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CHAPTER I

INTRODUCTION

Digitalis compounds were introduced in clinical practice more than
a century and a half ago. Although these compounds were featured in one of
the earliest known herbales in 1542, it was William Withering in 1785 who
first gave & careful account of the effects of these preparations on dropsy.
Withering did not classify these preparations as cardiac drugs, but he did
suggest that they had a power over the heart. It was John Ferriar in 1799
who ascribed the primary action to the effect on the heart, with diuresis as
a secondary role.

Probably no other class of drugs ias been the subJect of such ex-
tensive and thorough pharmacologicsl 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 & reduction of residual volume, has intrigued
many & researcher. Even with the vast amount of literature availsble, only
the gross manifestations of these effects on altered heart and tissue ac-
tivity are well understood. The underlying mechanism 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 has 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.
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However, recent advences in theory have made possible the establishment of
guitable "units" which adequately deseribe this electrical type data.

The present study was undertaken to devise s method and build an
instrument suitable 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
the 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 sense (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 derived 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 orienmtation 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 cardiac glycoside activity;

namely, (a) the relation to the action on and metabolism of certain inorganic
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sons (X, Ca, etc.), (b) effects on the physiological and chemical states of
the protoplasm, and (c) the effects on the energy transformstion in the
heart, especially energy production concerned with the recovery phase of the
cardiac cycle. This additional technique of study may provide new informa-
tion leading to a better understanding of the underlying mechanism of action

of these intriguing digltalis compounds.




CHAPTER II

REVIEW OF RELATED LITERATURE

In the course of an investigstion of the effects of digitalis com~
pounds on the spatial electrocardiogram of the dog, it 1s necessary to be
familiar with vectorcardiographic methods. Hence this review of the litera-
ture will emphasize the vector concept and specisl interest will be given to
this type of data.

The vector concept, as used in spatial electrocardiogrephic analy-
sis, is nothing more than an integration and schematizing of instantaneous
electrical force data. If such an electrical force, from the contracting
heart, is at the center of a cylindrical volume conductor, (the chest), it
would produce a distribution of potentisl 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 eleetrocardiogram in c¢linical evaluation of cardiac abnormalities
is well recognized (Harrison, 1954). However, many physiological conditions
and certain drugs effect each standard electrocardiogrephic 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,

et al., 1942, and Bellet, et al., 1950).
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Recent advances in clinical methodology, using the standard clini-
eal electrocardiograph, have been concerned with spatial electrical changes
in the heart. Observations of the electrical changes have been visuslized
by using the vector concept from the standard clinical leads (Graettinger,
et al., 1951; Grant, et al., 1951; Grishman, et al., 1952; Duchosal, et al.,
1949; Mann, 1938; Schellong, 1936; Wilson, et al., 1938; Hollmann, et al.,
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 recordings, for the normal dog
(Lowbard 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. These methods have not been utilized for a
study of digltalils 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 s cardiac vector at the moment of obsere
vation (instantaneous integral vector) (Grishman and Scherlis, 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 availsble for the normal dog is that
obtained by the method of Grant, et al., (1951). 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 "vectorcardiograms" (Wilson end 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 plene are recorded. One report using this method is found
describing the "normal"” dog (Horan, Burch and Cronvich, 1957). One disad-
vantage of this method is that these recordings often have the various major
portions of the electrocardiograph cycle superimposed upon each other., With
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 camnot determine informa-
tion such as heart rate, irregularities in rhythm, and many of the clinieally
important time intervals.

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

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




electrical changes of a complete cycle occurring in s plane, they do not
glve the informetion necessary for the measurement and calculation of the
relative spatial megnitudes and the spatial angles of the smaller
deflections.

A pew method, distinet from those described above, is introduced
jn this work for the study of G-strophanthin and digitoxin. This method
uses a three dimensional type recording similer to that used in "timed
vectorcardiograms.” However, the introduction of the time dimensions will
be such that the perpendicular height of a particular wave in each of three

leads will give the X, ¥ and Z components of its spatial vector.

NORMAL DOG

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 comtrols for other experimental
studies.

One of the first papers concerned with the description of the
electrocardiogram of the dog was that of Katz, et al. (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 pericd
of four weeks. These dogs were unanesthetized and trained to lie on their
right side. Although no data was presented in their peper, they concluded
that repeated electrocardiograms on normal doge show significant veriations.

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-
1ess, because of "electricsl disturbance,” while recordings obtained in the
sitting position were almost as constant as the recordings obtained in man.

A marked varistion 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 mediastnum of each dog as noted by Xeray
and postmortem examination. Though no records were presented, a general
description of the major features of each of the three standard limb leads
was glven.

Lalich, et al., (1941) studied 24 normal unsnesthetized 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 was mede, they did report that: the P waves showed changes in amplitude
and direction in the same lead; that the T waves were variasble in amplitude
and direction; 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 & variation of 70° in one dog (-65° to 10°), however, 60%
of the data for the 24 animals fell between 50° and 75°. The shift in elec-
trical axis was less than 15° for each dog from day to day and the T wave
reversals were not related to the animal's position. They expressed the be-
lief that each dog's electrocardiogram was characteristic even though day to

day variation occurred in the various complexes.
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In a study of three unanesthetized and fifty anesthetized normel
dogs, Luisade, et al., (1944) reported a heart rate of 90 to 140 with res-
piratory arrhythmia present in all leads. The P waves were upright and
ngparp," lasting 0.06 to 0.08 seconds while the P-R interval lasted 0.07 to
0,08 seconds. The S-T segment was often slightly displaced from the base
1ine in the animals without anesthesia. The T waves were usually diphasic
with a sharp upright phase, ending simultaneous with the second heart sound.
The QT interval lasted from 0.20 to 0.24 seconds. No other data was given.

Peterson, et al., (1951) attempted to set up detailed criteria
for the standard snd augmented unipolar 1limb leads in a study of normal,
untrained and unanesthetized young beagle dogs, in the supine position.

They presented a table of intervals of the importaent 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 electrocardliograms were more marked in dogs than in
man, but were not so great as to preclude comparison with one another.

A "detalled" analysis of 62 electrocardiograms on 30 normal
laboratory dogs on mongrel breed and indeterminate age was made by Horwitsz,
et al., (1953) with a direct writing machine. The standard limb leads and
the auvgmented unipolar extremity lesds 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 end maximum value for each series of

106

measurements was tabulated with the statistical calculation of the mean and
gtandard deviation. A series of 10 consecutive readings on the same dog was
presenxed, but no attempt was made of a statistical nature to compare these
results to the total group. They 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 Witham (1955) published the first attempt to report
vector type electrocardiographic detse in the dog, using the standard clinical
electrocardiograph. They reported the voltages of all the waeves in the three
standard limb leads and the six precordial leads. It should be pointed out
that a modification of the routiné placement of the precordial lead elec-
trodes was made. They were all placed in & straight horizontsal line at the
level of the fourth intercostal space. Estimates of the direction of the
vectors of the @, 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 normsl tracing.

One study, using the vectorcardiographic method, was reported by

A
Horan, et al. (1957). Recordings of the GRS 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 vectorisl (") nature and the "s" to indicate that




—
11

gions in the frontal, left sagittal and horizontal planes in 34 "normal"
mongrel dogs, anesthetized with pentobarbital, were reported. The equi-
1ateral tetrahedral. reference lead system was used. The GRS ag-loop vas
described as a long, narrow, and elliptical loop. Its deviation varied
only slightly to the right, left, ventrad or dorsad from a strictly caudal
orientationz. For most of the dogs, the orientation of the maximal veetor
of the QRS 8§~100p lies in the fifth sextant of the triaxial reference sys-
tem in both the anterior (frontal) and left sagittal plane projections.
Similar configuration orientation of the P and T s%-loops were often
orientated in the second sextant on the triﬁxial reference system in both
the anterior (frontal) and left sagittal plane projections. This indicates
sone negative T waves. T ag-loops, which lie in both the fifth and second
sextant of the triaxial reference systems, were described as discordant.
Other T sﬁ»loops showing notching or irregularities were obtained, but no

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

N
these are spatial in orientation. Therefore P sE-loop, QRS sﬁ-loop and T sﬁ-
loop indicate the loops as they eppear oriented in space, P ﬁ;loop, QRS E=-
loop and T E-loop indicate the frontal plane projections of the respective
spatial loops, unless otherwise stated.

2 BSpatial orientation of the spatial vectocardiogram in the dog,
as in man, is defined in the anatomic position except that in the dog the
term "caudad" corresponds to inferior in man, “"cephaled" to superior,
"ventral" to anterior and "dorsal" to posterior. For the convenience of the
readers who are more familiar with human terminology, the 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 ligetion in the course of investigastion of this effect on
the electrocardiogram of the dog. Smith (1918) concluded, that the tracings
wvere "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 Msnn (1934), but they concluded that unless the
direction of the T waves was established in the control observations, cone-
clusions drawn after coronary ligation might be confusing. Harris and Hussy
(1936) with similar results reported "extreme variability of the so-called
tnormal' tracing.®

Betlach (1937) reported on controls of a series of four highly
trained unanesthetlzed dogs used in & study of the effects of certain drugs
and anestheties 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
Mann (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, 11,
III, and IV). No additional data was given.
Control electrocardiograms of 39 dogs were reported by Halkesgring
gnd Wertenberger (1947) as pretreated animels used in a study of the effects
of sulfonamide administration on cardiac function. These dogs were tralned

to lie on their right side while lead II was recorded on & Hindle #3 Electro-

cardiograph. In the dogs having "normal" electrocardiograms, the heart rate
ranges from 62 to 141 per minute and the duration of the QRS ranged from
0.026 to 0.059 seconds. Fourteen of these dogs showed abnormalities in their
control electrocardiograms such as sinus arrhythmia 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 Grollman, et al., (1952) in a study of malignant hypertension.
The range and amplitude in millivolts of the P, @, R, 8, and T waves along
with the deviation of the ST segment were tabulated. Thelr conclusions were
that the dog has a vertical heart with T waves upright in leads II snd 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 snd digestrophan, but with large doses there was a decrease in the

height of the T wave., In the same year Rothberger and Winterberg found no
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electrocardiographic changes with smsell doses and sometimes inversion of the
7 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 after
digifoline. Negative T waves might change size or become positive; positive
ones might become negative. These changes persisted for 2L to 48 hours, but
the control form always was obtalned after four days. The ventricular rate
slowed for 2 or 3 hours after imjection 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 thst "praetically no change occurred in the
electrocardiogram at any time." Constant lowering of the T wave did not
occur and in no case wss a negative T wave observed. He doubted that changes
in the T wave could be used ss 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 glycosldes. 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 ST
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jnterval with slight depression to depression with "coving," and slight
1engthening of the P-R interval. These T and ST chenges seemed to occur
gpontaneously and could not be directly related to the appearance of myo-
cardial necrosis or fibrosis. Large doses also produced arrhythmias,

Levine, et 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 the intravenous injection of
lanatoside C, four types Qf 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 of. QT shortening, (3) abolition of
the pattern by the acceleration of apical repolarization (this was accome
plished by increasing the dog's te@ﬁerature to 42 degrees centigrade by
radiant heat), and (4) apical localization of ectopic beats produced by
digitalis (this was concluded from the observation of g5 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 deseribed,
wherein a completely new Time-Based vectorcardiographic asnalysis 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
electrocardiogran 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 methods 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 fundamentsl

mechanism of action of these digitalis compounds.




CHAPTER III

METHODS AND MATERIALS

Experimental Animal: Adult mongrel "normal" dogs were used through-
&

out these experiments. The unsnesthetized dogs were trained to lie on their
right side. The anesthetized dogs were lightly anesthetized with pento-
parbital, 25-30 mg per Kg intraperitoneally, and placed on their right side.

The electrocardiographic electrodes were applied with REDUX
(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 recordings.

The lead system used for recording the standard elinical 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 Withan (1955) for comparison with their
data. They placed V; and Vo, at the level of the fourth intercostal space
about 2 cm from the mid-line and V6 placed in the ssme plane in the mid-
axillary line. V3, Vy, and V5 were placed equidistant between V, and Vg
also on the same plane of the left slde.

In the Vectorcardiographic method and the new Time~Based vectore
cardiographic method the cube lead system of Grishmen {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.

17
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(2) A+. 1In 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) Ce. 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), auguented unipolar leads (leads AVR, AVL, and AVF),

and unipolar leads (precordial leads V; to Vg with rodification) were re-

corded serially on a Sanborn single channel Viso Cardette.

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

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

leads:
Voltages Intervals Axis3 Angles
P T P GRS QRS-T
Q ST P-R T ST-T
R QRS 8T
8 Qr

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 s vector is per-
pendicular to the axis of one of the leads, it produces a net zero or a
transitional deflection in that lead. If the vector is perallel to the axis
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 in one's mind's eye the positive area from the negative 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 Grishmsn
(1951). Apparatus used in the method is the same apparatus designed and

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

3 Frontsl Plane,
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special sweep for the time-based recordings. The description of the appara-
gus will be presented in the next section under Time-Based Vectorcardiographic
method. A block diagram of this apparatus is given in Figure II.

Permanent recordings were obtained by photographing the recording
gereen with a modified 35 mu Universal movie camera or a Polaroid oscillo-
graph record cemera (type 2514).

All the information obtained by the Vectorcardiograph recordings are
also obtainable from the Time~Based Vectorcardiograms. However, it was thoughﬂ
desirsble to run both methods in order to compare the new Time-Based Vectore
cardiogram method to the previous work. A .frontal, Saggital and Horizontal

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

Voltage Angles
GRSy, GRS,
QRS QRS4
QRSt QRSt

Time-Based Vectorcardiograme. This is essentially & new method and

no commercial apparatus was available for this study. Figure III shows a
block diasgram of the components needed for the three dimensional type record-
inge obtained by this method.

The imputs to the apparatus from the 4 electrodes are controlled by
the lead switch. This switch has S positions: (1) frontal lead, (2) sagittal
lead (with vertical time dimension), (3) horizontal lead, (4) calibrate, and
(5) additional sagittal lead with herizontal time Gimension (used for addi-

ticnal clarification). With the lead switch in position 4, the calibrate
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gwitch is introduced. This switch has four positions: (1) No signal (input
grounded), (2) 1 mv introduced into the horizontel 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~smplifiers 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-amplifiers is DC to 30 ke with a rejection ratio of 1 to 300 with s t
1-1/2 volt signal.

The signal from each pre-amplifier is then introduced to the ree
spective X and Y amplifiers of the Dumont Cathode-Ray Oscillograph (Type 340).
An AC-IC switch determines if they are direct coupled or capacity coupled.

The horizontal (X) and vertical (Y) amplifiers are identical. They
have g relative phase shift that will not exceed 3.5° below 10 ke for any X
and Y amplitude control settings. Both these amplifiers have a sensitivity
of 100 mv pesketo-peak full scale or 25 mv peak-to-peak volt/inch (8.5 mv
rms/inch) nominal, and a frequency response that is DC to not down more then

30% at 100 kec.
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The over-all performance of each pre-amplifier is IC to over
30 kc. However, it was found that Jjunction potentials were produced between
the electrodes, skin, and various other Jjunction or comnections which made
¢ 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 mm/second for photography.

Z intensity modulation of the beam was added by the imtroduction of
a negative signal from a Lab«Tronic Inc. signal generator at 500 cps and a
positive signal from a specially built gemerator at 30 cps. The negative
signal blanked the tracing every 0.002 seconds and the positive signal inten-

gified the tracing every 0.033 seconds.




26

Permanent records were made by photographing the oscillograph screen
with either a polaroid oscillograph record camera (type 261k4) or a modified
continuous moving film 35 rm Universal movie camera. In the case of the 35 ru
tmiversal camera the film speed was at the standard rate of speed, 25 mm per
gecond. 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 aspparatus 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 & 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, ¥, 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 magnitude of the spatial vector, A, as follows:

A=V %2472 422 (1)
If cone alsc knows the X, Y, and Z components of a second vector B, origiomating
frowm the same origin as A, the magnitude of vector B can be calculated with
formule 1.
In order to calculate these spatial zngles the following steps sust

be taken. A line drawn from the terminal portions of two of these vecbors
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originating from the same point will form a triangle. The magnitude of this

3

1ine, ¢, cen be calculated:

c=V (% - x5)° + (Y, = Yp)? + (7, - 2)° (2)
If three sides of a triangle are known one can calculate the angle,-=<,

opposite the side ¢ (formed with the two spatial vectors) by the law of

Cosines:

Cose< =\ A° + B2 o % (3)
OAB

~ is the sngle formed by the two measured imstantaneous vectors from two

electrocardiographic waves,

Measurements snd Analysis: The procedures used in making the volt-

age nmeasurements were essentially those used in clinical humasn electrocardio=-
graphic analysis (Lepeschkin, 195L)., These rules can be applied also to our
new method, with emphasis being placed on perpendicular measurements.

Three measurements were made on the QRS s%-loop wave: (1) QRS,,
or its maximel instantaneous vector, (2) QRS; or its initial .006 instanta-
neous vector, and (3) QRSy or its terminal 0.006 instanteneous vector.

A modification of the terminology of the ST-T wave was made when
it became gpparent that this wave is regularly quite different in the dog
from that of the T wave in the human. In the human, the T wave (S[«i{ wave)
is 2 smooth curve reflecting a gradual decent of activity, starting at Lhe
isoelectric base line, znd does not contain eny frequencies exceesdiug 5

cycles per second (Lepeschkin, 195L). On the other hand, in the aog, the
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wave cues nut have a smooth curve starting at the isoslectric base line, but
rather has a deep notched ST-T wave, almost always starting above the base
1ine. Xn order to adequstely describe this wave in the doy it was necessary
go subdivide the ST seguent portion of the ST-T wave into three sections and
to describe a separate T wave.

As shown in Flgure VII, the ST, deflection is determined by measur-
ing the voltage that is produced at the end of the QRS complex. If the rule
is followed (Lepeschkin, 1951), the end of the GRS complex is determined by
the abrupt change of slope of the QRS to the gradual slope of the ST-T, then
the ST, is the measurement of the voltage of this Junction. The STb 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 ST, wave, is the portion fol-
lowing STy, which usually tends to become positive in voltage and then usually

returns to the base line before the actual T wave., The T wave is that portion
of the graph from the notch ending the ST, wave to the point of return to
either the base line or the U wave,
(See Figure VII)

The Frontal, Segittal and Horizontal leads were recorded serially.
See Figure 8 for detaile of orientation for each recording. The following

perpendicular voltage measurements were made on each lead:
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From these measurements in each lead calculations using formula

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

Spatial Magnitudes

P QRS ST, T
QRS STy,
QRS 8T,

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

and (3):
Spatial Angles
P-QRS QRS; -QRS STa-QRS T-QRS
QRS ~QRS 5T, ~QRS
ST _-QRS
c
From the records the following angles were nessured:
Frontal Lead Segittal Lead
QRS GRS,
QR84 QRS;
QRS GRSy,
Measurements of the heart rate and the following intervals were
tabulated:
Intervals
P A
QRS sE-loop
QT

DESIGN OF EXPERIMENTS AND STATISTICAL ANALYSIS

The general statistical analysis performed on most of the data taken

from the different electrocardiographic tracingsis based on the methods fron
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Batson (1957}, Villars (1951), Teppet (1952) and Bemnett and Franklin (1954 ).
The student "t" test is utilized where compariscn of two mesns is
pmode. VWoere more than two comparisons are indicated, annlysis of variance
io utilized. 'The msjor comparisons snalyzed using the anslysis of variaace
were:
1) Dogs.

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

3) Conditions:
a) Non-Drug dog
b) after Low-Dose of drug .
¢) after High-Dose of drug
in the anesthetized and unanesthetized series of dogs. However, since we were
not interested in the varistions between dogs and knew that each electro-
cardiographic wave is different by definition, we limited the analysis to
differences between conditions,
The level of significance is designated by a single plus (+) for a
p (probsbility) value between 0.05 and 0.0l, a double plus (++) for a p value
between 0.01 and 0.001, and a triple plus (4++) for a p value les: than
Jeiliidla

"NORMAL" DOG. This data, cbtained under the Non~Drug condition of

each series, was described separately under tvo heaCings: unanesthetized
"normal" dogs, and anesthetized "normal’ dougs. A tebulation cf the ieans,
standard deviation and range of the data collected fros the SNuneDruy conule

tion for each electrographnic method is given. A statistical comparison ¢f
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the weuns of the values between these two groups of "norusl" dogs is wade
usiag the student "t" test.

As used here, drug time refers to the interval of time between tihe
adpinistration of the digitalis drug snd the recording of the electrocardiv-

oLl e

DRUG EXPERIMENTS. Three different series of experiments were undexr-

token using digitalis preparstions. The first series was a study designed to
deternine if any marked characteristic changes occurred with varying doses of
stroephanthin G in dogs lightly anesthetized with pentobarbital. A second
series of experiments was undertaken on traiﬁed unanesthetized dogs, thus
elimineting the effect of anesthesia, A third series was designed to control

the interval and effect of anesthesia.

SERIES I, ANESTHETIZED IOGS: A group of T dogs was studied under

light pentobarbitel anesthesia (30 ng./Kg., i.p.). Pre-drug (Non-Drug con-
dition) recordings using each of the three electrocardiographic methods were
taken. Doses of Strophanthin G between 0.25 and 1.0 ng were adrministered
i.v. and serial electrocardiograms were taken at selected intervals of tine
after administration of the drug. These drug tives varied between 1 and 2k
hours.
The data from this series of experiments was statistically analyuzed

using the student's "t" test for paired experiments. The electrocardiograis
from the pre-drug dogs (Non-Drug condition) were used ns control and the

differences obtained after administration of druyg analyzed. The post-drug
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ercebrocardiograns were divided into two groups, those with a drug time of 2
pours or less and those with a drug time of more than two hours. Each group

wag snalyzed separately.

SERIES I, UNANESTHETIZED DOGS: Four dogs were tralned to lie on

their right side and submlt quietly to electrocardiographic recordings. Two
recordings with each of the three methods were taken on two different days
for the Non-Drug condition. Dats for the Low-Dose condition was obtained by
tai:ing serial recordings on different days during a period of daily oral ade
ministration of 0.1 mg digitoxin. The dose and recording schedule is given
in Teble 1. Data for the High-Dose conditioﬁ was obtained from the same set
of dogs after an administration of 1 mg digitoxin per day. A recovery periocd
of three months was allowed between the two dose series.

Analysis of variance was used to analyze the data obtained from thesg¢
drug studies. Three wain sources of error were separated, that resulting from
differences between dogs, between waves, and between conditions. The means
squares used for the calculation of the F ratic were taken following the

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

{1951) for Two Fsctors with w-fold Feplication and Three Factors with wefold
Replication. Our primary interest is in the conditions variance. This varie

snce is composed of the NoneDrug, LoweDose and High-Dose conditions. These !

conditions were further analyzed by use of the Least Standard Deviation (LSD)

|
|
nethod (Villars, 1951). ’
|
|
|
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TABLE 1
DOSE AND ELECTROCARDIOGRAM RECORDING SCHEDULE
FOR BERIES II
Low Dose High Dose

Day Dose (ug) Recording Dose (mg) Recording

1 + +

2 + 1 +

3 0. 1

4 .1 + 1

5 1 + 1

6 ol 1

T o1 + 1

] ol 1

9 1 + 1

10 1 1

11 o1 1

12 . 1 +
13 +1 1

14 .2 +° 1

15 2 1 +
16 2 1

17 2 + +
18 2

19 2

20 2

21 2

22 b

23 +

24

Digitoxin was given orally.
Plue signs indicate day on which recording was taken by the three
me‘bhodS.

a Indicates that only Dog #15 recording was obtained on that day.
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SERIES III, ANESTHETIZED DOGS WITH CONIROL ANESTHESIA: This group

of experiments was specially designed to utilize the adventagees of the
Factorial method of statistical analysis (Batsom, 1951 and 1953). Five dogs
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.

The advantages of the factorial statlstical method are the sim~
plification and shortening of the arithmetic involved. However, only the
differences in the conditions are studled b& this method,

The procedure used is sinple. The error term used for calculation
of the F ratio is the variance of all of the data. The mean squares for
each of the comparisons is calculated as follows: (1) sum of squares (S8S) =
obtained by squaring the difference of sums of the columns to be compared.
(2) The degree of freedom (DF) used for calculastion of mean square (MS) is
the sum of first group's co-efficients squared, times the number of values
in the first group. This is added to the sum of the second group coe-
efficients 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 GRS, spatial volte
age as 100. Such ratios would tend to eliminate variations in field dis-
tortions, electrode and skin resistances and have been suggested for routine

electrocardiograph analysis by Lepeschkin (1951). This transformetion is




possible , unique and especially useful in analyzing data from this method
pecause the actual megnitude of each wave in space is calculated independently
regardless of its orientation in space. This eliminates the errors in the

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

waves change with spatial orientation.




CHAPTER IV

RESULTS

" NORMAL" DOG

A statistical deseription 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 data is presented in the literature. Further, not all of the
standard clinieal electrocardiographic leads have been described statisti-
cally and only scanty vectorcardiographic data is availasble. These pre-
treated dogs are separated into two groups and separate descriptive stat-
istical analysis of these "mormal" dogs given. One group contains 8 electro-
cardiograms with each method from 4 unanesthetized trained dogs and the
second 18 electrocardiograms from 13 dogs anesthetized with pentobarbitsl,
30 mg/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 38 snd 3b for the anesthetized dogs. For typical
records see Figures VIII and IX.

Table 4 has the means, standard deviation, and range of values for
the heart rates, intervals, and axes of the various waves for the unanesthe-

tized doges and Taeble 5, similer values for the anesthetized dogs.

