D) 3 .167752 .055917 6.59 
Waves (W) 1 1.076146 1.076146 7.73 
Conditions (C) 1 .005342 .005432 <1 

DxW 3 .411599 .139199 16.42 I 
DxC 3 .. 014143 .ooJ..714 <1 
WKC 1 .021453 .026453 2.53 
DxWxC 3 .014986 .004995 <1 

Error 40 .339032 .008416 

Total 55 2.056453 

Conditions: Non-Drug and low-dose drug. 

Signifi-
canoe 

+++ 

+++ 
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TABLE 11 

ANALYSIS OF VARIANCE OF RATIOS OF P, STal ~, S'l'c AND T 
SPATIAL MAGNITUDES '.ro THE QRSzn CALCUI.ATED FROM 

TIME-BASED VPm'ORCARDIOGRAM, SERIES II 

.. -_.- -~ 

Source of Degrees Sums of Mean 
Variance 

of Ratios Variation Freedom Squares Square (F) 

1A>gs (D) 3 .0153911- .005131 2.11 
Waves (w) 4 .344395 .086099 53.38 
Conditions (C) 1 .000059 .000059 <1 

DxW 12 .019351 .001613 <1 
DxC 3 .013610 .004531 2.40 
WxC 4- .. 000868 .000211 <1 
DxWxC 12 .023051 .001921 1.01 

Error 100 .188118 .001888 

TotaJ. 139 .605512 

Conditions: Non-drug and low-dose drug. 
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Signifi-
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Source of 
Variation 

fugs (D) 
Waves (W) 
Conditions 

DxW 
DxC 
WxC 
DxWxC 

Error 

Total 

TABLE 78 

ANALySIS OF VARIANCE OF RAfiOS OF QRSi AND QRSt TO 
THE QRSm VJCroR CALCULA'l'ED JROM TIME-BASED 

vreJ.'ORCARDIOGRAM, SERIES II 

'- .. 

Degrees Sums of Mean Variance of Squares Square Ratios 
Freedom (F) 

3 .140944 .046781 2 .. 81 
1 2.018172 2.018172 11.61 

(C) 1 .016127 .016127 <1 

3 .52l289 .173763 10.42 
3 .065364 .021788 1.31 
1 .031504 .031504 1.89 
3 .012314 .004105 <1 

46 .766667 .016667 

61 3.572381 

Condi tiona: Non-drug and higb-dose drug. 

Sign1fi-
cance 

+ 
++to 

+++ 



TABLE 79 

ANALySIS OF VARIANCE OF RATIOS OF PI STa , STb, STc AND T WAVES 
TO THE QRSm VEX:TOR CALCULA~ mOM TIME .. BASED 

~RCARDIOG·RAM, SERIES II 

- -. - . -. ~c_ • __ •• ~__ • .- -

Source of Degrees Sums of I Mean Variance i 
Variation of Squares Square Ratios I Freedom I (F) 

I i I 
IX:lss (D) I 3 .082382 .027461 I 16.02 
Waves (W) I 4 .527631 .131908 I 20.16 
Conditions (C) I 1 .000422 .000422 I <:1 

I 

I 
i 

DxW 12 .078523 00065431 3.81 
DxC 3 .000348 .000116 I <:1 
WxC I 1+ .007582 .001896 I 1.10 
DxWxC 12 .007232 .000602 <:1 

Error 115 .197129 .001714 

Total 154 .901249 

Conditions: Bon .. drug and high-dose drug. 
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TABLE 80 

ANALySIS OF VARIANCE OP' SPATIAL ANGLES OF THE QRSi AND 
~ WITH THE QRSm SPATIAL VIDTOR CAI.CULATED mOM 

THE TIME-BASED VEm'ORCARDIOGR.A.M, SERIES II 

- ~,'~~;:;~'" 

Source of Degrees Sums of r Mean Variance 
of Ratio:;; Variation Squares l Square Freedom I (F) 

32,1681 Dogs (D) ~ 96,504 1,398.60 wi 

Conditions (C) 1 10 10 <1 
Waves (W) 1 3:)1,181 301,187 9.11 

DxC 3 258 86 3.73 
DxW 3 99,,108 33,036 1,436.34 
CxW 1 45 45 1.95 
DxCxW 3 38 13 <1 

Error 1,329 

Total 13 498,419 
, 

Conditions: Non-drug and low-dose drug. 

f Signifi-, 
I ca.nce , 
I 
i 

I ++++ 

I 
I 
I + 
I ++++ 

I 
I 
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TABLE 81 

ANALySIS OF VARIANCE OF SPATIAL ANGLES OF P, STa , S'lb, STc AND 
'.r SPATIAL VECTORS WITH THE QRSra SPATIAL VECTOR CALCULATED 

FROM TIME-BASED VEm'ORCARDIOORAM, SERIES II 

- -
Source of 1 

Degrees 
Sums of Mean Variance Signifi-

of Ra.thnJ Variation i 
I Freedom Squares Square (F) cance 

i 
t 

Dogs (D) i 3 35,280 11,760 8.30 +++ 
Conditions (0) t 1 1,119 1,,119 <1 I , 
Waves (W) I 3 11,844 3,948 2.79 + i 

I 

DxC I 3 1,408 469 <1 , 
! 

DxW I 9 17,559 1,,951 1.37 
C x w 3 3,769 1,256 <1 
DxCxW 9 4,029 447 <1 

Error 116 164,284 1,416 

Total 141 239,292 

Conditions: Non-drug and 10v-dose drug. 

I 
I, 
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TABLE 82a 

ANALYSIS OF VARIANCE OF SPATIAL ANGLES OF QRSi AND QRSt 
'WITH THE QRSm SPATIAL VECTOR CALCULATED mOM THE 

TIME-BASED VIDTORCARDIOGRAM, SERIES II 

~ -
Source of Degrees I Sums of I Mean F 
Variation of Squares Square Ratio 

Freedom I 
, 

Dogs (D) 3 TI,556 25,852 1,124.00 
Conditions (C) 1 263 263 1l.43 
Waves (W) 1 264,818 264,818 10.35 

DxC 3 .. 89 -30 1.30 
DxW 3 76,724 .25,575 l,lll·95 
CxW 1 592 592 3.21 
DxCx'W 3 -552 -184 8.00 

Error 46 1,052 23 

Total 61 420,364 

Conditions: Non-drug and high-dose drug. 

TABLE 82b 

ANALYSIS OF WAVES OF SIUNIFICANJ CONDITIONS roR THE CALCULATED 
SPATIAL ANGLES FROM THE TIME-BASED ~TORCARDIOGRAM 

= .=~ -
Wave Conditions - Mean Angles Comparisons 

Signifi-
cance 

++++ 
+++ 
+ 

++++ 

+++ 

Angles Non-Drug B:1.gh Dose ND VS. RD Signifi-
(HD) (ND) canee 

QJ:U)i-QRSm 4.60 4.10 .50 

I 
QRSt .. QRSm 130.90 139.60 8.70 

I 
+++ 

Angles in degrees. 

I. 
I 

I[ 



110 

TABLE 83 

ANALYSIS OF VARIANCE OF SPATIAL ANGLES Oli' P, rlfaJ S~J GTc , AND T 
SPATIAL VECTORS WITH THE QRSm SPATIAL VECTOR CALCULATED 

.PROM TIME-BASED VIDl'ORCARDIOGRAM, SERIES II 

r Degrees r I 
Source of i of Sums of Mean F Signiii-
Va:dat:i.on Squares Square 1:> .... " ca.tlce Freedom 

.. ,a;,,~os 

fugs (D) 3 1,,699 :;66 1.77 
Conditions (C) 1 18 18 <1 
Waves (w) 3 428 143 <1 

DxC 3 411 137 <1 
D A ~l 9 1,,636 182 <, ..... 
CxW 3 799 266 <1 
DxCxW 9 2,,146 238 <1 

---
Error 92 29,277 318 

--
Total 123 36,,444 

Conditions: Non-drug and high-dose drug. I" 

1" 
'1,1 

'·'I

il

' .... : :1" 

I' 

1'" 
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TA.'BI.E 84 
I 

SUMMARY OF AlALYSliS OF VAllIAICE OF :amrBBl collJ)rnolS AID ASSOCIATI!D 
I WAVlIJ OF TIME-BASED ~ JIIU'lJ)J).SmIm n 

Measurement F S1gn1f'1- Wave Condi t1ona-Meaus Differences 
Batios caaee (~rees) in Means 

Non-Drug . H1gh Dose ID VB. lID S1gn1fi-
(ND) (lID) canee 

Angles 11.~3 +++ QRSt- 130 .. 9 136.6 8.7 ++to 

QRSm 
(between cond1 tions) 

". 

.t.l 
I-' 

- --c77 
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DRUG S'lUDIES - SERnll THREE - COEROLLm ANESTHESIA -
The anesthetized dogs of Series I revealed that no characteristic 

"~ital.1s pattern" was obtained 1n the "normal!' dog after admin1stration of 

G stropbanth1n. This series was designed to control, as much as possible, 

the effects of' anesthes1a 80 that any such effects could. be separated from 

the drug effects. 

Six condi t1011S are studied: (I) non-drug and early anesthesia, 

(II) non-drUg and 3 hour anesthesia, (In) low-dose drug, 1 hour drug time 

and 4 hours anesthesia, (IV) low..Qose drug, 24 hours drug time and early 

anesthesia, (V) low-dose drug, 25 hours drug time and 3 hours anesthesia, 

(VI) low-dose drug, 28 hours drug time and 4 hours anesthesia. Analys1s of' 

variance was performed. USing the factoriaL.methods of Batson (1951 and 1953) 

with the fol1ow1ng independent compariSOJ1S: I versus II, I versus IV, n 

versus V, n versus m plus VI, and. III versus VI. 

Standard eU.rUcal Method: The means of these voltages are given in Ta.bles 85 

to 88 for these 12 standard. clinical leads. The factorial analysis of variance 

was performed only for those waves I which showed some differences 1n the 

means, by inspection. Table 89 g1 ves the means of each wave analyzed aDd the 

F rat10 for each ot the indepeDdent comparisons of' the 11mb leads. Similar 

data is aJl&l.yzed aDd presented in Table 90 tor the chest leads. 

Table 91 lists the means of' the voltage of' waves and leads f'or each 

condition with the comparisons that are significant. 

i 
I 
i 

i 

Ii 
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A s\Dl'Dal'Y of the compar1sons, cood1.t1on I (early anesthesia) versus 

condition II (3 hour anesthesia) shows: 1) there is a Q wave decreased voltage 

in 106d I and. increased voltage in lead II and 2) th~ ST wave decreases voltage 

1n leads V2 and V3-

A s'U!IIDarY of the comparisons, coD.d1tion I (early anesthesia) versus 

condition IV (24 hour drug, early anesthesia) show: 1) the P wave decreased. 

voltage in lead V4 and 2) the T wave increased voltage in lead VI. 

A summary of the comparisons, condition II (3 hour anesthesia) versus 

cond1tion V (24 hour drug, 3 hour anesthesia) ~bovs: 1) the P wave decreased '1'1 il 

voltage in lead. '4 and 2) the R wave decreased. -voltage in lead V2-

A SUllll&r1 of the comparison, condition n (3 hour anesthesia) versus 

cond1.tious III (4 hour anesthesia, 1 hour drug) plus VI (4 hour anesthesia, 

25 hour drug plus 1 hour drug) shows: 1) the P wave decreases -voltage 1n 

leads AVL and V4, and 2) the Q wave decreases voltage in lead II, and 

3) the R wave decreased. wltage in leads V2, V3 and V5-

A summary of the comparison, condition III (4 hom· anesthesia, 

1 hour drug) versus condition VI (4 hour anesthesia, 25 hour drug plus one 

hour drug) shows: 1) the P wave decreases voltage 1n leads AVL, AU, V2' V3 

and V4, and 2) the T wave lxacreases voltage 1n lead '5-
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TABLE 85 

MEAN VOLTAGES IN MILLIVOLTS OF THE WAVES .PROM EL:&:TROCARDIOORAM OF 
STANDARD CLINICAL LIMB LEAOO FOR THE SIX CONDITIONS 

. 
r Lead I Condition . Anesthesia Drug 

Duration Duration Day P Q R 5 T 

I Early 0 1 .03 .18 ·52 0 -.014 
II 3 brs. 0 1 .024 .13 .56 0 -.014 

III 4 bra. 1 hr. 1 .02 .13 ·57 0 -.04 

IV Early 24 brs. 2 .03 .22 .49 0 -.026 
V 3 hra. 25 bra. 2 .02 .25 .51 0 -.026 

VI 4 brs. 28 brs. 2 .02 .24 .54 0 -.03 

: 

Condition Anesthesia Drug Lead II 

Duration Duration Day P Q R 5 T 

I Early 0 1 .20 .24 2.19 .086 .094 
II 3 brs. 0 1 .21 .51 1.14 .06 .06 

III 4 brs. 1 br. 1 .22 .21 1·95 .15 .036 

IV Early 24 brs. 2 .11 .19 1.82 .17 -.01 
V 3 bra. 25 brs. 2 .20 ·29 1.89 .12 .036 

VI 4 bra. 28 bra. 2 .10 .24 1.85 .15 .07 

Condition Anesthesia Drug Lead III 
Duration Duration Day P Q R S '1' 

I Early 0 1 .14 .13 1.72 .10 .13 
II 3 hrs. 0 1 .18 .12 1.63 .14 -.04 

III 4 bra. 1 hr. 1 .14 .12 1.22 .13 -.01 

IV Early 24 brs. 2 .12 .11 1.25 .12 .04 
V 3 brs. 25 brs. 2 .116 .13 1.28 .086 .086 

VI 4 bra. 28 bra. 2 .05 .09 1.19 .19 .17 

5.'1' 

.02 

.01 -

.014 

.016 

.02 
.-

5-T 

.03 

.05 
-.046 

.008 
-.036 
-.02 

S-T 

.02 
-.04 
-.06 

0 
-.03 
-.036 

II 

I' i I 

II 

II' 

II 

Ii 

,I 
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TABLE 86 

MEA.N VOLTAGES m MILLIVOLTS OF THE WAVES FROM ELECTROCARDIOGRAM OF 
STANDARD CLItaCAL LIMB LEADS FOR THE SIX COIDI'l'IORS 

-Condition Anesthesia Drug Lead AVR 
Duration Duration Day P Q R S T SooT 

I Early 0 1 .11 .18 1.1&8 .05 .01 .03 
II 3 hrs. 0 1 .16 .15 1.43 .06 ... 05 -.018 

III 4 brs. 1 hr. 1 ·13 .15 1.32 .066 -.05 .004 

IV Early 24 bra. 2 .l2 .23 1.29 .01 ... 05 -.002 
V 3 hrs. 25 hrs. 2 .u6 .25 1.29 .09 .03 ....03 

VI 4 hrs. 28 bra. 2 .06 .22 1.29 .08 -.01 -.03 

-Condition Anesthesia . Drui Lead AVL 
Duration Duration Day P Q. R S T S .. T 

I Early 0 1 .06 .05 .76 .01 .012 .004 
II 3 hra. 0 1 .07 .03 .68 .01 -.016 -.02 

m 4 hra. 1 hr. 1 .04 .03 .41 .12 .05 -.03 

IV Early 24 bra. 2 .04 .02 .58 .13 .03 0 
V 3 hra. 25 hra. 2 .04 .01 .51 .11 .04 .01 

VI 4 hrs. 28 hrs. 2 .004 .01 .49 .11 .12 -.03 

Cond1t10D Anesthesia Drug Lead AVF 
Duration Duration Day P Q R S T S .. T 

I Early 0 1 .20 .22 2.18 .13 -.09 .02 
II 3 hrs. 0 1 .25 .26 2.01 .14 -.01 -.01.6 

III 4 hrs. 1 hr. 1 .22 .20 1.87 .11 -.05 -.06 

IV Early 24 hrs. 2 .16 ·32 1.84 .13 .03 .05 
V 3 hrs. 25 hrs. 2 .19 .22 1.86 .20 .09 -.03 

VI 4 hrs. 28 hra. 2 .09 .16 1.16 .24 .14 -.07 

'I' " 

" 

Ii 
"I' ill' 

I 

'II I!i' 
i'l 
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TnLE 87 

MEA.lf VOLTAGIS IN MIUn'OL'l'S OF THE WAVES FROM ~ARDIOOJWC OF 
STAIm.A:RD CLINICAL LIMB LEADS FOR '!'HE SIX CONDITIOlfS 

Condition Anesthesia Drug 
r Lead Vl 

Duration Duration Day ; 
, Q I i3 ! 8-'1' 

I Early 0 1 .07 ... 2.06 .43 .06 .04 
II 3 hrs. 0 1 .09 .. 1.49 .44 .25 .... 01 

III 4 hrs. 1 hr. 1 .07 ... 1.35 .55 .20 -.016 

IV Farly 24 hra. 2 .06 - 1.88 .56 .30 .06 
V 3 hra. 25 hra. 2 .06 - ldl .63 .32 -.01 

VI 4 hra. 28 hra. 2 .04 .. 1.30 .63 .36 -.04 

Condition Anestheaia Drug Lead V2 
DuraUon Duration Da7 P Q R 8 l' 8 .. 1' 

I Early 0 1 .09 .. 2.63 .21 .05 .15 
n 3 hrs. 0 1 .15 .. 2.52 .31 .25 .02 

m 4 bra. 1 hr. 1 .13 .. 1.94 .32 .21 .01 

IV Early 24 hra. 2 .05 - 2.27 .43 .°23 .10 
V 3 hra. 25 hrs. 2 .09 - 1.93 .40 .30 .01 

VI 4 bra. 28 hrs. 2 .06 - 1.78 .36 .28 .... 03 

Condition Anesthesia Drug Lead V3 
Duration Duration Day P Q R S T S-T 

I Early 0 1 .124 .01 3.09 .15 .200 .14 
II 3 hrs. 0 1 .152 0 2.62 .33 .192 .022 

III 4 bra. 1 hr. 1 .14 0 2.15 .298 .12 -.008 

IV Farly 24 hra. 2 .098 .004 2.69 .298 .082 .134 
V 3 bra. 25 bra. 2 .088 0 2.23 .302 .lB -.006 

VI 4 bra. 28 bra. 2 .06 0 1.88 .29 .304 -.008 
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TABLE 88 

MEAN VOLTAGE IN MILLIVOI4'S OF '!'BE WAns FROM ~IOGIWI OF 
STANDARD CLINICAL LIMB LEADS FOR THE SIX CONDITIONS 

~ond11#1on Anesthes1a Drug Lead V4 
Durat10n Duration Da7 p Q R S T S-T 

I Early 0 1 .162 .044 2.24 .066 .008 .10 
II 3 brs. 0 1 .208 .088 1.92 .096 ... 01 ... 028 

III 4 bra. 1 hr. 1 .166 .132 1.59 .096 .058 .014 

IV Farly 24 brs. 2 .142 .092 1.85 .108 -.024 .062 
V 3 brs. 25 brs. 2 .126 .052 1.89 .208 .066 -.002 

VI 4 bra. 28 hrs. 2 .104 .072 1.61. .166 .174 -.028 

Condition Anesthesia Drug Lead V2 
Durat10n Durat10a Day P Q Ii S T S-T 

I Early 0 1 .16 .182 1.98 .074 -.016 .05 
II 3 hrs. 0 1 .174 .094 1.96 .132 .018 -.008 

III 4 brs. 1 hr. 1 .158 .148 1.47 .114 .078 -.02 

IV Ea.r~ 24 bra. 2 .112 .228 1.62 .12 .0)6 .014 
V 3 hrs. 25 hrs. 2 .11 .178 1.65 .156 .042 .026 

VI 4 hrs. 28 brs. 2 .096 .ll 1.43 .148 .176 -.026 

Cond1t1on Anesthesia Drug Lead V6 
Duration Duration Day P Q R S T S-T 

I Early 0 1 .13 .26 1.66 .08 .06 .043 
II 3 brs. 0 1 .174 .32 1.39 .034 .032 -.006 

III 4 brs. 1 hr. 1 .146 .20 1.39 .104 -.06 .008 

IV Early 24 bra. 2 .118 .37 1.25 .06 .064 .032 
V 3 hrs. 25 brs. 2 .10 .258 1.43 .138 .03 -.028 

VI 4 brs. 28 brs. 2 .088 .20 1.31 .17 .174 .004 
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TABLE 89& 

FACTORIAL ANALYSIS OF VOLTAGE OF THE WAVE FROM STANDARD CLINICAL LDm LEADS 

! CoDd:1 tioaa* 
Day 1 Day 2 Comparisons - F Ratios 

I II m IV V VI 
4 hr. 4 hr. J.J. 