Lo
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FIGURE VIII

A CONTROL RECORD OF ANESTHETIZED DOG

STANDARD ELECTROCARDIOGRAM:
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FIGURE IXs

STANDARD ELECTROCARDIOGRAM: A CONTROL RECORD OF ANESTHETIZED DOG
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FIGURE IXc

A RECORD OF THE SAME ANESTHETIZED DOG

FOUR HOURS AFTER 0.25 mg QUABAIN

STANDARD ELECTROCARDIOGRAM




TABLE 2a

MEANS OF VOLTAGE MEASUREMENTS OF THE WAVES FROM THE
LIMB LEADS - STANDARD ELECTROCARDIOGRAM

ks

Wave Limb Leads
- I II III AVR AVL AVF
P Mean -03 11 009 '07 QOL" -1l
S5.D,%|%,02 1.02 .07 t.ob +.0k t.04
R&nge -01- -05 008"'012 003'-19 002"'12 001'012 008‘ 012
Q Mean <10 .21 .12 .12 .09 .17
S.D. |¥.13 t.0 t.o7 to7 *.09 t.10
Ra-nge O"h39 .lO~.35 O"’ 022 -02"021 0'02)" 001'029
R Mean | .57 1.09 .78 .80 k6 .93
S.D. |%.24 . *.3 .3 3 *.39
Range o82' 085 067'1 O82 nh’O"l c22 012"1 012 '17"1 018 L] 31“1 Oa’g
8 Mean 4] .08 13 19 «10 Q9
s.D. |¥o0 *.08 a7 2 *.18 tae
Range O" .02 O-.El O" ohB 0-1023 O" 02‘6 0"’.31
T Mﬂan OOl 008 -02 - -O3 .03 -02
8.D. |*.10 +.08 t.0 +as *.06 *.10
Range "020".05 ‘.22"-26 “’010"018 "026-011 “o%"ola “315"013
ST m 0 0 O O .Ol "oo
| SeD. |%.03 +.05 t0 t.02 t.02 +.03
Range O« 008 - |03" 002 - .02~ 003 - 002“0 Q= 006 - 002" 002

This group of dogs was trasined and unanesthetized.

All the measurements are in millivolts (standardization of

lcmalmv’o)

Means - 8 electrocardiograms on U dogs.

* Standard Deviation.
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TABLE 2b
MEANS OF VOLTAGE MEASUREMENTS OF THE WAVES FROM THE
CHEST LEADS - STANDARD ELECTROCARDIOGRAM
;;;é Chest Leads
- Vi V2 V3 vy Vs V6
P Mean .05 Ok .05 .05 Ol .03
S.D,%| +.03 +.02 .04 +.03 +.02 t.02
Ran.ge O"‘ 008 .Ol" 007 001" .10 002' .10 001" ¢08 001‘ 005
Q Mean .01 . .03 .03 .02 .02 +Olb
1 8+Ds | *.01 +.02 +.03 t.02 +.02 +.03
Range 0=.03 0=-.08 0-.08 0-,06 0=,05 .01-,10
R Mean .91 .97 97 .90 .93 91
S.D. | *.28 t.21 +.20 +.20 $+.13 t.16
Range .62"1 020 071"'1 022 061“'1023 .60-1.19 07)""10.12 072"1 018
s Mean .09 .10 .08 .06 .06 .07
s.D. | *.08 *.10 o7 *.05 *+.06 +.05
Range 0-.19 Ow.2h 0=.16 0=.15 .02-.18 .02-.19
T Mean Al .08 .10 .10 05 .05
s.b. | .11 12 *.08 .07 t.10 +.10
Range .Ol‘u32 "01.2"-26 002".7)"' 002"¢20 "'-12"0114‘ "clO' .22
ST | Mean 0 o 0 0 .01 .01
S.D. | .06 .04 o t.01 o o
Range ‘;05“ -02 -002‘ 003 ""001"002 - 001"003 - 002"003 D" 002

This group of dogs was trained and unanesthetized.

All the messurements are in millivolts (standardization of
lem=1 mv.)

Means - 8 electrocardiogrsms on 4 dogs.

* Standard Deviation.




TABLE 3a

MEANS OF VOLTAGE MEASUREMENTS OF WAVES OF LIMB LEADS,
ANESTHETIZED DOG - STANDARD ELECTROCARDIOGRAM

k7

Wave I II TII AVR AVL AVF
P Mean .25 .19 o1k Moy 07 .23
S.D.* *.08 t.10 *.06 t.os5 t.05 +.08
Ra-nge .09"0249 0020037 002"023 002"-20 --02‘.20 005".38
Q Mean J1 .16 .11 <11 .05 A7
S.D. | $.12 +.12 .10 +.08 +.07 +.11
Range O'vul O“ohl 0"’030 0~.28 0'027 0'0‘4‘0
R Mean A6 1.76 1.52 1.23 .66 1.87
s.D. | +.18 18 t.%0 t .52 *.30 .67
Range 020'075 127"3.28 a76‘2057 001-2025 .1.2‘1026 t%"3-27
S Mean 006 «10 «11 .0’4 -07 12
S.D. | .24 .12 .13 .07 t.10 +.14
Range 0=1.00 0-.33 0-.36 0=.22 0-.28 O-.k42
T m&n "001. .Oll .02 006 “001 0007
S.D. | .07 +.30 +.33 t.16 .09 +.26
Range| =.15+.10 «.62-.49 «.37-1.03 ~.34-.,22 «.12-,19 -.59-.41
ST Mean 01 01 0 0 -.01 0
s.D. | *.02 t.05 a ta *.02 3
Range "005"005 “020".15 "009“012 "010‘009 ‘008"‘002 "010"019

All the messurements are in millivolts (standardization of
lcm.lmv.)

Means - 18 electrocardiograms on 13 dogs.

Pentobarbital anesthesia, 30 mg/Kg.

* Standard Deviation.
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TABLE 3b
MEANS OF VOLTAGE MEASUREMENTS OF WAVES OF CHEST LEADS,
ANESTHETIZED DOG - STANDARD ELECTROCARDIOGRAM
Wave vy Vo V3 Vi Vs A3
P Mean .10 .13 1k .18 17 .15
S.D.*| *,06 *+.06 ¥, .04 +.05 + 04
Ra.n.ge O" 020 002- 023 001" 023 QlO“ .25 cll" 028 '07" om
Q [ Mean 0 0 01 .06 .13 .23
S.0. | o to t.02 t.o07 +.10 rat
Range Q=0 0=0 Q= 007 0".27 002“-32 005"053
R Mean | 1.59 2.33 2.42 ©1.82 1.57 1.25
s.D. | .61 *.57 +.69 .64 +.69 +.40
Range - 8‘2‘33 1-00-3.07 09'("3065 -01"’3.6.2 . 0"2090 ‘50"2978
s Mean A7 «29 22 .08 .08 .05
S.D. | *.39 +.29 +.26 .1 +.13 +.10
Range 0-1.20 0-.7T9 0=.T6 0-.40 0-.46 0-.40
T Mean 14 .03 02 -.06 0 .02
. S.D. | *.2U4 +.33 +.33 t.23 +.23 t.21
ng@ "'17‘063 "050"066 ".)4‘5‘073 ‘050".35 "oh3‘039 had 032"038
ST Mean Ok 05 Ok A7 .02 .01
S.D. | *.10 +.14 +.13 +.08 +.04 +.04
Range| =.14~.30 «,16-.32 «,11-.29 =-,16-,18 »03-.,10 . -.05-.14

All the measurements are in millivolts (standardization of
lem =1 mv.)

Means - 18 electrocardiograms on 13 dogs.

Pentobarbital anesthesia, 30 mg/Kg.

* Standard Deviation.
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TABLE 4
MEANS OF HEART RATE, INTERVALS, AXES AND ANGLES FROM
STANDARD ELECTROCARDIOGRAMS OF UNANESTHETIZED
NORMAL DOGS
Heart Rate
Beats, Intervalsf
_ Minute P-R Q-7 RR! GRS
Mean T0 15 24 76 .03
S.D.¥* 33 +,03 +.02 +.08 +0
Range 33 - 113 .13 - 20 21 - .26 068 - 089 003 - 003
Nex 8 [ 8 8 8 8
Axesff, Frontal Plane
QRS T ST, S-T, 8T
Mean 71° 540 No 60° «100°
S.D. 20 80 Wave $00
Range | 50° - 85° | -130° « 100° 300 - 90°
N 8 5 2 1
Spatial Anglesff
QRS-T © ST-T.
+ T VWaves - T Waves
Means 21° 152° No 600
5.D, tlao 1'490 Wave %20
Renge 0° < 450 95° - 180° 10° - 130°
N 5 3 5 3

¢ Intervals in seconds.

## Axes and angles in degrees.

* Standerd Deviation.

¥*¥% Number of Observstions.
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TABLE 5
MFANS OF THE HEART RATE, INTERVALS, AXES, AND ANGLES FROM
ANESTHETIZED DOGS - STANDARD ELECTROCARDIOGRAM
Heart Rate Intervals’l
Beats/
Minute P-R QRS Qr RR!
Mean li) 009 -03 0218 .h23
s.D.%| 31 o1 C}o0 +.olh *.109
Range 9))"‘ - 210 008 - <11 003 - 001‘ 016 - 036 0288 - 0600
N** 18 18 18 18 18
Axesf#, Frontal:Plane
QRS T+ T - ST, ST - ST +
Mean 79° 87° -95° No -92° T4°
S.D. hye 6o t g0 Wave 180 300
Range| 65° - 125° | 60 = 100° | -88° « =105° «75° - «120° | 30 - 115°
N 18 10 8 5 5 8
Spatial Anglesfs
QRS-T ST-7 -ST +5T
+ T - T
Mean © 173° No 146° 9°
S.D. *og0 0 Wave *370 +250
Range| 5° - 70° 85° - 180° &5° - 170° 50 - 20°
N 10 | 8 5 8 5

¢ Intervals in seconds.
## Axes and angles in degrees.

* Standar

d Deviation.

*¥ Number of Observations.

Anesthesia - Pentobarbital, 30 mg/Kg.
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A statistical comparison of the voltages using the "t" test analy-
sis was made for each wave, comparing the unanesthetized with the anesthetized
dogs. Tables 6a and 6b give the differences in the means, "t" values, and
gignificance of these comparisons for the two groups of dogs. A summary of
these analyses shows that the voltage of the P wave in the anesthetized group
of dogs is significantly larger (0.1% level) in leads I, V5, and Vg. The R
vaves in leads Vg and Vg are significantly greater in the anesthetized group
of dogs, and the Q wave in the same group is larger in lead Vg.

Statistical comparison of the differences of means from the same
two groups of dogs for the heart rates emnd 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.

A
Vectorcardiograms: Typical QRS sE-loop projections in the frontal,

sagittal, end horizontal plane leads are given in Figures X, XI, and XII.
Most of the QRS ﬁ-loops in the frontal plane lead are long narrow ellipses.
The sagittal plane %-loops are also ellipses, but are usually less narrow,
The QRS g~loop in the horizontael plane lead (Figures X, XI, and XII) are
usuelly of small magnitude indiceting a thin sg-loop orientated very ver=-
tically. A counter clockwise inscription of the tracing was found in all
the frontal plane projJections while a clockwise inscription was found in all
the ssgittal plane lead projections in both groups of dogs. The horizontal

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




TABLE 6a

MEAN DIFFERENCES OF VOLTAGE AND STATISTICAL COMPARISONS
OF UNANESTHETIZED AND ANESTHETIZED DOGS =

STANDARD ELBCTROCARDIOGRAM

Wave I II III AVR AVL, AVF
P Mea-n Diff’ .22(2) 008 005 O 003 012
t* 10.9 < 1 < 1 <1l <1l <1l
Sig.** +++
Q Mean Diff. .01 .05 .01 .01 L0l .16
t < 1 < 1 «< 1 < 1 <] < 1
Sig.
R Mean Diff. «11 67 T4 43 «20 .96
t 1.1 <l <1l <1 i 1 < 1
Sig. -
S Mean Diff. 06 .02 .02 .16 .03 .03
t 1.1 <l <l <1l < 1 <1l
Sigo -
7T Mean Diff. .02 Ol 0 ,09 Ol .18
t « 1 <1 <1 <1l <l <1
Sigo
ST Mean Diff. 01 01 0] 0 .02 Q
t <l <l <1 <1 <1 <1
Sig.

Mean differences are in millivolts.

(1) Unsnesthetized group of dogs - voltage larger.

(2) Anesthetized group of dogs = voltage larger.

* "t" test

**  Significance
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TABLE 6b
MEAN DIFFERENCES OF VOLTAGE AND STATISTICAL COMPARISONS
OF UNANESTHETIZED AND ANESTHETIZED DOGS -
STANDARD ELECTROCARDIOGRAM
Wave Vl V2 V3 Vu V5 V6
p Mean Diff. .05 .09 09 .13 .13 .12(2)
L <3 <1 <3 <1 9.2 () 10.0
Sig-** e d et
Q Mean Diff. .01 .03 02 Lok a1 .19(2)
t <3 <1 <3 <1 <3 4,63
Sig. +4+
R Mean Diff. 68 1,36 1.45 .92 64, .3u(2)
% <) 1 <1 <1 3.78(2) 2.09
Sig. ++ +
S man Diffo 638 019 [ h 002 002 502
t < <1 ‘*11 <1 <13 <1
Sig.
T Mean Diff. .03 .05 .08 .16 .05 .03
t <1 <1 <1 <3 <1 <3
Sig‘
S-T Mean Diff. 0l .05 Ol W17 01 01
t <3 <1 <3 <1 <3 <3
Sig.
Mean differences are in millivolts.
(1) Unanesthetized group of dogs - voltage larger.
(2) Anesthetized group of dogs - voltage larger.
* "t test
*¥%  Bignificance
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TABLE 7
MEAN DIFFERENCES IN MILLIVOLTS OF HEART RATES AND
INTERVALS AND STATISTICAL COMPARISON OF
UNANESTHETIZED AND ANESTHETIZED DOGS -
STANDARD . ELECTROCARDIOGRAM
Beart Rate Intervals
Beats/
Minute P-R Q-T RR?
Difference (1)
in Means 8o .06 .02 R
i 5.71(2) 6.0 (1) 1.66(%) 11,28(1)
Sig.** 4+ - -+

Mean differences in millivolts (standardization of

(1

(2)

*

3

lﬁm'lma)

) Unenesthetized group of dogs has high mean.

"t" test

Significance

Anesthetized group of dogs has high mean.
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DOG 11

FIGURE X

A
VECTORCARDIOGRAM: ORS sE-LOOP WITH A TERMINAL
CEPHALID INSCRIPTION

25

B — P




REEE 2

1
//3'.

1 mv sagittal
DOG 14

FIGURE XI

A
VECTORCARDIOGRAM: ORS sE~LOOP WITH ONLY A CAUDAL INSCRIPTION
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DOG 19

FIGURE XII

A
VECTORCARDIOGRAM: QRS sE-~1,00P WITH ONLY A CAUDAL INSCRIPTION
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1l mv sagittal
DOG 21-1

FIGURE XIIIa

N
VECTORCARDIOGRAM: , NARROW THIN QRS E-LOOP IN FRONTAL LEAD,

MORE OVOID E-LOOP IN SAGITTAL LEAD IMMEDIATELY
AFTER PENTOBARBITAL ANESTHESIA
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sagittal

DOG 21-2

FIGURE XIITb

VECTORCARDIOGRAM: AFTER THREE HOURS UNDER PENTOBAR’EITAL
ANESTHESIA A COUNTER CLOCKWISE ROTATION OF THE GRS s!
OCCURRED SO THAT A MORE OVOID QRS £-LOOP WAS INSCRIBED IN
THE FRONTAL LEAD AND A THIN QRS f-LOOP INSCRIBED IN THE
SAGITTAL LEAD

~LOOP
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direction depending on whether the frontal plane loops were oriented slightly
to the right or to the left. An isolated but interesting observation was ob-
tained with dog #21 (see Figure XIIIa and XIIIb). Vectorcardiographic record-
ings taken during the first recording perlod gave a QRS sﬁlloop projection in
the frontal plane that was long and very narrow end a sagittal plane lead
projection g—loop that was more ovoid. Recordings from the second period or
three hours later showed a clockwise rotation of the QRS sﬁqloop resulting in
a thicker ellipse being found in the frontal plane projection and the very
thin ellipse being found in the sagittal plane projection, indicating a
clockwise rotation in the electrical axis.

Two major types of QRSisgiloops may be described, depending on
whether the QRS vector has a caudal or a cephalad inscription. In 8 dogs
the QRBy vector had a caudal imscription, and in 9 dogs the QRS{ vector had
a cephalad inscription. OSee Figures X and XI for exsmples. The initial in-
scription of each of these types of QRS sﬁlloops is slower until the maximum
instantaneous vector is reached, then there is a more rapid phase, followed
by & terminal slowing. Most of the QRS sﬁ-loops are slightly open. In those
loops which have a QRSy vector with a cephalad inscription, the slowing is
found in the terminal inscription where the potentiel is returning to the
zero point. Many of the QRS sﬁlloops show an additional irregularity or
marked slowing at the portion of the loop Just before the meximal instanta-
neous vector is reached.

The magnitude and direction of the maximal mean instantaneous

vector in the frontal and right sagittsl plane projections are given in




Frontal Plane Sagittal Plane

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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Frontal Plane Sagittal Plane
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, et al, 1957). The
circles in Figures XIV and XV give the maximal wvector of the QRS sﬁLloop and
the dots the maximal vector of the T ﬁlloopa. All of the maximal QRS %-1oops
vectors lie in the Fifth sectant in both the frontal and right sagittal plene
projections in both series of dogs. The maximal T g-loops (Pigure XIV) of
the unenesthetized trained dogs all lie in the fifth sextant in both plane
projections indicating they all had positive T waves. The maximal T %—loops
of the anesthetized dogs (Figure XV) show & greater varistion. In the
frontal plane projection, 10 of the maximal T Q—J.oops vere in the fifth
sextant and 9 of the maximal T ﬁ¥loopa in the second sextant. In the sag~
ittal plane projection 8 maximal T g-loopa are in the fifth sextant with 2
maximal T'%-loops in the sixth sextant, indicating positive T waves., Of the
remaining 9 T %~1oopa in the sagittal plane projection, 7 maximal T'glloops
lie in the second sextant and 2 maximel T ﬁlloopa lie in the third sextant
indicating negative T sg-loops.

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

Tine-Bagsed Vectorcardiograms. Figures XVI and XVII show two typi-

cal recordings obtained from the three regular 1§ads and a fourth lead show=-
ing a right sagittal projection with a horizontal time dimension. This
method as can be seen, gives the same scalar informstion as the standard
clinical method and also the vector information obtained in the vectorcardio-
grams in only three leads where the other two methods require 15 leads and

two different recorders.




sagittal sagittél
DOG 21

FIGURE XVI

6k

A
TIME-BASED VECTORCARDIOGRAM: A TYPICAL RECORD SHOWING A QRS sE-LOOP

WITH A TERMINAL CEPHALAD INSCRIPTION.
DOG ANESTHETIZED WITH PENTOBARBITAL.




Saglttal sagittal
DOG 10

FIGURE XVIIa

TIME-BASED VECTORCARDIOGRAM: A TYPICAL RECORD SHOWING A
QRS sE~-LOOP WITH A TERMINAL CEPHALAD INSCRIPTION.
DOG ANESTHETIZED WITH PENTOBARBITAL.
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sagittal sag1tta1
DOG 10-2

FIGURE XVIIb
TIME~BASED VECTORCARDIOGRAM: A RECORD OF THE SAME
ANESTHETIZED DOG ONE HOUR AFTER 0.25 MG OUABAIN
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sagittal sagittal
DOG 10-3

FIGURE XVIIc

TIME-BASED VECTORCARDIOGRAM: A RECORD OF THE SAME
ANESTHETIZED DOG FOUR HOURS AFTER 0.25 MG 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 leeds indicate
ing a narrow, very thin vertical P sﬁlloop. 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 intervel in the standard
gcalar recordings. The general description of the QRS sg-loop projection in
each lead 1s similar to that described using the vectorcardiographic method
except that these QRS gkloops will be open corresponding to the duration of
the QRS deflection plus any ST deviation. This difference is due to the time
dimension superimposed on the horizontal amplitude dimension. The QRS ﬁlloops
inseription, here, as in the vectorcardiograms, show a slower downward in-
scription or positive voltage umntil the maximal voltage is reached, s more
rapid return to gero or to a negative voltage, with a final slower return to
the base line or zerc voltage.

From Figure XVI, it can be seen that the ST-T wave or aﬁ;loops are
considerably different in the dog, from ﬁhat described 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 cen be seen in the standard clinical recordings, though they
are not so clearly defined.

Because the P, QRS, and T sﬁ;loopa are shaped as narrov 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
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a frontal lead

T‘M""(WM

a sagittal lead

FIGURE XVIII

TIME-BASED VECTORCARDIOGRAM: SAMPLE RECORDS ILLUSTRATING THE FOUR DIVISIONS
OF 'THE ST-T WAVE. THESE TRACINGS ARE HIGH AMPLICATION RECORDINGS
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T
waves, from the horizontal lead in the time-based vectorcardiogrephic method,
will bave very small deflections for most dogs.

The angles of the projection of the spatial QRS;, QRS,, and QRS
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
sinilar engles for the saglttal plane lead. Since two types of GRS s%«loops
exist, one which has a caudal orientation of the QRS; vector and the other
which has a cephalad orientation, two descriptions are necessary., Anslysis
using the "t" test comparing the differences of these angles is given in
Teble 10. Summary of the significant comparisons shows that the QRS; vector
sngle in the frontal plane is smaller in the anesthetized dogs, the QRS; vec-
tor angle in the frontal plane is smaller in the same group of dogs.

Means, standard deviations, and ranges of the spatisl voltage of
the P, QRS,, QRS;, GRS, S8T,, STy, ST, and T instantaneous spatial vectors
have been calculated using formula (1), page 28. These voltage magnitudes
for the unanesthetized dogs are given in Tsble 11 and for the anesthetized
dogs in Table 12. A statisticsl comparison between the two groups using the
"t" test 1s given in Table 13. A summary of the significant results shows
that only the P waves voltage are different, the voltage of the P wave in
the anesthetized group being larger than the unanesthetized dogs.

Calculations of the angles of the QRS;-QRS,, QRS,~QRS;, P-QRS,,

ST, -QRS,, STy,~QRS,, ST,~-QRS,, and T-QRS;, 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 QRS,-QRS; angle are




T2
pecessary because of the two types of QRS sﬁ-loops. Statistical comparisons
using the "t" test comparing the two groupe are given in Table 16. Summarize
ing these comparisons, none of these angles show any differences between the

two groups of dogs.
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TABLE 8
MEANS OF MEASURED ANGLES IN THE FRONTAL AND SAGITTAL LEADS
OF UNANESTHEPIZED DOGS « TIME-BASED
VECTORCARDIOGRAMS
¥
GRS,~F | QR8y~8 | QRS;~F | GRS;-8 QRSq~F QRSp-S
- + - +
Mean 90° 9° 91° 13° -89° 89° ~174° 16°
S.D.*|| * 20 $+11° t 20 $12° + 20 + 70 + s5° $10°
Range| 87%- 0% 88°. 0% | -87% 84°a | -166° 9%
93° 34° 95° 40° -91° 940 -178° 210
No* 8 8 8 8 6 2 (1 dog) 6 2 (1 dog

F « Frontsel Lesad

5 - Sagittal Lead

Angles in degrees
#  Standard Deviation

*¥  Number of observations




Th
E TABLE 9
E \ MEANS OF MEASURED ANGLES IN THE FRONTAL AND SAGITTAL LEADS
! OF ANESTHETIZED DOGS - TIME-BASED
VECTORCARDIOGRAMS
S = ¥
QRSy~F |QRSy~S | QRSy~F | QRSy-S QRSp~F QRSp=5
- L - L3
Mean 86° 8° 87° 13° -90° 871° «165° 0°
S.D.* || #7° +7° +6° +7° +o° + 3° +17° +1°
Range || 70°- 2C. 70°- 3° | -T0°- 84°. | ~125°. 0°-
91° 29° 95° 30° - 90° -180° -0°
N*¥ 19 19 19 19 | 15 4 15 L
|

F - Frontal Lead

S =~ Segittal Lead

Angles in degrees

Anesthesia, pentobarbital 30 mg/Kg.
¥  Btandard Deviation

**  Number of observations; 19 electrocardiograms on 13 dogs.
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TABLE 10

ANALYSIS OF CHANGES IN MEANS OF ANGLES IN THE
FRONTAL AND SAGITTAL LEADS OF UNANESTHETIZED
AND ANESTHETIZED DOGS - TIME-BASED

VECTORCARDIOGRAMS

o ! Mean of Angle

‘ Changes

Anesthetized | Unanesthetized in " Signifi~
Wave ;t Plane Dog Dog Mean Test cance
®sy | F 86° 9° yo 2.29 +
QRS 8 8° 9° 1° <1
QRS F 87° 91° 4o - 2.58 -
QRS; s 13° 13° o® <1
RSy F -90° -89° 1° <1
RSt F 871° 89° 20 <1
QRSg s -165° -17h° 9° | 1.88
®st | s | 0° | 16° 16° | 2.25

f

F - Frontal Lead
S - Sagittal Lead

Angles in degrees
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TABLE 11
MEANS OF CALCULATED SPATIAL MAGNITUDES OF
WAVES FROM UNANESTHETIZED DOGS
TIME-BASED VECTORCARDIOGRAM
= F
P Qasm QRsi @St ST, STb STc T
Mean -16 1-7&' 1.25 .61 Jdb .06 24 .28
s.p.* |09 |tue | %3 | fe8 | tos [tz [taz | tae
R&ng‘ 005"‘ ¢63‘ -62‘ 026‘ 003“ 02~ 001"- 007"
33 2.08 1.43 .99 .18 .10 A3 45
N**

8 8 8 8 8 Mkl 8 8

Voltage in millivolts.
* Standard Deviation.
#*  Number of observations; 8 electrocardiograms on & dogs.

*¥¥%  Wave not present in four observations.




TABLE 12

MEANS OF CALCULATED SPATIAL MAGNITUDES OF
WAVES FROM ANESTHETIZED DOGS FROM
TIME-BASED VECTORCARDIOGRAMS

P QRS @RS, GRS, ST, STy ST, T
Mean .33 2.33 1.61 .68 .20 .06 .26 .29
| S.D.* || *.19 .ok t.59 . a7 +.06 t.15 +.16
Range +09~ «60- b5 27~ O O~ 0= +08-
.88 3.62 2.28 2.03 A2 .20 +56 .65
Nx* 19 | 19 19 19 19 19 19 19

Voltage in millivolts.
Anesthesia, Pentobarbital 30mg/Kg.
*  Standard Deviation.

**  Number of observations; 19 electrocardiograms on 13 dogs.
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TABLE 13
ANALYSIS OF CHANGES OF MEANS OF SPATTAL MAGNITUDES
OF THE WAVES FROM UNANESTHETIZED AND ANESTHETIZED
DOGS « TIME-BASED VECTORCARDIOGRAM
!
i
! Means of ?agnitudes Difference
Anesthetized | Unanesthetized of e Signifi-
Wave Dogs ; Dogs Means Test cance
P .33 .16 A7 3.15 +++
QRSp 2.33 1.7k «59 1.02
QRS 1.61 1.25 .36 <1
QRS .68 61 07 <1
Yea .20 olu 006 1005
STy, 06 .06 0 <1
STa 26 2k .02 <1
T «29 .28 .01 <1

Mognitudes in millivolts.