Anes- Anes- vs. 
Early 3 hr. thesia Farly 3 hr. thesitl I I II III III 
Anes- Anea- 1 hr. Anes- hea- l hr. vs. vs. vs. + vs. 

Lead Wave thesia thesia Drug' thesia thesia Drug II IV V VI VI 
I 

I Q. .184 .126 .132 .2221 .246 .200 3.57 <1 1·53 <1 1.24 ! 

++ ** 
II Q .238 .574 .210 .192 .286 .242 2.29 <1 1.68 3.45 <1 

+ ** ++ ** 

II S .086 .064 .152 .168 .122 .150 <1 <1 <1 1.08 <1 

II T .092 .060 .036 -.008 .036 .074 <1 <1 <1 <1 <1 

II ST .028 .032 ... 046 .008 -.056 -.018 <1 <1 <1 <1 <1 

*Keans in millivolts. **S1gn1t1caace 

I-' 
~ 
CP 

--



'l'A"8LE 89b 

FACTORIAL ANALYSIS OF VOLTAGE OF THE WA.VES PBON S'.l'AlmAlm CLINICAL LIMB LEAOO 

CoDd1 t,lona* 
Dq 1 Da7 2 Comparisons - F Ratios 

I II III IV V VI 
4 hr. 4 hr. II 

r 

Anes- Anes- va. 
Early 3 hr. tIles18 Early 3 hr. theaia I I II III III 
Anes- Anea- 1 hr. Anes- Anes- 1 hr. va. va. vs. + va. 

Lead Wave thes18 thea1a Drug thes18 thea1a Drug II IV V VI VI 

III R 1.12 1.63 1.42 1.25 1.28 1.19 <1 1.68 <1 1.01 < 1 

III S .100 .136 .132 .122 .182 .190 < 1 <1 <1 <1- < 1 

AVR Q .180 .150 .156 .228 .246 .222 < 1 <1 <1 <1 <1 
". 

AVR R 1.48 1.43 1.32 1·29 1.29 1.29 < 1 <1 <1 <1 < 1 

AVL p .058 .088 .0" .038 .036 .004 < 1 <1 1.58 3.19 2.35 
..... ** +* * 

- _ .. _------ ..... -----_ .. _--_ .. __ .- ----.~-- --.---------~--- -~.- - ---

*Means 1n mill1 volts. **S1gn1f1eallee 

~ 



TABLE 89c 

F.ACTORL\L ANALYSIS 07 VOLTjGI OF TBJ£ WAYBS FROM S'J.'AIIWU) CLUICAL LIMB LEADS 

f Cond1 tiou* 
Day 1 Day 2 Comparisons - F Ratios 

I m IV V 
--, 

II VI 
r ~ hr. 4 hr. II 

Anea .. Anes- vs. 
Barl)" 3 hr. thesis. Early 3 hr. thesis I I n III III 
Anes- Anea- 1 hr. Anea- Anes- 1 hr. vs. vs. vs. + vs. 

Lead Wave tbesia thesia Drug theaia thesia Drug II IV V VI VI 

AVL Q .050 .028 .032 .024 .010 .010 <1 1.21 <1 <1 <1 

AVF P .202 .2116 .222 .156 .186 .088 <1 <1 <1 <1 4.16 
+++ ** 

AVF R 2.18 2.01 1.87 1.84 1.86 1.76 <1 <1 <1 <1 <1 

AVF S .130 .140 .168 .134 .196 .240 <1 <1 <1 <1 <1 

AVF T -.086 -.072 -.048 .030 .086 .138 <1 <1 <1 <1 <1 

*Means in millivolts. HSignificance 

I-' 

~ 
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TABLE 90a 

FACTORIAL ABLYSIS OF VOIaW)J: OP ftE WAVES FlQ( S'lAIDARD CLDICAL CHmT LEADS 

Cond1 tiOna* 

nay 1 »ay 2 -~ Comparisons - F Ratios 

I , II , m IV V VI 
4. hr. 4. hr. II 
Anes- Alles- VG. 

Early 3 hr. thesia Early 3 hr. tllesia I I II III III 
Alles- hes- 1 hr. Anes- Anea- 1 hr. vs. va. va. + vs. 

Lead. I Wave I the.18 theai. Drug theal. thes1a Drug II IV V VI VI 

V1 I T I .064 I .252 I .196 .300 .318 .364 1·51 2.3t. I 1~81 1<1 1.21 
+ 

V2 I P I .092 .152 I .132 I .01t8 .092 .056 <1 <1 <1 2.20 2.82 
+** 

V2 I R 12•63 2.52 1 1.914- 1 2.21 1.93 1.78 <1 1.16 3·l2 5.25 < 1 
++ ** ...... ** 

V2 I S-T .154 .022 I .0l2 I .098· I .014 -.034 2.90 <1 <1 < 1 1<1 
+** 

V3 p .l24 .152 .140 .098 .088 .060 <1 <1 1.96 1.~f3 3.08 
++ ** 

V3 R 3.09 2.62 2.13 2.69 2.23 1.88 1.61 1.01 1.18 3 .. 75 <1 
++ ** 

*Meana ill m111ivo1ts. **S1gn1t1cance f.J 

~ 

- . - -.;....: ----~""""'-"--~---~--~~ ~----~ -- ~...--"""'~--~=---==-------~ -~~--~~ ----- ~-- -==.- -~-"jo~-~- 3L 
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TABLE 90b 

FAC'l'ORlAL AUA.I.XSIS OF VOLTAGE OF THE lrlAYIS J'IlOJ( STAlmARD CLIltICAL ClD.ST LEA'OO 

1 Cond1 Uons* 
Day 1 Day 2 - Comparisons - F Ratios 

I II m IV r V VI 
.. hr. 4 hr. II 
Anea- ADes- va. 

Early 3 hr. tbeaia Earl,. 3 hr. the.18 I I II III III 
Anea- Anes- 1 hr. Anea- Mea- l hr. va. vs. va. + va. 

Lead Wave tbesia thesia Drug thesia th.esia Drug II IV V VI VI 

V3 S-T .14 .002 -.008 .134 -.006 -.008 2.94 <1 <1 <1 <1 
+ ** 

V4 p .162 .208 .166 .142 .126 .104 1.60 3.0i 5.09 16.1 2.91 
++ * +++ +++ ** + ** 

V4 S .066 .096 .096 .108 .208 .166 <1 <1 1.04 <1 <1 

V5 R f)..98 1.96 1.41 1.62 1.65 1.43 <1 1.19 <1 3.31 <1 
++** 

V5 T r--.o16 .018 -.012 .056 .042 .116 <1 <1 <1 <1 2.22 
+'** 
" 

V6 s .080 .034 0.104 .060 .138 .114 <1 <1 1.25 1.10 <1 

V6 T .060 .032 -.060 .064 .030 .174 <1 <1 <1 <1 2.05 

*Mean8 in mlll vol tso **Slgn1f1cance 
.-. 
CD 
I\) 



TABLI 9h\ 

SUMMARY OF SlGlUlCAft PDmIIIQS noM ., AC'f01W\.L AN/~YSIS 
OF STAJDARD ~AJmIOOR/;JIJfIC LEADS 

~~ .. -: :J.'--: .... =-":-:,,;or(:"':,,.-,'r--v':"·;'~-'~:"'~"7-~!:'T'~~'>"';:f.."·):'~''!:l!''.~~; ...... ~-.J"~.j:::a~~' -_~_,;-=:;~'~~ ~.:"~~_,,;;o::o:v.J~.1_"'~~'-:'Z.:t ~~ .~"~~"~_~-~. ,-, "~~~-.,.~.:,"",",!",:,, •. -,," -""!"';:<7"-

Wave Le:~d 

P fNL 

J·vr 

V2 

V3 

v,. 

CoaUtlous* 
J)ii;Y 1 Day 2 

I II III IV V 
.. hr. 
Anea-

Early 3 hr. tbesl .. Ellrly 3 hr. 
/.Mts- J\nes- 1 br. ADes- AD.es-
t.besla tbesie Drug tbesia thesla 

.058 .068 .0164 .038 .036 

.204 .~6 .222 .156 .186 

.092 .1)2 .132 • cAS ·092 

.124 .152 .140 .098 .088 

.162 .208 .166 .142 .l26 

«MeHJlB 1 n nil. 1 v ():. ta • 

==. 
~ 

Comparisons - r Ratios 
VI 

.. hr • II 

! ADes- va. 
tbeeb I I 11 III III 

1 hr. ve. "s. VS. I + i vs. 
Drwt: II IV V VI I VI 

• oat. \ (- )3-79 (-)2·35 
I ++ + 

.066 (-)4.16 
+++ 

- . 

.056 (- )2.82 
+ 

.060 (- )3.08 
++ 

.104 {-)3·03 (-)5.09 (- )16.1 (-)2.:)1 
++ +++ +++ + 

( -) Second contil tl on v octr<&e is decret'sed. 

b> w 

~ , 

I 

I 
I 
I 

I 

! 

I 

i 

, 
, 
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TABLE 91b 

SUMMARY OF SItmIJ'ICAR'l' FINDINGS FROM FAC'roRIAL ANALYSIS 
OF STAlIDARD ELECTROCARDIOGRAPHIC LEADS 

F=:=-"'~=. .- -_ .. , . ~ .- = = _ .... = ::I • ::!!!!!:!":C « ~,."--.='-.~-= ... =- .,.=-.-:~..:...--==-=-::-~..:.---~~-", -=-- .- .--. 
Conditions* 

Day 1 Day 2 Comparisons - r Ratios 
I II III IV V VI 

·4 hr. 4 hr. II 
Anes- Anes- vs. 

Early 3 hr. thesis Etlr1y 3 hr. thesia I I II III 
Anes- Anes- 1 hr. An.es- Anes- 1 hr. vs. vs. vs. + vs. 

Wave Lead thesis thesis. Drug thesia thesia Drug II IV V VI VI 

Q I .184 .126 .132 .222 .246 .200 (-)3.51 
++ 

II .238 -514 .210 .192 .286 .242 2.29 (- )3.45 
+ ++ 

R v2 2.63 2·52 1.94 2.21 1·93 1.78 (-)3·12 (-)5.25 
-. ++ +++ 

v3 3·09 2.62 2.13 2.69 2.23 1.88 (-)3.15 
++ 

v5 1.98 1.96 1.41 1.62 1.65 1.43 (-)3-31 
++ 

*Means in millivolts. (-) Second condition voltage is decreased. 

.... 
~ 
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TABLE 91c 

SUMMAR! OF SIGNIFICANT FIJDIHGS FROM FACTORIAL ANALYSIS 
OF S'r.AJDARD ELECTROCARDIOGRAPHIC LEADS 

-- --~- -- -. _ .. ,.= -- .===-:.-"" ." :::::::c::::==-: 

Condi tions* 
Day Day 2 Comparisons - F Ratios 

I II III IV V VI 
4 hr. 4 hr. II . 
Anes- Mea- vs. 

Early 3 hr. thesia Early 3 hr. thesia I I II III III 
Mes- AIles- 1 hr. Mes- AIles- 1 hr. vs. vs. vs. • vs. 

Wave Lead thesia thesia Drug thesis thesiv Drug II IV V VI VI 

T Vl .064 .252 .196 ·300 .318 .364 2·39 
+ 

V5 -.016 .018 -.012 .056 .042 .176 2.22 
- + 

, 

S-T V
2 

.154 .022 .012 .098 .014 -.034 -. (-)2.90 

• 
V3 .140 .002 -.008 .134 -.006 -.008 (-)2.~ 

+ 

*Means in millivolts. (-) Second condition voltage is decreased. 

I-' 
CD 
VI 



r-~--------------------------------~ 
186 

The heart rate and interval measurement ot the P-R, RR', QRS, and 

qr are given and analyzed in Tables 92 to 95. Estimation ot the QRS, ST and 

T axes in the trontal plane are g1 ven and a.na.l.Jzed in Tables 96 to 99. The 

estimation ot the spatial augles ot the QRS-T and ST-T are given and ana .. 

lyZed in Tables 100 and 101. 

Table 102 lists the meaDS ot each ot these interval measurements 

and estimation ot the augl.es that show 80l1le sigD1f'icant comparisons. 

A sU1llll1&l7 ot the cOlllparison, condi tioD. II (3 hour anesthesia) 

versus conditiolUJ III (4 hour anesthesia, 1 hour drug) + VI (4 hour anea­

theSia, 25 hour drug + 1 hour drug) shows: the P.R interval increases in 

duration. All the other interval and aagles do not ahow ~ sign1f'icant 

ditterences with the variOUS condition comparisons. 
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TABLE 92 

FAC1'OlUAL AIfAXLSIS OF HDR'l' RATE FROM 
STANDAlU) ~0GlWI, SmI1lS III 

f CoD41tiou 
Day 1 Day 2 

Heart -
I II III IV V ! VI 

Rate 4 hour 4 hour 
Anes- Anes-

(beats Early 3 bour thesia Early 3 hour thesia 
per ADes- Anes 1 hour Anes- Anes- 1 hour 

minute) thesia thesia drug thesia thesia drug -
Dog /f2O 173 210 167 120 182 165 
Dog #21 lito 150 160 137 158 165 
Dog #22 155 165 167 158 150 185 
Dog #23 106 208 214 lito 175 130 
Dog #24 100 152 116 136 160 172 

= I. 
Sums 674 885 824 691 825 81'"{ 

Means 135 117 165 138 165 163 

Degrees of Sums of Mean Variance 
Freedom ,uares s1:uare Ratio S1gn1f1-

Comparisons (DF) as) IE) (,) cance 
I vs II 10 "-521 4452 '1.15 +++ 
I va IV 10 289 28.9 <1 
II vs V 10 3600 360 ~1 

II vs m + VI 30 16641 5"-.7 <1 
III va VI . 10 49 4.9 <1 

Error 29 774 
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TABLE 93 

FAC'l'ORIAL ANALYSIS OF P -R INTERVAL FROM 
STAImARD ELl!X:TROCARDIOGRAM, SERIES m 

CoDd1tions 
Day 1 Day 2 

I II m IV V 
4 hour 
Anes-

Farly 3 bour thesta Early 3 hour 
P-R Anea- Anes- 1 hour Anes- Anes-

Interval theai. thesi. drug thea1a theai& 

Ibg :/f2O .09 .08 .09 .14 .11 
1»g #21 .09 .10 .09 .10 .09 
Dog #22 .11 .08 .08 .09 .08 
Dog #23 .11 .08 .09 AV Block .14 
Dog #24 .10 .• 09 .11 .10 .09 

Sums .50 .. 43 .46 .59 .51 

Means .10 .086 .088 .ll8 .102 

De&reea of Sums of Mean Variance 
freedom ,uareB s~uare Ratio 

Comparisons (DJ') as) .) (F) 

I VB II 10 .0049 .00049 <11 
I va IV 10 .0081 .00081 <1 
II VB V 10 .0064 .00064 <:11 
II VB III + Vl 30 .2209 .0136 8.85 
III vs VI - 10 .0441 .00441 5.82 

Error 29 .000831 

188 

VI 
4 bour 
Anes-
theaia 
1 hour 

drug 

.14 

.08 

.09 

.18 
AV Block 

.67 

.136 

S1gn1fi-
cance 

+++ 
+++ 

I 

I: 
Ilj"l I 

.. ~ 
I1I' iii 

. I 

jll! 

.1 
I 
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FAC'roRIAL ANALYSIS or RR I IlfrERVAL FROM 
STANDARD ELlfC'fROCARDIOGRAM, SERIES III 

Conditions - -
Day 1 Day 2 

I II III IV V 
4 hour 
Anes-

Early 3 hour thesia larly 3 hour 
RR' Anes- Anea- 1 hour Anes- Anes-

Interval thesia thesi.a drug thesia tbesia 

Dog #20 .348 .288 .360 .600 ·332 
Dog #21 .428 .400 .376 .4JK3 .380 
Dog #22 .388 .364 .~60 .380 .400 
Dog #.3 .560 .288 .280 .580 .344 
Dog #24 .600 .392 .516 .440 .376 

Sums 2.324 1.132 1.892 2.448 1.832 

MeaDs .465 .346 .378 .489 .366 

Degrees of Sums of Mean Variance 
Freedom s~ual'es ,uare Ratio 

Comparisons (DP) sa) III) (F) 

I VB II 10 .35<)464 .0350 4.48 
I VB IV 10 .01537 .00154 <:1 
II va V 10 .01000 .0010 <1 
II VB III + VI 30 .0829411- .0027648 <1 
III VB VI 10 .001024 .000102 ~l 

.-

Errol' 29 .0078 

189 

_. 
VI 

4 hour 
hes-
thesia 
1 hour 

drug 

.364 
-364 
.324 
.460 
.348 

1.860 

.372 

S1gn1fi-
cance 

+++ 

I 
I, 

i ' 

I 

i 
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TABLE 95 

F.ACTORIAL AlfALYSIS OF THE QRS IIfl'IRVAL FROM 
STARDARD ELliJJTROCARDIOOlWl, SERnS m 

CoDd1t1ons 
Day 1 Day 2 

I n III IV V VI 
4 hour 4 hour 
ADes- bes-

Early 3 hour thesia Early 3 hour thesia 
Q.RS Anes ... Anes- 1 hour Anes- Anes- 1 hour 

Interval thes1a thesa drug thesia thes1s. drug 

Dog 120 .04 .04 .03 .03 .03 .03 
Dog #21 .04 .03 .03 .03 .03 .03 

=~ 
.03 .03 .03 .03 .03 .03 
.03 .03 .03 .03 .03 .03 

Dog#2 .03 .03 .03 .03 .03 .03 

Sums .17 .16 .15 .15 .15 .15 

MeaDs .032 .032 .030 .030 .030 .030 

Degrees of Sums of Mean Variance 
Freedom Squares Square ~t10 S1gn1f1-

Comparisons (Dr) (sa) (IE) (:r) cance 

I va II 10 .0001 .00001 <1 
I VB IV 10 .0004 .00004 <1 
II va V 10 .0001 .00001 .~ 1 
IIvsm+VI 30 .0004 .00004 .q1 
III VB VI 10 0 0 <:1 II I' 

, I 
Error 29 .0281 
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TABLE 96 

l"AC'l'ORIAL ARALYSIS OF Q -If IlfrERVAL PROM 
STANDA.RD ~OGRAM, SERDa m 

Conditions 

Day Day 2 _. .-
I i II III IV V VI i 

4 hour 4 hour 
Anea- Anes-

Early 3 hour thesia Early 3 hour thesia 
Q-T Anes- Anes- 1 hour Anes- Anes- 1 hour 

Interval thesia thes18 dru8 tbeaia tbeaia drug 

Dog #20 .190 .160 .160 .21&8 .180 .180 == .240 .210 .200 .240 .190 .180 
.210 .190 .180 .220 .190 .160 

Dog ie3 .230 .160 .110 .410 .190 .200 
Dog #24 .240 .190 .190 .220 .190 .190 

Sums 1.110 ·910 .900 1.338 .911-0 .910 

Means .222 .182 .180 .268 .188 .182 

I Degrees of Sums of Mean Variance 
J'reeclom ,uarea Square Ratio S1gn1fi-

Comparisons I (DP) 88) ()Il) (1") cance 

I va II 10 .oltoo .004 1.85 
I va IV 10 .05198 .00519 2.40 + 
II va V 10 .000900 .00009 <1 
II va III + VI 30 .000100 .000003 <1 
m vs VI 10 .000100 .00001 <1 

Error 29 .002156 
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'J.'A:BLE CJ7 

FA.C'.l'ORIAL AMLYSIS OP QBS AXIS IB THE J'ROITAL PLAHli: 
JI'ROM S'.l'AIDARD ~ SJ:RIJ8.IlI 

CoDd1tioll8 
~ . . ---.-~. .. - . ., 

Day 1 Day. 2 

:t II m IV V VI 
~ hour 4 !lour 
Alles .. Anes-

FarlJ' 3 boUt" tbesia Jarly 3 hour tbesla 
QRS Anes- Anes- 1 hour Anes- Anes- 1 hour 
Ax1s thesu tbesia dru6 thes1a thesia 4rui 

Dog #20 650 6)° 65° So° o:=>-o 6,0 
Dos 121 8)0 65° 70° 8;P aoo 1,,0 
~122 65° 800 (hO So° 85° 85° 
Dos 123 8,° PAP 700 76° 800 75° 
Dos #e- 85° 8,0 8,0 700 65° 700 

SUD8 365° 3130 3750 3910 3T1J 3700 

MeeD8 no 750 750 780 7tfl 740 

Deere- of Sums of' MeaD I Var1ance 
Preec1aD ~. St:) Rat:lo S1gn1f'1-

Compar18ODS (Dr) (p) cauce -
I V8 II 10 l~ 14.4 <:1 
I VB IV 10 3.6 <:;1 
II va V 10 4 0.4 <1 
IIvsm+VI 30 1 .03 <:;1 
m V8 VI 10 25 2.5 ..:.::1 

Error 29 68 
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ST 
Ax;i.s 

lbg #20 

=~ Ihg #23 
lbg #24 

Sums 

Means 

e ,-",sons 

I va II 
I va IV 
II va V 

FACTORIAL AIfALYSIS OF ST .AXIS Ilf TB.I£ mORTAL PLANE 
FROM 8'J!Alm\lU) EIJI:TROC.ARDIOGRAM, SERIES III 

Condi 1;iOl1& 
! 

Day 1 Day 2 
I II III IV V 

4 hour 
Anes-

Earll' 3 bour thesia 1ar17 3 hour 
ADes- .AIles- 1 hour .Aaes- AIles-
thesia thesia druc theeia t.sia 

30° _90° .80° 
-7tf> _90° -6tf> _100° 
-9,0 -90° 110° _90° 

90° 300 90° 90° 90° 
90° 900 20° 

l200 -1400 .9(,)0 22,0 -1600 

640 .28'> ",lao 4~ _32° 

Dear"s ot Sums ot Mean Varitmee 
Freedom Squares ,uare Ratio 

(Dl') (88) MS) (F) 

10 67600 6760 1.20 
10 11025 1102 <1 
10 400 40 <1 

II VB III + Vl 30 5625 187.5 <1 
III 'V'8 VI 10 625 62 <1 

Error 29 5598 
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VI 
4 Dour 
Alles-
theSia 
1 bour 
druS 

-70° 
-9tf> 
_90° 
90° 
50° 

-11,0 

_23° 

Sipifi-
oaace 
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T 
Axis* 

Dolt 
Dog 
Dog 1122 
Dog =3 
Dog 4-

Sums 

Means 

Compariaons 

I va II 
I VB IV 
II vs V 

TABLE 99 

FACTORIAL AlALYSIS OF T AXIS IB P'ROftAL PLAlIE 
FROM STAJlllt\RD Et.JiD'lROCARDIOGRAM, SERIES III 

Conditions 

Da.7 1 Da7 2 

I II III IV Y 
4 hour 
Anea. 

iar17 3 ho\11" thesla Early 3 bo\1r 
AIlea. An.a- 1 bour AMa. Anes-
theaia tMsla drug tbats1a tlaeala 

_95° -9~ -95° -95° -llOo 
90° +880 85° 0 ,90° ;90

0 _1000 _90° _100° -100 _1000 

100° _105° 90° _105° 75° 
90° 89° 8;° 89° 85° 

8,0 -ll3° 26;<> _121° 40° 

1~ _ 23° 53° _240 8° 

* Axis in degrees. 

Degrees ot Sums ot MeaD Varia:nae 
Freedom 8luarea ,uare Ratio 

(DP) sa) MS) (r) 

10 39,204 3,920.4- <1 
10 42,436 4,244 <1 
10 23,409 2,341 <1 

II va III + VI 30 18,225 2,002 <1 
III VB VI 10 55,225 5,523 <1 

Error 29 9,101 
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VI 
4 hour 
ADas-
thaaia 
1 hour 
drua 

_l2IJo 

900 

_100° 
15° 
85° 

30° 

6° 

Signiti-
CaDe_ 

", I' 

1"" 'I 
'I 

1

':" I' 

, I 
, 



Q,RS-'1 
Angle* 

I 
I 

::$: 
~#22 
~t3 Dog .. 

Sums 

MeaDs 

... isoQJI 

I va II 
I va IV 
II vs Y 

TABLE 100 

FAC'lORIAL ANALISIS 01 SPATIAL QRS-T AIGLE 
mOM STAIfDARD EI..1!C'l'ROCARDIOORAM, SERIES III 

CoD.d1 tions 
Day 1 Day 2 

I II III IV Y 
4 hour 
AIles-

Farly 3 hour thesia Early 3 hour 
.Arlee- Arlee .. 1 hour Alles- Anes-
thesia thesia drug thesia thesia 

35° 85° lsf l1f 1150 

r;o 200 100 r;o 10° 
110° 1700 17~ 1700 17r;o 
15" 175" 20° 1800 rjJ 
~ ~ 0° 20° 2rjJ 

230° 455" 390° 550° 390° 

46° 91° 180 llOo 18° 

* Aagles in degrees. 

Degrees ot Sums ot Mean Variance 
Freedom srs:rs Square Ratio 

(DJ') (MS) (F) 

10 50,625 5,063 <1 
10 102,400 10,2"0 1.59 
10 4,225 423 <1 

II vs III + VI 30 19,600 653 <1 
III vs VI 10 100 10 <1 

Error 29 6,421 
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VI 
4 hour 
Anas-
thesia 
1 hour 

drug 

1700 

lr;o 
17r;o 

0° 
20° 

3&:>0 

16° 

Sipit1-
cance 



TABLE 101 

FACTORIAL ANALlSIS OF SPATIAL ST .. T ANGLE 
FROM STAImARD El'..l1m'ROCARDIOGRAM, SERIES III 

:'01 r :1 : • 
Conditions ST T -AngJ.e* ! De.y 1 Day 2 

I II III IV V 
4 hour 
Anes-

Early 3 hour thesis. Early 3 hour 
Anes- Atles .. 1 hour Arles· Arlee-
thesia thesis. drug thesis. thesis. 

Dog #20 100° -- laO -- 20° 
fbg #2J. ... 20° 1700 1700 1700 

Dog #22 "'. 5<> 10° 1800 rfJ 
Dog #23 100 1200 0° 16,0 1~ 
Dog #24 .... -- ~ ~ 500 

Swns 110° 14~ 19~ 51~ 260° 

Means '2JfJ 29° 39° 1030 ~ 

. * AD8les in degrees. 

Degrees of Sums of Mean Variance 
Freedom ,uarell Square Ratio 

Comparisons (DF) sa) (MS) (F) 

I VB II 10 1,225 123 <1 
I va IV 10 165,,649 1.6,565 3.61 
II vs V 10 13,225 1,323 <1 
II vs III + VI 30 42,025 1,401 <1 
UI va VI 10 11,025 1,103 <1 

Error 29 4,588 

== 

VI 
4 hour 
Anes-
thesis. 
1 hour 
drug 

600 

l7'fl 
100 

l~ 
400 

300° 

600 

Signiti-
canee 

++ 

,ill II 
1,1' 
'; I 
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Ii 
II 
I 

Intervals 

Heart** 
Rate 

P-R 

RR' 

qr 

-. 

-

1'ABLE 102.8 

SUMMARY OF SIGlIFICAI'l' COMPARISOIS OF IJrl'ERVALS 
OF S1'AlUWU) ~OGBAM 

-
Condi tions* 

Day 1 1la72 Comparisons - P Ratios 
! 

I II In 
4 hr. 
AIlea--

Ear17 3 hr. thesia 
Anes- Anes- 1 hr. 
tbeaia thesia drug 

135 177 165 

.10 .086 .088 

• 1665 .346 .318 

.222 .182 .180 

* MeaDS 111 millivolts 
** Beats per minute 

IV 

Ear17 
AIles-
thesia 

138 

.ll8 

.489 

.~ 

y VI 
4 hr. 

I 
II ! 

Aaes- VB. 
3 hr. thesia I 

I !s. II III 
ADes- 1 hr. ft. vs. + 
thesia drug II IV V VI 

165 163 5·15 
+++ 

.102 .136 8.85 
.. +++ 

.336 .312 4.48 
+++ 

.188 .182 2.40 
+ 

III 
vs. 
VI 

5.82 
+++ 

~ 

:~,,-~~!3ii.c~ 



'lADLE 1.02b 

StJMMARX' OF SIGlttFICAlfl SPATIAL AlIlLES 
OF S'lAlIDARD EI..JiX:!TROCARDIOGRAM 

·1 11 Conditioas* n =~.=== 
-

'I 
Da.7 1 

, 
llrq2 I Comparisons .. F Ratios 

I n III t' IV y VI ! 11 

4 hr. 
[r 

4 hr. ! ;, II ~ t-

Anea- ;i 
Alles-. '~ w • 

Earl)' 3 hr. 1;beSia!1 Earl)' 3 hr. tbesia I I II III III 
Alles. ABes- 1 hr. /' ABes- .Anes- 1 hr. vs. ve. va. + va. 

Anglea tbesia tbesia drugf theaia tbes1a drug II IV Y VI VI 

! 
22? 

, 
60° &1-1' 29° 39° I 103° 52° 3.61 

! ++ , 
I - ~~ 

* Angles in degrees 

~ 

~~c,~~.~~~~~ ---~----=--':""::","----=~~=- ---- -=--,,~;;;.--,;;-==~:::~~~~~'''' _ _ =~c~= ~~~_>~-=:_~~c~~-__ -~-- -~. - =-~~::-

' .... 
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Veetorcardiosrams: 

The factorial statistical 9J18l.yses of the ~, ~ and C»tSt 

angles in the trontal and sagittaJ. leads ou)" are given tor this method. The 

other iDtormation can be more easily obtained trom the 1'ime-Based Vector­

cardiogram method and is given in that section. 

ot the QRSm vector are given in 1'ab1e6 103 and 104, tor the QRSi vector in 

Tables 105 and 106, and tor the QRst vector in Tables 107 e.nd 108. 

Table 109 lists tbe means of tbe angle and the wave tor each COD-

d1tion whioh comparisons are significant. 

A s\mlJll&l'7 of these oomparisons shows that, cODdi tion I (earlY' 

anesthesia) versus cODdition II (3 110ur au.esthesie.) I aDd condition I (early 

anesthesia) versus condition IV (earl)" aaesthesIa, 24 110urs drug) beloag to 

the same populations. 

A s\J'.IIIl8.l'7 of the comparison, conditIon II (3 hours aDesthesia) 

versus condition V (3 hours anesthesia, 27 hours drug), shows: that the ~ 

vector'.. angle is emaller in 'the sagittal lead. 

A summar,y of the comparison, condition II (3 hours &Desthssia) 

versus condition III (early anesthesia, 24 boure drug) + VI (4 hours anes­

tbesia, 28 hours drug + 1 hour drug) sbows tbat the QRS;; vector's s.ngle is 

larger in the troJltal lead. 

A summar)" of the comparison, condit.ion III (4 hours anestheSia, 

1 hour drug) versus condition VI (4 hours anesthesia, 28 oows drvg + 1 hour 

drug) shows that the QRSm vector's angle is smaller in the sagittal lead. 
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TABLE 103 

FACTORIAL ANALYSIS OF QRSsa VECTOR I S ANGLE 
IN FRONTAL LEAl) FROM ~RCARJ)IOGRAM 

CoDd1t1ona 
Q.RSm Day 1 Day 2 
~e I II m IV V VI !Frontal 
",lane I 4 hour 4 hour 

Early 3 hour Anesthesia Early 3 hour Anesthesia 
Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 84 84 87 83 85 85 
Dog 121 88 64 55 79 80 82 
Dog #22 87 89 88 86 87 88 
Dog #23 89 87 89 88 88 87 
Dog 124 89 90 89 88 90 89 

Sums 437 414 408 424 430 431 

Means 87 83 81 85 86 86 

Com:parisona ! Degrees of Sums of Mean Variance ! Significance 
Freedom stuares s~uare Ratio 

(DP) sa) MS) (F) 

I vs II 10 529 53 <1 
I vs IV 10 169 17 <1 
II vs V 10 256 26 <1 
IIvsm+VI 30 121 4 <1 
III vs VI ~ 10 529 53 <1 

Error I 29 I 564 

I,' 

II 
.1

1

: ',: 
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TABLE 104 

FAC'l'ORIAL ABALYSIS OF AlOLE OF QRSm VICl'OR 
IN SAGITTAL LEAD FROM VItroRCARDIOGRAM 

QRSm Cond1tiolls 
lAng1e Day 1 1 :Day 2 
Sagittal 
Plaue I II m IV V VI 

4 hour 4 hour 
Ji'&r11 3 hour Anesthesia Early 3 hour Auesthesia 

Auesthesia Anesthesia 1 hour Auesthesia Anesthesia 1 hour 
Drug Drug 

Dog 120 6 6 6 15 13 3 
::/121. 2 10 13 'U 6 3 

2 2 2 3 0 1 
Dogm 5 5 4 2 1 .. 2 
Dog #24 5 3 8 2 0 3 

~UIIl8 20 26 33 33 20 8 

~ans 4 5.2 6.6 6.6 4 1.6 
I 

~Ompar1SOlls Decrees of Sums of Mean Variance !Signifieance 
Freedom 8?:)es ~:r Ratio 

(DP) 88) (,) 
I va II 10 36 3.6 <1 
% va IV 10 169 16.9 <11 
~I vs V 10 169 16.9 <11 
nvsIII+VI 30 225 7.5 <1 
IIII vs VI 10 625 62.5 3.60 ++ 

Error I 29 I 17.4 
I 

.'~ -
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TABLE 105 

FACTORIAL AIfALlSlS OF AmLE OF QRS1V'~TOR 
IN THE FROl'frAL LEAD FROM VlIJ.!'lQRCARDIOORAM 

- Conditions QRS1 
Angle 

Day 1 Day 2 
Frontal 
Plane I n In IV V VI 

4 hour 4 hour 
Early 3 hour Anesthesia Farly 3 hour Anesthesia 

Anesthesia Anesthesia 1 hour Anesthesia A1'1esthesia 1 hour 
Drug »rug 

IDog #20 84 8ll 87 83 85 85 
IDog #21 88 78 80 77 90 90 
Dog #22 87 90 90 89 88 89 
Dog #23 90 90 90 89 90 89 
~ I2ll 89 90 90 88 90 90 

Sums 438 432 437 426 443 443 

iv-..... 88 86 87 85 89 89 

I ... 
,:'80DS I Desrees of Sums of Mean Variance S1gn1t1cance ...... I Freedom ,uares ~uare Batto I (.) sa) Je) (F) 

fI VB n 10 36 3.6 <1 
tI va IV 10 141+ 14.4 <1 
iII VB V 10 121 12.1 <1 
II va m + VI 30 256 8.2 <1 
XII va VI . 10 36 3.6 <1 

!Error 29 13.8 
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TABLE 106 

FACTORIAL ANALYSIS OF THE AIGLE OF THE QRSi VlOC:TOR 
IN THE SAGI1'rAL LEAD :rRON VlE'roRCARDIOGJWI 

-- . --
QRSi Conditions 

Angle Day 1 Day 2 
Sagittal 
Plane I II III IV "( VI 

4- hour 4- hour 
Early 3 hour Anesthesia Early 3 hour Anesthesia 

Anesthes1a Anesthes1a 1 hour Anesthes1a Anesthesia 1 hour 
Drug Drug 

Dog #20 16 16 13 8 7 10 
Dog #21 14 10 12 18 6 3 
Dog #22. 6 4 4 7 0 1 
Dog #23 3 7 8 3 1 0 
~#2'" 11 9 10 2 0 3 

Sums 50 It6 47 38 14 17 

Means 10 9.2 9.4 7.6 2.8 3.4 

Comparisons 1 Degrees of SlBIlS of Mean Var1uce S1gn1ficance 
Freedom ~uare8 ,uare Ratio 

(DF) sa) MS) (F) 

I vs II 10 16 1.6 <1 
I VB IV 10 144 1 .... 4- <1 
II vs V 10 1,024 102.4 3.8~ ++ 
II va m + VI 30 784 26.1 <1 . -
III VB VI . 10 400 40.0 1.50 

Error 
II 29 :26.6 

1,1 
d,!1 

'i' I, 

I, I 
I' 
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TABLE 107 

FAC'fOJaAL AlfALYSIS OF THE AIIlLl OF THE QRSt ~ 
Ilf FROftAL LEAD PROM ~RCARDIOGRAM 

QRSt* Conditions 
Angle Day 1 Day 2 
Frontal 
Plane I II m IV V VI 

4 hour 4 ho\lr 
Farly 3 hour Anesthesia J'arly 3 hour Anesthesia 

Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hO\lr 
Drug Drug 

Dog #20 6 6 173 180 180 185 DogE 180 176 185 ; 189 179 181 
Dog 180 173 180 182 180 180 
Dog 180 180 180 180 179 180 
Dos #24 180 180 180 180 180 180 

SUIIS 726 715 898 909 898 906 

Means 145 143 180 182 180 181 

* Data trautormecl 80 all augle. are posi t1 ve 

Compar180na Dearees ot Sums ot Mean Variance S1gn1n.callce 
J'ree4om Squares ,uare Ratio 

(Dr) (sa) MS) (F) 

I va II 10 121 12 <1 
I va IV 10 33,489 3,349 1·71 
n va V 10 33,489 3,349 1·71 
IIvsnI+VI 30 3,254,416 108,481 5.54 +++ 
In va VI 10 64 6 <1 

Error 29 1,959 

, !I 
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TABLE 108 

FACTORIAL AlQLYSIS OF THE AlGLE OF 'l'BE QRSt nrroR 
IN THE SAGI'1'l'AL LEAl) FROM ~'1ORCARDIOGRAM 

QRSt* Condit.1ons 
Angle Day 1 Day 2 
Sagittal 

I II III IV V VI Plane 
4 hour 4 hour 

Early 3 hour Aaesthesia Early 3 hour Anesthesia 
Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 0 0 0 178 193 160 
Dog~ 167 172 16, 172 177 178 
Dog 180 l.8o 17 9 180 180 
Dog #23 180 169 170 175 180 177 
Dog /124 175 175 176 178 177 180 

Sums 702 696 685 694 907 875 

Means 140 139 137 138 181 175 

* Transformed so all angles will be posi ti va 

Comparisons 
I 

Degrees of Sums of Mean Variance S1gn1ficance 
Freedom ,uares s~uare Ratio 

(DF) sa) MS) (F) 

I vs II 10 36 4 <1 
I vs IV 10 64 6 <1 
II va V 10 44,521 4,452 1.16 
II va m + VI 30 28,224 941 <1 
III VB VI 10 36,100 3,610 <1 

Error 29 3,821 
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T.A.BLE 109 

SUIICARX OF SIGmICAlfl COMPARISONS OF ANGLES FROM Vl!X:'roRCARDlOORAM 

CondiUona 
Day~l D&y2 Compa.r1sons - F Ratios 

I n In IV V VI 
4 hr. 4 hr. II I 

Early 3 hr. Anes- Early 3 hr. Anea. I I II vs. III 
Wave Lead ABes- Anes- thesia ADes- AD.es- thesia va. vs. vs. In vs. 
Angle theai. theaa 1 hr. theaia thesia 1 hr. n IV V + VI 

Drug Drug VI 

QRSm Sag. 4 5.2 6.6 6.6 4 1.6 3.60 
++ 

QRSi Sag. 10 9.2 9.11- 7.6 2.8 3.4 (-)3.85 
++ 

.. 