MEANS OF CALCULATED SPATTAL ANGLES OF WAVES TO THE QRS

TABLE 1k

MAXIMAL VECTOR FROM UNANESTHETIZED DOGS -
TIME-BASED VECTORCARDIOGRAM

19

QRsm‘QRSt !
QRS- +GR8; ~QRS, @RSp- |(5=no wave)} QRSpy- |(S=no wave)

Anglel| QRSy + - T GRS, ~ST P ST-T
Mean 6° 12° 169° 7° 8° 7° 28°
S.D.¥| $4° 19° $5° 18° $18° +50 +4,8°
Range 1°- 5%. 163°- 0°- 59. 2°- 85°-

11° 18° 176° 250 519 19° 0°
N 8 2 (1 dog) 6 8 3 8 3

QRSm-STa QRSm-STh (4=no wave)
Angle|| #5T4 5T +5Ty, =5T,, QRS -ST QRS -T
Mean T° 171° 11° NO 8° 8°
Wave

8.D. || *° - o0 : H1° ¥9°
Range 10~ - to 50w - 1°. 1°-

170 171° 27° - 34ko 310
N T 1 L L 8 8

Angles in degrees.

*  Standard Deviation.

*#%  Number of observations.




TABLE 15

MEANS OF CALCULATED SPATIAL ANGLES OF WAVES TO THE QRS MAXIMAL

VECTOR FROM ANESTHETIZED DOGS - TIME-BASED

VECTORCARDIOGRAM
P-QRS) RS, - QRS, -QRS, STg~ STy, -QRS,
Qr QRS.
n - Qﬂst + QRS + 5T, | - smb None

Mean 9° 8° 165° | 9° 12° 13° | 172°
S.De* ¥e0 ¥s0 000 | #30 bl ¥go o
Range 3°- 0% 98%-|  s°. 0°- 6°- | 169°-

210 170 1780 11°© 500 450 177°
N#* 19 19 15 4 19 8 5 6

+ STC - STC None - T - T
Mean 220 lhoo No lho 1690
wave
S.D. +150 #0460 +13,0 490
Range 30-50° |125°.170° 50440 1520.170°

Angles in degrees.
Anesthesia - Pentobarbital 30 ng./Kg.
*  Stendard Deviation.
*¥% Number of observations.
+ or - indicates whether wave was positive (+) or

negative (-) in voltage.
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TABLE 16
ANALYSIS OF DIFFERENCES OF MEANS OF SPATIAL ANGLES
FOR ANESTHETIZED AND UNANESTHETIZED DOGS FROM
THE TIME-BASED VECTORCARDIOGRAM
Spatial Means of Angles Difference
Angles Anesthetized | Unanesthetiged of i Significance
Dogs Dogs Means " Pest
o (¢} 8 (o)
QRS m-QRSi 8 6 2 < 1
QRS, -QRS - 165° 169° W <1
QRS_~GRS, + 9° 12° 3° <1l
QRS -P 9° 7° 2° |1.83
(¢}
QRS ~ST, 120 T° 5 1.16
o o o
QRSm-STb 13 11 2 < 1
QRS_=-ST 22° 8° 12° |[1.85
m e
QRS -T 14° 8° 6° |1.11

Angles in degrees.
~ indicates a negative voltsge for that wave.

+ indicates a positive voltage for that wave.




The measurement of the intervals in seconds, of the P,
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P-R, GRS,

qr, end RR!, which are not obtainable with standard vector loop wethods, are

given in Table 17 for the unsnesthetized doge, and Table 18 for the anesthe-

gized dogs. Statistical comparisons using the "t" test of the two groups of

dsta are given in Tsble 19. Summarizing these significant comparisons shows

that the P-R interval in the anesthetized dogs is shorter and the QT inter-

val in the anesthetized dogs is also shorter.

TABLE 17

MEANS OF MEASURED HEART RATE AND INTERVALS OF UNANESTHETIZED

DOGS - TIME-BASED VECTORCARDIOGRAM

P P-R QRS QT RR!
Mean .03 .13 .025 .21 .5
S.D.* ta ¥o3 ton ¥o02 30
Range 02 +10- 02k 18- <5l
.05 .20 .030 24 Lokk
N** 8 8 8 8 8

Intervals in seconds.
*  Standerd deviation.

*¥%  Number of observations.
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TABLE 18

MEANS OF MEASURED HEART RATE AND INTERVALS OF ANESTHETIZED
DOGS - TIME-BASED VECTORCARDICGRAM

P P-R QRS Qr RR!
Mean .0353 082 027 .189 .387
Standard +
Deviation -.078 *.013 *.014 ¥,028 * o091
Range 02~ 07~ 022+ .160- .268-
.05 A1 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 UNANESTHETIZED
AND ANESTHETIZED DOGS - TIME-BASED VECTORCARDIOGRAM

Means of Intervals Changes
Anesthetized Unanesthetized in " Signifi-

Intervals Dogs Dogs Means Test cance

P 035 «030 005 1

P’R .0&2 0130 0058 5~27 H"'
QRS 027 025 .002 <1

QT .189 «210 021 22.1 ++
RR' .387 .T50 .363 1.10

Intervals in seconds.




DRUG STUDIES - SERIES I - ANESTHETIZED DOGS

Varying doses of strophanthin G between 0.25 and 1.0 mg were ad-
ministrated 1.v. to 7 dogs anesthetized with pentobartibal (30 mg/Kg i.p.).
Flectrocardiograms 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

stendard clinical electrocardiographic leads for the pre-treated dogs are
given in Tables 20a, 20b and 20c. Similar voltage measurements, dose of drug,
and drug time after treatment, are given in fables 21a, 21b, 21c, 21d, 2le,
and 21f 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 22a, 22b, 22c, 224, 22e, and 22f give the differences 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 after drug administration. Tables 23a, 23b, 23e¢, 23d,
23e, asnd 23f give similar data for the recordings taken more than 2 hours
after drug administration.

A summary of the significent comparisons from Tables 22a, 22b, 22c,
22d, 22e, and 22f is given in Teble 2i. These are for the recbrdings 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

voltaege of the R waves 1s decreased in leads AVF, Vl, V2, V3, Vh, and V5.




TABLE 20a

AMPLITUDES OF WAVES FROM STANDARD ELECTROCARDIOGRAMS

OF PRE-TREATED ANESTHETIZED DOGS

85

.02

Lead I lead II
P s T ST P Q R S T ST
T-1 <06 02 02 -.05| .32 .18 1.8 .33 .10 -.20
B—l -.lO l.OO .lO O 020 .lO ¢27 .22 -20 -
10-~1 .02 0 -.05 0 18 .17 2.3 0 -.26 0
12-1 |02 O 003 0 029 009 1071 008 -cll“ "‘002
13—1 016 O "-03 -02 c28 012 loh‘a - "023 "‘.lo
ll"“l 008 O "qls O .20 O 2030 - ".20 .OLL
19—1 007 - ¢O6 003 . 32 009 2 028 - - 009 .02
333 Lead III Lead AVR
P S T S-T P Q R S T ST
7"‘1 .22 126 olo 012 020 002 058 .10 lO8 "olO
8"1 .30 n21 oll - 102 - 0L - 12 -
10-1 «20 D <21 02| 10 .08 1.20 0 =.16 0
12-1 26 O =13 -.021) W15 W06 1.00 W02 -.10 0
13~1 .12 0 -.08 -.03( .19 .11 1.05 0 =10 -.07
1h-1 .37 0 =06 02| .21 0 1.50 0 -.18 .05
19-1 12 - =10 - .18 1.37 - .2 -

Amplitudes in millivolts
Anesthesia - 30 mg/Kg Pentobarbital




TABLE 20b

AMPLITUDES OF WAVES FROM STANDARD ELECTROCARDIOGRAMS
OF PRE-TREATED ANESTHETIZED DOGS

Dog Lead AVL Lead AVF
No.

P Q R S T ST P Q R S T S-T
7-1 009 001 D30 .18 ool "002 ;25 llo 090 '21. .ll 019
8"1 020 027 lqlh 01.2 002 - 116 920 091 020 .ll -
lO"l 008 003 062 0 "'009 002 12.1 tll 2008 O ".21 .Ol
12"1 012 - 062 002 “".05 4] -30 008 1.59 '08 ".ll 0
13-1 .01 0 2 02 -,03 -.02] .23 .07 1.00 0 -.2h -.09
141 .10 0 .52 0 <, 07 .01]| .23 0 242 0 -.09 .04
19"1 002 'lh 5'(3 - ".03 - : 422 .20 2031 - "'.1.7 -
Do
mf Lead Vy Lead Vp

P Q R S T ST P Q R s T ST
T-1 .09 0 1.0 .72 .09 .11/ .10 0 1.90 .71 -4 -,12
8-1 .08 - 1l.32 .37 .25 - .09 - 1.79 .28 .04 -
lO-l 016 0 lo&) .08 “ul3 nll oll O 109.1 O ‘020 '06
12-1 .13 0 1.37 .37 Y15 05| .17 - 2,00 .21 *iu -.02
13-1 07 0 1.02 . -.05 -,051 .11 0 1.00 .33 =~.05 .04
14-1 «20 0 1.8 0 -.06 .3 .23 0 2.bo 0 =.5 .28
19-1 .10 « 1.83 1.20 .38 - .15 - 2.8 .28 +.14 -

"020

Amplitudes in millivolts

Anesthesia - 30 mg/Kg Pentobarbital
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TABLE 20c¢
AMPLITUDES OF WAVES FROM STANDARD ELECTROCARDIOGRAMS
OF PRE-TREATED ANESTHETIZED DOGS
Doz Lead V Lead V
N 3 4
O »
P Q R s T 5-T P Q R S T ST
7-1 A9 .01 1.51 .32 .18 -1 | .21 .04 .91 .11 0 .12
8-1 A2 .06 1.68 .20 -.15 - A3 .11 1.10 .12 3.07 -
".'006 i
10-1 W13 0 1.8s 0 =22 02| .15 .03 1.70 0 =-.20 .03
12-1 W16 0 2.00 .20 =-.13 0 .18 o 1.81 .11 -.09 -
13“1 0.12 O -97 020 "-05 "AOS .lO -05 1.00 O -.lO O
ll"-l 018 002 20 51 O "030 016 ‘.23 -02 2;10 O - 021 olo
19-1 18 .07 2.49 .03 -.15 - .20 .18 1.82 .02 -.,12 -
Dog
Yo Lead Vs Lead Vg
P Q R S T ST P Q R S T ST
7-1 JA8 05 .72 .16 .02 0 AT W09 W62 11 06 ~-.05
8-1 A1 .30 .70 .10 -.05 - A3 .32 .50 .10 -.06 -
10-1 Jd2 07 1.k2 0 .15 0 A8 .07 1.30 o -.18 o}
12-1 18 10 .90 .05 -.07 0 A8 09 .90 .05 .03 0
13-1 20 JObh B9 0 «.05 «.02 | .20 ,20 .77 0 -0k «.0k
141 .28 .02 1.48 0 -,10 02 ] .15 .05 1.0 0  -.05 0
19-1 13 .25 1.36 .0h «.05 - 07 .32 1.08 .09 -.04 -

Amplitudes in millivolts

Anesthesia ~ 30 mg/Kg Pentobarbital
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TABLE 2la

AMPLITUDE OF WAVES FROM STANDARD ELECTROCARDIOGRAM
AFTER DRUG~TREATMENT OF ANESTHETIZED DOGS

Dog Dose Time* VWt. Lead I Lead II
No. in in in
¥g. Hours lbs. P Q R 8 T 8-T P Q R S T 5-T

7‘3 05** 2"' 12 009 O -08 035 01.7 0 015 .Oll» ¢35 oh‘h 036 -3)4-
8"2 025 l 12 --10 0 o31 1018 o% O ¢16 008 320 llh .23 0
E 8—3 .25 )-l' 12 ""1.0 O 025 1008 Olh 0 018 007 020 ,022 019 "-02
10-2 .25 1 20 OF 0 LT 0 =07 =~.06 17 W16 1,99 0 -0 0
10“3 v25 h 20 ¢06 0 . 3 0 ”003 "-02 ol? oll 1093 0 ‘-2"" ’009
12.2 .25 1.5 1h4 0 13 .31 0 .01 0 29 .18 L2 .17 .10 ~.18
13“2 1 m. 2 1.6 010 -08 .m 0 "'.03 0-02 020 105 lc(ﬁ 102 '022 "019
b2 .5 1 20 09 0 .60 0 =10 .02 .36 0 195 o0 to5 -.05
lh“3 6.5 20 003 007 057 0 "oO& 0 .50 0 1018 0 ‘015 005
1h-b 7.5 20 .03 .05 .58 0 «-.05 0 .56 0 1.28 0 «13 .09
19“2 - 50 h. 5 003 cO? 031 - - - 028 ‘20 1082 - 010 -

Amplitude in miliivolts
Drug - G-strophanthin, given i.v.
Anesthesia - 30 mg/Kg Pentobarbital
*Interval of time between administration of drug and recordings.
*¥Doge given f1.m. 4in this experiment. &




TABLE 21b

AMPLITUDE OF WAVES PROM STANDARD ELECTROCARDIOGRAM
AFTER DRUG-TREATMENT OF ANESTHETIZED DOGS

Dog Dose Time* Wt. Lead IIXI Lead AWR
No. in in in
Mg, BHours Lbs. P Q R ) T 8- P Q R ] T s-T
7-3  J5%% 24 12 t,10 o0 .57 .1 .17  -.09 A2 0 12 .28 .29 .10
8-2 ,25 1 12 27 B0 1.38 .16 17 0 .05 0 .12 0 <1l 0
8‘3 -25 h 12 .23 037 1030 015 010 "'Q03 '03 0 .10 oh9 010 007
10-2 125 1 20 013 015 013 0O ’le -08 013 «10 lolB 0 ‘023 0
10‘3 125 h 20 uls 012 1026 0 '018 ‘Q03 ol6 010 1021 0. "012 ‘003
12"2 Q25 105 1‘.‘ 027 010 -67 001 009 "'019 .20 018 -70 .01 -03 -010
13"2 1 m. 2 16 005 -Ol Q38 0 ‘alO "-07 019 .08 086 0 "06 “'005
1k2 .5 1 20 27 ¢ 1.03 0 .12 «10 .1l 0 «37 o .1k .03
143 6.5 20 32 0 .60 0 «20 .15 22 0 Bk 0 03 .02
1h-h 7.5 20 32 0 .97 0 21 .10 30 0 80 © 06 .03
19“2 050 h-s 019 -}-2 1.36 - 002 - olh -1& 1.08 - -02 002

Agplitudes in millivolts
Drag - Gestrephanthin given i.v.

Anesthesia - 30 mg/Kg Pentobarbital
*Interval of time between administration of drug and recordings.
**Poge given 1i.m. in this experiment.
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TABLE 2lc

AMPLITUDE OF WAVES FROM STANDARD ELECTROCARDIOGRAM

AFTER DRUG-TREATMERT OF ANESTHEIIZED DOGS

Dog Dose Time* Wi, Lead AVL Lead AVF
No. in

Ibs. P Q R s T 5-T P Q R S T S-T
7-3 12 -B5 .01 .h7 s} 0 o) 12 0 L6 .30 .22 .12
8-2 1 12 05 .36 1.31 .10 .05 0 20 W21 .80 .15 .20 0
8-3 b 12 1 .39 1.20 O -,06 Ok 20 .2k 82 .30 12 -.03
10"2 1 20 003 005 d33 0 "‘20 010 '19 ‘12 1073 0 --hO 005
10-3 h .03 .0 ko 0 12 o) 18 .05 1.75 o -.18 -0k
12-2 1.5 1k .10 0 .16 0 .03 -.08 27 .12 89 a1 08 .12
13-2 2 16 .01 0 09 .06 02 =02 21 .05 75 .05 =10 -.08
1k.2 1 20 .25 0 1l.39 0 -.03 .03 .ho 0 1.7 0 .13 .10
lh‘3 605 20 007 0 022 O 012 105 -hs 0 093 0 022 016
bl 7 .10 o} 17 .03 .12 .05 T o} 1.02 0 .25 .15
19-2 h.5 02 .03 .53 - .01 .02 26 .17 1.76 - .Oh -

Amplitudes in millivolis

Drug - G-strophanthin given i.v.

Anesthesia - 30mg/Kg Pentobarbital

*Interval of time between administration of drug and recordings.
**Doge given 1i.m. in this experiment.




TABLE 21d

AMPLITUDE OF WAVES FROM STANDARD ELECTROCARDIOGRAM
AFTER DRUG-TREATMENT OF ANESTHETIZED DOGS

Dog Dose Time* Wi, Lead Vy Lead Vy
No. in in in
Mg. Hours Lbs. P Q R s T s-T P Q R 8 T S-T
g-3 5% 24 12 t.10 0 .86 .65 23 .16 .02 0O 81 7L 32 .23
-2 25 1 12 07 0 1l.12 kb2 +30 -, 05 .09 - 1.ko0 <31 20 4]
8‘3 025 h 1.2 007 0 09"' o&) 021 016 .07 O 1.021 -1"2 -10 012
10~2 .25 1 20 <10 0  1.33 0 -e29 Ol .10 0 1.63 .03 «.30 .02
10-3 4 .12 0 1.23 0 -.18 -.10 .12 0 1.56 0 17  -.08
12'2 .25 1‘5 11“ 018 0 1:09 .}40 029 "‘929 017 0 l.h9 -33 017 '031
13"2 1 m. 2 16 305 0 065 .2&0 “007 "-07 oll 0 loOO oh‘() “005 --lo
1.2 5 1 20 23 0 l.27 .09 Ol .13 | .28 O 2.22 0 20— .12
k-3 .5 6.5 20 14 .03 .73 .10 Abk =19 «20 0 1.39 0 t.06. 0
b4 7 A9 0 8L .08 tos 4] 21 0 l.s 0 =02 0
19"2 .50 hos <21 - 065 1081 oh3 °023 .22 . - 1028 o88 JI~2 «.10

Amplitude in millivolts

Prug - G~-strophanthin given i.v.

Anesthesis - 30 mg/Kg Pentobarbital

*Interval of time between administration of drug and recordings.
*¥Dose given i.m. in this experiment.
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TABLE 2le

AMPLITUDE OF WAVES FROM STANDARD ELECTROCARDIOGRAM
AFTER DRUG-TREATMERNT OF ANESTHETIZED DOGS

Dog Dose Time* Wi, Lead V, Lead V),
No. in in in

Mg. Hours 1Ibs. P Q R 8 T s-7 P Q R 5 T s-T
T-3 .S5%** 24 12 .05 0 .56 .55 .35 21 .08 .03 .39 .31 .25 A1
8-2 .25 1 12 A2 .06 1.M0 «20 .12 .07 20 b 110 .07 .11 .06
8"3 l" 011 008 1030 '30 013 -lh’ 016 017 088 .20 010 003
10-2 .25 1 20 12 .09 1.48 4] ~-.31 0 .13 .10 1.3h4 0 -.25 o)
10-3 Y .15 0 1.37 0 -e23 -0k A2 .10 1.38 o} -.16 .06
12-2 .25 1.5 14 .20 0 1.45 .30 .20 =23 17 .08 116 .21 1k -19
13"2 l ng. 2 16 017 O . 027 "o% : "01.0 020 ¢] 080 4] "q(.6 ’o(ﬁ
1h-2 .5 1 20 .30 0 2.12 0 -.09 .10 .31 .02 1.63 0 -0k .02
1h-3 6.5 .23 ¢ l.22 c .12 .C5 .30 .CL  1.05 c .12 .C5
1h-k < 27 0 1.30 o] .10 .05 .31 0 1.18 0] .14 .10
19"2 . 5 kc 5 028 009 2036 018 .020 005 037 013 2. 16 - 016 - .03

Amplitude in millivolts
Drug = Ge-strophanthin given i.v.

Anesthesia - 30 mg/Kg Pentobarbital
*Interval of time between administration of drug and recordings.
**Doge given i.m. in this experiment.
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TABLE 21Lf

AFTER DRUG-EREATMENT OF ANESTHETIZED DOGS

AMPLITUDE OF WAVES FROM STANDARD ELECTROCARDIOGRAM

Bog Dose Time* Wt. Lead Vg
No, in
Mg. Hours Ibs. P Q 7 8.7 P Q R s §-T
7"3 12 007 003 017 '09 009 -03 122 -20 . 07
8-2 1 12 16 . .07 o} 15 .31 .56 .07 0
8-3 b 1k .30 .05 0 12 .3h .50 0 -.02
10-2 1 20 1k W10 - 20 0 11 .11 1.22 0 0
10"3 h‘ 015 .05 "‘015 °.0h 018 oll 1.12 O ‘003
12“2 1&5 lh ols 016 007 "509 ulh 017 .70 005 "OO6
132 2 16 12 .05 =09 =05 .15 <11 .63 0 .03
1h2 1 20 27 .01 .08 .08 .26 .03 1.04 0 .02
1h-3 6.5 27 0 .12 .05 26 .04 .53 0 .05
1&”* <3 021 0 016 009 021 005 oéh 0 009
19-2 .5 24 16 L05 =02 .13 «27 1.33 - .02

Amplitude in millivolts

Drug - G-strophanthin given i.v.

Anesthegia - 30

mg/xg Pentobarbital
*Interval of time between administration of drug and recordings.

**Doge given i.m. in this experiment.

€6




TABLE 22a

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM

BETWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

Dog Dose Time  Wt. Lead I Lead II
No. in in in
Mg. Hours Lbs. P Q R 8 T ST P 4] R 8 T S-T

8"2 o25 1 12 0 0] 010 01.8 --0& 19 ‘Qoh =02 -0 "-08 0 -
10""2 125 l 20 002 ’nOh 037 0 -.02 "'006 ‘001 ‘001 "ol 0O "-l 0
122 925 105 lh "»02 .07 OOh‘ 4] "".02 0 ] 009 had ) 59 109 '21" "016
13"2 lso 2 1.6 "1% -.Oh ‘alG O O -.Oh ‘.08 .‘007 ’0314' o02 --01 "009
ll&-?. .5 l 20 -01 Q "¢07 O 005 002 -16 0 ‘c35 0 415 "009
Mean Differences =01 =-.002 .056 .036 -.006 .024 | -.006 -.002 -.298 .006 .05k -.068
Standard Deviation .032 02 .08  .032 .12 | .092 .21 1k7 068
Standard Error 019 179 .035 .019 .O%0 LOh1 .168 066  .030
ntn Test <1l <1 <1l 1l.01 <1 <1 <1 <1l 1l.77 <1l <1l 2.27
Significance

Differences in millivolts

Pre-Treated - Treated (Paired Experiments) L

Drug Time:

2 hours or less




TABLE 22b

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
BETWEEN PRE-TREATED AND DRUG~-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS
M Dose Time Vt. Lead IIX Lead AVR
Io. in in in
Mg, Hours [Lbs. P Q R 8 o BT P Q R 8 T S-T
8-2 .25 1 12 -03 .10 .07 =-.05 .06 0 .03 - .11 0 -.01 0
10“2 025 1 20 ”007 -05 ‘1‘57 0 -.20 o% 903 002 ‘002 O ".07 O
12'2 025 1.5 1h ‘001 -07 "06“' -003 -22 "-17 .05 012 '030 '001 cl3 "010
13-2 1.0 2 16 =07 0L «.12 0 -.02 -.0b4 0 =03 =19 © Ok L02
11“2 .5 1l 20 ««10 (4] "nsb 0 olg -08 ~.10 (8] "013 0] 032 -, 02
.
uem mfferencea “0052 -0% ’n56 0016 .0“8 "oOlh' .002 0022 "ol% '0002 0082- "-02
Standard Deviation o2 .01 .635 .020 .168 .099 057  .157 151 .0kb
Standard Error 019 .018 .283 008 .075 .Oohh 022  LOT0 L0687  .020
"t" Test 2.73 2.56 1.97 2.00 <1 <l <1l 1.00 1.51 <l 1l.22 1.00
Significance
L]

Differences in millivolts

Pre-Treated - Treated (Paired Ekperi.ments)

Drug Time: 2 hours or less

Ve
Ui




TABLE 22¢

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM

BETWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

Lead AVL Lead AVF

Dog Dose Time Wt.
No. in in in

Mg. Hours Lbs. P Q R 8 T §-T P Q R ] T S-T

8"2 -25 l 12 bt ] 15 oll .13 "002 003 0 001“' 001 “'oll "oOh v09 0
10-2 .25 1 20 L0 02 .29 0 =11 .08 -.02 0L -.25 0 -«19 .Oh
12"2 025 lcs lh "¢02 O Qhé "002 ¢08 *.08 “‘003 ‘00}4 ‘.70 003 019 -.12
134 1.0 2 16 O 0 "103 “‘00& .05 0 "902 "002 "025 "005 olh «01
lh‘g ts l 20 015 O 087 O .Oh 302 ol? 0 "ol"l o 022 -06
= o

mn Diffemces -‘o% 0026 032" "'-016 0018 .00“ .108 -.008 -QBM "¢012 009 —-002
Standard Deviation ;109 .O47 344 .01T .OTh .08% .01k .232 .033 .163
Standard Error 0h9 021 .15% .008 .033 .038 .006 .10k .015 .0T3
"t” Test <1l 202h 2.20 2.00 <1l <1l 2.8h 1o33 3031 <l 1023 <1l
Significance ‘ * +

Differences in millivolts
Pre-Treated - Treated (Paired Experiments)
Diug Time: 2 hours or less




TABLE 224

AMPLITUDE DIFFERERCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
BEIWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

Dog Dose Time  Wt. Lead V, Lead V,
No. in in in

ko Iburs Ilbsc P Q R B T S‘T P Q R s T S"T

8-2 .25 1 12 -.01 v -.20 .05 .05 -+ 05 o - -39 .03 .16 0

1.0"2 925 l 20 ".% O ",2"7 -.08 "016 ‘007 “oOl 0 °028 "’003 —.lO ".Ok‘
12’2 025 l.s l}"' ‘05 0 ‘028 t03 am -.2h 0 0 ~e 51 "012 028 "-29
13-2 1.0 2 16 =02 0 =37 -.0b =02 .02 0 0 0 .07 0 =05
1h-2 .5 1l 20 03 O =55 .09 210 =17 .05 0 ~e20 0 .30 =16
m mffmnces “0002 0 "037 001 .082 ".102 .008 0 -0276 0002 0128 "0108
Standard Deviation .1h1 222 L1102 «193 17k 118
Standard Error .C63 099 .06 .086 .078  .053
"$" Test <1l<1 5,87 <1 <1l 2,22 <1l <1 3.21 <1 1.6k 2.0k
Significance 4 +