QRSt Front. 145 143 180 182 180 181 5.54 
+++ 

(-) deereased in 2nd eondi 11 ons 

F\,) 
0 
0\ 

~~~~~-R~~ 
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Time-Based Vectorcardiogram: 

The magnitudes of the voltages of the P, ~, QRS1, QRSt, STa, 

STg, STc, and T waves were calculated using formula (1). Factorial analysis 

of the magnitudes of the QRSm and T spatial vectors are given in Tables 110 

and 111. The magn1 tudes of all the other waves were transfomed into ratios 

using the QRSm vector &s UD1 t;y_ Factorial anal;ysis of these transformed 

magnitudes are given in Tables 112 to u8. Table 119 gives a sUlllll&r)" of the 

sigD1f1cant comparisons aDd the means of each cond1 tion. 

A sUllllJal'1 of the comparison, coDdi Uon I (ea.rl;y anesthesia) versus 

cond1 tion II (anesthesia 3 hours), shows the QR8m magnitude is smaller in 

coDdi tien II (aDesthesia 3 hours)_ 

A s,..r;y of the comparison, condition II (anesthesia 3 hours) 

versus condition V (aesthesia 3 hours, c1rug 27 hours), shovs that the 

QRSi/QRSm voltage is decreased. in co!ld1tion V. 

A summar;y of the eompar1son, condition III (anesthesia 4 hours, 

drug 1 hour) venus condition VI (anesthesia 4 hours, drui 28 hours + drug 1 

hour), shows that the P /1tRSm wave voltage ratio is significantly- smaller in 

condition VI. 

The spatial angles of the P-QBSm, QRSi-QRSm, 'lRSt-Q.RSm, STa - QRSm, 

STl>- QRSm, STc" QRSm and T-QR8m were calculated using formulas ell, (2), and 

(3) ,. Factorial aDaly-sis of the independent comparisons are given in Tables 

120 to 125. A sl.1Dlll&rY of the significant comparisons along with their means 

1s given in Table 126. 

A s'UDDD&1"1 of the comparison, condition I (earlY' anesthesia) versus 

condition II (anesthesia 3 hours), shows that the QRSi-QRSm spatial angle is 



r 

larger in condition II. 

A summary ot the comparison, cond1 tion II (anesthesia 3 hours) 

versus condition V (anesthesia 3 hours, drug 27 hours), shows that the 

QRSi- QRSm spatial angle i6 smaller in condition V. 

A summary ot the comparison, condition II (anesthesia 3 hours) 

versus condition III (anesthesia It. hours, drug 1 hour) + VI (anesthesia 4 

hours, drug 28 hours + drug 1 hour), shows: 1) that the QRSt .. QR8 spatial 

angle is S1I&ller in conditions III + VI, and 2) that 'l'-QRSm spatial angle is 

smaller in eond1 tion III + VI. 

A 8'1.11111J1tU7 ot the comparisons III (~nesthes1a 4 hours, drug 1 hour) 

versus condi tiOD VI (a.nesthesia 4 hours.. drug 28 hours + drug 1 hour), 

shovs: 1) that the QRSi4'RSm spatial angle is smaller in condition VI, and 

2) that the STa-QRSm spatial angle is larger in condition VI. 

The f'actorial ualyses of the measured. intervals are given in 

Tables 127 to 131 (p, P.R .. QRS, QT .. and Rat intervals). 'Table 132 sl.1lJlJr.larlzes 

the s1gnif'1cant com,parisons of' these intervals. 

Only the compar1sona of coDdition I (early anesthesia) versus 

condi tion II (anesthesia 3 hours) yielded. s1gnif'icant findings. These were: 

1) that the QT interval was sm&l.ler in cond.1t1on II, and 2) that the RR I 

interval was smaller in coDdi tien II. 
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TABLE 110 

FACTORIAL ANALYSIS OF SPATIAL MAGNI'ruDE or QRSa VJl:TOR 
CALCULA.T~ FROM 'l'IME-BASm n.x:TORCARDIOGRAM 

-
QRS 

Condit.ions 

Wave 
Day 1 Day 2 

I II III IV V VI 
4 bour 4 bour 

Early 3 hour Anesthesia larly 3 hour Anesthesia 
Anesthesia Anesthesia 1 bour Anesthesia Anesthesia 1 bour 

Drug Drug 

Dog 120 .60 .60 1.61 1.55 1.40 1.12 
Dog #21 3.62 2.11 1.88 2.78 2.62 2.33 
Dog/f22 3.38 1.71 1.14 3.40 3.44 3.65 
Dog 123 2.96 2.62 2.55 2.60 2.24 2.64 
Dog #24 3.18 2.86 2.81 2.83 2.80 2.64 

Sums 13.14 9.90 10.59 13.16 12.50 12.38 

Means 2.75 1.98 2.12 2.63 2.50 2.48 

Comparisons Degress of Sums of Mean Variance 
, 

S1gn1fi-
rreedom s~uare8 ,uare Ratio cance 

(DF) sa) MS) (F) 

II vs II 10 14. 745b 1.41~ 2.15 + 
I VB IV 10 .3364 .0336 <: 1 
II va V 10 6.1600 .6760 <: 1 
II va III + VI 30 10.0489 .3349 <: 1 
III va VI~ 10 3.2041 .3204 <: 1 

Error I 29 .6868 
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TABLE III 

FACTORIAL AlALYSlS OF SPATIAL MAGNITUDE or T ViCTOR 
CALCULATED FROM i'IME-BASED VlI:TOBGARDIOGRAM, SImIl!S m 

T Wave Cond1tioDS 

Day 1 Day 2 

I II I III IV V VI 
4 hour 4 hour 

Fe.rly 3 hour Anesthesia Early 3 hour Anesthesia 
fA,nesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 .13 .13 .03 .19 .11 .17 
Dog #21 .24 .08 .05 .14 .12 .21 
Dog #22 .44 .,11 .10 .34 .24 .18 
Dog #23 .15 .31 .22 .14 .22 .23 
Dog #24 .65 .60 .58 .96 1.50 1.40 

Sums 1.61 1.23 .98 1.77 2.19 2.19 

Means .32 .25 .20 .35 .44 .44 

Comparisons Degrees of SUms of Mean Variance S1gn1f1-
Freedom Squares s~uare Ratio cance 

(mr) (as) MS) (F) 
I vs II 10 .1W. .0144 <: 1 
I va IV 10 .0256 .0026 <: 1 
II '9'S V 10 .9216 .0922 <: 1 
II vs III+ VI 30 .5041 .0168 <: 1 
III vs VI~ 10 1.4641 1.468 1..09 

Error 29 .1346 I 
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TABLE 112 

FACTORIAL ANALYSIS 0., P /QRSm RATIOS 
CALCULATED FROM TIME-BASED VEC'fORCAJU)IOGIWC, SERIES III 

! 
Condltlons P Wave 

, 

Day 1 Day 2 

p/QRS I II III IV V VI 
Ratio x 4 hour 4 hour 

103 Early 3 hour Anesthesia Farly 3 hour Anesthesia 
!Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 166 167 199 1~ 136 249 
Dog #21 130 123 154 126 141 094 
Dog #22 053 053 575 059 067 094 
Dog t 3 152 206 196 100 201 151 
Dog 4 113 150 149 1lt8 061 144 

Sums 614 699 1273 581 606 717 

Means 123 140 255 116 121 143 

Comparisons Degree. of SUms of Mean Var1anoe S1gn1fi-
Freedom ,uares s~uare Ratio canoe 

(Dr) sa) Ie) (.,) 

I. VB II 10 m5. 723 <: 1 
I VB IV 10 1089 109 <: 1 
II VB V 10 8649 865 <: 1 
II ve III + VI 30 350,464 11,682 1.32 
IIveVI. 10 309,136 30,914 3.49 ++ 

. ~ 
Error 29 8869 
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TABLE 113 

FAC'l'OBIAL AIfAtYSIS OF Q;RSi/~ RATIOS 
CA.I.CULATED P"ROM 'l"IME-BASED ~'l'ORCARDIOGlWI 

QRSi Wavel Conditions 

Day 1 Day 2 

QRSi/QRS I II III IV V VI 
x 103 

4 hour .. hour 
Early 3 hour Anesthesia Early 3 hour Anesthesia 

~e6thesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 
Drug Drug 

Dog~ J50 750 ~, ~~ 800 857 
30 663 511 571 

=122 639 672 770 606 639 72.7 
Dog #23 649 771 580 250 442 519 
Dog #24 597 766 740 555 625 678 

Sums 3265 3622 3353 2770 30~7 3352 

Means 653 ' 724 671 554 603 610 

Comparisons i Degrees ot SUIIIS ot Mean Variance Signifi-
Freedom 8tuares Square Ratio cance 

(DP) SS) (JIl) (F) 
. 

I va II 10 121,449 12,745 <: 1 
I VB IV 10 245,025 24,503 1·30 
II va V 10 366,025 36,603 2.55 + 
II va III + VI 30 290,521 9,684 <: 1 
m vs VI 10 1 0.1 <: 1 

Error 29 14,330 
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TABLE ll4 

FAC'l'ORIAL AHALYSlS OF QRS.JQRSm RA.TIOS 
CAl'£UIATED FROM TIME-BASED VJm'OltCARDIOGIWI 

~t Wave Conditions 

Day 1 Day 2 

QRst/QRS I II III IV V VI 

x 103 4 hour 4 hour 
Early 3 hour Anesthesia Early 3 hour Anesthesia 

Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 
I 1 hour 

Dr'ug -Dl-ug 
Dog #20 733 733 609 TI 107 241 
Dog #21 226 331 394 349 427 524 
nogl22 92 158 17 168 203 227 == 91 179 217 92 121 178 

248 227 242 307 275 292 

fSums 1390 1628 1~-i8 993 ll33 I 1462 I 
I 

... 278 326 296 199 227 I 292 I 

I I 

Pompari8011s Degrees ot Sums ot Mean Var1ance S1gn1f1-
Freedom ~;uares Square Ratio cance 

(D1') SS) (lIS) (F) 

I va II 10 56 .. 644 5,664 <: 1 
I V8 IV 10 157,609 15,761 <: 1 
II va V 10 245,025 24,503 <: 1 
IIvsm+VI 30 99,856 3,329 <: 1 
III va VI 10 256 26 <: 1 

Error 29 33,113 
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TABLE 115 

FACTORIAL A.NAUSIS OF STaI~Sm RATIOS 
CALCULA.TED FROM TIME .. BA,SD> VICl'ORCA.RDIOGRAM 

STa Wave Conditions 

Day 1 Day 2 

STa/QJ.tS I II III IV V VI 

x 103 
4 hour 4 hour 

Early 3 hour Anesthesia Farly 3 hour Anesthesia 
Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog to 117 117 0 65 14 18 
Dog 1 52 19 0 22 57 17 
Dog #22 112 76 57 121 64 31 
Dog t 3 142 46 55 138 107 64 
Dog 4 110 98 96 32 19 95 

Sums 533 356 208 378 321 285 

Means 106 11 42 76 64 57 

Comparisons Degrees of' l Sums of' Mean I Variance S1gnif'i-
Freedom I 

s~uarea s~uare I Ratio eanee I 

(nF) I ssl MB) (F) 

I VB II 10 31,329 3,133 1.86 
I VB IV 10 24,025 2,~.o3 1.43 
II VB V 10 961 96 < 1 
IIvsm+VI 30 6,561 219 < 1 
III va VI 10 5,929 593 < 1 

Error 29 1,685 
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TKBLE u6 

FACTORIAL ANALYSIS 0' rn.a/CfI.S.m RATIOS 
CALCULA.TED PROM TIME-BASED Vl!C'.roRCA'RDIOGRAM 

STl> Wave Conditions 

Dtq 1 Day 2 

S~/~ I II III IV V VI 

x 103 4 hour 4 hour 
Farly 3 hour Anesthesia Early 3 hour Anesthesia 

fAD,esthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 
Drug Drug 

Dog 120 50 50 81 26 79 89 
Dog /f2l 17 9 21 0 57 77 
Dog #22 9 47 63 24 41 70 
Dog 1123 44 0 0 23 22 19 
Dog 1124 41 45 53 78 68 57 

Sums 192 151 218 151 267 312 

Means 38 30 44 30 53 62 

Comparisons Decrees of S\IU of Mean Variance S1gnif'1-
Freedom ~res ,uare Ratio cance 

(DP) 88) Ma) (F) 

I va II 10 1,681 168 <: 1 
I va IV 10 1,681 168 <: 1 
II vs V 10 13,456 1,346 1.88 
IIvsIII+VI 30 51,']84 1,733 2.41 
III va VI 10 8,836 884 1.23 

II " 

Error 29 718 
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TABLE ll7 

FACTORIAL ANALYSIS OF STC/~ RATIOS 
CALCULATED FROM TIME-BASm VIl:1'ORCARDIOGRAM 

STe Wave Cond1tions 

Day 1 Day 2 

STc/Q?S I II III IV V 
4 hour 

x 103 Early 3 hour Anesthesia Farly 3 hour 
Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 

Drug 

Dog #20 50 50 68 6 0 
Dog #2l 99 90 101 101 53 
Dog /122 12 35 46 12 17 
Dog #23 81 0 59 35 40 
Dog #24 176 196 164 2CJ7 325 

Sums 418 371 438 451 435 

Means 84 74 88 90 87 

Comparisons ! J)egrees ot SUIIS ot Mean Variance 
I Free4Dm 

St
uares S1:uare Ratio 

<DF> sa) lIS) (F) 

I VB II 10 2,209 221 <: 1 
I vs IV 10 1,089 109 <: 1 
n vs V 10 4,096 110 <: 1 
II VB m + VI 30 26,244 875 <: 1 
In va VI - 10 87,616 8,762 1.30 

Error 29 6,724 
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VI 
4 hour 

Anesthesia 
1 hour 

Drug 

0 
56 
42 
0 

44 

142 

28 

S1gn1tl-
canoe 

: 'i 

~ I : I ! ' 
:1" 

ill "I 
I

I 
" II 

i:i 
(I 

III 
,It 
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TA:Bl.E ll8 

FACTORIAL ANALYSIS OF Tj~m RATIOS 
CALCULATED FROM TIME-BASED VIOC:roRCARDIOGRAM 

T Wave Conditions 

Day 1 Day 2 

TjQ,RS I II III IV V 

x 103 4 hour 
Early 3 hour Anesthesia Early 3 hour 

Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 
Drug 

Dog #20 211 217 19 123 79 
Dog #21 66 38 27 50 46 
Dog #22 130 64 51 100 70 
Dog 123 51 118 86 54 98 
Dog #24 204 210 206 339 536 

Sums 668 647 395 666 829 

Means 134 129 79 133 166 

Compe.r1sons I Degrees of Sums of Mean Var1ance 
Freedom Stuares s~uare Ratio 

(1lF) 8S) MS) (F) 
I VB II 10 441 44 <1 
I vs IV 10 4 0.4 <1 
II VB V 10 324 32 <1 
II VB III + VI 30 217,156 1,239 <1 
III VB VI . 10 1,444 144 <1 

Error 29 ll,587 
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VI 
4 hour 

Anesthesia 
1 hour 
Drug 

152 
90 
51 
81 
53 

433 

81 

Sign1fi-
cance 

II 

1

1\1.1' 

I 

II II 
.1 

[I 
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Wave 

QRSm MY 

P/~ 

QRSi/ClRSm 

TABLE 119 

SUMMA.RY OF SIGIIFICAlft' COMPAIISOIS OP IMGJII'1UD18 AID RATIOS 
CA.I&ULA.TED J'BOII ~-BASED VlI:TORCA.RDIOGRAM 

Cond1 tion.a* 
Day 1 .~~2 

I II III IV V 
.. hr. 

Early 3 hr. Anea- Early 3 hr. 
Anea- Anea- thesia .Alles- Anes-
theaia thes1a 1 hr. thesia tbesia 

Drug 

2.15 1.98 2.l2 2.63 2.50 

12.3 1".0 25 .. 5 11.6 12.1 

* Means in millivolts 

i 

VJ: 

'" hr • Anea-
thesia 
1 hr. 
Drug 

2.~ 

1".3 

CoJIpari80DS - F Ratioa 

II 
va. 

I I II III 
vs. vs. vs. + 
II IV V VI 

(-)2.15 
+ 

(-)2.55 
+ 

( -) .. Second condition voltage 
is decreased 

III 
va. 
VI 

(-)3.4 9 
++ 

~ 

-~- ----:...--~ -~ - -~::-~~- -~-- ----

~ ~~= - ~-- ~~ ~- ~- _=---c:~~~~~~::;~~;~~~~~~~--~~- _:~~ 
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TABLE 120 

FACTORIAL ANALYSIS 01 QRSi ~ SPATIAL AICLE 
CA.T..CUIATED FROM TIME-BASED VJX:TORC.ARDIOGRAM 

QRSi~ Conditiona* 

Angle Day 1 Day 2 

I II III IV V VI 
4 hour 4 hour 

Early 3 hour Anesthesia Early 3 hour Anesthesia 
!Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

~g #20 11 U 9 7 8 3 =:t 2 10 10 8 7 3 
5 17 2 4 2 1 

~g #23 6 6 5 8 6 4 
~#24 6 10 8 2 4 1 

Sums 30 54 34 29 27 12 

Means 6 11 7 6 c:; 2 ./ 

* Angles in degrees 

CODl,P&rlSODs Degrees of Sums of Mean Varianee S1gnifi-
heedom s~uares s~uare Ratio canee 

(DI') as) MS) (I') 
-

I vs II 10 576 58 4.43 +++ 
I vs IV 10 1 0.1 <: 1 
II VB V 10 7~ 73 5.61 +++ 
II vs III + VI 30 38 128 9.85 +++ 
III vs VI 10 484 48 3.72 ++, 

~ .. " 

Error 29 13 
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TABLE 121 

FAC'roRIAL ANALYSIS OF QRSt -QRS.m SPATIAL AlGLE 
CALCULATED FROM 'rIME-:BASED VECTORCARDIOGRAM 

- , 
QRSt-QRSm f Conditions * 
Angle Day 1 Day 2 

, I II III IV V VI 
: 4 hour 4 hour 

Early 3 hour Anesthesia Farly 3 bour Anesthesia 
~esthesia Anesthesia 1 bour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 11 11 5 161 156 162 
Dog #21 168 156 160 114 110 163 
Dog 122 173 170 177 177 178 177 
Dog #23 176 170 170 166 170 171 
Dog #24 178 175 174 174 178 179 

Sums 706 682 686 852 852 852 

Means 141 136 137 110 170 170 

* Angles in degrees 

_... ''":'1sons Degrees of Sums o:f Mean Var1ance Signif1-
Freedom st'ares ~e Ratio eance 

(1JlI') sa) (p) 

~ va II 10 5,776 578 < 1 
I va IV 10 21,316 2,132 <: 1 
III VB V , 10 4,900 490 < 1 
II VB m + VI 30 30,276 1 .. 009 < 1 
~ va VI 10 27 .. 556 2,756 1.ll 

Error 29 2,472 

'i 

I' 

I! 



TABLE 122 

FACTORIAL ANALYSIS 01 STa -CUlSm SPATIAL AlOLE 
CALCUtATED FROM TIME-BASED VPm'ORCARDIOGRAM 

221 

STa-QRSmi.t--____ ~_-_=_----CO-nd-it_:1-o-ns-*-.-----------I 
Angle ! Day 1 1)i.y 2 

I~-,x~--~~n=------·-=·ncr~-+--~r~=---~---~v~~---~n~ 

I 4 hour 4 hour 
I Early 3 hour Anesthesia Early 3 bour Anesthesia 
I Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 
, Drug Drug 

------*-------~--------+---~~-+------.-+------~+-~~~~ 

Sums 

Means 

5 
6 
7 
3 
7 

28 

5 
35 
3 
6 
5 

10.8 

* Angles in degrees 

comparisons Degrees ot 
FreedDm 

(Dr) 

I vs II 10 
I VB IV I 10 
II vs V 10 
II va III + VI 30 
III va VI 10 

Error 
f 

29 

... 
6 
4 
3 

13 

2.6 

8U113 of 
8(.)es 

88) 

676 
100 

17,956 
30,976 
66,564 

2,043 

5 
9 
4 
3 

11 

Mean 

~:r 
68 
10 

1,796 
1,032 
6,656 

7 
115 

2 
2 
2 

188 

31 

Variance 
Ratio 

(F) 

<: 1 
<: 1 
<: 1 
<: 1 
3.26 

95 
111 

3 
1 
1 

211 

S1gn1f1-
eanee 

++ 
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TABLE 123 

FACTORIAL ANALYSIS or s~~ SPATIAL AlGLE 
CALCULATED FROM 'l".Dm-BABED ~IOGRAM 

STb-Q'RSzn Cond.1 tiona * , 
Angle Day 1 I Day 2 , i I 

I , II III IV V VI 
t I 4 hour 4 hour 

t Early 3 hour Anesthesia Early 3 hour Anesthesia 
I Anesthes1.a Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