Differences in miilivolts
Pre-Treated - Treated (Paired Experiments)
Drug Time: 2 hours or less

L6




TABLE 22e

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
BETWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

Dog Dose Time  Wt. Lead V3 Lead V),
No. in in in

Mg. Hours Ibs. P Q R S T g7 P Q R S T ST
8-2 .25 1 12 0 0 =28 0 27 .C7 07 .03 o) .05 Ok .06
10-2 .25 1 20 -0l 09 =37 0 -09 =.02 ~.02 W07 =36 o =05  =.03
122 025 ) los lh QOh O "»55 «10 033 ‘.23 -.01 001* "065 «10 -23 "019
13«2 1.0 2 16 .05 0 =11 0T =01 =05 10 «.05 =20 0 0h .06
142 .50 1 20 12 =02 -.39 0 21 =06 .08 0 - b7 0 17 -.08
Mean Mffemces aoh aoll” ot 3h 6031" -1142 "5058 -Ohh’ 0018 “-336 .Ol 5086 "-06
Standerd Deviation 051 161  .0kg 182  .109 .055 .04  .248 112 .09
Standard Error .023 072  .022 .0BL  .0h9 .025 .020 .111 L050  .0ko
“t7 Pegt 1.73 <1l k.72 1.55 1.7% 1l.21 1.76 <1l 3.03 <1 1.72 1.5
Significance e +

Differences in millivolts

Pre-Treated - Treated (Paired Experiments)
Drug Time:

2 hours or less




TABLE 22f

AMPLITUDE DIFFERENCES OF WAVES FROM STARDARD ELECTROCARDIOGRAM
BETWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

Dog Dose Time Wt. Lead Vs Lead V6
No. in in in

Mg. Bours ILbs. P Q R s T 8- P Q R 8 T S-T
8'2 -25 1 12 105 =02 ".035 0 12 o .02 «.01 006 ‘-03 .12 ¢
10‘2 025 l 20 "o02 "003 —.10 0 "‘35 0] "007 -.01& "018 0 =-.02 0
122 025 105 lh' "‘.03 .06 “026 005 ‘olh ’009 -.Oh o(ﬁ - 20 0 003 "006
13-2 1.0 2 16 -.08 +.01 -.19 0 -.0h -,03 =05 =.09 14 O -02 =07
lh’a 050 1l 20 "001 '001 ":25 0 018 -06 oll "’002 “006 4] 008 .02
Mean Differences 018 .002 -,178 .0L =.046 =.012 | -.000 =.0l6 =.104 -.006 .038 -.022
Standard Deviation 0k6 .095 210 .05k 062 .106 062 .0b
Standaird Error 021 .0k2 .093 .02k 028  .ObT7 .028 .019
"t" Test <1l <1 ho2hk <1 <1 <1 <l <1 2.21 <1 1.36 <1
Significance +

Differences in millivolts
Pre-Treated - Treated (Paired Experiments)
Drug Time: 2 hours or less




TABLE 23a

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM

BETWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISORS

Dog - Dose Time  Wt. I Lead I
Fo. in  in in
Mg. Bours Lbs. P Q R 8 T S«T P Q R S T s-T

T=3 5 24 12 03 0 =13 33 15 =05 =16 =.1h -.73 .11 .26 .5k
8"3 ¢25 l} 12 0 0 013 008 QOh 0 "002 ".03 "007 0 "001 "002
10-3 .25 b 20 Oh -.0b ,17 0 02 =02 -01 =06 - -.20 0 02 -.09
1""3 05 605 20 "'05 007 -.10 0 "oll 0 020 4] -101.2 - .35 001
11"2" 05 7.5 20 ‘005 --05 ‘009 0 ’010 0 "036 0 “1002 0 033 005
19«2 .5 k.5 -.0h .07 -.06 0 =06 -.03 | -Ob .21 -k O 19 -.02
Kean Mfferences ‘001 -.008 ‘001 007 "QOl ‘3017 "0065 ‘-02 "060 0018 019 0078
Standard Deviation 035 .026 .129 .13 .20 172 077 k28 k6 1kl 223
Standard Error .01k ,011 .053 .05 .08 070 .031 .172 .182 .057 .091
"t" Test <l <1 <1 1l <1 <1 <1 <1 3.9 <1 3.33 <1
Significance + +

Differences in millivolis

Pre-Treated - Treated (Paired Experiments)

Prug Time: More than 2 hours

CCT




TABLE 23b

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
BEIWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

Dog Dose Time Wt. m Lead AVR
No. in in in
Mg. Hours Lbs. P Q R S T S-7 P Q R 8 T S-T
7’3 ’5 2h 12 "-12 --03 “o19 --15 007 -.21 -.08 "002 -9,4'6 018 021 020
8"3 025 h‘ 12 ’007 007 -001 ‘.06 -.Ol ".03 001 0 009 ol“g ".02 .07
10‘3 025 l"‘ 20 "005 002 03}‘ 0 +003 "005 006 402 001 O -Ol" ‘003
1k-3 .5 6.5 20 -.05 0 =.97 o} .26 .13 .01 0 -.66 0 21 -.03
1k .5 7.5 20 ~.05 0 =1.00 0 .27 .08 .09 o} -.T0 0 2h -,02
19"2 05 h‘ns -07 --10 ‘o!“6 - ‘12 - -.Oh— .12 “o29 C clh 002
Mean Differences -.045 -, 007 ~-.38 «.035 123 -.013 008 .02 -.335 .l12 .137 .035
Standard Deviation 062 ,055 .53 L.061 .118 .118 .05 .05 332 .163 .333 .089
Standard Error 025 .,022 .218 .025 .03  .0L8 .02 136 067 .135 .036
"£" Test 1.80 <1 1.7h 1.b0 2.56 <1 <1l 1.00 .2h6 .167 1.01 <1
Significance {
Differences in millivolts s
Pre-Treated - Treated (Paired Experiments) =)

Drug Time: More than 2 hours




TABLE 23c¢

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
BETWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

T paiy T
Dog Doase Time Wi, Lead AVL Lead AVF
No. in  in in
Mg. Houras Lbs. P Q R 8 | s-T P Q R 8 T sS-T
g“S '5 2&' 12 -olh O el "03.8 =.0L .02 ~.1 «.10 -.M 009 <11 007
"3 525 h 12 "-06 012 . "008 bt .02 e -Oh "'19 -10 001 ’003
10-3 .25 4 20 -05 01 -.22 0 -.03 ~.02 -.03 =-.06 -.33 0 .03 «.05
k-3 .5 6.5 20 -.03 0 -.30 0 .19 .Oh .22 0 -l.19 o} .31 Ol
k-4 .5 7.5 20 0 0  -.35 .03 .19 Oht .23 0  -1.10 0 .34 11
19"‘2 05 h-s 0 --ll -120 - OU)‘ 102 -Oh "¢03 - 55 0 .21 -
km mﬂemes ‘iOh? 0003 "'clh -.038 .05 ;02 Q(J62 ‘0025 “-&17 003 ol@ 0023
Standard Deviation .052 .208 079 .363 .022 U450 .05 A37 .05 L8 .06
Standard Error .021 .085 .032 .18 .009 | .183 .020 .178 .ok .182 .02k
"t" Test 2,23 <1 1.64 1.19 <l 2.22 <1l <1 3.47 1.50 <1l <1l
Significance +
Differences in millivolts

Pre-Treated - Treated (Paired Experiments)
Drug Time - More than 2 hours

c0tT




TABLE 234

AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
BEIWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS

Dog Dose Time Vt. Lead v1 Lead v2

Ko. in in in

Mg. Hours Lbs. P Q R 8 T 8-T P Q R (] T S-T

7"3 vs 2“‘ 12 ‘019 0 ’019 '007 clh 005 ’008 O 009 0 -h6 -35
8-3 025 h’ 12 "'tOl 4] “-38 023 -.Oll .16 "'02 0 "-58 'lu .06 012
10-3 .25 L 20 -, Ol 0 =47 -.08 <05 =21 .01 o «.35 0 .03 -.1h
lh‘3 05 605 20 'o% 003 "1009 010 -20 ".l“9 °003 0 "'1.01. O -56 "028
k- .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 -l.52 .60 62 =10
Mean Differences ~.033 .005 -.72 L145  .068 -.335 012 0 -.917 .123 .352 .055
Standard Deviation .098 <426 .258 .100  .237 .05 0 L10 .2h0 248 Lok
Standard Error’ +Obo A7k 205 080 L097 020 O JA67 097 W10 .10
"t" Test <l <l 4.13 1.38 1.70 3.45 <1 <1 5.49 1.27 3.45 <1
Significance ++ + -+ +

Differences in millivoltis
Pre-Treated - Treated (Paired Experiments)
Drug Time: More than 2 hours

£01




TABLE 23e
AMPLYTUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
: BETWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS
T
Dog Dose Time  Wt. Lead V, Lead V)
No. in in in
Mg. Hours Lbs. P Q B 8 T 5-T P Q R s T S-T
=3 .5 2k 12 =l -0l -9 .23 <53 .32 “el3 =0l =32 .20 25 .23
g"B .25 h 12 "'-Ol 002 *.Zg .10 .07 oll“ 003 006 '22 008 003 -03
10=3 .25 b 20 02 0 -8 C =0l =06 | =03 07 =32 0 4.0k =09
1k-3 .5 6.5 20 05 =02 -.29 o} L2 -1l .07 =.01L 1.05 0 ~¢33 =05
lh‘h 05 7.5 20 ¢09 "002 ’1021 0 -3‘00 ’oll 008 "002 -o92 0] -35 C
19-2 .5 k.5 JA0 .02 -.13 .1k .35 =.05 1T ~.C5 34 -.02 .28  =.C3
Mcan Differences 018 -.00L -.557 .078 .293 .022 .032 .007 .008 .03 .213 .015
Standard Deviation 088 - 28  .095 .21k .1T73 .106 .OWT .679 084K .1h2 112
Standard Error 036 = 175 .039 .087 .07C 043 .019 .277 .C21 .058  .Oh5
4" Test <l <1 3.18 2.00 3.37 <l <1l <1 <1l 2.05 3.67 <1
Significance + + ' +
4
Differences in millivolts
Pre-Treated - Treated (Paired Experiments) -
Drug Time: More than 2 hours &




TABLE 23f ‘
AMPLITUDE DIFFERENCES OF WAVES FROM STANDARD ELECTROCARDIOGRAM
BEIWEEN PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISONS
Lead V Lead V
Dog Dose MTime Wt. ) 6
No. in in in
Mg. Hours Ibs. P R 7 §.7 Q s T ST
7-3 .5 2k 12 -1l ~e35 .15 .C9 -.06 09 .08 .12
8-3 .25 L 12 .03 0 .10 0 02 -.10 LO7 =02
16-3 .25 4 20 03 =02 =21 =30  =.0b -0l v} #.01L =.C3
L3 L5 6.5 20 -0l -,20 -.66 22 .03 .01 0 17 .05
-l .5 Te5 20 =07 ~.02 -.68 .06 .07 c o .19 09
19-2 .5 h.5 L1 =09 .53 <0k =10 =02 L06 =05 25 =09 =0l «.C2
Mean Differences ~003 ~.058 -.228 ~,013 ,088 Q22 .023 -.023 ~-.227 -.Cl7T .0B5. .C32
Standard Deviation L0075 J45h 0 .053 .20 .051 .067' L.03L L0331 W0 W81 LoBhk
Standard Error 031 .185 .02 .008 .021L 027 013  .013 .029 .033 026
"t Test <1 1.87 1.23 <1l  1.10  1.0% <l l.77 17.h <l 2.58 1.23
Signlficance R +
Differences in millivolts
Pre-Treated - Treated (Paired Experiments) s
Drug Time: More than 2 hours b
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TABLE 2k
SUMMARY OF SIGNIFICANT DIFFERENCES OF VOLTAGE MEANS
OF THE STANDARD ELECTROCARDIOGRAM WAVES
OF IRUG TIMES OF TWO HOURS OR LESS
Changes won
Lead in Mean t" Test Significance
P Wave AVF A1 ?.8& +
R Wave AVF - 34 _ 3,31 +
ALY -.37 5.87 + +
vg “'a28 3.21 +
V3 ".31" )"'072 + '.'
vh “'Q3h 3.03 +
Vs "-18 h.2‘3~ +
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Table 25 gives a summery of the significant results of voltage
changes from Tables 23a, 23b, 23c, 23d, 23e, and 23f where drug time is more
then two hours. The voltage of the R waves 1s decreased in leads II, AVF, V,,
Vo, V3 and Vg after drug administration. The ST segment is elevated in Vi
and the voltage of the T waves is increased in leads II, Va, \Y Vhand V6.

Measurement of the heart rate, the intervals, axes, and spatisal
angles of the dog's electrocardiograms before treatment with the drug is
given in Table 26, and after treatment with the drug, in Table 27. Analysis
of the differences of the measurements from 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 hours.

Summarizing in Table 30 the significant results of Table 28 shows
that the QT interval is smaller and the QRS axis in the frontal plane is
slightly less vertical after drug administration. Table 31 summarizes the
significant results from Table 29, Here again the QT interval is decreased

after drug treatment.
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TABLE 25

SUMMARY OF SIGNIFICANT DIFFERERCES OF MEANS
OF VOLTAGE FROM STANDARD ELECTROCARDIOGRAM WAVES WITH IRUG TIMES
OF MORE THAN TWO HOURS

Lead Sgagg:z "t" Tegt | Significance
R Wave II -.60 3.49 +
AVF "062 3.1“7 +
Vl "072 )"‘013 + +
V2 "092 5;"‘9 ".' +
V -‘% 3.18 +
vg -.23 7.4 ++ 4+
T Wave IX -19 3o33 +
Vo .35 3.45 +
V3 29 3.37 +
vy 21 3.67 +
v6 ’09 2'58 +
ST Wave Vi -.34 3.45 +




TABLE 26

HEART RATE, INTERVALS, AXES AND ANGLES

109

FROM STANDARD ELECTROCARDIOGRAM OF PRE~TREATED ANESTHETIZED DOGS

Do Heart Rate Intervalg*
N 8 beats/

O _ 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 Ok 240
13"‘1 150 -10 003 0192
1he1 135 .11 .03 .220
19-1 ol .12 .03 240
Dog Heg:t Rate Axes - Frontal Plane¥¥*
No. ats/
minute QRS ST T
7-1 160 80° ~-120° 65°
8-1 160 1250 1159 65°
10-1 145 79° -90° 105°
12«1 155 80° -90° ~100°
13-1 150 ThO 80° . 110°
141 135 75° 80° 60°
19-1 94 650 80° -80°
Do Heart Rste .
Nbg beats/ Angles
* minute QRS-T Sr-T
T-1 120 18° 1702
8-1 160 700
12-1 145 iggg 1702
12-1 155 10
12~1 150 1;22 1;22
1421 135
19-1 94 170° 180°

¥ Intervals in seconds.
*% Axes and angles in degrees.

Anesthesia:

30 mg/Kg Pentobarbital.
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TABLE 27

HEART RATE, INTERVALS, AXES AND ANGLES
FROM STANDARD ELECTROCARDIOGRAM AFTER IDRUG TREATMENT
OF ANESTHETIZED DOGS

fo

Dose Time W, | Beart Intervals Axe;;gi:ntal
Dog 4n in 1in Rate 1

No. . Hours Lbs. | beats/
Mg. Hours Lbs.| @ ite |P-R QRS Q-T | RS T S-T |QRS-T ST-T

T=3 5% 2k 12 125 A1 .ok 236 95° 55° -125° | 50°  140°

g2 .25 1 12 135 (.09 .ok .182]120° 75°  65° | 65° 5°
8-3 4 125 |.10 .03 .208|130° 65° 60° | 65° 5°
10-2 .25 1 20 155 | .07 .03 .204| 75° -95° 100° [180° 170°
10-3 b 180 |[.09 .03 .196| 78°-100° -100° |170° Q°

12-2 .25 1.5 14 163 09 .03 .192]| 75° 95° .90° | 30° 175°
13-2 1.0 2 16 145 .11 .03 .180| 65° -85°  .85° [140° 50
=2 .5 1 20 155 10 .03 .190| T0° 14s° 90° | 80° 25°

143 6.5 195 10 .03 .180] T72° 100°  100° | 29° 0%
14-4 7 188 12 .03 .180| 65° 115° 100° | 60° 15°
19-2 .5 k.5 198 09 .03 .17 80° g0° - 30° -

Intervals in seconds.
Axes and angles in degrees,
Drug - G. Strophanthin. given i.v.
Anesthesis - 30 mg./Kg. Pentobarbital.
* Dose of drug given i.m. in this experiment.




PABLE 28

DIFFERENCES IN HEART RATES, INTERVALS, AXES AND ANGLES
FROM STANDARD ELECTROCARDIOGRAM OF PRE-TREATED AND IRUG-TREATED
ANESTHETIZED DOGS WITH STATISTICAL COMPARISON

Heart Intervals A Axes Angles
Dog Dose Time Wi, Rate
No. in  in in | beats/ !

Mg. Hours Lbs. | minute . P-R QRS Q-T GRS ST T QRS-T ST-T
7=3 .5% 24 12 |-35 | .03 .01  -.0b5 | -30° 5° -10° 32° .30°
8-3 .25 4 12 [[-35 | .02 0 .017 5° -55° 0 =59 -bg°

10-3 .25 k 20 35 . W01 0 -0k 1° ~110° 25° -50 170°
14-3 .5 6.5 20 60 i =01 0 -.0l40 -3° 12° 20° 40 «85°
W .5 7.5 20 | 45 .01 0 -.0ko -10° 200 55° 35°  -T0°
19-2 .5 k.5 104 -.03 0 «.070 15° -80° 170° ~140°  -180°
Mean Differences 29 .005 - -.036 ~4© -5 43 -13 -bo

Standard Deviation 54.7 .02 - .029 15.2 73.2 66 62 115

Standard Error 22.3 .008 - .0118 6.2 29.9 27 25 b7

"t" Test 1.30 <1 =1 3.05 <1 1.49 1.59 <] <l

Significance +

Intervals in seconds.

Axes and angles in degrees.

Drug: G. Strophanthin - given i.v.
Anesthesia: 30 mg./Kg. Pentobarbital.
*Doge of drug given i.m. in this experiment.

T
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TABLE 29

DIFFERENCES IN HEART RATE, INTERVALS, AXES AND ANGLES
FROM STANDARD ELECTROCARDIOGRAM OF PRE-TREATED AND DRUG-TREATED
ANESTHETTIZED DOGS WITH STATISTICAL COMPARISONS F

Dog Dpose MTime Wt. Hg:i: Intervals Axes Angles

No. in in  in  |peats/
Mg. Hours Lbs. lpinute |P-R QRS Q-T [QRS ST T | GRS-T ST-T

8-2 .25 1 12 -25 | .01 .01 -.009 5% .50°  10%| 5% us®
10-2 .25 1 20 10 [-.01 0 -.03 |-4° 10° 170°| -5° 0
12-2 .25 1.5 1k 8 0 -,01 -.058 |-5° 165° 0 |-150° 165°
13-2 1.0 2 16 -5 .bl 0 =.120 -90 165° -165°| -35° -165°
k-2 .50 1 20 20 .01 0 =-.032|-5° 10° 85° 55°  60°
Mean Differences 1.6 | .00 0 -.051|-5.6 60 10 | -28 3
Standard Deviation 0134 1.7 97.4 123 76
Standard Error .006 T b3 55 34

"M Test | <1 <1l <1 8.% 8.00 1l.h0<1 | <1 <1
Significance ' A*H + 4 + +

Intervals in seconds.

Axes and aengles in degrees.

Drug: G. Strophanthin. given i.v.
Anesthesia: 30 mg./Kg. Pentobarbital.
Drug times: 2 hours or less.
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TABLE 30
SUMMARY OF SIGNIFICANT DIFFERENCES OF MEANS OF INTERVALS,
AXES OF STANDARD ELECTROCARDIOGRAM

o Differences wan

Comparison in Mesn t" Test Significance
Intervel Q-T -.051 sec. 8.50 + +
Axis GRS ~5.6° 8.00  +

Drug Tine: 2 hours or less.
TABLE 31
SUMMARY OF SIGNIFICANY JIFFERENCES OF MEANS OF
INRTERVALS, AXES AND ANGLES OF
STANDARD ELECTROCARDIOCRAM
Differences wyn

Comparison in Mean t¥ Test Significance

Interwal Q-T - Oh 3.05 +
Drug Time: More than 2 hours.
_‘f‘\j
£
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vectorcardiograms: Only the angles of the QRSm, QRSi and QRSt instantaneous

vectors were megsured 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
1ike superimposed QRS, P and T 5§-loop8 make separation, identification, and
measurements difficult.

The measurements of these angles in degrees is given in Table 32
for 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 anglee, from the 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-
ences between these two conditions with & drug time of 2 hours or less.
Sumary 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 QRS and QRSl vector in the sagittal
plane has a larger angle or a more anterior orientation after the administra-

tion of the drug.
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TABLE 32

ANGLES OF WAVES FROM VECTORCARDIOGRAM LEADS

OF PRE-TREATED ANESTHETIZED DOGS }

Dog GRS, QRS QRSy, b

o F s F S F s

7 70° 12¢ T5° 22° -112° -152°
8 90° 80 370 200 -90° ~154°
10 87° 6° 87° 16° -100° -125°

12 91° 7° 89° 10° -850 -174° |

13 820 29° 950' : 6° -T0° -157° | ‘

1h 880 50 gko 25° -88° -1° |
19 T° 90° 90° 8° o° T°

Angles in degrees. \

F = Frontal lead. ; ‘

S = Ssgittal lead. ”
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TABLE 33
ANGLES OF WAVES FROM VECTORCARDIOGRAM LEADS
AFTER DRUC TREATMENT OF ANESTHETIZED DOGS
A e S
No. Mg. Hours Lbs,
F S F S F S
8 .25 1 12 88° 47° | 8° 15° -90°  -140°
10 .25 1 20 87° 9° 87°  16° -90°  -136°
12 .25 1.5 14 91° 7° 88°  10° -88°  -175°
13 1.0 2 16 85° 4° 90° 19° -87°  -150°
14 .5 2 20 | 8 90° 9°  18° -99°  -158°

Angles in degrees.
F = Frontal lead; S = Sagittal lead.

Drug Times: 2 hours or less.
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TABLE 34
ANGLES OF WAVES FROM VECTORCARDIOGRAM LEADS
AFTER IRUG TREATMENT OF ANESTHETIZED DOGS
. S
- B T A S B
No. Mg. Hours Lbs.
F ] F S F S
7 .50 24 12 86° 8° 87° 8° -98°  .173°
10 .25 4 20 90° 50 90° 9° -90°  -172°
14 .5 6.5 20 86° 1° | 100° 2y° -88° o0
1k .5 7.5 89° -1° 105° 6° ~-105° 176°
19 .25 k.5 15 90° 4o 90° 50 90° -5°

Angles in degrees.

F = Frontal lead; S = Sagittal lead.

Drug Times:

More than 2 hours.
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TABLE 35
DIFFERENCES OF ANGLES OF.WAVES FROM VECTORCARDIOGRAM LEADS
OF PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS,
WITH STATISTICAL COMPARISON
]
ﬁf }i)zse Tiz;xe :;!';. QRS GRS, GRS,
Mg.  Hours  Lbs. F s F s F s

8 .25 1 12 2° -39° | 1 5 0 1°
10 .25 1 20 0 -3° | O 10° -11°
12 .25 1.5 1k 0 0 1° 0° -3° -1°
13 1.0 2 16 -39 25° 5¢  .13° -17° 7°
14 5 2 20 10 22 187° 1570
Mean Differences 0 4.3 1.8 -.40 35.4 -29.6
Standard Deviation 1.9 228 | 1.9 7.8 85.3 71L.8
Standsrd Error .85 10.2 .85 3.48 38.1  32.1
"t" Test O <l 2.12 <1 <1l <1
Significance

Angles in degrees,

Drug Times: 2 hours or less.
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TABLE 36

DIFFERENCES OF ANGLES OF WAVES FROM VECTORCARDIOGRAM LEADS
OF PRE-TREATED AND DRUG-TREATED ANESTHETIZED DOGS
WITH STATISTICAL COMPARISON

Dog Dose Time Wt. QRS QRS QRS
No. in in in
Mg. Hours Ibs. F s F s F s

7 50 24 12 16° L° 17° 14° ) 14° 230
10 .25 N 20 -3° 1° -3° T° 10° 19
1k 50 6.5 20 -20 Lo -6° 10 176° 177°
i - .50 7.5 -1° 6° .| -1° 19° 193° .
19 .25 L,s 15 0° 3° 0° 30 0°
Mean Differences 20 3.6 -.6 8.8 78.7 23
Standard Deviation T.9 1.7 10.1 6.5 97 88.5
Stendard Error 3.53 .76 L,51 2.9 43.3  39.5
"t" Test <l k.7h <l 3.03 1.81 <1
Significance + + +

Angles in degrees.
Drug Times: More than 2 hours.

TABLE 368
SUMMARY OF SIGNIFICANT DIFFERENCES OF AXES FROM VECTORCARDIOGRAM

Changes ' o

in Mean t" Test Significance
QRS Axis
Sagittal Plane 3.6 b Th + o+
QRS;Axis
Sagittal Plane 8.8 3.03 .

Drug Time: More than 2 hours.
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rine~Based Vectorcardiograms:

p————

The results of the calculation of the spatial magnitudes of the
waves using formuls (1) (Page 28) are given in Table 37 for the pre~treated
dog, in Table 38 after drug treatment with a drug time of 2 hours or less,
and in Teble 39 after drug treatment with a drug time of more than 2 hours.

The ratios of these spatial magnitudes to the QRS spatial magni«
tude were calculated. Table 40 gives these ratios for the pre-treated dog,
Tgble 41l gives these ratios after drug treatment with a drug time of 2 hours
or less, and Table 42 gives these ratios after 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. Tseble 43 gives the
differences of the ratios and analysis for the drug times of'more than 2
bours. Table 45 sumarizes the significant results. The P wave is smaller,
the,STa wvave is larger, and the T wave is smaller after the drug with a
drug time of more than two hours.