~~~ I 169 169 173 171 173 112 
i 6 21 33 -- 115 171 

Dog 122 i 116 177 114 167 178 171 I 
:Dog #23 I 3 0 0 3 2 0 
~gh4 I 6 4 3 3 2 1 , , 

~ums 360 311 383 344 530 521 

Meau I 12 14 71 69 106 104 

* Angles in degrees 

,- r , , 
Comparisolls Degrees ot I SloUIW ot Mean I Va.r1ance S1gnifi-

I Freedom ,uares st'l9.re :Ratio ! cance 
! (BY) sa) )IS) (F) 

I V8 II 10 121 12 <1 
I VB IV 10 256 26 <1 
~ V8 V 10 1,681 168 <1 
Uvem+VI 30 26,244 875 <1 
III vs VI ~ 10 19,044 1,904 <1 

~r j 29 7,275 
I 
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TABLE 124 

FACTORIAL ANALYSIS OF STc~ SPATIAL AlI}LE 
CALCULA.'lED FROM 'l'Jl(E-BASED VrI'ORCARJ)IOGRAM 

S'l'c~lf Condi tiona * 
Angle Day 1 Day 2 

I II III IV ! V VI 
4 hour I .. !lour 

Early 3 hour Anesthesia Early 3 hour Anesthesia 
Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 125 125 173 25 -- --
Dog #2l 25 13 19 9 18 14 
Dog #22 50 43 161 112 159 177 
Dog #23 3 .- 4 13 2 --
Dog #24 5 3 5 2 2 1 

Sums 208 187 362 161 181 192 

Means 41 37 72 32 36 38 

* Angle in degrees 

-
Ccx:r,parisons Decrees of Sums of 

, 
Mean Variance Sign1f1-

I Freedom srlares s~uare Ratio cance 
i (DF) 58) 1«) (F) -- -

1 VB II I 10 441 44 <:1 
I vs IV 10 2,209 221 <:1 
II vs V 10 36 ' 4 <:1 
II VB III + VI 30 32,400 1,080 <:1 
III VB VI ~ 10 28,900 2,890 <:1 

Error I 29 3,602 
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TABLE 125 

FACTORIAL ANALYSIS OF T4~Sm SPATIAL AlGLE 
CALCULA.TED FROM TIME -BASED VF.CTORC.ABDIOOlW( 

T~ Conditions * 
!Angle 

f--- " r Day 1 t Day 2 '--r--_. I, . 
I l II if 

III IV V VI 
, 4 hour 4 hour . 

Iar1y 3 hour I Anesthesia Early 3 hour Anesthesia 
Anesthesia Anesthesia . 1 how: Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 174 174 7 172 24 13 
Dog #2l 44 14 23 0 10 II 
Dog #22. 178 156 18 176 172 9 
Dog 123 13 168 11 3 6 1 
Dog #24 6 5 3 2 1 1 

S'ImlS 715 517 62 353 213 35 

Means 1~3 103 12 71 43 7 

* Angle in degrees 

-
Comparisons Degrees of' SUIIIS ot f Mean Variance S1gnifi-

Freedom S1uares Square Ratio cance 
(DF) sa) (US) (F) -

I va II 10 39,204 3,920 <1 
I vs rv 10 131,044 104 <1 
II vs V 10 92,416 9,242 1·73 
II va III + VI 30 817,969 292,656 5.49 +++ 
III vs VI 10 729 73 <1 

Error 29 ~;,332 

.1_,_ .. 

I

ii 
II 
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I 

I 

SUMMARY OF SIGzancAlrl' COMPARISONS OF SPATIAL AlGL&S 
CALCULA.T12> I'ROM TDm-BASlI> VPX:TORCARDIOGBAM 

I 

I 

! L 
. 

Cond1 1:.10&8* ! Day 1 Day 2 I Comparisons - F Batios 
I I II III IV V VI 

4 hr. 4 hr. ~ II 
Earl;( 3 hr. AIles- Early 3 hr. AIles- I i II II ys. III 

Spatial .Anes- Anes- thesia Alles- Anes- thesia ys. ys. ys. III Ys. 
Angle theai. thesia 1 hr. thesia thesi. 1 hr. II IV V + VI 

Drug Drug VI 

QRS1-QRSm 6 11 1 6 5 2 4.43 (-)5.61 (-)9.85 (-)3.12 
+++ +++ +++ ++ .. 

S'l'a" 'lRSm 5.6 10.8 2.6 1.6 31 54 3.26 
++ 

T-QllSm 148 103 12 11 43 1 (-)5.49 
+++ 

* Means 1n m11U volts ( - ) - Second cond1 t10n 
voltage 1s decreased 

I\) 
I\) 
\.J1 

~--

- -- ---------=--=-- ------~----:.---~~--
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TABLE 121 

lI'ACTORIAL AMLYSIS OJ' P I1'frJJtVAL 
MEASURED FROM TIME-BASED VlI!'.l'ORCARDIOGRAM 

p ConditioDS 
Interval Day 1 Day 2 

I II III IV V VI 
4 hour 4 hour 

Early 3 hour _esthesia J:arly 3 hour Anesthesia. 
Anesthesia Anesthesia 1 hour Anesthesia. Anesthesia. 1 hour 

Drug Drug 

~t20 .03 .03 .03 .04 .04 .04 
1)og#2l .04 .04 .04 .04 .04 .04 == .04 .04 .04 .03 .03 .03 

.04 .04 .03 .04 .04 .04 
Dog #24- .03 .03 .03 .04 .04 .03 

Sums .18 .18 .11 .19 .19 .18 

.......... '" .036 .036 .034- .038 .038 .036 

CODlp&l'180DS Dearees ot SUIIS of Mean Variance 81gD1f'1-
Freedom 81:)e8 Square Batio CaDce 

(J)J') 88) (JB) (p) 

I vs II 10 0 0 <1 
I va IV 10 .0001 .00001 <1 
II vs V 10 .0001 .00001 <1 
IIvsm+VI 30 .0001 .000003 <1 
III va VI 10 .0001 .00001 <1 

Error .000024 
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TABLE 128 

FACTORIAL .A.lALYSIS OJ' P-R llTERVAL 
MFAS'URED FROM TIME-BASED VIC'l'ORCARDIOGRAM 

P-R CoDd1tlons 
Interval 

Day 1 Day 2 

I II m IV V VI 
4 hour 4 hour 

Early 3 hour Anesthesia Early 3 hour Anesthesia 
Anesthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Jb,"l& Drug 

Dog to .08 .08 .09 .11 .ll .11 
Dog 1 .08 .08 .07 .10 .07 .07 
Dog #22- .08 .08 .08 .08 .08 .01 
Dog 123 .08 .08 .01 AV Block .12 .15 
Dog #24 .11 .09 .10 .10 .10 AV Block 

Sums .43 .41 .41 .53 .48 .56 

Means .086 .082 .082 .106 .096 .112 

Comparisons Degrees of SUIIS of Mean. Var1ance S1gn.1f1 ... 
:rree4om ,uares ,uare Ratio cance 

(DP) as) 113) (F) 

I VB n 10 .0004 .00004 -< 1 
I VB IV 10 .01 .001 -< 1 
II vs V 10 .0049 .00049 -< 1 
IIvsm+VI ! 30 .0225 .0015 -< 1 
III vs VI 10 .0225 .0023 -< 1 

Error 29 .06 
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TABLl129 

FACTORIAL ANALYSIS OF QRS IlffilRVAL 
MEASUllED PROM TIME-BASlI> VIIlTORCARDIOOlWl 

QRS ,. Conditions 
Interval. Day 1 Day 2 

I II m IV V VI 
4 hour 4 haUl" 

Early 3 boUl" .Anesthesia Early 3 hour Anesthesia 
Anesthesia Anesthesia 1 11oUl" Anesthesia Anesthesia 1 boUl" 

Drug Drug 

~ /120 .024 .024 .024 .028 .024 .022 
Dog #21 .022 .028 .028 .030 .030 .030 
~g #22- .030 .026 .026 .034 .028 .030 
Dog #23 .030 .030 .030 .032 .032 .030 
Dog #24 .022 .022 .022 .028 .028 .024 

Sums .128 .130 .130 .152 .142 .136 

~eans .026 .026 .026 .030 .028 .027 

"... • ..... SOI18 ~Degrees of SUIIS of r Mean ! Var1aDce S1gn1t1--...- ' .... 
. Freedom ,uares s~uare Ratio cance 

(DJ') sa) )Il) (F) 

I 1'8 II 10 <:1 
I vs IV 10 .0000576 .000006 <:1 
II vs V 10 .0000144 .00000144 <1 
nvsm+VI 30 .00000036 • 000CX>001l <:1 
InvsVI~ 10 .0Q000036 .000003 <: 1 

Error 29 .000008 



TABLE 130 

J'ACTOlUAL ANALYSIS OF QT IlfrERVAL 
MEASURED PROM TIME .. BASED VOO'roRCARDlOORAM 

Conditions 
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QT I 
!nt~11-----------Ds--y-l-----------------------Ds--y-2-----------1 

I I i II l III IV V 
, 4 hour I Early 3 hour Anesthesia 

I Anesthesia Anesthesia 1 hour 

BUllS 

Comparisons 

I VB II 
I vs IV 
II VB V 

.18 

.23 

.20 

.20 

.23 

1.04 

.21 

nvsm+VI 
III VI VI 

Error 

.16 

.20 

.19 

.16 

.18 

.89 

.18 

Degrees of 
Freedom 

(Dr) 
10 
10 
10 
30 
10 

29 

Drug 

.16 

.20 

.19 

.17 

.21 

.93 

.19 

S'UIllS of 

,uares 
sa) 

.0225 

.0016 

.0009 

.0081 

.0001 

Early 3 hour 
Anesthesia Anesthesia 

.23 

.22 

.22 

.20 

.21 

1.08 

Mean 
Square 

(Ie) 

.0023 

.00016 

.00009 

.00027 

.00001 

.0004 

.19 

.18 

.18 

.18 

.19 

.18 

Variance 
Ratio 

(F) 

5·75 
<1 
<1 
<1 
<1 

) , 

VI 
4 hour 

Anesthesia 
1 hour 

Drug 

.20 

.18 

.18 

.20 

.18 

.94 

.19 

S1gnifi-
cance 

+++ 
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TABLE 131 

FACTORIAL ANALYSIS OF RR' INTERVAL 
MEASURED FROM TIME-BASED V!C'l'ORCARDIOGRAM 

RR' Conditions 

Interval Day 1 Day 2 

I II m IV V VI 
4 hour 4 hour 

Early 3 hour Anesthesia Early 3 hour Anesthesia. 
~esthesia Anesthesia 1 hour Anesthesia Anesthesia 1 hour 

Drug Drug 

Dog #20 .380 .300 .380 .448 .384 .396 
Dog #21 .412 ·372 .368 .4l4o -328 .368 
Dog #22 .372 .340 ~340 .352 .396 .300 
Dog #23 .480 .268 .292 .380 .276 .312 
Dog #24 .692 .400 .1t8o .432 .420 .376 

Sums 2.336 1.680 1~860 2.052 1.804 1.752 

Means .1t67 ·336 .372 .410 .361 .350 

Comparisons Degrees of Sums of Mean Variance S1gn1f1-
J'reedom s(.)es Square Ratio cance 

(DJ') sa) (MS) (F) 

I V'8 n 

I 
10 .430336 .043034 6.66 +++ 

I va IV 10 .080656 .008066 1.25 
II va V 10 .015376 .001538 < 1 
II va m + VI 30 .063504 .00211 < 1 
III va VI 10 .011664 .001166 < 1 

Error 29 .006456 



Interval 

QT 

RR' 

I --

larly 
I Anes-
thesia 

I .21 

! .467 

TABLE 132 

StnIfARY (8 5mBInCAft COMPARISONS OF ~VALS 
CALCtJLA.TD) ftOM TIME-EASJI) VliCroltCARDIOGRAM 

Cond1t1ona* 
2 Comparisons - F Ratios 
V VI 

.. hr. n 
3 hr. AIlesp Barly 3 hr. Anes- I I II vs. 
Anes- thesia Mes- AIles- thes1a vs. vs, va. III 
the sa 1 hr. thesa thes1a 1 hr. II IV V + 

Drug Drug VI 

.18 I .19 .22 I .18 I .19 (-)5.75' 
+++ 

.336 .372 .410 .361 .350 (-)6.66i 
+++ 

* Means 111 millivolts (-) .. Second condition voltage 1s decreased 

~- --s 

III 
vs. 
VI 

ro 
\.A,) 

l-' 
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The purpose of this study was to analyze the spatial cardiac electro-

motive force before and after the a.dm1n1stration of digitoxin and G-strophan­

thin in the dog. This was accomplished by the development of a new method 

and the bu11ding of a new instrument (Time-Based Vectorcardiogram) for the 

linear time vectorial recording of the electrical activity of a complete 

cardiac cycle. Such recordings were analyzed by a calculation of the spatial 

voltage magnitudes and spatial angles of selected instantaneous spatial 

vectors I chosen along the ciU'd1ac cycle-. Tbj"s method is easy to use and 

similar enough to the conventional. methods to facilitate easy correlation. 

Recordings, using the conventional standard and vector methods, were also 

taken aDd correlated with the nev Time-Baaed vectorcard:Lographic method. 

The genesis and fol"ll of th4t.-$)Lectrocardiogram recorded from the surface 

of the body is d.epeDdent on three factors. The first being the shape of the 

action potential from the cariiac cells (Weidmann, 195&); the second, the 

sequence of activition of these cells (Scher &. YoUDg, 1957); and the third, 

the electrical inhomogeneity of the tissues and their influence upon the 

electroeardiographic lead performance (Schwan &. Kay I 1957). The wave of the 

electrocard1ogram represents not only the relative activities of the various 

anatomical portions of the heart but also relative electrical processes (the 

aetion potential) that oecur in the same portions of the heart. The P and 

QRS-T deflections are examples of electrical activity of different portions 

of the heart musculature, while the P and Ta or the QRS and T deflections, 
i.'j 

i 
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the different electrical processes that occur in the same portions of the 

heart musculature. 

The shape of the action potential can be correlated and is thought to 

be dependent on rapid. movements of ions across the cell membranes (Hodgkin, 

19~.i1.; Hodgldn, 1957) and/or changes in the relative permeability of these 

ions (Hodgkin and Huxley, 1952b; Hoftman & Cranefield.. 19(0). 

If a micro-electrode (Ling 8& Gerard" 1949) is inserted into a cardiac 

cell (W~, Woodbury, & Hecht, 1950), a resting potential is measured 

and it is a negative voltage of approximately 90 mv with respect to the out .. 

side of the cell. Under suitable conditions an uneven distribution of ions 

1n an aqueous solution, for example, the unequal concentrations of K ions or 

1& iono separated by a membrane selectively permeable to one of the ions, 

will act as a battery or concentration cell (BOber, 1945; Davson, 1951; 

Bayliss, 1924). The potential developed by such an unequal distribution of 

ions can be described by applying the relationship of Bernst (Robertson 8& 

Dunihue, 195h). The calculated potential differences across the cellular 

membrane attributed to the K ions and. the He. ions are -92.6 mv and a +84 mv 

respectively (the inside potential as compared to the outside potential of 

the cell). The resting membrane potential measurer.lents give a voltage of 

-80 to -90 mv (Woodbury, Woodbury, & Hecht, 1950; Draper & Weidmann, 1951; 

Hodgkin, 1951; Cranefield 8& Hoffman" 195&). Since the transmembrane poten-

tial is negat1ve it is obvious that the K ion contributes the greatest in-

fiuence 1n the determinat10n of the membrane potential. This also suggests 

that the relative permeab11ities of the two 10ns are markedly different, 
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w1th the gree.ter _.bru.e pe1'WlMbWt;y to the X lon (Bodgldn " Buxlel, 1952; 

~, 1957). If the tranaaembrane potential ls made up pr1mar1110t the 

emf resultiog from the It lon grad1ent, changes 1n concentration crad1ent 

of this 10n ahould chage the reatiDg meabrane potent1al to & pre41ctab1e 

degree &a 1DcU.catecl 'b;y the Bernat equat1on. Th1a baa been shown to be the 

caa8 for MIl)' types of fibers (JIocIakSn, 1951). Incre&s1D8 the exterDal con­

cent.rat1cm of the I( 1oa. will decreaae the mellbrane potent1al. (depolarlze the 

aaabrane) aDd lead to laexcitabil1ty. Increaa1D8 the I( lon COnoeut:ra.t1on of 

the perfuu10ll nu14. 1a the lsolated heart vU1 also 1et1d to a d1astol1c 

ceseat4,on ot aoU v.l ty. 

A reduct10n of the JC lon to 25~ of 1IOrmal. wUl cause a arkecl. 1Acreaae 

:1n the reat1Di potenUal of tAe tzos (~ a. Woodbury" 19.57) aDd of the 

turtle (Weldmann, 19;6&); boveYer, reduet10n of the JC 1Qn concentration of' 

_1 i &1'.l t1bere uual.l¥ 1ea4s to deteriorative cbaD&ea with the reat1aa 

poteBt1al. chal:ages DOt Wbat would be precUc1oe4. by the lfemst equation 

(Carael.1et 8D4 Lacq,uet, 1958; lDffMu " 8uckl1D1" 1956; Ii;)ftMn 8. Cl"aI'let1e14, 

1960). CbaDa •• 1n the • ion on the other hud aeem to have little effect on 

the re.UD& __ rane potent1al (Del."e, 1959). 