The calculated spatial angles of each wave to the QRS maximal vecw
tor using formulas (1), (2) and (3) are given in Teble 46 for the pre-
treated dog, Table 47 after drug treatment with a drug time of 2 hours or
less, and in Table 48 after 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 s drug time of 2 hours or less, and in

Table 50 for a drug time of more than two hours. Summarizing these analyses

=2
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shows that no comparisons of the angles were statistically different sfter
drug treatmeﬁt 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,
Teble 52 after drug treatment with a drug time of 2 hours or less, and in
Table 53 after 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 sk gives the analysis of these differences for the drug
time of 2 hours or less, and Table 55 gives the analysis of these differ-~
ences for the drug time of more than two hours. A summary of the signifi-
cant comparisons is given in Table 56, Only the QT 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 MAGNITUDES OF WAVES CALCULATED FROM TIME-BASED
VECTORCARDIOGRAPHIC LEADS OF THE
PRE-TREATED ANESTHETIZED DOGS

g‘f P @RS,  GRS; GRS, | ST, ST, ST, T

T .35 1.57 1.52 STh 11 0 A7 .32

8 .23 1.86 1.16 75 Ok 0 .05 .16
10 021 ' 2.52 10% 058 -23 0 017 030
12 RS 2.66 1.89 R 0 .13 .05 .33
13 .20 1.02 1.22 A1 Ok 0 .03 .22
14 .88 3.18 2.05 1.19 10 .10 .25 .32
19 A7 3.58 2.17 2.03 61 .08 .31 .32

Magnitude in millivolts.
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TABLE 38

SPATIAL MAGNITUDES OF WAVES CALCULATED FROM TIME-BASED |
VECTORCARDIOGRAPHIC LEADS AFTER DRUG TREATMENT
OF ANESTHETIZED DOGS

Dose Time Wt. | ‘
in in in . P QRS QRS, @RS, st ST, ST T
Mg. Hours Lbs.

Dog
No.

8 25 1 12 A7 .96 .81 43 076 - 089 .191
10 .25 1 20 25 2.39 1.85 W0 .233 .020 .Ob5  .530
12 .25 1.5 14 | .5 1.6k 1.18 .58 | .355 .383 -  .305
13 1.0 2 16 .22 1.15 1.21 A7 Oko .08 .182 .058

1k .5 2 20 .82 2.61 1.63 .28 .351  .161 .8  .270

Magnitude in millivolts.
Drug TMmes: 2 hours or less.

Drug: G Strophanthin, given i.v.
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TABLE 39
SPATIAL MAGNITUDES OF WAVES CALCULATED FROM TIME-BASED
VECTORCARDIOGRAPHIC LFADS AFTER IRUG TREATMENT
OF ANESTHETIZED DOGS

Do Dose Time Wt.
N> im im in P GRS, GRS; @RSy | ST, ST, ST, T

Mg. Hours Lbs.
7 5% 24 12 .23 1.22 .86 .56 - L0k 220 265
10 .25 L 20 .28 2.6 1.72 .59 163,160 071 .357
14 .5 6.5 20 72 1.80 .97 .26 030 - LOhs 253
14 .5 7.5 69 1.84% 1.03 .20 .100 - L1100 .254
19 .25 k,5 15 .53 2.40 1.75 1.43 226,050 .304k  .363

Megnitudes in millivolts.
Drug Times: More than 2 hours.
Drug: G Strophanthin, given i.v.

* Dose of drug given i.m. in this experiment.




TABLE 40O

RATIOS OF MAGNITUDES OF EACH WAVE TO THE QRSp
SPATIAL MAGNITUDES CALCULATED FROM THE TIME-BASED VECTORCARDIOGRAM

OF PRE-TREATED ANESTHETIZED DOGS
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Dog

-~

e e RS, QBS; GRS, | ST, ST, ST, T
7-1 18.3 100 81.1 35 8.3 - 8.7 19.h4
8-1 12.4 100 62.4 40.3 2.2 - 2.9 8.5

10-1 8.3 110 73.8 23.0 9.2 - 6.5  11.9

12-1 15.4 100 Ti.1 17.7 - k.9 1.9 12.6

13=1 19.6 100 119.6 40,2 b - 2.7 21.7

1h-1 a7.1 110 6k.5 37.4 12.6 3.1 7.7 10.1

19-1 13.1 110 60.6 56.7 17.0 2.2 8.5 8.9




TABLE 41

RATIOS OF MAGNITUDE OF EACH WAVE TO THE GRSy,
SPATTAL MAGNITUDE CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

AFTER DRUG TREATMENT OF ANESTHETIZED DOGS

126

Dose Tine Wt.

Dog in ian in P ORS. GRS, QRS ST ST ST T
No. Mg. Hours 1Lbs. . i v & v ¢
8 25 1 12 17.7 100 844 LB 7.9 - 9.3 19.9
10 .25 1 20 10.5 100  TT.h 16.7 9.7 .8 1.9 22.2
12 .25 1.5 1k 30.5 100 T2.0 35.4 | 21.6 23.k4 - 18.6
13 1.0 2 16 19.1 100 105.0 40.9 3.5 7.0 15.8 7.4
14 .5 2 20 3L.4 100 62.5 10.T7| 13.h4 6.2 11.8 10.3
QRS magnitude x 100.
Drug Times: 2 hours or less,

Drug - G Strophanthin, given i.v.
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TABLE 42

RATIOS OF MAGNITUDES OF THE WAVES TO THE QRS
SPATTAL MAGNITUDES CALCULATED FROM THE TIME-BASED VECTORCARDIOGRAM
AFTER DRUG TREATMENT OF ANESTHETIZED DOGS

mg Dose Time Wt. )
in in in P @RS QRS., QRS a7 ST ST T
No. Mg Hours Lbs i} i + a b ]

7 J50% 24 12 | 18.9 100 T0.5 45.9 - 3.3 18.3 2.7
10 .25 L 20 | 11.b 100 69.9 24.0 | 6.6 6.5 2.9 1k.5
14 .50 6.5 20 | 40.0 100 53.9 k.4 | 1.7 - 2.5 14,1
1k +50 7.5 37.5 100 56.0 10.9 5l - 6.0 13.8
i9 .25 ks 15| 22,1 100  T72.9 59.6 9.k 2.1 12.7 15.1

QRS magnitude x 100,
Drug Times: Moroe thban 2 hours.
Drug - G Strophanthin, given i.v.

* Dose of drug given i.m. in this experiment.
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TABLE 43

DIFFERENCES IN RATIOS OF MAGNITUDE OF WAVES BETWEEN FRE-TREATED
AND DRUG-TREATED ANESTHETIZED DOGS CALCULATED FROM TIME~BASED
VECTORCARDIOGRAM WITH STATISTICAL ANALYSIS

Dog Dose Time Wt. |

Yoo e murs toa) ¢ oo T T S S E
8 .25 1 12| -5.3 - «26.3 =4.5 -5.7 0 6.4 <11.4
10 .25 1 20| -2.2 - =3.6 6.3 -.5 -.8 L6 -10.3
12 .25 1.5 14 | -15.1 - -9 «17.7 |-21.6 -18.5 1.9 «6.0
13 1.0 2 16 .5 ~ 1k4 -6 b =7.0 -13.1 1&.3
14 .5 2 20 | k.3 - 2.0 20.7 -8 3.1 k.1 -2
Mean Differences -5.3 -2.88 1.8 5.6 «5.9 «3.4 2.7
Standard Deviation 6.9 4.8 15.9 | Y9.3 #.6 .o Ho.s
Standard Error 3.08 6.61 7.1 | ¥.15 #3.39 #3.13  L4.69
"t" Test 1.72 | <l <1 1.35 2.01 Ll.09 <1
Significance

Brug Times: Less than 2 hours.
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TABLE 44

DIFFERENCES IN RATIOS OF MAGNITUDES OF WAVES BETWEEN PRE-TREATED
AND IRUG~TREATED ANESTHETIZED DOGS CALCULATED FROM TIME-BASED
VECTORCARDIOGRAM WITH STATISTICAL ANALYSIS

Dog D?:e Tiie Yﬁ‘ P QRS, GRS, GQRS, | ST. ST, ST T
No. Mg. Hours Ibs. " * . & b ¢

7 J50% 24 12 0.5 =« 10.6 =10.9 | 8.3 =3.3 «9.6 <2.3
10 .25 L 20 | ~3.1 - 3.9 -1.0 2.6 6.5 3.6 -2.6
1k +50 6.5 20 |~12.9 -~ 10.6 23 10.9 3.1 5.2  =4,0
14 .50 7.5 <104 - 8.5 26.5 7.2 3.1 1.7 -3.7
19 «25 h,s 15 |-13.2 « «12.3 -2.9 7.6 c.1  -h,2 6.2
Mean Differences -T.9 h,26 6.9 T+3 -7 -7 =3.8
Standard Deviation 6.0 9.7 16.7 €.0 L.2 6.1 1.6
Standard Error 2.68 4,33 T.46 2,68 1.86 2.72 T
"t" Test 2.95 98 .92 2.72 .38 26 5.35
Significance + + + &

Drug Times: More than 2 hours.




130
TABLE 45
SUMMARY OF SIGNIFICANT DIFFERENCES OF THE RATIOS
OF MEANS OF MACNITUDE BETWEEN THE
PRE~-TREATED AND DRUG-TREATED ANESTHETIZED DOGS
Differ .
Wave* fi M:gg:s "t" Test Significance
P -7.9 2.95 +
ST, 7.3 2.72 +
T -3.8 5.36 + +

-~ indicates wave magnitude became relatively smaller after drug.
+ indicates wave magnitude became relatively larger after drug.

¥ All these waves sre from the Drug Time of More Than Two Hours
Series.
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TABLE 46
SPATIAL ANGLES OF EACH WAVE TO THE QRS, VECTOR CALCULATED
FROM TIME-BASED VECTORCARDIOGRAM OF PRE-TREATED
ANESTHETIZED DOG
m m m m m m m
7 21° 9° 173° Le° - 15° 173°
8 10° 12° 165° 10° - 120 11°
10 21° 3° 174° 0° - 28° 175°
12 10° 1° 171° - 170° 170° 179°
13 21° 6° 152° 50° - koo 152°
14 50 17° 50 40 450 27° 170°
19 T° 7° 7¢ 6° 6° 25° 158°

Angles in degrees.




TABLE 47

SPATIAL ANGLES OF EACH WAVE TO THE QRS, VECTOR CALCULATED
FROM TIME-BASED VECTORCARDIOGRAM AFTER DRUG TREATMENT

OF ANESTHETIZED DOG

132

Dose Time W,

Dog " ip in in QRSj- QRSy- | STa-  STy-  STe- T-
No. Mg, BHours Lbs. @RSy, @RS, QRSp, @RSy WSy, GRSy
8 25 1 12 11°  168° L48° - 50 19°
10 25 1 20 6°  166° 3° 99° 55¢  178°
12 25 1,5 1% 59 173° 168°  170° - 140
13 1.0 2 16 9°  159° 98°  172°  163° 530
1k «50 2 20 12° 130° 50 1° 28° 9°

Angles in degrees.

Drug Times:

Drug - G Strophanthin, given i.v.

2 hours or less.
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TABLE 48
SPATTAL ANGLES OF FACH WAVE TO THE GRS, VECTOR CALCULATED
FROM TIME-BASED VECTORCARDIOGRAM AFTER DRUG TREATMENT
OF ANESTHETIZED DOGS
_ “WDose Time wt, : o
, &g on n o QRS;- QRS,- | ST,- ST~  ST,- T-

* Mg. Hours Lbs, @8y RSy RS, QRS QRSy QRS
7 50% 24 12 ° 18° - 9° 9° 2°
10 .25 b 20 52 1u5° 4°  173°  128° 175°
1k .50 6.5 20 1% w® 4° - 23° 50
1k .50 7.5 18°  14s° &° - &° 10°
19 .25 k.5 15 14° 12° 6°  174° 3° 2°

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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TABLE L9
DIFFERENCES OF SPATIAL ANGLES TO QRS, CALCULATED FROM
TIME-BASED VECTORCARDIOGRAM OF PRE-TREATED AND DRUG TREATED
ANESTHETIZED DOGS, WITH STATISTICAL ANALYSIS

o D::e Tiﬁe‘ ::. QBSi- QRSt- ST&- STb~ STc~ T -
No. Mg. Bours Lbs. QRS QRSy QRSpy QRSy ORSp, QRS
8 25 1 12 1° =30 | .380 o° 70 .80
10 25 1 30 -3° 8| 30 99 .30 -3°
12 .25 1.5 1k 40 0| 1680 0°  170°  165°
13 1.0 2 16 -3° -7° Lg°  172°  .123° 99°
1k .5 2 20 50  .1250 10 koo -0 1610
Mean Differences 8  -25.8 -320 63° yo 83°
Standard Deviation 3.8  55.7 820 730 - 850
Standard Error 1.70 2k.9 - 37° - 38°
"t" Test <1 l.0b| <1 1l.91 <1 2.8
Significance

Differences in degrees.
Drug Times: 2 hours or less.

Drug -~ G Strophanthin, given i.v.
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TABLE 50
DIFFERENCES OF SPATIAL ANGLES TO CALCULATED FROM
TIME-BASED VECTORCARDIOGRAM OF PRE ED AND DRUG-TREATED

ANESTHETIZED DOGS, WITH STATISTICAL ANALYSIS

Dog D::e Ti:e :z. P- QRS4~ QRSy- | STa- STy~ ST~ T-

No. Mg. BHours LIbs. | QRSy QRSy, QRSy QRS, QRS OQRS, QRS,

7 L50%  2h 12 120 60 =70 y6o ~g0 60 1710
10 .25 L 20 1o -20 290 [ 4o 1730 1000 0o
1k +50 6.5 20 10 00 -1h2o 00 5o ko 1650
1k 50 75 -20 -10 «1h0o | <20 k50 210 1600
19 .25 h.5 15 10 -To -50 00 -1680 220 1560
Mean Differences 5.2 .8 -53 go «520 -9.4o0 620
Standard Deviation 72.6 L7 81.9 |21.3 110 51.3 147
Standard Error 32.4 2.10 36.6 9.5 kg1 22.9 66

"t" Test < 1 < 1 1lbs5|< 1 1.06 < 1 .9k
Significance

Differences in degrees.
Drug Times: More than 2 hours.
Drug - G Strophanthin, given i.v.

*Doge of drﬁg given 1.m. in this experiment.
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TABLE 51

HEART RATES AND INTERVALS MEASURED YROM TIME-BASED
VECTORCARDIOGRAM ON PRE-TREATED
ANESTHETIZED DOGS

Bor | beata) ntervals
Minute P . P-R QRS Q-T RR'
7 160 .03 .08 . .030 .,188 «356
8 155 .02 .08 .022 .168 .388
10 160 .05 .08 026 196 376
12 176 .05 .08 .032 .204 «340
13 193 .03 .08 .028 .12k .312
1k 183 .03 .08 .02k 156 .328
19 136 N .08 LOh0 .190 12

Intervals in seconds.
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TABLE 52 | iﬁ:\
[
i
HEART RATES AND INTERVALS MEASURED FROM TIME-BASED h
VECTORCARDIOGRAM AFTER DRUG TREATMENT i
OF ANESTHETIZED DOGS 3
Dose Time Wt. Heart Rate Intervals
Dog in in in Beats/

No. l@ . Hours Ibs. ninute P P-R QRS QT HR'

8 25 1 12 165 03 .08 .02 .8 .368 i
10 .25 1 20 188 03 .07 L02h .18 «320 ‘
12 25 1.5 1k 185 Lol .09 034 .16 .30k
13 1.0 2 16 155 .03 .10 026 .15 .388
1k +5C 2 20 200 .03 .08 .026 .15 .300

Intervals in seconds.
Druvg Times: 2 hours or less.
Drvg - G Strophanthin, given i.v.
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TABLE 53

HEART RATES AND INTERVALS MEASURED FROM TIME-BASED
VECTORCARDIOGRAM AFTER DRUG TREATMENT
OF ANESTHETIZED DOGS

Dose Time Wt. Heart Rate Intervals

Dog 1in in in Beats/
No. Mg. BHours Lbs. minute P P-R QRS Qr RR'

1 .50% 2 12 150 .0l 13 »030 «270 « 504
10 .25 b 20 200 .03 .09 .02k .168 +300
14 «50 6.5 20 200 .0l .09 .02k 150 +300
1k 50 7.5 200 Ok .08 .026 .180 «276
19 .25 k.5 15 15 .03 .08 025 «150 .280

Intervals in seconds.

Drug Times: More than 2 hours.

DPrug - G Strophanthin, given i.v.
*Dose of drug given i.m. in this experiment.




139
TABLE Sk
DIFFERENCES OF HEART RATE AND INTERVALS MEASURED FROM
VECTORCARDIOGRAM OF PRE-TREATED AND DRUG-TREATED
ANESTHETIZED DOGS WITH STATISTICAL ANALYSIS
Dose Time Wt. Heaxrt Rate Intervals
Dog in in in Beats/
No. Mg. Hours ILbs. minute P P-R QRS QT
8 .25 1 12 =10 0 0 006 .028
10 .25 1 20 -28 02 .01 002 .0L6
12 .25 1.5 ik «9 .OL «0l -.002 ~Olth
13 1.0 2 16 38 0 -.02 .002 .026
1k .50 2 20 -17 0 0 =002 .006
m A
Mean Differences 006 -,008 .0012 .02h4
Standard Deviation - - 003 .01k
Standard Error - - 4001 006
"£" Pegt <1 <1 <1 koo
Significance +

Drug Times: 2 hours or less.

Drug - G Strophanthin, given 1.v,
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TABLE 55

DIFFERENCES OF HEART RATES AND INTERVALS MEASURED FROM |
TIME-BASED VECTORCARDIOGRAM OF PRE-TREATED AND DRUG TREATED ‘
ANESTHETIZED DOGS WITH STATISTICAL ANALYSIS

Dose Time Wt. Heart Rate Intervals

pog in in in Beats/ -
No. Mg, Bours lbs. minute P P-R QRS QT

7 .50% 24 12 0 -0l ~.05 0

10 25 b 20 ~ho ,. .02  ~,0L  .002  .018 |
14 50 6.5 20 17 -.01 01 0 .006 |
1k 50 7.5 17 -.01 0 -.002 .O76

19 .25 4.5 15 -T2 ol 0 .05 ,Oh

T |

Mean Differences «15.6 01  -.006 .007 .028 ‘
Standard Deviation 39.2 .013  .008 .020  .031 |
Standard Error 17.5 006 .00k ,009  ,OLk

"t' Test .89 1.66 1.50 7T  2.00
Significance

Drug Time: More than 2 hours.
Drug - G Strophanthin, given 1.v.
*Doge of drug glven i.m, in this experiment. 1
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TABLE 56
SUMMARY OF SIGNIFICANT DIFFERENCES OF INTERVALS

o Changes Signifi-
in Mean "t" Test cance
QT Interval .02k 4,00 +

DPrug Time: 2 hours or less.

DRUG STUDIES - SERIES II - UNANESTHETIZED DOGS.

For this study, four dogs were trained to lie on their right sides.
Digitoxin was given orally at a dose of 0.1l mg. per day for the low-dose condi-
tion and 1.0 mg. per day for the high dose condition. The recording and dose
schedule is given in Table 1 (page 37).

All the data obtained with the three methods were evaluated using
analysis of wvariance. For the purpose of this analysis, the major sources of
variation separated were: 1) between dogs, 2) between conditions (non-drug,
lov-dose drug and high:dose drug conditions), and 3) between waves (the
voltage, magnitude or angles of the waves measured in each method). Minor
sources of variance, separated, were the interactions: 1) dogs x conditions,

2) dogs x waves, 3) conditions x waves and 4) dogs x conditions x waves.
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wdard Clinical Method: An analysis of varlance was performed for each lead.
Tables 57 to 62 contain the analysis of variance for each of the limb leads
and Tables 63 to 69 contain the analysis of variance for each of the chest
leads.

Since thls study was deslgned 0 study the effects of the selected
drugs on the electrocardiogram, it is noted that these effects are contained
i!i the variances between conditions. A sumsary of the significant comparisons
is given in Table 57. Summarizing, differences are noted between non-drug and
drug, and vere significant in leads AVF, V3, V3, V3 and VL. Table 57 also
lists the wave analysis for these aigniﬁcant}leads. The differences between
vaves wvas significant in the following: 1) R wave is decreased in voltage,
comparing mon-drug versus low-dose drug condition, in leads Vy, Vp, V3 and
Vh; the R wave is increased in voltage, comparing non-~drug versus high-dose
conditions, in leads AVF, Vi, Vp, V3 and V); 2) ‘the 8 wave is increased in
voltage, comparing non-drug versus high-dose drug conditions, in lead Vp; and
3) the T wave is increased in voltage, comparing non-drug versus high-dose
conditions, in lead Vo.

The source of variance, between dogs, was highly significant in all
the leads. This suggests that there is a large variation from dog to dog.

The source of variation, between waves, was also highly significant in all
leads. This is an expected result because the waves are all different by
definition. It may be noted that a number of the interactions 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 then.




TABLE 57

SUMMARY OF SIGRIFICANT FINDINGS FROM THE ANALYSIS
OF VARIANCE FOR CONDITIONS

Lead F Signifi- | Vave Conditions "t"  Test Differences
Ratio cance Means* Comparisons in Means
Non~Drug| Lov Dose | High Dose | KD vs. LD | 8ignifi-| ND vs. HD| Signifi-
(N-D) {L-D) (4-D) cance cance

AVF | 6.5k -+ R 1.074 1.080 1.233 .006 .153 -
Vi T.40 + R 1.015 924 1.283 -.001 + «359 A a
Vo |17.32 o R 1.148 .978 %.373 «. 170 bt 3.395 i+
S .126 .108 k) -.018 .333 -
T <119 .089. . h23 ~.030 .334 A4
V3 |16.39 +++ R 1.247 .923 1.433 -.324 -+ 510 -+
vy | 9.16 +++ R 1.039 .850 1.161 -.189 ++ .291 ++

* Means of conditions in millivolts.

et
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TABLE 58
ANALYSIS OF VARIANCE FOR LEAD Y, SERIES II
H
Source of Degrees Sums of Variance Signifi-
Variation of uvares mre Ratio cance
(v.8.) Preedom ?s 8.) ?M 8.) (r)
(0.F.)

Dogs (D) 3 1112 0371 5.22 e
Conditions (C) 2 »0188 . «009h <1
Waves (W) 5 11.3539 2.2708 32.96 -
Dx¢C 6 . 02619 .0&36 6olh At
DxW 15 1.0328 .0689 9.70 ey
CxW 10 .1823 .0182 2.56
DxCxW 30 . 56L49 .0188 2.65 -
Error 294 2.0863 0071
Total 365 15.6121
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TASLE 59
ANALYSIS OF VARIANCE FOR LEAD II, SERIES II
M q
Source of Degrees Sums of Mean Variance Signifi-
Variation of Squares | B e Ratio cance
(v.s.) Freedom 8.8.) gm. ) (r)
(D-Fo) '
pogs (D) 3 2.5281 C 8427 82.62 -
Conditions (C) 2 L W2127 .1063 3.10 .
Waves (W) 5 67.2370 13.bh7h 26.94 e
DxC 6 «2058 +0343 3.36 b
DxW 15 7.4878 Lhoo2 L8.9k -+
CxW 10 3803 .0380 3.73
DxCxVW 30 2.7436 CWO15 8.97 -
Error 294 2.9836 0102
Total 365 81.5089
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TABLE 60
ANALYSIS OF VARIANCE FOR LEAD IIY, SERIES II
Source of Degrees Sums of Mean Variance Signifi-
Variation of Squares Square Ratio cance
(v.s.) Freedom 8.8.) (M.8.) (®)
(D.F.)
Dogs (D) 3 1.2264 ~hOB3 31.20 e
Conditions (C) 2 .0022 .0011 <1
Waves (VW) 5 31.0795 6.2159 21.01 i
DxC 6 «5073 .08L6 6.46 -+
DxW 15 4,4386 .2959 22.59 e
CxVW 10 0341 0034 <1
DxCxW 30 .1980 . 0066 <1
Error 294 3.8531 .0131
Total 365 41.339
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TABLE 61
ANALYSIS OF VARIANCE FOR LEAD AVR, SERIES IX

Source of Degrees | Sums of Mean Variance Signifi-

Variation of Squares Square Ratlo cance
(v.5.) ?*B?e%?? 5.8.) (#.s.) (F)

Dogs (D) 3 1.009k . 3365 46.10 +H+
Conditions (C) 2 ! To's) .0200 2.73
Waves (W) 5 36.609% 7.3219 31.57 -t
DxC 6 +Oh61 0077 1.05

DxW 15 3.4348 «2290 31.37 -+
CxW 10 1251 L0125 1.34
DxCxVW 30 +2790 0093 1.27

Error 294 2.1543 0073
Total 365 43.6981
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TABLE 62
ANALYSIS OF VARIANCE FOR LEAD AVL, SERIES IT
Source of Degrees Sums of Mean Variance Signifi-
Variation of Squares Square Ratio cance
(v.s:) Preedon S.8.) (M.5.) (F)
(D.F.)
Dogs (D) 3 «3558 ' ,1166 16.63 FERES
Conditions (C) 2 0515 L0257 1,31
Waves (W) 5 7.6752 1.5350 10,51 e
DxC 6 «1176 L0196 2.65 +
DxW 15 2.1913 +1h61 19.7h e
CxW 10 1921 ,0192 TL
DxCxW 30 2.6387 .0880 11.89 -t
Error 20k 21740 +00Th
Total 365 13.2222




TABLE 63a
ANALYSIS OF VARIANCE FOR LEAD AVF, SERIES II

1k9

" source of Degrees of Sums of Mean Variance | Signifi-
Variation Freedom Squares Square Ratio cance
pogs (D) 3 1,717 5706 52.35 e+
Conditions (C) 2 .1h26 0713 6.54 Ee
waves (W) 5 55,017k 11.0035 28.54 -
DxC 6 .C876 0146 1.3k
DxW 15 5.7822 3855 35.37 e
CxW 10 2134 .0213 1.95 .
DxCxW 30 2305 L0077 < 1 -
Error 204 3.1508 .0109
Total 365 66.4362
TARLE 63b
ANALYSIS OF WAVES IN LEAD AVF
Waves Conditions « Means* Comparisons Differences
Won-Drug | Low Dose h Dose ND vs. LD in Means
(N-D) . (L-D) H-D) ND vs. HD
P .09 092 0oL .00k .002
Q .16k 147 «208 Nk 051
R 1.07h 1.080 1.233 +006 .153
b W
078 .095 .129 OLT 034
T 054 069 .086 .015 017
ST .003 +O0L 002 .002 .001
*Means in millivolts. *#33gnificance.
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TABLE 6ka
ANALYSIS OF VARIANCE OF LEAD V3, SERIES II
"s:ource of ! Degrees of Swms of Mean Variance Signifi-
Variation Freedom Squares Square Ratio cance
pogs (D) 3 ' L1479 .0kg3 5.30 -
Conditions (C) 2 .3227 .1613 T.40 -+
waves (W) 5 50,0583 10.0117 197.b7 s
pxC 6 .1309 .0218 2.35 +
DxW 15 . T610 L0507 5.45 4+
CxV 10 1.0828 <1033 3.23 -+
DxCxW 30 1.0050 .0335 3.60 ++
Error 294 2.7268 TL0093 o
Total 365 55.2359
TABLE 6k,
ANALYSIS OF WAVES IN LEAD Vq
Waves Cond.:ltio_x_m « Meang* T Comparisons Differences
Kon-Drug low Dose | se KD vs. LD in Means
(N-D) (L-D) . H-D) ND vs. HD
P 034 034 .02k 0 .010
Q OOk 017 0 .013 017
R 1.015 .92k 1.283 -.091 .359
4 ¥ oy XX
8 124 .108 167 .016 «059
T +145 <107 143 .038 .036
ST +008 -.003 .003 w011 006

*Means in millivolts.

*¥%gignificance.,
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TABLE 65a
ANALYSIS OF VARIANCE OF LEAD V,, SERIES IX
Source of Degrees of Sums of Mean Variance Signifi-
Variation Freedom Squares Square Ratio cance
Dogs (D) 3 +3067 .1022 7.15 -
Conditions (C) 2 1955 2477 17.32 +H
vaves (V) 5 -h668 12.2933 97.49 | -+
D x C 6 olh% 00250 1. 5 ‘
DxVW 15 1.8909 .1261 8.52 4+t
DxCxW 30 8076 0269 1.88 ++
Error 29k L4,2006 - .0L43
Total 365 71.1991
TABLE 65b
ABALYSIS OF WAVES IN LEAD V,
m-—-—-—:m-m
Waves Conditions -~ Means* Comparisons Differences
Non-Drug | lov Dose | High Dose ND vs. LD in Means
(8-D) (L-p) (85-D) ND vs. HD
P 0032 o03h 0029 0002 “.005
Q ,013 011 .039 002 .028
R 1.148 .978 k.373 .170** 3.395
4 4+
S .126 .108 Ll .018 .333
4+
T 2119 .089 .423 .030 .33k
+H+
sT .006 -.003 .003 .009 .006

*Means in millivolts.

#*8ignificance.
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TABLE 66a
ANALYSIS OF VARIANCE OF LEAD V3, SERIES II
Source of ' Degrees of Sums of Mean Variance Signifi-
Variation Freedom Squares Square Ratio cance
Dogs (D) 3 7223 2407 13.37 i+
Conditions (C) 2 +5901 .2951 16.39 -t
waves (W) 5 61.3438 12,2687 53.30 it
Px¢C 6 «2012 «0335 1-86
DxW 15 3.4531 « 2302 12.79 e
CxW 10 2.37681 .2378 10.38 i+
DxCxW 30 .6855 .0229 1.27
Error 294 5.2970 . +0L80
Total 365 Th.6T11
TABLE 66b
ANALYSIS OF WAVES IN LEAD V3
Waves Conditions - Means* Comparisons Differences
 Non-Drug | Low Dose | 8e ND vs. LD in Means
(8-D) (L-D) H-D) ND vs. HD
P 035 +032 027 «003 Q05
Q <013 .021 .01l 008 .010
R 1.247 .923 1.433 32Ut L510++%%
S «J0L OTT 11k 024 037
T +119 .078 .10k LOol1 .026
ST cOOh 0002 *.008 0002 .010

*Means in millivolts. *#3ignificance.
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TABLE 67a
ANALYSIS OF VARIANCE OF LEAD V), SERIES II
——S—ource of Degrees of 8ums of Mean Variance Signifi-
Variation Freedom Squares | Square Ratio cance
Dogs (D) 3 .6929 .2310 12.91 s
Conditions (C) 2 +3279 .1639 9.16 -
Waves (W) 5 hs,2314 9.0462 35.43 -+
DxC 6 .0068 ,0011 <1
DxV 15 3.8303 22553 1hk.26 -
CxW 10 . 7800 ,0780 3.32 -+
DxCxW 30 .7059 .0235 1.31
Error 294 5.2650 +0179
Total 365 56.8402
TABLE 6Tb
ANALYSIS OF WAVES IN LEAD V),
Waves Conditions ~ Means* Comparisons Differences
"Ron-Drug Tow Dose H{gh Dose ND vs. LD in Means
(8-D) (L-D) (H-D) ND vs. HD
P .031 037 .028 .006 .009
Q 016 035 ,033 .019 002
R [1.039 .850 1.161 189+ 201"
s .08%4 062 .081 .022 .019
i .096 .050 ,058 LOh6 .008
ST -.002 .002 -.00k .00k .006

*Means in millivolts.

*%38{gnificance.




TABLE 68

ANALYSIS OF VARIANCE OF LEAD Vg, SERIES II

15k

Source of Degrees Sums of Mean Variance 84gnifi-
Variation of Squares Square Ratio cance
(v.8.) Freedom 5.5.) (M.8.) (*)
(D.F.)

Dogs (D) 3 4884 .1628 11.07 yau
Conditions (0) 2 +0391 +0196 1.33
Waves (W) 5 35,2227 7.04k5 37.59 et
DxC 6 .091h .0152 1.03
DxW 15 2.8110 «1874 12.75 -t
CxW 10 +2353 .0235 1.10
DxCxW 3C JOlu2k 0214 1.46

Exror 29k, 4,3278 LOLUT
Total 365 43.8581




155
TABLE 69
ANALYSIS OF VARIANCE OF LEAD Vg, SERIES II
Source of Degrees Sums of i Mean Variance | Signifi-
Variation of Squares Square Ratlo cance
(v.s.) Freedom (s.s.) (M.8.) (F)
(p.7.)

pogs (D) 3 L1811 ' 1603 12.43 -+
Conditions (C) 2 .0373 .0186 <1
Waves (W) 5 30.2710 6.0542 32.92 +++
DxC 6 +20L6 .OL91 3.81 -
DxW 15 2.7590 .1839 1k.25 g
CxW 10 L1702 L0170 TL

Error 294 3.7618 .0129
Total 365 39.4727
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The analysis of variance for the wave intervals is given in Table

70, for the frontal axes in Table 71, and for the QRS.ST-T angles in Table 7T2.

The degree of variation, between conditiocns, is not significant in any of these

analyses.

The variation between dogs 1s significant in the analyses of inter-

vals and angles, again indicating a large variation from dog to dog.

TABLE T0

ANALYSIS OF VARIANCE OF INTERVALS, STANDARD
ELECTROCARDIOGRAM, SERIES IT

Source of Degrees | Sums of Mean Variance Signifi-
Variation of Squares Square Ratio cance
Freedonm (¥)
Dogs (D) 3 +0030 .0010 3.30 +
Conditions (C) 2 .00k8 002 3.00 .
Waves (W) 1 .1992 C.1992 16.6 +
DxC 6 .00k2 .0008 2.66 +
DxV 3 .0035 .0012 4,00 4
CxW 2 +0002 0001 < 1
DxC=x¥V 6 +0015 0002 < 1
Error 98 .0325 .0003
121




TABLE T1
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ANALYSIS OF VARIANCE OF FRONTAL AXIS, STANDARD ELECTROCARDIOGRAM

u—éource of Degrees of Sums of Mean Variance Signifi-
Variation Freedom Squares Square Ratio cance
(v. 8.) (p. F.) (s. 8.) (M.8.) (»)
Dogs (D) 3 3,18k 1,061 <1
Conditions (C) 2 10,802 5,401 1.81
waves (W) 2 192,459 9%,229 L, ok
px¢C 6 29,673 h, L6 1.65
DxW 6 116,843 19,474 6.53 o
CxW b 19,762 L,oh1 1.66
DxCxW 12 46,531 3,878 1.30
Error 147 438,528 2,983
Total 182 857,782
Axls in degrees,
TABLE T2
ANALYSIS OF VARIANCE OF QRS-ST-T ANGLES, STANDARD
ELECTROCARDIOGRAM
o
Source of Degrees of Sums of Mean Variance Signifi-
Variastion Freedom Squares Square Ratio cance
Dogs (D) 3 50,783 16,927 9.1 +++
Conditions (C) 2 3,894 1,947 <1
DxC 6 27,292 b, 548 2.53 +
Error k9 88,054 1,797
Total 60

Angles in degrees.




TABLE 73

SUMMARY COF ANALYSIS OF VARIANCE OF SIGNIFICANT CONDITIONS AND
ASSOCIATED WAVES, VECTORCARDIOGRAM LEADS

Conditions ~ Means Comparisons Differences
Lead ¥ Signifi- | Axis (Degrees) 4n Mesns
Ratio | ecance Wave
Non-Drug | Low Dose | High Dose | ND vs. LD | Signifi- | ND vs. HD | Signifi-
(mD) (1) (aD) cance cance
Sagittal 16.89 | +++ QRS «127.9 -127.9 «140.7 0 12.8 4

951
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Vectorcardiograme of Series II:

An anslysis of variance for the sagittal and frontal leads of this
method was studied. Only the measurements of the angles of the QRSp, QRS;
and QRSy (instantaneous vector) were included in the analysis of variance
because measurements of the P and ST-T s& loop sre difficult, since these
waves are superimposed upon QRS sﬁ loop. This information can be easily ob-
tained from the Time~Based vectorcardiographic method which is reported in
the next section.

Anslysis of variance of wave angles for the frontal lead are given
in Teble 74 and for the sagittal lead in Table 75a. The variation between
conditions is significent in the sagittal lead. Analysis of the magnitude
of the waves, between conditions, for this lead is given in Table T5b.

A summary of the analysis of variance of conditions and associated
vave angles is given in Table T73. There is significance between conditions
in the sagittal lead. Further analysis shows that the QRS; 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 oceurring from dog to dog. Source
of variation, between waves, was significant only in the sagiﬁtal lead, indie-
cating that smaller differences in the shape of the GRS sﬁ-loop occur as

compared to the changes in 1ts orientation.
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TABLE T4
ANALYSIS OF VARIANCE OF WAVE ANGLES IN FRONTAL LEAD
OF VECTORCARDIOGRAM, SERIES II
Source of Degrees of Sums of Mean F Signifi-
Variation Freedonm Squares Square Ratios cance
Dogs (D) 3 114,303 |° 38,101 | 4,233.kb -
Conditions (C) 2 L5l 226 4.03
waves (W) (QRS
QRSi and QﬁstS 2 756,342 378,171 <1
Dx¢C 6 «336 56 6.22 -+
Dx W 6 231,286 38,548 4,283.11 it
CxW 4 518 129 3.14
DxCxW 12 496 ki 4,56 -+
Error bl 1,300 9
Total 179 1,103,368
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TABLE T5a
ANALYSIS OF VARIANCE OF WAVE ANGLES IN SAGITTAL LEAD
OF VECTORCARDIOGRAM, SERIES II
Source of Degrees of Sumns of Mean F Signifie
Variation Freedon Squares Square Ratios cance
Dogs (D) 3 133,021 bl 340 1,198.37 i
Conditions (C) 2 1,249 625 16.89 -+
waves (W) (GRS
QRS; and QRStS 2 768,579 384,289 10.08 +
DxC 6 249 | k2 1.13
Dx W 6 234,585 | ' 39,098 | 1,056.70 -
WxC L 26,459 6,614 3.01
DxWxC 12 «26,298 -2,192 59,24 i+
Total bk 5,265 37
TABLE 75b
ANALYSIS OF WAVES IN SAGITTAL LEAD OF
VECTORCARDIOGRAM, SERIES II
» Conditions - Means Differences
Wave (Degrees) Qomparisons in Meens
Non-Drug | Low Dose | High Dose | ND vs. LD | Signifi~ | ND vs. HD | Signifi-
(ND) (LD) (HD) cance cance
QRsm 7.8 700 1&.8 “8 -2.2
QRSi 1002 8."" 6-3 "108 "‘2.1
QRS { -127.9 -127.9 -140.7 0 12.8 ++
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Time-Based Vectorcardiograms, Series II:

The spatial magnitudes of the P, QRS;, QRS;, QRS,, ST,, ST}, ST,
and T deflections were calculated using formula (1) (see page 28). As men-
tioned earlier, these magnitudes were transformed into ratios, using the QRS
vector as 100, The analysis 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, interactions of these
sources, were used in the calculations.

Tables T6 to 79 give analyses of vériance for the ratios of the
spatial magnitudes. T-bles 80 to 83 give the analyses of variance for the
spatial angles. Table 84 summarizes the significsnt findings which are ob-
tained between conditions.

Summarizing the significant findings shows that the analysis of
varience of the QRS,-QRS; and QRSy-QRS; spatial angles, between conditions,
was highly signiricant; The analysis of these waves shows that QRS; angle
increased, comparing the non-drug versus high-dose drug conditions.

The only other significant findings were between dogs, indicating
that a large variability occurs between dogs. Some of the interactions were

noted to be significant.




163
TABLE 76
ANALYSIS OF VARIANCE OF QRS /QRS, AND QRS;/QRS, MAGNITUDE
CALCULATED FROM THE TIME-BASED VECTORCARDIOGRAM,
SERIES II
Source of Degz;es Bums of Mean V;it:g:e Signifi-
Variation Fraedon Squares Square (F) cance
Doge (D) 3 167752 055917 6.59 O
Waves (W) 1 1.076146 1.076146 T.T3
Cenditions (C) 1 005342 .005432 <1
Dx W 3 L417599 139199 | 16.42 o
DxC 3 L014143 LO0kT1h <1
W C 1 021453 .026453 2.53
DxWxC 3 014986 004995 <1
Error Lo +339032 008476
Total 55 2.056453

Conditions:

NoneDrug and low~dose drug.
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TABLE T7
ANALYSIS OF VARIANCE OF RATIOS OF P, ST,, STy, ST, AND T
SPATIAL MAGNITUDES TO THE QRS, CALCULATED FROM
TIME.BASED VECTORCARDIOGRAM, SERIES II
S 2
Source of Degg;es Sums of Mean v;': i:‘:;ge Signifi-
Variation Freedon Squares Squeare (¥F) cance
Dogs (D) 3 015394 .005131 2.71 +
Vaves (W) 4 «344395 086099 53.38 ++
Conditions (C) 1 +000059 000059 <1
Dx W 12 019351 001613 <1
DxC 3 .013610 004537 2,40
Wx¢C 4 .000868 +000217 <1l
DxWx¢C 12 «023057 .001921 1.01
Error 100 .188778 +001888
Total 139 605512
Conditions: HNon~drug and lowe-dose drug.
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TABLE 78
ANALYSIS OF VARIANCE OF RATIOS OF QRS; AND QRS TO
THE QRS, VECTOR CALCULATED FROM TIME-BASED
VECTORCARDIOGRAM, SERIES II
Source of Degro;es Sums of Mean Variance Signifi-
Varistion Preadon Squares Square R?gi).os cance
Dogs (D) 3 S50kl 046781 2.81 +
Waves (W) 1 2,018172 | 2.018172| 11.61 -
Conditions (C) 1 016127 016127 <1
Dx W 3 521289 173763 10.42 +++
Dx¢C 3 065364 .021788 1.31
WxC 1 +031504 03150k 1.89
DxWx¢C 3 +012314 ,00l105 <1
Error Lo . T6666T 016667
Total 61 3.572381
Conditions: HNon-drug and high-dose drug.




TABLE 79

166

ANALYSIS OF VARIANCE OF RATIOS OF P, STy, STp, ST. AND T WAVES
TO THE QRS; VECTOR CALCULATED FROM TIME-BASED

VECTORCARDIOGRAM, SERIES II

Source of Deg:;es Sums of Mean Vﬁg%gnce Signifi-
: 08
Variation Freedom Squares Square (F) cance
Dogs (D) 3 082382 027461 16.02 it
Waves (W) 4 527631 .131908 20.16 4
Conditions (C) 1 000422 000422 <1
Dx W 12 078523 006543 3.81 ++
DxC 3 000348 .000115 <1
WxC I 007582 .001896 1.10
DxWx¢C 12 007232 .000602 <l
Error 115 «197129 001714
Total, 154 .901249
Conditions: Non~drug snd high~dose drug.
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TABLE 80
ANALYSIS OF VARIANCE OF SPATIAL ANGLES OF THE QRS; AND
QRS WITH THE GRS SPATTAL VECTOR CALCULATED FROM
THE TIME-BASED VECTORCARDIOGRAM, SERIES II
Source of Degz;es T”Sums of Mean Vg.f i?xgce Signifi=
Variation Freedom Squares Square (F) cance
Dogs (D) 3 96,50k 32,166 | 1,398.60 ik
Conditions (C) 1 10 10 <1
Waves (W) 1 301,187 301,187 9.11
DxC 3 258 86 3.73 +
Dx W 3 99,108 33,026 | 1,436.34 it
CxW 1 4s ks 1.95
DxCxW 3 38 13 <1
Error 58 1,329
Total 3 k98,479 |
Conditions: Non-drug and low-dose drug.
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ANALYSIS OF VARIANCE OF SPATIAL ANGLES OF P, STy, STy, ST, AND
T SPATIAL VECTORS WITH THE QRS SPATIAL VECTOR CALCULATED
FROM TIME-BASED VECTORCARDIOGRAM, SERIES IX

Source of Deg; ;es Sums of Mean vgz tijce Signifi-

Variation Fresdom Squares Square (F) cance
Dogs (D) 3 35,280 11,760 8.30 TS
Conditions (C) 1 1,119 1,119 <1
Waves (W) 3 11,844 3,948 2.79 +
DxC 3 1,408 469 <1
Dx W 9 17,559 1,95 1.37
CxW 3 3:769 1:256 <1
DxCxW 9 4,029 L7 <1
Error 116 164,284 1,416
Total 147 239,292

Conditions: Non~drug and low-dose drug.
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TABLE 82a
ANALYSIS OF VARIANCE OF SPATIAL ANGLES OF QRS; AND QRS
WITH THE QRS, SPATIAL VECTOR CALCULATED FROM THE
TIME-BASED VECTORCARDIOGRAM, SERIES II
Source of De%:;es Sunms of Mean F Signifi-
Variation Freedon Squares Square Ratio cance
Dogs (D) 3 T7,5% 25,852 | 1,124.00 i+
Conditions (C) 1 263 263 11.43 -+t
Waves (W) 1 264,818 | 264,818 10.35 +
Dx¢C 3 ~89 -30 1.30
Dx W 3 76,724 25,575 | 1,111.95 4+
CxW 1 592 ‘ 592 3.21
DxCxW 3 552 «~184 8.00 -+
Error 46 1,052 23
Total 61 420,364
Conditions: Nonedrug and highe-dose drug.

TABLE 82b

ANALYSIS OF WAVES OF SIGNIFICANT CONDITIONS FOR THE CALCULATED

SPATIAL ANGLES FROM THE TIME-BASED VECTORCARDIOGRAM

Wave Conditions - Mean Angles Comparisons
Angles “Ton-Drug Hgh Dose | ND vs. HD Signifi-
(xp) (HD) cance
QRSi"'mSm )4' .60 2{. .lo . 50
QRS «QRS, 130.9° 139.6° 8.7° -

Angles in degrees.,
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ANALYSIS OF VARTANCE OF SPATTAL ANGLFS OF P, STy, STy,, ST,, AND T
SPATIAL VECTORS WITH THE QRS; SPATIAL VECTOR CALCULATED
FROM TIME-BASED VECTORCARDIOGRAM, SERIES II

Source of Deg:';ea Suns of Mean F Signifi-
Variation Freedom Squares Square Ratios cance
Dogs (D) 3 1,699 566 1.77
Conditions (C) 1 18 18 <]
Waves (W) 3 428 143 <1
Dx 3 'SR 137 <1
DxW 9 1,636 182 <1
CxW 3 T99 266 <1
DxCxW 9 2,146 238 <1
Error 92 29,277 318
Total 123 36,444
Conditions: Non~drug snd highe-dose drug.




TABLE 84

SUMMARY OF ABALYSES OF VARIANCE OF BEIWEEN CONDITIONS AND ASSOCIATED

WAVES OF TIME-BASED VECTORCARDIOGRAM METHOD, SERIES II

Mm

Meagurement F Signifi- Wave Conditions-Means Differences
Ratios cance - (Dgr_g__n) _ in Means
Non-Drug - | High Dose ND vs. HD Signifi-
(wD) (up) cance
Angles 11.43 s QRS;. - 130.9 136.6 8.7 ++
QRS
(between conditions)

Lt
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DRUG STUDIES - SERIES THREE - CONIROLLED ANESTHESIA

The anesthetized dogs of Serles I revealed that no characteristic
"qigitalis pattern” was obtained in the "normal" dog after administration of
¢ strophanthin. This serles was designed to control, as much as possible,
the effects of anesthesia so that any such effects could be separated from
the dxrug effects. .

Six conditions are studied: (I) non-drug and early anesthesia,
(II) non-drug and 3 hour anesthesia, (III) low-dose drug, 1 hour drug time
and 4 hours anesthesia, (IV) low-dose drug, 2k 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. Analysis of
variance was performed using the factorial.methods of Batson (1951 and 1953)

vith the following independent compariscns: I versus II, I versus IV, II
versus V, IX versus III plus VI, and III versus VI.
Standard Clinical Method: The means of these voltages are given in Tables 85

to 88 for these 12 standard clinical leads. The factorial analysis of variance

was performed only for those waves, which showed some differences in the

means, by inspection. Table 89 gives the means of each wave analyzed and the
F ratio for each of the independent comparisons of the 1imb leads. Similar i
data is analyzed and presented in Table 90 for the chest leads. ‘

Tabie Gl lists the means of the voltage of waves and leads for each

condition with the comparisons that are significant.
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A sumary of the comparisons, condition I (early anesthesia) versus
condition IT (3 hour anesthesla) shows: 1) there is a Q wave decreased voltage
in lead I and increased voltage in lead II and 2) the ST wave decreases voltage
in leads V, and V3.

A summary of the comparisons, condition I (early anesthesia) versus
condition IV (24 hour drug, early anesthesia) shows: 1) the P wave decreased
voltage in lead V) and 2) the T wave increased voltage in lead V;.

A summary of the comparisons, condition II (3 hour anesthesia) versus
condition V (2k hour drug, 3 hour anesthesia) shows: 1) the P wave decreased
voltage in lead V) and 2) the R wave decreased voltage in lead Vy.

A summary of the comparison, condition IX (3 hour anesthesia) versus
conditions IIT (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 in
leads AVL and V), and 2) the Q wave decreases voltage in lead II, and
3) the R wave decreased voltage in leads Vz, V3 and Vs.

A sumuary of the comparisdn, condition ITI (& hour anesthesia,

1 hour drug) versus condition VI (4 hour anesthesia, 25 hour drug plus one
hour drug) shows: 1) the P vave decreases voltage in leads AVL, AVF, Vj, V3

and Vy, and 2) the T wave increases voltage in lead Vg.