1xc1 tatlon of the heart 1e uaoc1ate4 w1 th a atr1ld.Dg cbaDge 1n the 

reet1Dg potential, the action potea.Ual. (Woo41nlr)r, .t.al., 1950). '1'Jda 

action potent1al is tboU8ht to be the result of chug.. 1n the relats. va 

pemeabillt7 ud/or JIOvements of the It aad. • lou (Hoftan " Onmefield, 

1960). '!'he f'1rat phase of the action potential (Phase I) ia a rapid reversal 

of the t.raraameaibraae poteat1&l to about +20 JIIV (over shoot). Th1a portlon 
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of the action potential is influenced by the external Na ion concentration, 

a decrease in the Na ion concentration results in a decrease in the rising 

velocity of the action potential (Hof'fman & Cranefield, 1960). Also the over 

shoot of the rising velocity of the action potential is decreased by reducing 

the extemal Na ion concentration (Brady & Woodbury, 1957) and bas been shown 

to accompany an increase in permeability of the membrane to this ion 

(Nastuk & Hodgkin, 1950). This depolariZilotion phase of the action potential 

seems to be regenerative in nature (Woodbury & Patton, 1960). Following the 

increase in the permeablliw of the Na ion ther~ is an iIlcrease in the per-

meab1l.1 ty of the It ion, reaul tiag in an efflux of this ion aubsequent to an 

influx of Ia ions. The increase in the permeability of the J( ion probably 

accouat.s for the descent of the over shoot. voltage to zero (Hodgkin" Huxley, 

1952). 

Repolarization (Phase II, a slov phase, and Phase III, a more rapid 

phase) is markedly prolonged in heart muscle as compared to skeletal muscle 

and nerve. This portion of the action may be either degenerative in nature, 

the greater the degree of repolarizatlon the more slowly it proceeds 

(Woodbury " Patton, 1960) or may be regenerative in nature, suggested by the 

highly non-linear response of the transmembrane potential to anodal stimuli 

applied during Phase II of the action potential (Cranefield & Hof:ODan, 195&). 

However, all phases of repolarization seem to be based on enz~tic processes 

(Coraboeuf "Weidmann, 1954) and this sustained depolarization _7 be im­

portant in maintaining the contraction characteristic of heart muscle. 

There is considerable disagreement as to the ionic shifts that occur during 



this portion of the action potential. The return of the resting membrane 

potential seems to require a more complicated interplay of ion8. There is 

general agreement that K ion leaves the cardiac cell during activity and this 

efflux probably occurs at the end of Phase n of the action potential, reach-

ing a maximum during Phase nI. The accumulation of K ions on the external 

surface of the cell at the end of Phase II may be directly concerned with 

the returning of the membrane potent1&l to the resting level. Since it is 

assumed tbat the permeabUl tJ of the K ions increases in Phase In of the 

action potential, a dewl.opaent of the membnae potent1al would require a 

decrease permeability to )fa iou aDd. 1i.Qe aCT.i vi ty of a .. pump. Such an 

actl ve transport would cons\IIe energy and must be metabollcally dr1 ven 

(lbcJgk1n, 1957). 

The genesls of the electrocardiographic waves , although dependent on 

the action potential of the cardiac cells, correlates with the sequence of 

actlvation of these cells (Scher & YO\lD&, 1957). An understanding of the 

electrocardiographic caaplexes can only be achieved with a knowledge of the 

pathways of depolarization and repolarization. 

The spread. of the wave of depolarization over the atria results in the 

production of a surface potential on the surface of the chest (p wave of the 

electrocardiogram). The impulse orig1Dates from the S-A node in the right 

atria and spreads radially like a wave pattern produced when a pebble is 

dropped in water. No specialized atrial conduction system has been dis­

covered as of Jet, although there may be such a system (Cranef1eld &I 

Hoftman, 1959). Because of the shape, orientation and absence of an 

endocardial-epicardial gradient (Liebow & Hellerstein, 1951), the depolari-

l
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zation, P wave, may be viewed as three divergent waves moving inferior, to 

the right, and slightly anteriorly from the S-A node toward the inferior 

borders. This results in electrical vectors pointing inferiorly and a posi-

tive P wave in Leads I, II, III, AVF, and the V leads. 

The topical spread of repolarization in the atria occurs in a similar 

order as that of depolarization (Katz, 1941) and resul.ts in a auricular T 

wave (Ta) normally in the opposite direction of that of the P wave. However, 

it is usually buried in the QRS complex. 

The potentials generated by the A-V node and the Purkinje fibers are 

probably too small to be recorded at the body surface. This resul.ts in an 

interval bet.ween the P and QBB complexes where no volte.ge can be recorded. 

(P-R int.erval). The impulse from the atria reaches the A-V node when the 

atrial depolarizat1on 1s about 2/3 complet.e (Cranefield & Ibffman, 1959). 

10 potentials can be recorded in the node for about 5 to 15 me after depolari­

zat10n of the atrial cells near the node, in the dog (Scher, Rodriguez, 

L11kane, & Young, 1959). 

'J.I'rom the A-V node, the impulse passes to the Purkinje N.bers of the 

common bundle and on to the right and left bundles. While the conduction 

veloc1ty is 0.1 mlsec in the A-V node, the conduction velocity of the 

Purkinje fibers is up to 2 m/sece As a result of the distribution of 

Purk1nje fibers, the spread. of activit.y is first endocardial at a velocity 

of about 1 mlsec (Scher & Young, 1955). In general the movement of the 

excitation wave is from within outward (Lewis &: RothSChild, 1915). The 

septum is excited. almost entirely from the left, giving an early left-to-
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right preponderance to the vectors of the QRS (Medrano, Bisteni, Brancato, 

Pileggi 1 .. Sodi .. Pallares, 1957). 

Through both walls of the ventricles and the septum, incomplete cones 

of depolarization occur. These cones grow by the movement of the advancing 

wave outward in the ventricular wal.1s and towards the center septum. As a 

consequence of this, a double invasion of the septum occurs, canceliag some 

of the electrical forces. The activity in both walls of the ventricles leads 

to numerous vectors whose over all orientation is toward the apex. Since the 

right ventricle is th1nn.er than the left, epioard1al break.through becomes 

more prom:1nent on this side leaving predom1 MDt activity to the left vi th 

posterior orientation. This will shift the vectors to the left aDd poster 

riorly. Th1s usually occurs approximately balf way through the QRS. The 

breakthrough 1n the left ventricle occurs more extensively apical17, ":,,bicb 

swiags the vectors finally towards the base of the heart. These tera1oal, 

apieaUy orientated vectors UD4oubted.l.y reflect activity in the basal wall 

aDd more important activity pointing toward the auricles in the central 

septum (Scher .. Young, 1957). 

Since the dog I S heart is IIOst often placed quite vertically in the cbest, 

the orientation of' the vectors refiected on the surface of the chest will be 

quite similar :in orientation to those described in relation for the beart 

itself. This is not the case tor the human, because the human heartls base-

to-apex orientation is more often parallel to the diaphragm. 

Repolarization of the ventricles is responsible for the genesis of the 

T wave. However, the understanding of this process and its relation to the 

shape or form of the T wave is meager as compared to the QRS complex 

II 
,1': 
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I', Ii 

III 
I 



239 
(Schaefer, 1957). In general, if repolarization were to follow the same 

pathway as depolarization, the polarl ty of the T wave's vectors would be in 

the opposite direction as the QRS vectors. Also, the sum of the areas under 

the curves or the sum of the vectors for both QRS and T complexes should add 

up to zero, resulting in no gradient (Wilson, Ma.cleod, Barker, & Johnston, 

1934). However in the human and to some extent in the dog, the T wave is 

usually or very often of the same polarity as the Q.RS deflection gi ving a 

large gradient. Repolarization therefore probably tends to follow a pathway 

opposite to that of depolarization. Other indica.tions of this are the nega.­

tive potentials recorded within the right and left ventricles during repolari­

zation (Sodi-Pallares, et.al., 1957). Further interpretation of these ne~a­

tive potentials suggest that an up-right T wave is the result of a spread 

of repolarizat1on from the outside to the inside and that the electrical 

forces from the right ventricle and septum normally are cancelled and remain 

relatively electrically silent. 

Whether or not repolarization is propagated or not is not know'll. The 

reproducibili ty of the T waves wo'\lld tend to indicate that repolarization 

is propagated. The application of an appropriate st1muJ.i (a stimuli causing 

the inside of a fiber to become negative) can cause repolarization which is 

propagated (Cranet'1eld & Hoffman, 1959; Weidmann, 1956). In addition, the 

description of the radial spread of relaxation from an anode electrode 

(Biedermann, 1884) and also the motion pictures of Crane·field (1957), 

suggest propagation. 
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Although the ava1lable data does not allow the acceptance of any one 

theory concern1ng ven1;ricular repolar1zat1on, 11; 1s generally accep1;ed, that 

repolarization 1s apparen1;ly independent and generally opposite to that of 

depolar1za1;1on, at least tor the human. 

'.rhe relat1onsh1p between the three methods for recording electrocard1o-

grams, used in th1s s1;udy, may not be obvious. 11; should be no1;ed 'that the 

standard electrocardiograph uses a two dimens10nal type record1ng, which 

1s supposedly scalar 1n nature (non-d1rec1;1onal). Each lead has an amp11-

tude d1mension and a 1;ime d1lIension (linear time scale or moving s1;rip). 

These two d1mens1oaal standard recordings are; taken using e1 ther of two 

types of leads. '!'he b1polar type measures the voltage d1fference be1;ween 

1;wo poles or electrodes and the urdpolar lead type measures the vol"tage 

difference be1;ween the single pole or electrode and a general indifferent 

source (central 1;ermiua1 ). Several. of these scalar leads "tap II the field, 

which reflects the total cardiac e1ectromo1;1 ve force from differen1; vantage 

points at 11;s periphery, tJle chest. The comb1na1;1on of the data from these 

leads I usually accomplished mentally or in one's lII1nd' s eye (Gran1;, 1950) 

g1ves the "scalar" intorma1;1on some degree of spa1;1sl. direc1;1on. This 

chaDges the "scalar" information 00 mental veooorial information. 

The vector electrocardiographic analys1s attempts to describe the 

cardiac electromot1 ve force in 1;erms of magni 1;ude, sense (polan1;y), and 

direction (spatial). Bowever, 1t should be po1n1;ed out that the cardiae 

electromotive force is not a single vector quantity which occurs at any 
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particular instant of time, but is a cbanging electromotive force which 

occurs over a period of time (the cardiac cycle). Thus a linear time scale 

is essential for adequate description and understanding ot the electromotive 

torce in space, of a complete card1ac cycle, and as reflected at the surface 

of the body. 

The vectorcar4.iogram adds vector information. However, in developing 

this method a second dimension of amplitude on the horizontal axis was sub­

stituted tor the time dimension (the moving strip). Even though these re­

cordings are vectorial in nature, they do not give a progressive (timed) 

recording of the changes of' the cardiac electJ:"()1lOti ve force in a complete 

cardiac cycle. In the portions of' the cycle which ahow large rapid changes, 
A 

like the QRS aE-loop, the timed spatial relationship may be given. However, 

dl11'1.D6 other periods mrt.IIY of the 1JIIportant relationships are lost. 

The Ilew Time-Based vectorcard1ogram keeps the time scale of' the stand-

ard cl1Il1oal method &D4, in addition, provides the vector informatloIl ob-

taiDable in the vectorcardiograma. In order to accomplish a type of record-

1Dg which would 8i ve linear time &D4 vector 1nfomation (tvo dimeuiODS), 

it was necessary to eoutruct an iutrument capable of recording two dimen-

SiODS of amplitude on a time scale. In addition, the orientation ot the 

time 4:lmension, in each ot three leads, should be such that a perpendicular 

measurement of any particular wave would give one of the components necessary 

f'or the separate calculation of its magnitude and spatial angle. Each of 

three leads then should g1 va one orthogonally perpendicular component 

(X, Y or Z) of' each vector for each wave on a time scale. 



An analogy illustrating this type of recording or graphing of data is 

difficult to find although three dimensional graphs are common. The reason 

for this may not be readily apparent. The usual type of graphing of elec­

trical data which are dealt with in electric circuits are: 1) sinusoidal 

in the steady state, 2) sinusoidal with variable frequency, or 3) sinusoidal , 

regarding frequency as a caJl.Plex variable, i. e., by considering not only 

sinusoidal excitation of constant amplitude, but also exponentially damped. 

or grov1r&g excitations. Time rate parameters of a sinusoidal nature are 

studied and the "shape" of the source current or voltage bas a fixed tunc-

tioDal. dependence on time. In other 'WOrds, s.inusoidal quantities are 

graphed where the relative direction of this 'VOltage or current is changing 

continuously at a constant rate holding this variable constant so that the 

problem reverts to a pseudo tw -dimensional one. These vector directions 

or orientations are usually expressed in degrees, a single angular quantity, 

which 1s a measure of an instant 1n time within a cycle. The graph of this 

81Dgle quantity is aD expression ot the "relative phase," and its character 

at that instant is considered vi th respect to its zero -degree reference 

point as aD angle. Usually this angle is the expression of the instantaneous 

magnitude or orientation of an instant within a wave function vith respect 

to its maximum voltage. This angle then is an indirect measure of time 

differences because the sinusoidal nature of waves is a function of time 

(Fano, Chu, & Adler, 1960). 

It. vastly different situation exists for the heart. Whereas in elec­

tronics, a siDgle sinusoidal wave function is studied, the heart g1 ves 
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several diNerent waves (P, QRS, T, etc.) in a single electrical cycle. 

Further, these wave 11 shapes II do not have a fUnctional dependence in time 

(not sinusoidal in nature), but have waves which are a function of the path­

ways or order of depolarization and repolarization of the heart muscle 

(Scher 86 Young, 1957). A graph of the electrical activities of the heart 

should then give serial, instant to instant vectorial presentation of the 

electrical field, produced on the surface of the chest by the heart I so 

tbat a correlation with the pathways of the electrical activities ean be 

A further comp11catins factor 111 maldng analogies with electronic data, 

is that in electronics the vector itself 1s usually measured or graphed. 

It is then stud1ed by break1ug it dow into 1ts component parts, a resolution 

of the vector is made. In the vectorial registration of the electrical 

activity from the heart, oDly the component parts of the spatial electrical 

vectors can be measured and. methods are needed to synthesize these components 

into instantaneous spatial vectors. A method such as the new Time-Based 

vectorcardiographic method should aDd does give the synthesis of two com­

ponents (leads) into a graph so that a study of the serial instant to instant 

electrical vectorial changes can be made as they are generated on the surface 

of the chest by the heart. 

The records obtained with the Time -Based vectorcardiographic method 

are a graph of three separate voltages or pieces of information. The three 

voltages are from: 1) a horizontal orthogonal lead, giving a horizontal 

component, 2) a vertical orthogonal lead, giving a vertical component, and 

3) a blanking saw-tooth wave generator, giving the time component. 

'I ,I 
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For illustration purposes, suppose two rectangular pulses are substi-

tuted for the horizontal and vertica.l leads respectively, but keep the 88."\01-

tooth wave. Oscilloscope displays of the three separate signals are given 

in A, :8, and C of Figure XX. A graph of the three voltages as obtained with 

the Time ··Based vectorcardiographic method is given in D of the same figure. 

To illustrate further, suppose two sine waves of one cycle each, 4~ 

ou'!; of phase are substituted for the two orthogonal leads, instead. of the 

rectangular pulses. OSCillographic displays of each of the three signals 

is given in A, :8, and C ot figure XXI. A graph ot the three voltages as 

obtained with the Time-Based vectorcardiographic method is given in D of 

the same figure. 

It can be readily seen that a serial vectorial sampling of a large 

interval of time (one sweep) can be accomplished by this method. The graph 

obtained is a vectorial presentation of the electrical field from the surface 

of the chest produced by the heart expressed as a curve. It is blanked in 

such a way as to gl ve several serial instantaneous vectorial samplings 

within each of several card1ac electrical cycles. 

II 
I , I 
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A. HORIZONTAL COMPONENT 
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C., SAW-TOOTH COMPONENT 

---.In ______ 
B. VERTICAL COMPONENT 

. .... ~ 
D. TIME-BASED VECTOR GRAPH 

Fig. XX. A and B are oscilloscope tracings o'f two 1 IDIT rectangular pulses. 
C is an'oscilloscope tracing of a 4 sec saw-tooth wave from the sweep gene;-ator. 
D is the graph of the three voltages. 
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C. SAW-TOOTH COMPONENT 

B. VERTICAL C(JfpONENT 
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D. TIME-1!ASED VECTOR GRAPH 

Fig. XXI. A and B are oscilloscope ¢racings of two 1 mv sine wave pulse •• 
C i. an o.cilloscope tracing of a 4 sec saw-tooth wave from the sweep 
generator. D is the graph of the three voltages. 
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A graph of pulsatile blood. flow through an elastic &.r'tez7 is somewhat 

aaalogoua to the record.1Dgs obtained with the '.HIlle-Based Veetorcard1osraphic 

method. loth blood aDd el.eetrd.cit.y ay 'be considered a8 DDn-ec:apre88ible 

fluld8 ud caR 'be COIIIp&red.. 

Volume (tbree 41meuiozw.l) flow is obtaJ.ne4 by mw.t1p111Dl the rate ot 

flow (1eD&th) uae8 the cross sectional area (width X he!&ht). Mo8t flow 

mea8urem.ent8 are ~ with the var1able8 of the cro88 secUoul area t1xed., 

thus a1IIpli:ty1lrs the rec:or41J.lc techll1que. The tJ.ow rate Umea & coutant 

(f1xe4 cross aectioaal area) thea equal8 the volume nowe &w .... r, the 

blood now throv8h an artvy Uke the aorta would require the s1llul t&lleoua 

.... ureaent ot the cro8S sect1oD&l. area w1 th the flow rate because of the 

distensibility ot this artery with pre8sure. Asslllll1Ds the CI'OS. sectional 

area ot the aorta 1s circular (th1s mites Olle of the varlable 4imensions ot 

cross .ectioaal area, a COD8tant) thea the 01'OSS s8CtioDal area becomes a 

fuaction ot the rad1ua or diameter olll,-. The s1multaneoua measuraent of 

the 41ameter, aiv1DC the tw1ct1on of the cross sect1oD&l. area, and the 

flow rate can 'be plotted. to give volume flow. In essence, the plat of the 

three d1mensioaal system has NVerted to a two d1meualonal graph. If the 

ser1al 1nstant to 1ns~t plot ot these two paraaeters 1s JDfIde on a time 

scale, s1v1Da the vol'Ullletrie tlow-t1ae relationship (pulsatUe flow), then 

one obta1ns • papa conta1n1Da three 41JIena1ons s'l.11 ar to that obta1D.e4 

with 'the time .. lasecl VectoroarUocxaph1c me1ibod. 1'11e.s.a d1ttereaces 111 the 

tw metboda is that blood :f'l.ow aeaeurements are uaual.17 scalar vh1le electro­

aard10graphic field ... ureme .... are vectorial. (a quant,i't7 with direction). 
11'1 
I , 
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ThU Time -Baaed vectoreard.1.ograph1c aethod DBY be directly correlated 

tally. '!'he Time -Based vectorcard1ographic method c10es on e.cttaal recortiDga 

wlaat one doea mentalll when one aDal.yse. vector1aUy standard cl1D1cal re­

cord1Dgs from a group of leads. In other words, thia metllod integratea 111to 

one three-d.1meaaloD&l lea4 the SU two-d1menaioaal 11mb leada. Into a 

secoud three-41llerasloD&l. lea4, the six two-cl11Denalonal precorcUal chest 

lea4a are s1mUarly integrated. A th1rd lead. integrates the t.:I.:rteen e8O-

pbageal leads. Visualizatioll and calculation of the electromotive chauge. 

in apace on a time seale are very 1IIUCh simplified. lach lead of the time ... 

Based vectoreard101rBa a1 ves inforation which is veetor1aJ. ad. on a t:bae 

seale. 'l'he three leads, Well &D&l.yaed together , give a three d1mensloul 

view of the spatial cardiac electromotive changea on a tille scale. 

!'he reeorcl1ag apparatus for the !'1me-Based veetorcardiograph was 

desip.ed and bullt for this atud.7. Thia recor4er haa more than adequate 

obaracter1atics of trequeJ1C7 response, pbaae ahitt aDd differential input 

rejection (OeltOrd, 1949). 