TABLE 85

MEAN VOLTAGES IN MILLIVOLTS OF THE WAVES FROM ELECTROCARDIOGRAM OF
STANDARD CLINICAL LIMB LEADS FOR THE SIX CONDITIONS

W’
Condition | Anesthesia Drug leed I
Duration |Duration | Dey P Q R S T 5.7
I Early 0 1 .03 .18 52 0 -.01% 02
II 3 hrs . 0 l 002)4' . 13 . % 0 - ¢Olh oOl
III )“' hrso l hro 1 002 .13 057 0 *-Oh -
IV Eal"ly 2h‘ hrs. 2 003 .22 okg 0O "0026 lolh
' 3 hrs. 25 hrs. 2 02 .25 57T 0 -.026 .016
VI b nrs. 28 hrs. 2 02 .24 .Sk 0 -.03 .02
Condition | Anesthesisa Drug Lead II
Duration | Duration | Day P Q R S T S-7
I Early 0 1 20 W24 2,19 .08 .09% .03
II 3 hrs. 0 1 27 57 L.Th .06 . .05
III b hrs. 1 br. 1 22 .21 1.95 .15 .036 «.0L6
v Early 24k hrs. 2 AT .19 1,82 .17 -.01 .008
V 3 hrB- 25 h!‘s. 2 -20 .29 1.89 ¢l2 -036 ’-036
VI )‘" hrs. 28 hrs- 2 .lO -2“" 1085 015 .07 -.02
Condition | Anesthesisa Drug Lead III
Duration | Duration | Dey P Q R S T S-T
I Barly 0 1 Ak .13 1.72 .10 .13 .02
II 3 hrs. 0 1 A8 12 1.63 Wk -0 .0k
III 4 nrs. 1 hr. 1 Ab 12 1.22 .13 =01 -.06
v Early 24 hrs. 2 A2 .11 1,25 .12 Ok 0
v 3 hrs. 25 hrs. 2 116 .13 1.28 .08 .08 -.03
VI 4 hrs. 28 hrs. 2 05 .09 1l.19 .19 A7 -.036
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TABLE 86
MEAN VOLTAGES IN MILLIVOLTS OF THE WAVES FROM ELECTROCARDIOGRAM OF

STANDARD CLINICAL LIMB LEADS FOR THE SIX CONDITIONS

|condition | Anesthesia| Drug _____ _Lead AVR ]
Duration | Duration Day P Q R S T ST
I Early 0 1 .11 .18 1.8 .05 .07 .03
I 3 hrs. 0 1 (W16 .15 1.43 .06 -.05 -.018
m l} hrs. l hro l «13 .15 1032 oO& "'005 QOO""
IV Farly 2"" hrsu 2 012 023 1-29 ¢O7 "105 "0002
v 3 hrs. 25 hrs. 2 .16 .25 1.29 .09 .03 -.03
Vi L hrs. 28 hrs. . 2 006 22 1.29 .08 =-+0OL «.03
o i e TR
Condition | Anesthesia| . Drug Lead AVL
Duration | Duration Day P Q R ] T ST
I Early 4] 1 |.06 .05 76 .07 012 .00k
II 3 hrs- 0 1 007 -03 068 007 "0016 "a02
m h‘ hrst 1 hr. 1 .Oh 003 ohl 012 .05 "003
Iv Barly 24 hrs. 2 |.0h .02 .58 .13 .03 0
v 3 hrs. 25 hrs. 2 [.0h .01 51 .11 .0k 01
VI h hrs. 28 hrs. 2 oOOh Ol .lt9 .11 12 "'003
Condition Anesthesia Drug Lead AVF
Duration | Duration Day P Q R ) T ST
I mly 4] l 20 022 2-18 013 “-09 02
II 3 hrs. 0 l o25 »26 2001 olh‘ “'-07 "0016
m h hrs- l hr~ l '22 020 1087 017 ‘005 “v06
Iv Early 2k hrs. 2 |.16 .32 1.8 .13 .03 .05
v 3 hrs. 25 hrs. 2 nl9 22 1.86 «20 009 «,03
Vi h’ hrs. 28 hrs. 2 009 -16 1076 .2!& olh '007
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TABLE 87
MEAN VOLTAGES IN MILLIVOLTS OF THE WAVES FROM ELECTROCARDIOGRAM OF
STANDARD CLINICAL LIMB LEADS FOR THE SIX CONDITIONS
jaseeres ? -
fcondition Anesthesia | Drug Lead V)
Duration |Duration | Day . P Q R ) T g
I Early 0 1 |07 - 2.06 .43 .06 .Ob
n 3 hrﬂo 0 l 009 - l.h‘g ohh 025 "001
I1X 4 hrs. 1 hr. 1 07 - 1.35 «55 20 -.016
IV MIy 21" hrst 2 006 - 1088 l56 030 006
v 3 hrs. 25 hrs. 2 006 - 1:31. .63 t32 -, 01
VI h hrs. 28 hrao 2 -Oh - 1130 063 036 -.Ou
T A KA DA I R IR L
Condition Anesthesia Drug Lead ¥,
Duration |Duration Day P Q R 8 T 8«7
I hrly 0 l 009 b 2663 021 .05 015
II 3 hrs. 0 1l .15 - 2.52 .31 .25 .02
III L hrs. 1l hr. 1 »13 - 1-9“' «32 .21 .01
v Early 2h hrs, 2 |.05 - 2,27 43 .23 .10
v 3 hrs. 25 hrs. 2 |.09 - 1.93 .0 .30 .01
VI h‘ hr'. 28 hrs. 2 396 - 1078 t36 028 "'¢03
Y Lo e e _ M
- 1, T JT
Condition  |Anesthesia | Drug Lead V3
Duration |Duration | Day | P Q R B T ST
I Early ) 1 J.12% .01 3.09 .15 .200 .1k
II 3 hrs. 0 1 ].152 o 2.62 .33 .192 .022
III h‘ hrs. 1 hl'. 1 Ol’"’ 0 2015 02% 012 ’0008
Iv Early 2k hrs. 2 |[.098 .00k 2,69 .298 .,082 .13k
v 3 hrs. 25 hrs. 2 . 0] 2.23 .302 .18 -, 006
VI h‘ hrs. 28 hrs. 2 006 0 1-88 029 030,4' "0008




TABLE 88
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MEAN VOLTAGES IN MILLIVOLTS OF THE WAVES FROM ELECTROCARDIOGRAM OF
STARDARD CLINICAL LIMB LEADS FOR THE SIX CONDITIONS

lcondition Anesthesia Drug Lead V)
Duration | Duration Day P Q R 5 T 5T
I Barly 0 1 [.162 .ok 2.24 ,066 .008 .10
II 3 hrs. O 1 -1\208 0088 1'92 0096 '-01 "-028
I1I 4 hrs. 1 hr. 1 {.166 .132 1.59 .09 .058 .01k
v Farly 2l hrs. 2 |.1k2 .092 1.85 .108 -.02k .062
\' 3 hrs. 25 hrs. 2 [.126 .052 1.890 .208 .066 -.002
VI k hrs. 28 hrs. 2 |.1ob 072 1.61 .166 .17h -.028
[condition | Anesthesia| Drug m Lead Vs
Duration | Duration | Day [ P Q R 5 T 8-T |
I E&rly 0 l . 16 . 182 1. . 98 . 07’4‘ bt ] 016 . 05
I 3 hrs. 0 1 .17k ,09% 1.96 .132 .018 -.008
m h‘ hrs. l hrn l 0158 01,"'8 lok‘? oll"" 0078 ’002
Iv Early 24 nrs. 2 J.112 .228 1.62 .12 .056 .Olh
v 3 hrs. 25 hrs. 2 (.11 L1786 1.65 .156 .02  .026
Vi 4 nrs. 28 hrs. 2 [.096 .11 1l.43 .148 .176 -.026
L
Condition Anesthesia | Drug Lead Vg
Duration | Duration Day P Q R s T 8T
1 Early 0 1 (.13 .26 1.66 .08 .06 .Ol3
II 3 hrs. 0 1 .17k .32 1.39 .03k .032 -.006
II1 L brs. 1 hr. 1 Jdk6 .20 1.39 .101‘ - 06 .008
Iv Farly 2k hrs, 2 118 .37 l.25 .06 .06k .032
V 3 h.rs. 25 hrs. 2 010 n258 loh3 9138 .03 "1028
VI b hrs. 28 hrs. 2 1.088 .20 1.31 .17 .17k .OOL




FACTORIAL ANALYSIS OF VOLTAGE OF THE WAVES FROM STANDARD CLINICAL LIMB LEADS

TABLE 89a

o S
Conditions*
Day 1 Pay 2 Comparisons - F Ratios
I I1 III Iv v Vi
4 hr, 4 hr. IT
Anes- Anes - vs.
Barly 3 hr. thegia | Barly 3 hr. thesia I I II I11 I11
Anes - Anes~- 1 hr. | Anes- Anesg~ 1 hr. V8. vs. V8. + VS.
Lead | Wave [thesia | thesia Drug thesia | thesia Drug 11 Iv v Vi VI
1 Q | .184 .126 .132 2221 | .2u6 200 3.57 | <1 1.53 | <1 1.2k
: ‘ e X
II Q 238 5Tk 210 192 .286 2h2 2,29 | <l 1.68 3.45 <1
+ * % + ¥ o
II s .086 .06k . 152 .168 122 <150 <1 <1 <1l 1.08 <1l
II T .092 .060 .036 - 008 .036 LOTh <1 <1 <1 <l <1
I ST .028 .032 -, 046 .008 -.056 -.018 <l <1l <1 <1 <1l
*Means in millivolts. *%5ignificance

gLT




TABLE 89b

FACTORIAL ANALYSIS OF VOLTAGE OF THE WAVES FROM STANDARD CLINICAL LIMB LEADS

Conditions* |
Day 1 Day 2 Comparisons - F Ratlos
I I III Iv v VI
4 hr. b hr. II
Anes~ Anes - VS.
Early 3 hr. | thesia Early 3 br. | thesia I I II III III
Anes - Anes - 1 hr. Aneg= Anes~ 1 hr. V8. V8. V8. + vs.
Lead | Wave |[thesia | thesia| Drug thesia | thesia | Drug 11 Iv v Vi vi
111 R |1.T2 1.63 1.2 1.25 1.26 1.19 <1} 1..68| <1 .07 | <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.h3 1.32 1.29 1.29 1.29 <1| <1 <1 <1 <1
AVL P .058 .088 Ol .038 .036 .00k <1 <1 1.58{ 3.79 | 2.35
“*-l- + % %
*Means in millivolts. *%Sionificance

6LT




FACTORTAL ANALYSIS OF VOLTAGE OF THE WAVES FROM STANDARD CLINICAL LIMB LEADS

TABLE 89¢

W
! Conditions*
Day 1 Day 2 Comparisons - F Ratios
I I1 II1 v v Vi T
4 hr, 4 hr, II
Anes- Aneg- vs.
Early 3 hr. thesia | Barly 3 hr. thesla I I II I11 III
Anes- Anes-~ 1 hr. | Anes- Aneg- 1 hr. v8. V8. va. + V8.
Lead |Wave |thesia | thesia Drug thesia | thesia Drug 1I Iv v Vi L'
AVL Q .050 .028 .032 .02k .010 .010 <l 1.2 | <1 <1 <1
AVF P .202 .2h6 222 .156 .186 .088 <1 <1 <1 <1 L.16
e B
AVF R 2.18 2.01 1.87 1.84 1.86 1.76 <1 <1 <1l <1l <1
AVF S .130 2140 .168 134 .196 .20 <1l <l <1l <1 <1l
AVF T |[-.086 [-.0T2 | -.0k8 .030 .086 .138 <1 <l | <1 <1 <1
*Means in millivolts. **Gignificance

ogT




TABLE 90a

FACTORIAL ANALYSIS OF VOLTAGE OF THE WAVES FROM STANDARD CLINICAL CHEST LEADS

Condi tions¥ T
Day 1  Day 2 Comparisons - F Ratios
I I I v v Vi
I nr. h hr. II
Aneg~ Anes- V5.
Early 3 hr. thesia| Early 3 hr. thesia I i II I1I III
Anes-~ Anes -~ 1 hr. | Anes~ Aneg~ 1l hr. VS V8. V8. + VS,
Lead | Wave (thesia | thesis Drug thesia{ thesia Drug II v v Vi Vi
Vi T .06k .252 .196 «300 .318 364 1.51 | 2.39 1.87 | <1 1.21
+
Vo P 092 .152 .132 .08 092 .056 <1 <1 <1 2.20 2.82
.. 4 ¥¥
Vo R 2.63 2.52 1.94 2.27 1.93 1.78 <1 1.16 3.12 .25 | <1
- L 2 4 e L 23
Vo s-T .154 .022 .012 .098. .01k -.034 2.90 | <1 <1 <1 <1
o+ A
V3 P .12k 152 140 .098 .088 060 <1 |=<1 1.96 | 1.73 | 3.08
+b
V3 R 3.09 2.62 2.13 2.69 2.23 1.88 1.61 |1.07 1.18 3.75 nh 1
: ++
*Means in millivolts. **5ignificance

18T




FACTORIAL ANALYSIS OF VOLTAGE OF THE WAVES FROM STANDARD CLINICAL CHEST LEADS

TABLE 90b

Conditions*
Day 1 Day 2 Comparisons - F Ratios
I II IIT Iv v Vi
4 nr. 4 hr, 11
Anes-~ Anes- vs.
Farly 3 hr. thesia | Early 3 hr. thesia h o I IT 11 IIT
Anes - Anes~ 1 hr. | Aneg~ Anes- 1 hr, vs. vs. V8. + vs.
Lead {(Wave [thesia | thesia Drug thesia | thesia Drug II Iv v Vi vl
V3 s-T .lh .002 -.008 013h "00% "0008 209& <1 <1l <1l <1l
4 ¥¥*
Vi P .162 .208 .166 k2 .126 .10k 1.60 3.03 5.09 |16.1 2.91
+ FE L ++ + H¥
vy, s . 066 .096 096 .108 .208 166 <1 <1 1.0k | <1 <1
Vs R .98 1.96 1.47 1.62 1.65 1.43 <1119 | <1 3.31 | <1
-
Vg T -+ 016 018 |-.072 056 .ol2 176 <1 <1 <1 <l 2.22.
+
V6 |S +080 .03k .10k .060 .138 1Th <1 <1 1.25 1.70 <; 1
\/3 T 060 032 }-.060 - 06k 030 17k <l <l <1 <1 2.05
*Means in millivoltis. *#gignificance %




TABLE 9ix

SUMMARY OF SIGNIFICANT FINDINGS FROM FACTORIAL ANALYSIS
OF STANDARD ELECTROCARDIOGRAPHIC LEADS

foe svser T TR P T e R T AR 1 N T Y MR T o oA g T e
Condltions®
Day 1 Dey 2 Comparisons - F Retlos
I 11 111 Iv v VI
b hr. b hr. T
Anes~ ines~- Vi
Early |3 hr. |[thesic |Barly |3 hre | thesise| 1 I 11 - IIX I11
fpes~ |Anes-~ 1 br. | Ages~ | Anes- 1 bre.| vs. vS. vS. + VG
Weve | Le:d |thesis |thesic | Drug | thesis |thesls | Drug I 1V v vl Vi
P |ivL | .058 | .088 | .ok | .038 | .036 | .00k (-)3.79 [ (-)2.35
+ +
;‘VF 0201‘ 02h6 0222 01.56 vl% ua’% (" )l’ . ié
+++
V2 .G% 13.52 0132 -&8 AG% t{)56 (’ )? 082
+
v 124 .152 51 .098 .088 060 (-)3.08
3 ++
), .162 .208 .166 1h2 .126 .10% (-)3.03 | (~)5.09 | (-)16.1 | (-)2.91
+r L ad +4 +

*Heens In nil ivoite.

{-) Second condition vo.tage is decressed.

11514




TABLE Gl1b

SUMMARY OF SIGNIFICANT FINDINGS FROM FACTORIAL ANALYSIS

OF STANDARD ELECTROCARDIOGRAPHIC LEADS

SO - - e ————
Conditions*
Dey 1 Day 2 Comperisons -~ F Ratios
I II IIT Iv v Vi
b hr. b nr. 11
Anes- Apes- V8.
Early | 3 hr. | thesia| Barly | 3 hr. | thesis I 1 I1 III
Anes- | Anes- 1 br.| Anes- | Anes- 1 hrx. VS. V8. Vg + vs.
Weve | Lead | thesie| thesia | Drug | thesia| thesie| Drug 11 IV v VI Vi
Q I .184 126 .132 222 246 .200 (-)3.57
+
II -238 05714 0210 0192 D286 .2&2 2 -29 (" )3 ohs
+ : ++
R v, 2.63 2.52 1.94 2.27 1.93 1.78 (-)3.12 | (-)5.25
++ ++4
v 3.09 2.62 2.13 2.69 2.23 1.88 (-)3.75
3 ++
v5 1.98 1.96 1.47 1.62 1.65 1.43 (-)3.31
++

¥Means in millivolts.

(-) Second condition voltage 1s decressed.

2




TABLE 9lc ‘
SUMMARY OF SIGNIFICANT FINDiRGS FROM FACTORIAL ANALYSIS
OF STANDARD ELECTROCARDIOGRAPHIC LEADS
Conditions¥* ‘ﬂ
Day:; Dey 2 Comperisons - F Ratios
I 11 11T Iv v Vi .
4 nr. k nr. ’ I1
Anes~ Anes~ VG

Early | 3 hr. |thesia | Early | 3 hr. | thesia I 1 II 111 III

Anes-~ Anesg-~ 1 hr. Anes~ Anes~ 1 hr. vS. VSe| VB + V8.

Wove | Lead | thesis | thesia| Drug thesie | thesia | Drug I1 IV ( V Vi Vi

T|V, 06k 252 | .196 +300 .318 . 364 1 2.39
+
v, -.016 | .018 |-.072 056 | .ok2 | .176 | 2.22
- +
5-T| V, a5k | .02 | .012 098 | .ok |-.0% | (-)2.90
Y
V3 .1*40 n002 - -13)4 ~ . S . (")209"
‘ +

¥Means 1n millivolts. ' (-) Second condition voltege 1s decreased.
ot
o)
Wi
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The heart rate and interval measurement of the P-R, RR', QRS, and
QP are given and analyzed in Tables 92 to 95. Estimation of the QRS, ST and
T axee in the frontal plane are given and snalyzed in Tables 96 to 99. The
estimation of the spatial angles of the QRS-T and ST-T are given and ana-
lyzed in Tables 100 and 10l.

Table 102 lists the means of esch of these interval measurements
and estimation of the angles that show some significant comparisons,

A summary of the comparison, condition II (3 hour anesthesia)
versus conditions III (4% hour anesthesia, 1 hour drug) + VI (4 hour anes-
thesia, 25 hour drug + 1 hour drug) shows: the P-R interval increases in
duration. All the other interval and angles do not show any significant

differences with the various condition comparisons.




TABLE 92

FACTORIAL ANAYLSIS OF HEART RATE FROM
STANDARD ELECTROCARDIOGRAM, SERIES IIX

187

Couditions
_ Dayl Day 2 _
Heart I IX III Iv v i Vi
Rate 4 hour k hour
Anes- Anese
(veats Early 3 hour thesia Early 3 hour thesia
per Aneg= Anes 1 hour Aneg~ Anesg~ 1 hour
minute) thesia thesia drug thesia thesia drug
Dog #20 173 210 167 120 182 165
Dog #21 140 150 160 137 158 165
Dog #22 155 165 167 158 150 185
Dog #23 106 208 21k 1ko 175 130
Dog #2h 10_0 152 116 136 160 172
Sums 6Th 88s 824 691 825 Tﬁ 817
Means 135 177 165 138 165 163
Degrees of Sums of Mean Variance
Freedon uares Square Ratio Signifi-
Comparisons (oF) 88) ?DB) r) cance
IvsIX 10 kls52), hyse 5.75 -+
I vs 1V 10 289 28.9 <1l
II vs V 10 3600 360 <)
II vs III + VI 30 16641 s5hh, 7T <1
III vs VI - 10 ko k,9 <1
e
Error 29 TT4




TABLE 93

FACTORIAL ANALYSIS OF P-R INTERVAL FROM
STANDARD ELECTROCARDIOGRAM, SERIES III

188

: Conditions
Day 1 T Day 2
I II 11 Iv v VI
k hour | k hour
Aneg- Anes -
Early 3 hour thesia Barly 3 hour thesia
P-R Anes- Anes - 1 hour Anes - Anes- 1 hour
Interval thesia thesia drug thesla thesis drug
Dog #20 .09 .08 .09 olh <1l th
Dog #21 .09 .10 .09 .10 .09 .08
Dog 11 .08 .08 . #09 .08 .09
Dog #23 11 .08 .09 AV Block 1k .18
Dog #2h4 .10 .09 .11 .10 .09 AV Block
- -+
Sums 50 .43 L6 «59 .51 .67
Means .10 .086 .088 .118 .102 .136
Degrees of Sums of Mean Variance
Preedom uares Square Ratio Signifi-
Comparisons (pP) 8s) ?m) (») cance
IvsII 10 +00k9 . 00049 <1l
ITvs IV 10 .0081 . 00081 <1
ITvs V 10 +0064 .00064 <1
IX vs III + VI 30 »2209 .0736 8.85 -+
III vs VI . 10 ~Ohl1 .004h1 5.82 e
Error 29 .000831




TABLE 9%

FACTORIAL ANALYSIS OF RR' INTERVAL FROM
STANDARD ELECTROCARDIOGRAM, SERIES III

189

T Conditions
Day 1 ' Day 2
I II III Iv \'2 Vi
4 nour 4 hour
Anes- Anes -
Early 3 hour thesia Early 3 hboux thesgia
RR’' Anes- Anes - 1 hour Anes- Aneg~ 1 hour
Interval thesia thesia drug thesia thesia drug
Dog #20 .348 .288 360 +600 .332 .36k
Dog #21 428 koo .376 Lhh8 .380 364
Dog #22 .388 .36k .360 .380 400 .324
Dog #23 . 560 .288 .280 .580 .34 .60
Dog #2h 600 .392 .56 ko 376 .348
da e i .
Sums 2.32h 1.732 1.892 2.448 1.832 1.860
Means 1465 .346 .378 489 .366 372
Degrees of S8ums of Mean Variance
Freedom Squares vare Ratio Signifi-
Comparisons (op) %SS) MB) () cance
IvsII 10 «350L6L .0350 L.48 e
Ivs IV 10 .01537 +0015k4 <l
IT v V 10 «0100C +0010 <1
IX vs TIT + VI 30 .08294h 0027648 <1
IITI vs V1 o . 001024 . 000102 <1l
Error 29 .0078




TABLE 95

FACTORIAL ANALYSIS OF THE QRS INTERVAL FROM
STANDARD ELECTROCARDIOGRAM, SERIES IIX
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Conditions
Day 1 | Day 2
I 1r IIX v v VI
4 hour 4 hour
Anes- Anes -
Early 3 hour thesia Early 3 hour thesia
QRS Anes- Anes- 1 hour Anes- Anes- 1 hour
Interval thesia thesia drug thesia thesia drug
Dog #20 Ol Ol .03 .03 .03 .03
Dog #21 O <03 .03 .03 .03 .03
Dog .03 .03 .03 .03 .03 .03
Dog g .03 .03 .03 .03 .03 .03
Dog #2 .03 .03 .03 .03 .03 .03
AL
Sums 017 016 015 ols «15 W15
Means .032 «032 +030 «030 «030 030
qlliDeq;::'eeos of Sums of Mean Variance
Freedom Squares Square Ratio Signifi-
Comparisons (o) (ss) () (F) cance
lvs I 10 »0001, » 00001 <1
Ivs IV 10 . 000k . 0000k <1
IIvs V 10 L0001 00001 =1
IT vs IIT 4+ VI 30 .00Chk . 0000k <11
IIT va VX 10 0 0 <1
Error 29 0281
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TABLE 96
FACTORIAL ANALYSIS OF Q-T INTERVAL FROM
STANDARD ELECTROCARDYIOGRAM, SERIES III
o Conditions
Day Day 2
I Iz . IIX Iv v VI
b hour 4 hour
Anesg - ' Anes -
Early 3 hour thesia Early 3 hour thesia
Q-T Anes - Anes- 1 hour Anes - Anes - 1 hour
Interval thesia thesia drug thesia thesis drug
Dog #20 «190 .160 160 248 .180 .180
Dog ﬁé 240 «210 .200 240 «190 «180
Dog +210 190 .180 . .220 190 .160
Dog #23 230 .160 .170 k10 .190 .200
Dog #2h .2h0o .190 .190 .220 +190 .190
b
Sums 1.110 .910 «900 1.338 N T B «910
Means +222 0182 .180 0268 0188 0182
R R - e
Degrees of Sums of Mean Variance
Freedom uares Square Ratio Signifi-
Comparisons (vr) 83) (ms) (r) cance
IvsIX 10 - .0koO .00k 1.85
Ivelv 10 .05198 .00519 2.40 +
ITvs V 10 « 000900 00009 <1l
I ve TIXI + VI 30 . 000100 « 000003 <1
IXI vs VI 10 » 000100 . 00001 =41
Error : 29 .002156
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TABLE 97

FACTORTAL ANALYSIS OF QRS AXIS IN THE FRONTAL PLANE

T Conditions
Day 1 4
X I Ix
4 howr
Aneg-~
3 howr thesia
Ance -~ 1 hour
thesia drug
63° 65°
65° 70°
60 8s5°
80° 70°
85° 8s°
Sums 385° 313° - 375°
Means T® T5° 10 T8 75° (o
SERTR SRR R | SRS S LR B e e T T A T TSI

’mmuq’
{|Degrees of Sume of Mean Variance T

Freedon 8 S Ratio Signifi~
Comparisons (or) EBB) im) (¥) cance
IvsXX 10 1 . b <l
IvsV 10 3 3.6 <1
IZve JIX 4+ VI 30 1 .03 <l
IIX vs VI 10 25 2.5 <1

L o

Error 29 68




TABLE 98

FACTORIAL ANALYSIS OF ST AXIS IN THE FRONTAL PLANE
FROM STANDARD ELECTROCARDIOGRAM, SERIES III

193

S Conditions
hxis . Dey 1 Day 2
I I1I 11X v v VI
4 howur 4 hour
Aneg- Anese
Early 3 hour thesia Early 3 hour thesia
Apes~ Anep- 1 hour Anes~ Anege 1 hour
thesia thesia drug thesla thesla drug
Dog #20 30° -90° | ~80° ~70°
Dog gg -75° -909 : «65° ~100° =95°
Dog -95° -90° 110° -90° -90°
Dog #23 90° 30° 90° 90° 90° 90°
Dog #2k 90° 90° 20° 50°
Sums 120° -140° «900 2250 -160° «115°
Mesns 64° -28° »18° Ls° -32° -23°
Degrees of Sums of Mean . Variance
Freedom Squares uare Ratio Signifi-
Comparisons (or) (88) Ms) () cance
Ivs II 10 67600 6760 1.20
Ivs IV 10 11025 1102 <1
IY va V 10 400 k0 <1
II ve III + VI 30 5625 187.5 <1
IIXI v VI 10 625 62 <1
Error 29 5598




TABLE 99

FACTORIAL ANALYSIS OF T AXIS IN FRONTAL PLANE
FROM STANDARD ELECTROCARDIOGRAM, SERIES III
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Conditions
Day 1 Day 2
1 II I11 v \ 4 VI
4 hour 4 hour
Anes- Anes-
Early 3 howur thesia Early 3 hour thesia
T Anese Anes~ 1 hour Anes~ Anese 1 howr
Axig* thesia thesia drug thesia thesia drug
o o o o o
Dog ~95 95 -95 -95 -110 =120
mg 900 *880 850 ; %0 ' 900 900
Dog #22 «100° -90° «100° -100° -100° «100°
Dog #23 100° -105° 902 ~105° 150 50
Dog #2h 90° 89 85 89° 85 85
Sums 8s5° -113° 265° -121° koo 30°
Means 17° - 23° 53° -24° 8° 6°
* Axis in degrees.
Degrees of Sums of ’f Mean Varience
Freedon Bquares uare Ratio Bignifie
Comparisons (oF) ?SS) MS) (F) cance
IvsII 10 39,204 3,920.4 <1
Ivs IV 10 42,436 L, 2k <3
ITvsV 10 23,409 2,341 <1
II vs 1II + VI 30 18,225 2,002 <1l
IITI vs VI 10 55,225 5,523 <1
-l
Error 29 9,101




TABLE 100

FACTORIAL ANALYSIS OF SPATIAL QRS-T ANGLE
FROM STANDARD ELBECTROCARDIOGRAM, SERIES III
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QRS T Conditions
Angle* Day 1 Day 2
I II I11 Iv v VI
% hour 4 hour
Anase Anese
Barly 3 hour thesia Barly 3 hour thesis
Aneg- Anes- 1 hour Anes~ Anege 1 hour
thesia thesia drug thesia thesia drug
Dog 35° 85° 185° 175° 175° 170°
Dog ﬁg 59 20° 10° 59 10° 15°
Dog #22 170° 170° 175° 170° 175° 175°
Dog ﬁB 15° 175° 20° 180° 50 o°
Dog #2k 5° 5° 0° 20° 25° 20°
Sums 230° b55° 390° 550° 390° 3600
Means 6° 91° 78° 110° 78° 76°
* Angles in degrees,
mms of Sums of Mean Variance
Freedon B?ua.res Square Ratio Signifi-
150 (oF) 8s) (m8) (F) cance
Ivs IX 10 50,625 5,063 <1
Ive IV 10 102,400 10,2k0 1.59
ITIvs V 10 4,225 423 <1
ITI vs III 4+ VI 30 19,600 653 <1
III vs VI 10 100 10 <1
Error ‘]. 29 6,h21




TABLE 101

FACTORIAL ANALYSIS OF SPATIAL ST-T ANGLE
FROM STANDARD ELECTROCARDIOGRAM, SERIES III
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ST Conditions
Angle#* Dey 1 Day 2
I I 11X v \'{ Vi
L hour 4 hour
Anesg= Aneg~

Early 3 hour thesia Early 3 hour thesinp

Anege Anesge 1 hour Anege Anes= 1 hour

thesia thesie drug thesia thesia drug
Dog #20 1009 - 10° - 20° 60°
Dog #21 - 20° 170° 1709 170° 175°
Dog #22 - 50 10° 180° 5© 10°
Dog #23 10° 120° 0° 165° 15° 15°
Ibg #21& ‘u - - 50 20 500 uoO
Sums 110° 145° 195° 517° 260° 300°
Means 22° 29° 39° 103° 520 60°

% Angles in degrees.
Degrees of Sums of Mean Variance
Freedom juares Square Ratio Signifi-

Comparisons (oF) 8s) (M3) (¥) csnce
Ivs II 10 1,225 123 <1
Ivs IV 10 165,649 16,565 3.61 -
ITvs V 10 13,225 1,323 <1l
IT vs IIX + VI 30 42,025 1,k01 <1
III vs VI 10 11,025 1,103 <1l
Error 29 L, 568




TABLE 102a

SUMMARY OF SIGNIFICANT COMPARISONS OF INTERVALS
OF STANDARD ELECTROCARDIOGRAM

Conditions*
Day 1 Dey 2 Comparisons - F Ratios
I I IIY v v A2 4
4 nr, k hr. II !
Aneg- Aneg~ V8.
Early 3 br. thesia | Barly 3 hr. thesla I I I1 IIX III
Aneg- Anega« lhr Anes- Anes-~ 1 hr. 8. VB, V8. + vs.
- Intervels|| thesia| thesia drug thesia | thesia drug I v v VI VI
Heart**| 135 T 165 138 165 163 575
Rate : ¢4
e
P"‘R .10 -0% 0088 '118 0102 -1% 8.85 5082
- L aad 4+
RR! 65 346 +378 489 .336 .372 4.48
b
Qr 222 .182 .180 .268 .188 .182 2.h40
.
* Means in millivolts
** Beats per minute
[
b




TABLE 102b

SUMMARY OF SIGNIFICART SPATIAL ANGLES
OF STANDARD ELECTROCARDIOGRAM

T
Conditions*
Day 1 i Day 2 Corparisons - F Ratios
1 I Im . W v vI
4 nr. | 4 hr. II
Anese | Aneg~ vs.
Early 3 hr. thesia | Early 3 hr. thesia I I I1 11X II1
Aneg- Anes< 1 hr. E Anesg- Anesg« 1 hr. Ve VS, VS + V8.
Angles r# thesia | thesis drug | thesia: thesiz drug II Iv v VI Vi
ST-T 22° 29° 39° 103° 520 60° 3.61
++

* Angles in degrees

86T
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Vectorcardiograms:

The factorial statistical enalyses of the QRS,, QRS; and QRS
angles in the frontal snd sagittal leads only are given for this method. The

other information can be more easily obtained from the Time<Based Vectore.
cardlogram method and is given in that section.