Several 1e&cl syateaa for vectorcardiographic exW: Dation ot the buman 

are avaUab1e (J'raDk, 1956; Grtsbmau, 1951; SimoD.80n, 1959 and Wilson, 1947). 

llo ataD4ard retereace qat.. baa been stUlUed or establ1ahed wtd.ch could be 

ut1Uze4 with the fiJle-Jue4 vec'torcard.101ftph. Such a le&cl ayst_ ahoul.c1 

mea8lJft the projection 01' the card1&e electro.otlve force troa aide to aide 

(x eomponent), up aDd down (1 OOIIJP01lent) aDd forward. and backward (Z COII­

ponent). The lead s78t_a which bave been utUiaed for the bUlll&ll C84 be 



d1 nded 1I1te two groups, those us1D8 bipolar comb1Dat1on of' electrode. and 

those using 'I1U1polar comb1Dat1on of electrodes. For the 'W11polar comb1Da­

tien of electrodes DO central term1Dal has been establ1shed 111 the dos. 

On the other hand, the cube system of Gr1sl'mBn (1951) is a sy8tem of bipolar 

electrode CQJIb1Dat1ou which does DOt depeD4 on a central temilla}. '.l'h18 

lead system &88l8eS that the heart i8 a sphere with the d1po1e at ita center, 

&Dd the electl'04es are placed on the chest in a cube a:t'l'&IIIement 80 that 

they are appro:d.-.tely equid1ataDt f':roII the heart. 

'!'he modification of the pos1tlon1Dg of the chest lead8 for the stan­

d&l'd clia1cal electl'Ocard1oSl"aph, of' Lombard ~ W1tba (1955), was f'ollowed 

in thta stucly in order to Jake COIIlp&1"1lOas with previous data. !byever, 

with this m41f'1eaUon fw trana1tloaal patteras are obta1ned ill the chest 

lea4s. 

In a COIIlp&1"1s0D of the result. obta1ae4, with the standard clinical 

method and the TectoI' methode Wl1Dg the cube lead fJyat- of Or1sbman, the 

cube lead. S)"8tea gives aa aagle for the QISm which 1. approXiaately 15 

4e8rees larser tbaIl the vector anal.7s1. of the standard cl1a1eit.l leads for 

the frontal plane. In geoeral, however, the result. frca both of these 

lead systems c:aa be compared. 

The low 1ntraveJIOU8 dose of G-at.ropbantl11n (0.25 mg.) 111 the dog repre­

aeDv approJdMtely ODe t.:b1r4 the s1DsJ..e dig1 taliz1Jlg doae reCOleended tor 

the h--.n (0.7 mg. to 1.0 mg., 1.v.). Twice tb1_ dose was used tor a h1&h 

doae. '!he low cJa1ly oral dose of 41&itox1D vas 0.1 ag ... aDd the h1&h c1a1ly 

dose was 1.0 mg. Thi_ high dose for the cIos 18 approldately tea t1:mea the 

I' 
i I 

I' I 
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daU7 recommended human dose of d1g1 toxin. The average dog' a weight vaa 

tU"OUII4 10 kllograms, or approx1:mate17 one -seventh the bu.n we1Sht. liven 

though these doses appear extreaely high, &. COIIIpared to the human, the,­

were below the dose needed to produce ar~a. 

In. a search for vector t)'pe data in the dog which might aerve as a 

backgroUDd tor the present stu4;Y, only one paper (loran, et al., 19)1) and 

an unpubl1shed thesl. (Dobble, 1955) was toUDd. 

The T1ae-lased. vectorc&1'd1o&raphic aetb04 pl'Ov14es aenereJ. vector 1n-

tomat1on aDd, 1n ad4i tion, allowa the iD4epeadent deacriptioD., by calcu­

lation, of the apat1al -aa.!:t.ude. aDd the 8p&~ 8D8le. of any selected 

1astaataneous vector in each card1ac c7cle. It ahoul.4 be pointed out that 

the T wave of the q 1. cou14era~ 41fterent troa that deacribed for the 

hUllBl'l. !'his 41fference 1s espee1ally paramount :La the T11Ie-Bued vector­

C&1"d1ograph1c method. Because of this dif'f'erence, the 8'1' .. ! segIlent for the 

dog was described "b7 .easurement of ~ separate instantaneous vectors. 

A compar1aon of' the description of the pre-treated 'UDanesthetlzed and 

the pre-treated anesthetized dog vas dDae in order to see lf the pento­

barb:Ltal anesthesia bad. a.ny effect. '!'he moat atr1k1.Dg effect produced b7 

the aneethes:1a was II two-to14 1acreaae 1D the heart rate. The effect on 

collAuctlon, noted 111 both the stamara. JD) and. T1me-ksed vm aethoda, was 

• 4ecrease 1n the P-R lnterval &D4 shorten1Dg ot the QT 1nterval. 

The voltaaea ot the P and It waves 1n the standard JDl were larger 111 
, 

some leads in the anesth~tlzed .~s 01' 4o&s. 'rhese etf'eots could be pro-

duce4 either b7 a 41tterence 111 apat1al or1entat1on ot these waves or an 
I.: 

:1 

:1 
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increase 1». the spatial voltage of these waves. The Time-Based VCG clari­

fied this problem. It showed that the p/Q.RBa magnitude was increased two 

f'old aDd that the P-QRSm spatial angle did not change signiticant17. Thia 

1nd1cates that the chaDge in P and R voltages 10. standard Pm leads were 

those of altered magn1tude and not spat1al orientation. 

A small increase in the QRSm apat1al wltace 'W&s noted but was not. 

significant. This wuld correlate somE'Wbat with the increasea ot "VOltage of 

the B wave in the standard JDl. Altbouah IlOne ot the spatial &Dglea were 

c:llu8ed., the axes of the QBSa and ~ aaglea in the frontal 18114 were 

al.1ght17 BIIaller after anesthesia, iD41catiug;.. aUghtly JlDre left axis 

d.ev1ationlo 

S'I.lIIID&r'1z1ag the.. coapanlOD.S ot the lmMesthet1zed. a.rad anesthetized 

doSs, the cbaqJe of heart rate is the lIOat. s1p1t1cant. 8eCOD4l7, the two 

told increase in the spatial voltages of' the P wave waa pl'OJldnent. lfh1s 

effect -7 be the result of' the anesthesia on the ~card1U111 or -7 be 

secoDdary, resulting from the increaae in heart rate. 

'!"he results of Series I, wb1ch were observations OD aneathet:1zed dogs 

stud1ed after the administration of G-strophanthin, show DO characterist.ic 

llcU.a1talia pattern." 0nl.J' JId.aor chaI:lgea were obta1De4. The oal.7 coDduetlon 

chu&e vas a lengthening of the QT interval as ae&su.red. both on the standard 

Pm aad the Time-Baaed liCG. The B wave (standard PDl) shows a decrease in 

wltace 111 BIOst of the chest leads and in lead AW. This 1s correlated with 

.. sl1&11t shitt 111 the electrical axis of the QRSm vector in the sagittal 

lead ot the flme-Based VOO. The 'VOltage ot the P waves was 1Dcreased 111 the 



252 

standard ICG. The 'Hme~Based VCG also showed an increase in the magnitude 

of the P wve with no axis shift or cbaDge in the P...QRSm angle, tbwI asain 

ind1eat1ng a true magnitude (voltage) cha.Dge and not a shift in 8pa"t1&l. ax:t.8. 

This information cannot be ascertained with a standard cl1a1cal lead. 

In the recordings taken IlIOre tban two hours after a4m1n1stratlon of 

the drug, the 'r wave, in t.he standard EOl, showed an increase in magnitude 

in most of the chest leads and. in lead II. On the other hand, the T1me-Based 

VCG showed a decreaae in voltage ot the T wave from record1nga taken at the 

same tae. It shoulA. be po1nted out that the standard l!X» measure8 T wave 

~ltage. that are e1ther pos1tive or negat1ye.; A 4ecreue 1n the 'VOltage 

ot a negative T wave would be reported as an increa8e 1n positive 'VOltage. 

This could be a mislead1rag result. The '1':t.me-ksed Yt'G report8 the spat1aJ. 

magnlta4es ot a wave independent of its or1~ntat1on, hence these results 

C&lUIOt be misleading. In this series of dogs, soroe of the T waves were 

negat1ve in the control pattem and the spatial magnitude of the T wave be­

came smaller after drug. The standard ICG, in this s1 tuat1on, 'Wtfllld report 

an 1neree.se in 'VOltage of the ! waves because they beeeme les8 a.eg&tlve. 

In s1.l1llDl.rY, only:minor effects were found in this series. The T wave 

spat1al magnitude became smaller aDd. a depression of 'VOltage ot the R wave, 

in some of the leads, was correlated and expla1ned as a slight .bif't in the 

electr1cal a::ds a8 measured in the sagittal lead ot the Time-Based VCO. 

'-'he results of Series II. UDItoll€sthet1zed dogs g1 ven daily oral do8es 

of' dliitoxin, asain sbowed only very miDor aDd scattered chaDaes. The 

standard JX:O showed S1l2&l1 but sianificaut changea in the R vave 10. mo8t of' 
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the chest lea4s. '!'he 'Hme -Based VCO method did DOt show tm::I s1gn1t1cut 
• 

shifts 111 the axis of the QRSm in the sagittal lead. Two reasons may be 

given for this failure ot correlation. The firat is that very 8111&11 cb.aD8es 

ill the axis ot the QRS si-loop 111 the sagittal plane causes larse changes 

a the R waves 111 the standard method because of the close prox1:m1 ty of 

these leads to the heart. '.!'hese leads 1.D. the dog ..,. reflect some local. 

effects mixed vi th field effects, thus MP1fJ1n1 ve-q small spatial chaDges 

in or1entat1on of the QB8m wave. SecoDdly, such cbaDael ..,. be the result 

of cbaD&es 1D reslstaDees ot the sJd.D, eleetJ'04es, etc., wh1ch are cancelled 

out 1D the 'Hae-Buecl yea Jletbod by the trautomation of the spatial -.pd-

tudes to ratios. 

The axis of the QI\St ud QRlt-QRSm spatial. &D&les were larger after 

Mmia1.stratioll of the 4ru8. 'l'hts 1D41catea • t b1mdag of the te1'll1aal portion 

A 
of the QRS II-loop. 

Serlea III evaluated the COIibiD.e4 ettects ot collt1"Olled per1od.a of 

aneathesia plua the effects ot C .. strop):aan'th1n on the spatial electrocard1o - II 

graa of dogs. '!'he three hour lU'lestheaia per1oc1. resut ted in aD incr .. ae in 

the heart rate, and a correepon41ag decrease in the Ot 1l1tenal. .... urec1 

1D both the atu4ard !XXI aDd the time-Baaed VCO. A Q'l' ehortezd.D8 waa ob­

ta1l1e4 oDJ.y vi th the '.l'1Dle -Based 1ICG method dur1.Dg tb1a same per1od.. 

An isolated &D4 unsplaiaecl leagtheD1D1 of the P-R 1Dtenal 1D the 

staDdard ECG was obta1aed after the secold dose of the drug. A a1gD1t1cant 

decrease 111 voltage of the P vave wal obta1Ded ill several leads of the stand-

arcl!OJ. ADal.yals of the Time-Baaed VCG ahowa tbat a true deerease in 

I 



spatial voltage caused this ehaDge 1n the staDdard VCG leads aDd DOt a 

change in the P..QI8m aD81e. 

Other 1solated eb&D&es were found wh1eh were significant, but the, were 

very ...u aDd not partleularll" det1D1tlve. They did DOt delineate a type 

of "d1g1tal.1s pattern. 11 

The effects of G-strophanthin and 41g1tox1D, aDalysecl ua1Dg the standard 

BCD and the new, more clefiD1tlve 'fl.me-Based. VCG metbocl, demonstrate that 

theae clrugs do DOt produce arq cbaracteristlc ''tUgi tall. pattern" 111 "normal:' 

'1D&llesthetized aDd aa.e~thetl"ecl mongrel dogs. 

A review of the 11 terature teDded to s.est that an 1ncrease 1n the 

voltage of the '.f vaTe would be expected after 416itaU •• we drugs (SeleD.1n, 

1921, Blckel aDd Pavlow, 1913). Other authors sug.st t12at DO cbaDge 1n the 

electroca.rc1.1oara occurred (Botbberger ~ W1nterberg, 1913), or tDat 1t a 

cbaDle occurred, lt wu UDpred1ctable (Cohn aD4 Stewart, 1929). Mother 

author (Lev1De, 1951) auggeats an "electrocard1ograph1c pattern of 4181tal1s" 

wld.ch wu cbaracterl"ecl bl" the tollow1as deaerlpUon: 1) depressloa of Eft 

1n'tenal. aDd flatt1D& of the '! vave in the precord.1al. leads, ud ln "", 2) 

abaeace of Q'l' abortenlag, 3) abolition of the pattern by acceleration of 

apical repolarizatlon (increase the dog's temperature to !t2 degrees C bl" 

rad.1ant heat). 

Grant (1951) in a vector1&l description uslng the standard ICG f'ronl 

the m-n 8\J8&ested that d1g1tal1a t1l>e drugs cause certain o't the repolar­

lzat10a forces to be ,eaerated earlier duriag the 'I 1ntenal aDd in an 

altered direction, 80 that the,. are opposite 1n d.1rectioa to the mean spatlal 
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QBS vector. Descriptively, he describes the spatial vector effects, as 

follows I l) Q:R8 spatial Tector remaining unchaDged, 2) ca' interval. ia 

ahort_ed, 3) '1' Teator is reduced in !Da8ll1tude, but changes little in spatial 

direction, and 4) the appearance of an 8-'1' spatial vector, which 1s orien­

tated in the appe8l te direction to the spatial QRS vector. He f'urther 

8\188e.t8 that the Ilham11oek" shape ot the S'.r interval. (ottenconaidered. a 

d1S1JlOstic effect ot digitalis effects in the h~) results from the fact 

that the junction (correspolld1Ds to the 8'la in the '.lime-lased VCG method) 

between the QRS and a-If 1D.terval i8 little or DOt at all displaced, even 

though the S-'! interval growe 1D. JI8gJl!tude fl;Om lnatant to instant and is 

part ot the repolar1zatlon pl'Oc.... It has been sugs •• ted. by Beers, et al. 

(1951) that relatively -.u *> •• s of c11&ital1a drugs 'MY ohaa&e the S-T 

and T segments ot abDDl'!I8l heart, 'but DOt ot DOl!'IIal heart, 18 the h...-n. 

It 7.1lIq seem rather surpria1Dg tbat 1D. this st~ only very II1Dor chaDg •• 

in the spatial JI:lG was found in the 408- atter the adadn1_tration ot rela-

tively large doses ot the digitalis drugs; however, very recent studies with 

uses of micro electrodes (Roffman. Cranefield, 1960) suggeat that ouabain 

in "therapeutic" concentrations does DOt alter the tran_embrane potentials 

s1gnifieantly in the dog I 8 papillary muscle. Na 'WOuld tend to atg;JpOrt 

the idea that digitalis compoUDda ba .. relati..e1y little effect on noma! 

hearts. 

'!'he resul t8 of this at~ I the effect of d1g1 talis OIl the spatial 

electrocar4108ra1B, indicatea that digitalis does DOt cause a "digitalis 

pattern" in the so called "normal" dog. 'l'.b.18 1s in agreement with the 

I: 
I 
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findings of Beera, et &1. (1951) for the humu, and Rothberger aDd 

Winterberg, (1913) for the dog. These t1nd1Dgs sussest that a truittuJ. ex­

tension of this work abould be a study of the factors or agents which would 

a>d1ty the "1lOr.mal" do& heart in such a wrq as to produce the "d.1«italia 

pattern. II This knowlec1ae should contribute to a better understaDdins of the 

nature of this leslon and _y g1 Ye sOlIe clue as to the mecbaa1sm by which 

d1gi talis corrects the defect in cardiac failure. 

The new Time-Based Vectorcard.108raph1.c method described. in this cU.sser­

tation can be applied to axq con41t1oD which causes a mod1f1catioD of the 

electrical activity of the heart or where ~t1al electrical 1Df'ormation 

is desired. F.igures la aDd lb 1D the appeAd:1x gives an example of the 

cbaDsea tbat are obta1ned with the T11Ie-iued VCG method. before and after 

the i.y. e4ministratioD of 500 lIS of qu1D1~Une to an anesthetized des. 

F1aures 2a ar.I4 2b 1D the append.1x &1.e recor4s of a later experiment where 

a "d1s1talis patten ll was obta1a.e4. 0al7 three such "d1gitalis pattema" 

were obtained 1D Ito experiments and this vas the only experiment where a 

camplete set of tracings was obtaln.ed. 

In a.d41tion to the application of the 'l'1me-Based metbocl to animal ex-

perlmentation, this method will have utility in record.1Da the spatial 

electrical acti rl ty of the heart in the h'Ul'Dall. An exaaple of records ob­

tained from the human is given in Figure 3 of the appen41x. 'lhese records 

are from a 23 year old male graduate student, with DO apparent or kDown 

cardiovascular or other illness. 

'l'h1s new 'l'tme-:Based Veetorcard.1osraphic method gre&tl.1' simplifies the 

description of the spatial electric field produced by the heart on the 

I 
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surface of the chest. It allows, for the first time, the presentation of 

electl'Ocard1ograpb1c information of a complete electrical cycle in easily 

underat.a.ndable and quanti taU ve torm vb1ch can be analysed and eftluated 

statistically. Much of this new intol'Mtlon can be obtained directl;y by 

measurement :t'rom the graphs wi tbout calculation. These three d1mensioD&l 

graphs obtained with the new Time-kaed Vectorcardiographic method correlate 

well with the other electroeard1ographic metbods and in add1 tion exteDd 

these. For example, the combination of several of the standard IX» leads 

are equivalent to a single Time-Based Vectoreard1ographic lead. This 

si»gle lead shows phase differences which ar~ DOt aeasur_ole in the 

several leads obta1aecl with Staadard ICXl method. This new method also 

further extends Vectorcardiographic methods by presenting quantitative 
~ 

information of DOt only the large QRS detlection, but alao of the amaller 

detlections (p &nd T) and more 11Ilportant, the more lsoelectric portions of 

the electrical c7cle (P-R, S'r-'.r, T-P, and U) which are DOt JaeUureable by 

other vector methods. 

Ii' 

, 

I, 
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I. A nev method tor stud71D8 tbe spatial vector el.ectrocard1ograms was 

devised. Tb1s method is UD1que in tbat the spatial ma.cn1tude and 

the spatial ori_tatioo of arq instantaneous vector in a cardiac cycle 

can be directl7 measured and aDal.yzed statistically. 

U. An instrument was desiped and 'built tor use b7 this. metbod, the 

'.l':lme-Based Vectorcardiograph. 

xu. RecordiDas vere obtained nth this new method tram I10rmal UDalles-

tbetized sad IUlesthetized dogs.. These spatial electrocardiograms 

were described sad statistical. evaluatiol.Ul of m.agu1 tudes and orienta-

tiona of selected instantaneous vectors in the cardiac cycle made. 

IV. A new descrlptioa ot the T wave 1D the dog vas made, sinCe th18 is 

shown to be diUeNAt trom the general description of the 'r wave 

liven for the humaa. 

V. Statistical 8'I18J..uatioDS of the electrocardiograms usiq the staadard 

mG, VCG, and the uev Time-Based voa before and a:tt.er the adm1D1stra­

tioD of G-strophaatb1n and dig! toxin were made on dogs I both unanes­

thetized and aaesthetized, with the following findings: 
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A. Anesthesia caused a twotold increase in heart rate, a decrease 

in the P-R and 'll' intervals, aud a t1l'Otold increase in the relati Vet 

spatial magnitude (voltap) ot the P wave. 

13. Increasiag tbe period ot anestbesia caused an ino:-eaae in tbe 

beart rate aad a correspondiJ18 deerease in 0' interval. 

c. G-stropbaath1a adm1ni.strat1oa iatravenoualy to aDesthetized dogs 

caused a s.u decrease in the spatial magnitude ot the T wave 

with no c:baD&e ia its spatial orieznation. !l'h1s could oaly be 

D. lfo sip:l.ticant ettects vere o1Jtaiaed after prolonged oral admia1s­

tration ot digitoxin to unanesthetized trained dogs. 

E. Two doses ot Q.aUophaath:tA to dogs anesthetized for q. hours 

caused a decrease in the P spatial ID48D1 tude (voltage). 

n. The cbaDge in the spatial electrocardiosram following the adm1ni.stra­

tiOD ot G-strophaDtbin and dig! toxin to 'UJl8.D.esthetized and anesthetized 

dogs are essentia.U7 minor in nature. 110 support tor the appearance 

ot a "digitalis pattera" vas found in the "normal" mongrel dog. 
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TABLE I 

MEASUREMENTS OF WAVES FROM TIME-BASED VECTORCARDIOGRAPBIC 
LEADS USED IN CALCULATION OF THE SPATIAL MAGNITUDE 

AND ANGLES OF THE PRE-TREATED ANESTBETIZED 
DOGS IN SERIES I 

- ~- ~ -~ 
_ .. _- - :::::: : ••. :;::;C:::Z::::U:;:::._ ~ =:=t 

Com-
~og po- QRS QFS

i QRSt STa STb STc 
No. nent P m 

7 x 0 .42 .49 -.23 .04 0 .04 
Y ·35 1.44- 1.29 -.64 .04 0 .14 
2- .02 ·57 .64 -.30 ·09 0 .09 

8 x 0 .03 -.04 .04 0 0 0 
Y .23 1.83 1.08 -.68 .04 0 .05 
z 0 ·31 .41 -·31 0 0 0 

10 x 0 .17 .12 0 0 0 .02 
Y .21 2.48 1.81 -.56 .23 0 .13 
z -.04 .44 .40 -.15 0 0 .02 

12 x 0 -.02 -.02 .01 0 0 0 
y .41 2.62 1.85 -.44- 0 -.13 -.05 
z 0 .46 ·37 -.15 0 0 0 

13 x .08 .06 -.11 -.11 0 0 0 
y .18 1.01 1.13 -.36 .03 0 .02 
z .02 .09 .45 -.18 -.03 0 .02 

14 x .02 0 -.02 .03 0 0 .04 
y .88 3.17 1.89 1.19 .40 .10 .21 
z 0 .25 ·79 0 0 0 .12 

19 x 0 .01 .01 0 0 0 0 
y .47 3.56 2.14 2.03 .61 .08 .26 

, z 0 .41 ·38 0 0 0 .16 

x component-the perpendicular measurement from the Horizontal Lead 
~ component-the perpendicular measurement from the Frontal Lead 
z component-the perpendicular measurement from the Saaital Lead 
~easurements-in millivolts 
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T 

-.11 
-.27 
-.12 

.02 

.15 
-.05 

-.02 
-.29 
-.02 

0 
-·33 
-.05 

.08 
-.19 
-.08 

0 
-·31 
-.08 

0 
-·32 

0 

'I 
II 

Iii I, 



TABLE II 

MEASURD4EN'.fS OF WAVES FROM 1'IME BASED VJ!X!TORCARDIOGRAPBIC LEADS 
USED IN '!HE CIILCULA'fiORS CJF THE SPA'l'IAL MAGNITUDES AND 

ANGLES .AFTER DRUG TREATMENT OF ANESTHE'l'IZED DOGS 
IN SERIES I 

- --,.. --~-=,. '"- --
Dose Time wt. Com-

Dog in in in po- QRS QRSi QRSt STa STb STc T 
No. Mg Hours lb. nent P m 

8 .25 1 12 x 0 .08 0 0 0 0 0 0 
y .15 .87 .67 ... ·31 .07 0 .08 .14 
z .07 ·39 .45 -·30 -.03 0 .04 .13 

10 .25 1 20 x 0 .2 .12 0 0 0 0 -.03 
y .25 2·36 1.79 -·37 .23 0 .02 -.52 
z 0 ·36 .44 -.15 .04 -.02 .04 -.10 

12 .25 1·5 14 x 0 -.08 - .. 09 .04 0 0 0 0 
y ·50 1.61 1.14 --·55 -·33 -.36 0 .28 
z 0 .28 .29 -.17 -.13 -.13 0 .12 

13 1.0 2 16 x .03 .05 0 .02 0 0 0 0 
y .22 1.14 1.16 -.41 0 0 -.18 .06 
z 0 .15 0 -.22 -.04 -.08 .03 -.06 

14 .5 2 20 x 0 0 0 .22 0 0 0 0 
y .82 2.58 1·53 ':'.18 ·35 .16 .25 .27 
z 0 ·37 ·57 -.01 .02 .02 .18 0 

x component-the perpendicular measurement from the Horizont8~ Lead 
y component-the perpendicular measurement from the Frontal Lead ~ z component-the perpendicular measurement from the Sagittal Lead \.A) 

Measurement-in millivolts 
Drug Times-2 hours or less 

.. ~="'~. ~===""""""=~~=-=="""""" .......... """"""=-----------~ 



TABLE III 

MEASURIMD'l'S OF WAVES FROM TIME-BASED VECTORCARDIOGRAPHIC LEADS 
USED IN THE CALCULATIONS OF THE SPATIAL MAGNI'l'UDES AND 

ANGLES j\J'TER DRUG TREATMENT OF ANESTHETIZED DOOS 
IN SERIES I 

~-- _ ~_:::::a_ =:-= .==-~-.. _::=::=::. __ .. -~--I'" -- __co :::::w:._._ --.,--- ,-- .-. . _ .. --=p ---= - ~. ,~-

Dose Time Wt. Com-
Dog in in in po- QRS QRSi QRSt STa STb STc T 
No. Ms Hours lb. Dent P ill 

7 ·5 24 12 x 0 0 0 0 0 0 0 0 
y .23 1.20 .87 -.56 0 .04 0 .26 
z 0 .19 .10 -.07 0 0 .22 .05 

10 .25 4 20 x 0 .07 .07 0 0 0 0 0 
y .28 2.44 1.68 -.47 .16 -.16 -·05 -·35 
z 0 ·30 ·35 -.12 .03 0 .05 -.07 

14 ·5 6·5 20 x 0 0 -.16 .14 0 0 0 0 
y .72 1·79 .91 -.22 .03 0 .04 .25 
z 0 .12 .29 -. 0 0 0 .02 .04 

14 ·5 7·5 x 0 -.02 -.25 .12 0 0 0 -.04 
y .69 1.84 .99 -.17 .10 0 .11 .25 
z 0 -.10 .16 0 0 0 0 .02 

19 .25 4.5 15 x 0 0 0 0 0 0 0 0 
y ·53 2·39 1.64 1.42 .22 -.05 ·30 .36 
z 0 .25 .61 -.16 :...05 0 .05 .05 

x compOnent-the perpendicular measurement from the Horizontal Lead 
y compo~ent-the perpendicular rneesurement from the Frontal Lead 
z component-the perpendicular measurement from the Sagittal Leud 

~ 
l"1eC:,SUl'eJ;lents-in millivolts -t:'" 

Drug Times-more than 2 bours 

--



TABLE IV 

MEASUREMENTS OF P WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC 
LEADS USED IN C,ALC'ULATION OF THE SPATIAL MAGNITUDES 

AND ANGLES OF THE ANESTHETIZED DOGS 
IN SERIES III 

=- "=-! , -- - _.'- --,~,-.~ .. """-,-, ,-- --- - -' - -

P Conditions 
Wave Day 1 DS¥ 2 

I II III IV V 
4 hours 
Anes-

Com- Early 3 hours thesis. Early 3 hours 
Dog po- Anes- Anes- 1 hour Anes Anes 

No. nent thesid- thesi8 drug thesiu thesia 

20 x 0 0 0 0 0 
18lb. Y .10 .35 ·32 .23 .19 

f- 0 0 0 0 0 

21 x 0 .16 .18 -.01 .11 
241b. y .47 .20 .22 ·35 ·35 

z .05 .02 .~ 0 0 

22 x .02 0 .02 .03 .05 
291b. Y .18 .09 .10 .20 .22 

z 0 0 0 0 0 

23 x 0 0 .03 0 0 
261b. Y .45 ·54 .50 .26 .45 

z 0 0 0 0 0 

24 x 0 0 0 .03 0 
20lb. y ·36 .43 .42 .42 .17 

z 0 0 0 0 0 

x components-the perpendicular measurement from the Horizontal Lend 
y components-the perpendicular measurement from the Frontnl Lead 
z components-the perpendicular measurement from the Sagittal Lead 
Measurements-in millivolts 
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-~~---- .. 

VI 
4 hours 
Anes-
thesis 
1 hour 

dru...s. 

.02 

.28 
0 

.08 

.20 
0 

0 
.28 
0 

0 
.40 
0 

0 
·38 
0 
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MEASURE.MBlft'S OF '..iRS ili !JAW. nOM 'l'IMB-8AS&D ~JdU)IOCRAPBlC 
WIDS USED II CAI.CUI..A'l'IOI OF IfU SPA1'1AL MAOlII«J.Vl)IS 

AND /,NOLES 0'1 THE ADS'l"BI'rIZ&'D llOOS 
II SERIES III 

~l;'\.1·M"~y:". :,,->;,.",-,.~~"!';_.~ •. ~~.,~~, '??t" ~,~~~'t·:n~.,:;.,\"r'~·::·)li::=·:':'!"'!~"'··> =*:,~~".~~~~'~ "",!'~lf':'~~~ ~,,,,-=S.,,,-A:tli!Ci\f9Ji'~""::~ 

QRS Condt1o~ m 
J)ay ; W,;.~e DLy 2 -I II III IV V VI 

4 hours .. boura 
Anes- Anes-

Com- Early 3 boura tllealt> it"rly 3 hours tbals 
Dog po- AMa .. Ana- l hour Anes- AIla" 1 hour 
10. GeDt itAuia it_la .~ tbui{j theai," 4rwl 

20 x .oA. .rr .13 .11t- .11 .12 
if .59 2.08 1.60 1.53 1·39 1.11 
z .11 .19 .13 .18 .11 .10 

21 x .15 1.00 .96 .47 .81 ·54 
y 3.60 1.at. 1.56 2.68 2 .... S 2.26 
z ·31 .2ft. .:;6 .56 .22 .20 

22 x .14 .07 .01 .20 .13 .16 
Y 3·37 1·71 1.73 3·39 3." 3.64 
r. .18 ·05 .15 .13 .08 .11 

23 x ... 04 .14- .ott .011- • at. 0 
if 2.95 2.60 2.,- 2.60 2.24 2.~ 
z .15 .19 • 16 .1 • .07 -.06 

at. x .. 10 .10 .06 .07 ·05 .01 
if 3·17 2.85 2.81 2.83 2.80 2.64 
z .28 .19 .15 .13 ·07 0 

x component.-the perpead.lculnr met'6Ul"emefJt from the Ilor:h.ontlll Lead 
y component-the perpendicular t;le~:;ureme!1t trom the Frontlll Lebd 
z component-the »erpeDd1cular memsurement from the g,gtttsl te£d 
Meaauro~enta-1n millivolts 



TABLE VI 277 

MEASUREMDTS OF QRS1 WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC 
LEADS USZD IN C)u'cULA!ION OF TJD: SPATIAL MAGNITUDES 

AND ANGLES OF TJD: AN.ISTBl'tIZED DOGS 
IN SERIES III 

. -.~ 
_:;;:::;:u:;:;:: . -- == .. ::::=-.. .=.:::a:a:::::& 

QRSi Conditions 
Wave Dav 1 Dav 2 

I II III IV Y VI 
4 hours 4 hours 
Anes- Anes-

Com- Early 3 hours thesis Early 3 bours thesis 
Dog po- Anes- Anes- 1 hour Anes- Anes 1 hour 

No. nent thesia theaia drug thesis. thesis dru& 

20 x .08 .17 .10 .08 .12 .12 
Y .42 1.64 ·95 .99 1.09 .95 
z .15 .17 .23 .24 .25 .21 

21 x .15 .44 .44 .27 .27 .23 
Y 2.25 1·32 1.12 1.82 1·30 1·31 
z .32 .15 .23 .65 .16 .11 

22 x 0 .07 .07 .18 .13 .16 
Y 2.14 1.09 1·33 2.oIt. 2.19 2.58 
z .26 .12 .17 .25 .08 .11 

23 x .12 0 .10 .11 .11 .09 
y 1·91 2.00 1.46 .64 .98 1·37 
z .19 .27 .21 .20 .09 0 

24 x .03 .10 .06 .06 .03 .07 
y 1.87 2.12 2.04 1.56 1.74 1.79 
z ·36 ·53 ·39 .11 .17 .04 

x component-the perpendicular measurement from the Horizontal Lead 
y component-the perpendicular measurement from the Frontal Lead 
z component-the perpendicular measurement from the Sagittal Lead 
Measurements-in millivolts 





TABLE VIII 279 

MEASUREMENTS OF STa WAVE FROM TIME-BASED VJ!X:TORCARDIOGRAPBIC 
LEADS USED IN CALCULATION or THE SPATIAL MAGNITUDES 

.AND ANGLES or !HB ADSTBE'l'IZED DOGS 
IN SERIES III 

-- .~.::::U:: 422 ------=-- '" 

STa Condtions 
Wave Day 1 DBY 2 

I II III IV V VI 
4 hours 4 hours 
Anes- lUles-

Com- Early 3 hours thesia Early 3 hours thesia 
Dog po- Anes" Anes- 1 hour Anes .. flnes- 1 hour 

No. nent thesia thesia drug thesia thesia drug 

20 x 0 0 0 0 0 0 
y .07 .04 0 .10 .02 0 
z .01 0 0 .01 0 -.02 

21 x 0 0 0 0 "!' .05 -.02 
y .19 .03 0 .07 -.14 -.18 
z 0 .02 0 0 0 0 

22 x 0 0 0 0 0 0 
y ·38 .13 .10 .41 .22 .ll 
z -.02 0 0 0 0 0 

23 x 0 0 0 0 0 0 
y .42 .12 .14 .36 .24 .17 
z 0 0 0 0 0 0 

24 x 0 0 0 -.03 0 0 
y .34 .28 .27 .09 .22 .25 
z .07 .04 0 0 0 0 

, 

x components-the perpendicular measurements from the Horizontal Lead 
y components-the perpendicular measurements from the Frontal Lead 
z components-the perpendicular measurements from the Sagittal Lead 
Measurements-in millivolts 
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TABLE IX 

MEASUREMENTS OF STe WAVE FROM TIME-BASED V!X:'l'ORCARDIOGRAPHIC 
LEADS USED IN ALCULATION OF THE SPATIAL MAGNITUDES . 

AND ANGLES OF THE AltESTBlTIZED DOGS 
IN SERIES III 

- --.-=::::=:-- =- -~ -- -
STb 

I Conditions 
Wave Day 1 Day 2 

! I II III IV V VI ; 

4- hours 4- hours 
Anes- Anes-

Com- Early 3 hours thesis Early 3 hours thes1e. 
Dog po- Anes- Anea- 1 hour Anes~ Anes- 1 hour 
10. nent thesia. thesi!? drug thesie. thesie. drug 

20 x 0 0 0 0 0 0 
y -.03 -.14- -.13 -.04- -.11 -.10 
z 0 -.03 0 -.01 0 0 

21 x 0 0 0 0 -.04- -.02 
y .06 .02 .04- 0 -.14- -.18 
z 0 0 0 0 0 0 

22 x 0 0 0 0 0 0 
y -.03 -.08 -.11 -.08 - .14- -.25 
z 0 0 0 .02 0 0 

23 x 0 0 0 0 0 0 
y .13 0 0 .06 '.05 -.05 
z 0 0 0 0 0 0 

2"- x 0 0 0 0 0 0 
y .15 .13 .15 .. 22 .19 .15 
z 0 0 0 0 0 0 

x components-the perpendicular measurements from the Horizontal Lead 
y components-the perpendicular measurements from the Frontsl Lead 
z components-the perpendicular measurements from the Sagittal Lead 
Measurements-in millivolts 



TABLE X 

MEASUREMENTS OF STc WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC 
LEADS USED IN CALCULATION OF THE SPATIAL MAGNITUDES 

.AND ANGLES OF THE ANESTBETIZED DOGS 
IN SERIES III 

28l 

1=======-==,==--=====--=-=-. ===-=.:=:::-,,==='===--==--'::==-===""""'_"-=co_." .. _= __ ..... = ..... ===-== 

Dog 
No. 

20 

21 

22 

23 

24 

Com­
po­
nent 

x 
y 
z 

x 
y 
z 

x 
y 
z 

x 
y 
z 

x 
y 
z 

I 

Early 
Anes­
thesia 

o 
-.02 

.02 

o 
.24 
.02 

Day 1 

II 

3 hours 
Anes­
thesia 

.02 
o 

.02 

o 
.04 
.04 

o 
o 
o 

III 
4 hours 
Anes­
thesia 
1 hour 
drug 

o 
-.11 

o 

.04 

.18 

.04 

o 
-.08 

.02 

o 
.15 
o 

o 
.46 
.06 

Conditions 

IV 

Early 
Anes­
thesi& 

-.01 
o 
o 

.05 

.26 

.lO 

o 
o 

-.04. 

o 
.09 
o 

Day 2 

v 

3 hours 
Anes­
thesia 

o 
o 
o 

o 
.14 
.02 

.02 
-.06 

o 

o 
·09 
o 

.04 
-·91 
.04 

x components-the perpendicular mee,surement from the Horizontal LeBd 
y components -the perpendicular measurement from the Frontal Lead 
z components-the perpendicular measurement from the Sagittal Lead 
Measurements-in millivolts 

VI 
4 hours 
Anes­
thesia 
1 hour 
drug 

o 
o 
o 

o 
.l3 
o 

o 
-.15 

o 

o 
o 
o 

o 
1.17 

o 





FRONTAL LEAD 

0.5 sec. 

1.OL 
mV 

1.0 mV 

time) 

Figure la 

Time-Based Vectrocardiogram: Pre-drug record of pento­
barbital anesthetized 12.6 Kg dog. l-lilnorts lead system 
was used. 



FRONTA.L lEAD 

HORIZONTAL LEAD 

Figure lb 

SAGI TTAL LEAD 
(vertical time) 

0.5 sec 

.1.0 L 
mV 

.1.0 mV 

Time-Based Vectorcardiogram: A record ·of the same anes­
thetized dog after 500 mg of quinidine. The quinidine 
was administered in 5 i.v. doses, at 15 minute intervals 
Milnor's lead system was used. 



0.5 sec. 

1.OL 
mV 

1.0 mV 

(horizontal time) 

Figure 2a 

Time-Based Vectrocardiogram: Pre-drug record of pento­
barbital anesthetized 12.0 Kg dog. Milnor's lead system 
was used. 

I 



time) 

0.5 sec. 

1.OL 
mV 

1.0 r..'l 

(horizontal time) 

Figure 2b 

Time-Based Vectorcardiogram: A record of the same anes­
thetized dog illustrating a rare "digitalis pattern" ob­
tained after the i.v. administration of 0.65 mg ouabain. 

,/,---- -----.~- -...---- --- -
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FRONTAL lEAD 

Figure 3 

SAGITTAL lEAD 
(vertical time) 

0.5 sec. 1.oL mV 

1.0 mV 

fime-Based Vectorcardiogram: A record obtained from a 
male human. He had no apparent or known cardiovascular 
disease or other illness. 

r~ -
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