The measurements of the abgles in the frontal and sagitial leads
of the QRS vector are given in Tables 103 and 10k, for the QRS; vector in
Tables 105 and 106, and for the QRS; vector im Takles 107 and 108.

Table 109 lists the means of the angle and the wave for each cone
dition wvhich comparisons ere significant. ,

A summary of these compsrisons ahc':ws that, condition I (early
anesthesia) versus condition II (3 hour anesthesia), and condition I (early
anesthesia) versus condition IV (early anesthesia, 24 hours drug) belong to
the same populstions.

A summary of the compsrison, condition II (3 hours anesthesia)
versus condition V (3 hours anesthesia, 27 hours drug), shows: that the QRS
vector's angle is smaller in the sagittal lead.

A summary of the comperison, condition II (3 hours snesthesis)
versus condition III (early snesthesia, 24 hours drug) + VI (4 hours anese
theeia, 28 hours drug + 1 hour drug) shows that the QRS, vector's angle is
larger in the frontal lead.

A summary of the conmparison, condition III (4 hours anesthesia,

1 hour drug) versus condition VI (4 hours anesthesia, 28 hours drug + 1 hour

drug) shows that the QRS; vector's engle is smaller in the sagittal lead.




TABLE 103

FACTORIAL ANALYSIS OF QRSp VECTOR'S ANGLE
IN FRONTAL LEAD FROM VECTORCARDIOGRAM

*ﬁ r Conditions
QRSp Day 1 Day 2
el 1 Iz III v v VI
lane L hour 4 hour
Early 3 bour Anesthesla Early 3 hour Anesthesia
Anesthesia | Anesthesia 1 hour Anesthesia | Anesthesla 1 bhour
Drug Drug
Dog #20 84 8L 87 83 85 85
Dog #21 88 6k 55 .19 80 82
Dog #22 87 89 88 86 87 88
Dog #23 89 87 89 88 88 87
Dog #2h 89 90 89 88 0 89
TR
Sums W37 hik 108 hok k30 h31
Means 87 83 81 85 86 86
Comparisons Degrees of Sums of Mean Variance Significance
Freedonm Squares Square Ratio
(oF) {ss) ) (¥)
Ivs II 10 529 53 <l
Ivs IV 10 169 17 <l
ITIveV 10 256 26 <1
II vs IIX + VI 30 121 b <l
1L vs VI . 10 529 53 <1
Error 29 564
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TABLE 10k
FACTORIAL ANALYSIS OF ANGLE OF QRS; VECTOR
IN SAGITIAL LEAD FROM VECTORCARDIOGRAM
QRSp Conditions
Angle
lsazittal _ Day 1l Dey 2
Plane I II Iz v v Vi
4 hour 4 hour
Early 3 hour Anesthesia Early 3 hour Anesthesia
Anesthesia | Anesthesia 1 hour Anesthesia | Anesthesia 1 hour
) Prug Drug
Dog #20 6 6 6 15 13 3
#21 2 10 13 "1l 6 3
ﬁz 2 2 2 3 0 1
g #23 2 5 4 2 1 -2
#eh 5 3 8 2 0 3
HSums 20 26 33 33 20 8
[Means i 5.2 6.6 6.6 k 1.6
KComparisons Degrees of Sums of Mesn Variance Significance
Freedon S?uues S?uare Ratio
(vr) 83) M) (¥)
I ve I 10 36 3.6 <1
T vs IV 10 169 16.9 <41
II ve V 10 169 16.9 <1
I vs III + VI 30 225 T.5 <1
III vs VI Jr 10 625 62.5 3.60 -
Error 29 17.4
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TABLE 105
FACTORIAL ANALYSIS OF ANGLE OF QRS; VECTOR
IN THE FRONTAL LEAD FROM VECTORCARDIOGRAM
“QRS1 || Conditions
g:ﬁi:al Day 1 Day 2
Plane I II III Iv v Vi
4 hour It hour
Barly 3 hour Anesthesia Rarly 3 hour Anesthesia
Anesthesia | Anesthesia 1 hour Anesthesia | Anesthesia 1 hour
Drug Drug
Dog #20 8k 8k 87 83 85 85
{Pog #21 88 T8 8o e 90 90
Dog #22 87 90 90 89 88 89
Dog #23 90 90 90 89 0 89
Dog #2k 89 90 90 88 90 90
Sums Jﬁ 438 432 437 426 L4443 Lh3
88 86 87 85 89 89
{Comparisons | Degrees of | Sums of Mean | Variance Significance
Freedom uares uare Ratio
(oF) 88) MS) (F)
T vs IT 10 36 3.6 <l
I ve IV 10 1kh kb <l
il ve V 10 121 12.1 <l
Ivs III 4+ VI 30 256 8.2 <1
IIX vs VI . 10 36 3.6 <1
Frror 29 13.8
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TABLE 106
FACTORIAL ANALYSIS OF THE ANGLE OF THE QRS54 VECTOR
IN THE SAGITTAL LEAD FROM VECTORCARDIOGRAM
@5_ Conditions
Angle 1 2
Saglttal Day Dey
Plane I Y II1 Iv Vv Vi
4 hour 4 hour
Barly 3 hour Anegthesia Early 3 howur Anesthesia
Anesthesis |Anesthesia 1 hour Anesthesia | Anesthesia 1 hour
Drug Drug
Dog #20 16 16 13 8 T 10
Dog #21 1k 10 12 18 6 3
Dog #22 6 L L 7 0 1
Dog #23 3 7 8 3 1 0
Dog #2h 11 9 10 2 0 3
lueans ' 10 902 9.1" 7.6 2.8 36!"
Comparisons Degrees of Sums of Mean Variance Significance
Freedom uares uare Ratio
(oF) 88) MS) (F)
IvsII 10 16 1.6 <1
Ivs 1V 10 1hb 1k, <41
ITI vs ¥V 10 1,02h 102.14 3.85 +4
II vs IIX + VI 30 T84 26.1 <l -
IIY vs VI . 10 koo ho.0 1.50
l
Error 29 26.6
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TABLE 107
FACTORIAIL ANALYSIS OF THE ANGLE OF THE QRSt VECTOR
IN FRONTAL LEAD FROM VECTORCARDIOGRAM
" QRS¢* Conditions
Angle
Frontal Dey 1 Day 2
Plane I II IIX Iv v Vi
4 hour 4 hour
Early 3 hour Anegthesia Early 3 hour Anesthegia
Anesthesia | Anesthesia 1 hour Anesgthesia | Anesthesia 1 hour
Drug Drug
Dog #20 6 6 173 180 180 185
Dog #21 180 176 185 : 189 179 181
Dog 180 173 180 182 180 180
Dog 180 180 180 180 179 180
Dog #2h 180 180 180 180 180 180
- -
Sums 726 715 .T 898 909 898 906
Means k5 143 180 182 180 181
¥ Data transformed so all angles are positive
fConparisona | Degrees of Sums of Mean Variance S8ignificance
Freedom Squares uare Ratio
(or) (ss) Ms) (r)
I vs IX 10 121 12 <1
Ivs IV 10 33,489 3,349 1.71
II vs V 10 33,489 3,349 1.71
II vs III + VI 30 3,254,416 | 108,481 5.54 +++
IIXI vs VI # 10 6L 6 <1l
Error 29 1,959




TABLE 108

FACTORIAL ANALYSIS OF THE ANGLE OF THE QRSy VECTOR
IN THE SAGITTAL LEAD FROM VECTORCARDIOGRAM
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QRS * Conditions
Angle Day 1 | Day 2
Sagittal
Plane I 1I I Iv v Vi
4 hour k hour
Early 3 hour Anesthesia Early 3 hour Anesthesia
Anesthesia | Anesthesla 1 hour Anesthegis | Anesthesia 1 hour
Drug Drug
Dog #20 0 0 ) 178 193 160
Dog #21 167 172 16 L 1Te 177 178
Dog 180 180 17 9 180 180
Dog #23 180 169 170 175 180 177
Dog #2h 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 positive
Comparisons Degrees of Sums of Mean Variance Significance
Freedom usres Square Ratlo

(oF) 58) tes) (¥)
IvsII 10 36 b <1
Ivs IV 10 6L 6 <1
I vs IXT + VI 30 28,22k okl <1
III vs VI 10 36,100 3,610 <1
Error 29 3,821




SUMMARY OF SIGNIFICANT COMPARISONS OF ANGLES FROM VECTORCARDIOGRAM

TABLE 109

Conditions
“Day 1 T ﬁafv 2 Comparisons - F Ratios
I II III v v VI ,
k nr, L nr, I
Barly |3 hr. Anes- |Early |3 hr. | Anes. I I II vS. II1
Wave | Lead |Anes- | Anes- | thesia |Anes- |Anes~ | thesia | vs. | vs. Vs, I11 V8.
Angle thesia | thesla| 1 hr. |thesia |thesia | 1 hr. || II Iv v + Vi
Drug Drug VI
QRS, | Sag. L 5.2 6.6 6.6 b 1.6 3.;90
QRS; | Sag. | 10 9.2 9.b 7.6 2.8 3.h (-)3.85
+4
QRS; | Front.| 1b5 143 180 182 180 181 | 5;_?}:

(-) decreased in 2nd conditions

g02
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Time-Based Vectorcardiogram:

The magnitudes of the voltages of the P, QRSpy, QRSj, QR8¢, STy,
STp, 8Tc, and T waves were calculated using formula (1). Factorial analysis
of the magnitudes of the QRSy and T spatial vectors are given in Tables 110
and 111. The magnitudes of all the other waves were transformed into ratios
using the QRSy vector as unity. Factorial analysis of these transformed
magnitudes are given in Tables 112 to 118. Table 119 gives a summary of the
significant comparisons and the means of each condition,

A summary of the comparison, condition I (early anesthesia) versus
condition II (anesthesis 3 hours), shows the QRSy magnitude is smaller in
condition II (anesthesia 3 hours).

A summary of the comparison, condition II (anesthesia 3 hours)
versus condition V (anesthesia 3 hours, drug 27 hours), shows that the
QRS4 /QRSy voltage is deereased in condition V,

A summary of the comparison, condition IIT (anesthesia b4 hours,
drug 1 hour) versus condition VI (anesthesia 4 hours, drug 28 hours + drug 1
hour), shows that the P/QRSy wave voltage ratio is significantly smaller in
condition VI.

The spatial angles of the P-QR8y, QRSi-QRSp, QRS-QRSpy, STa- QRSp,
STp- QRSm, STc- QRSp and T-QRSy were calculated using formulas (1), (2), and
(3). Factorial analysis of the independent comparisons are given in Tables
120 to 125. A summary of the significant comparisons along with their means
is given in Table 126.

A summary of the comparison, condition I (early anesthesia) versus

condition II (anesthesia 3 hours), shows that the QRS;-QRSy spatial angle is




larger in condition II. ‘

A summary of the comparison, condition II (anesthesia 3 hours)
versus condition V (anesthesia 3 hours, drug 27 hours), shows that the
QRS ~ QRSy spatial angle is smaller in condition V.

A summary of the comparison, condition II (anesthesia 3 hours)
versus condition IiI (anesthesia 4 hours, drug 1 hour) + VI (aneasthesia U
hours, drug 28 hours + drug 1 hour), shows: 1) that the QRSp- QRS spatial
angle is smaller in conditions III 4 VI, and 2) that T-QRSy spatial angle is
smaller in condition III + VI.

A summary of the comparisons III (anesthesia 4 hours, drug 1 hour)
versus condition VI (anesthesia L hours, drug 28 hours + drug 1 hour),
shows: 1) that the QRS4-GRSy spatial angle is smaller in condition VI, and
2) that the STy-QRSy spatial angle is larger in condition VI.

The factorial analyses of the measured intervals are given in
Tables 127 to 131 (P, P-R, QRS, QT, and RR' intervals). Table 132 summarizes
the significant comparisons of these intervals.

Only the comparisons of condition I (early anesthesia) versus
condition II (anesthesia 3 hours) ylelded significant findings. These were:
1) that the QT interval was smaller in condition II, and 2) that the RR'

interval was asmaller in condition IIX.
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TABLE 110 |
FACTORIAL ANALYSIS OF SPATIAL MAGNITUDE OF QRS, VECTOR
CAICULATED FROM TIME-BASED VECTORCARDIOGRAM
QRS Conditions
Wave
Day 1 Day 2
I II I1I v v Vi
i hour 4 nhour
Early 3 hour Anesthesia Rarly 3 hour Anesthesla
lAnesthesie | Anesthesia 1 hour Anegthesia | Anesthesia 1 hour |
Drug . Drug “‘\
. ‘\‘
Dog #20 .60 .60 1.61 1.55 1.ko 1.12 I
Dog #21 3.62 2.11 1.88 2.78 2.62 2.33 H‘
Dog #22 3.38 .71 1.7h 3.40 3.1k 3.65
Dog #23 2.96 2.62 2.55 2.60 2.2k 2.6k
Dog #2h 3.18 2.86 2.81 2.83 2.80 2.64 ;
Sums 13.7h 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 Signifi-
Freedon Squares uare Ratio cance
(oF) {s8) ) )
I'veIT 10 1k. 7456 1.L7h6 2.15 +
Ivs IV 10 +3364 .0336 < 1 .
ITvs V 10 6.7600 6760 < 1
II vs III + VI 30 10.0489 <3349 < 1
III vs VI. 10 3.20h1 .320h < 1 q«
Error 29 .6868
w
N



TABLE 111

FACTORIAL ANALYSIS OF SPATIAL MAGNITUDE OF T VECTOR
CALCULATED FROM TIME-BASED VECTORGARDIOGRAM, SERIES III

210

T Wave Conditions
Day 1 Day 2
I 11 Irr Iv v Vi
4 nour : 4 hour
Early 3 hour Anesthesia Early 3 hour Anesthesia
Anesthesia | Anegthesia 1 hour Anesthesia | Anesthesia 1 hour
Drug Drug
Dog #20 .13 .13 .03 .19 A1 W17
Dog #21 24 .08 .05 .1h .12 .21
Dog #22 'M o1l «10 03’* 021‘ 01.8
Dog #23 .15 .31 .22 .1k .22 .23
Dog #2U .65 .60 .58 .96 1.50 1.0
Sums 1.61 1.23 .98 1.77 2.19 2.19
Means »32 025 20 «35 Lk ohh
Comparisons Degrees of Sums of Mean Variance Signifi-
Freedom Squares S?ua.re Ratio cance

(oF) (s8) Ms) (r)
Ivs II 10 o1hhl .01l < 1
I vs IV 10 .02%6 0026 < 1
IX vg V 10 .9216 0922 < 1
II v II1+ VI 30 5041 .0168 < 1
IIT vs VI- 10 1.46k1 1.468 1.09

dn

Error 29 .1346
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TABLE 112
FACTORIAL ARALYSIS OF P/QRSp RATIOS
CAICULATED FROM TIME-BASED VECTORCARDIOGRAM, SERIES III
P Wave Cond4tions
Day 1 Day 2
P/QRS I II Ix Iv v VI
Ratio x i nour 4 hour
103 Early 3 hour |Anesthesia Barly 3 hour |Anesthesia
Anesthesia | Anesthesia 1 hour Anesthesia| Anesthesis 1 hour
Drug Drug
Dog #20 166 167 199 1k8 136 2hg
Dog #21 130 123 154 © 126 14 ogh
Dog #22 053 053 575 059 067 o9k
Dog #23 152 206 196 100 201 151
Dog 113 150 1ko 148 061 1kh
Sums 614 699 1273 581 606 L7
Means 123 1%0 255 116 121 143
Comparisons Degrees of Sums of Mean Variance Signifi-
Freedom wares Square Ratio cance
(oF) 8s) {ws) (¥)
I vs II 10 7225, 723 <1
Ivs IV 10 1089 109 < 1
IIvs V 10 8649 865 < 1
I vaIII+ VI 30 350, k64 11,682 1.32
IT vs VI . 10 309,136 30,914 3.49 ++
Error 29 8669 |
\i‘ I‘
i} i
i
|
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TABLE 113
FACTORTAL ANALYSIS OF GRSy /QRS, RATIOS
CAICUTLATED FROM TIME-.BASED VECTORCARDIOGRAM
QRS4{ VWave Conditions
Day 1 Day 2
QRSi/QRS I I I Iv v VI
103 4 hour 4 hour
x Early 3 hour Anegthesia Early 3 hour Anesthesia
Anesthesia | Anesthesia 1 hour Anesthesla | Anesthesia 1 hour
60 658 800 )
0 150 750 9 57
ﬁé 630 663 654 701 511 571
Dog #22 639 672 770 606 639 T27
Dog #23 649 T7L 580 250 b2 519
Dog #2k 597 766 T4O 555 625 678
Sums 3265 3622 3353 2770 3037 3352
Means 653 -T2k 671 55k 603 670
{Comparisons Degrees of Suns of Mean Variance Signifi-
Freedom Bquares Square Ratio cance
(oF) 88) (m3) (r)
Ivse IX 10 127,449 12,745 < 1
Ivs IV 10 2hs5,025 2L, 503 1.30
IT vs V 10 366,025 36,603 2.55 +
IT vs IXT + VI 30 290, 521 9,68k < 1
IXY vs VI 10 1l 0.1 < 1
Error 29 1k,330
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TABLE 11k
FACTORIAL ANALYSIS OF QRS./QRSy RATIOS
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM
RS+ Wave| Conditions
Day 1 Day 2
RS+,/QRS I I I Iv v | VI
3 4 hour 4 hour
x 10 Early 3 hour | Anesthesia| Farly 3 hour |Anesthesia
Anesthesia | Anesthesia 1 hour | Anesthesla |Anesthesia | 1 hour
Drug | Drug
Dog #20 133 1733 609 7 107 | 2w
g #21 226 331 39k 349 k27 52k
#22 9 158 17 168 203 227
#23 91 179 217 9 121 178
#2 248 227 2h2 307 275 292
- axenap """”""‘1L
[Suns 1390 1628 1478 993 1133 1462
Hllee.ns 278 326 296 199 227 , 292
l
fmarisans Degrees of Sums of Mean Varlance Signifi-
Freedom uares Square Ratio cance
(pr) 85) (Ms) (r)
I vs XI 10 56,6hY 5,664 < 1
T vs IV 10 157,609 15,761 < 1
II vs V 10 2l5,025 2k, 503 < 1
IX vs IIT 4+ VI 30 99,856 3,329 < 1
TIT vs VI LL 10 256 26 < 1
Error 29 33,113




TABLE 115

FACTORIAL ANALYSIS OF STg/QRSy RATIOS
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

21k

ST, Wave | Conditions
Day 1 Day 2
ST, /QRS I I IIX ba ) v VI
o3 4 nour 4 hour
x 1 Early 3 hour Anesthesia| Early 3 hour |Anesthesia
Anesthesia | Anesthesia 1 hour |Anesthesia | Anesthesia 1 hour
Drug Drug
Dog #20 117 117 0 65 14 18
Dog #21 52 19 0 22 5T 17
Dog #22 112 76 57 121 64 31
Dog #23 1k2 46 55 138 107 Gh
Dog 2l 110 98 96 32 19 95
ﬁ“‘“
Sums 533 356 208 378 321 285
Means 106 T 42 76 6h 57
Comparisons Degrees of | Sums of Mean Variance Signifi-
| Freedom Squares Square Ratio cance
(or) ssd ) (%)
Ivell 10 31,329 3,133 1.86
Ivs IV 10 2h,025 2,403 1.43
ITvs V 10 961 96 < 1
II vs III ¢+ VI 30 6,561 219 < 1
III vs VI 10 5,929 593 < 1
L e ]
Error i 29 1,685




TABLE 116

FACTORIAL ANALYSTS OF ST,/QRS, RATIOS
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM
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STy Wave Conditions
Day 1 Day 2
STy, /QRS 1 II III v v VI
x 103 4 hour 4 hour
Early 3 hour Anegthesia Early 3 bour Anesthesia
{Anesthesia | Anesthesia 1 hour Anesthesla | Anesthesia 1 hour
Drug Drug
Dog #20 50 50 81 26 79 89
Dog #21 17 9 21 0 57 71
Dog #22 9 LY 63 2h 4 70
Dog #23 L 0 0 23 22 19
Dog fol k7 45 53 8 63 57
Sums *T 192 T 151 218 151 267 312
Means 38 30 i 30 53 62
Comparisons Degrees of Sums of | Mean Variance Signifi-
Freedom res uare Ratio cance
(or) £S) M3) (F)
Ivs I 10 1,681 168 < 1
Ivs IV 10 1,681 168 < 1
IIvs V 10 13,456 1,346 1.88
II v8 IITI + VI 30 51,98k 1,733 2.1
III vs VI 10 8,836 884 1.23
Error 29 718
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TABLE 117

FACTORIAL ANALYSIS OF S’I‘c/QRSm RATIOS
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

8Te Wave Conditions
Day 1 Day 2
STC/Q,RS I IX III Iv v Vi
‘ 4 hour 4 nour
x 103 Early 3 hour Anesthesia Early 3 hour Anesthesia
Anesthasia | Anesthesia 1 hour Anegthesia | Anesthesia 1 hour
Drug | Drug
Dog #20 50 50 68 6 o 0
Dog #21 99 90 101 101 53 56
Dog #22 12 35 L6 12 17 ko
Dog #23 81 0 59 35 o 0
Dog #2h 176 196 164 297 325 Ly
Sums K8 37 438 k51 435 1k2
Means 8k Th 88 9 87 28

Comparisons wbegrees of | Sums of

Mean Variance Signifi-
Freedom | Squares Square Ratio cance

(o) {ss) ) ()
IvsII 10 2,209 221 < 1
Ivs IV 10 1,089 109 < 1
IT vs V 10 k,096 110 < 1
I vs III + VI 30 26,244 875 < 1
IIX vs VI . 10 87,616 8,762 1.30

gt

Error 29 6, T2k




TABLE 118

FACTORIAL ANALYSIS OF T/QRS, RATIOS
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

2L7

T Wave || Conditions
¥
Day 1 Day 2
T/QRS X 11 IIY Iv v Vi
x 103 4 hour 4 hour
Early 3 hour Anesthesia Early 3 hour Anegthesia
Anesthesia | Anesthesia 1 hour Anesthesia | Anesthesle 1 hour
Drug Drug
Dog #20 217 217 19 123 79 152
Dog #21 66 38 27 50 46 90
Dog #22 130 64 57 100 70 51
Dog #23 51 118 86 5L 98 87
Dog #2k 204 210 206 339 536 53
Mmm
Sums 668 647 395 666 829 433
Means 134 129 719 133 166 87
Comparisons Degrees of Sums of Mean Variance Signifi-
Freedonm Squares Square Ratlo cance
) as) le) (®)
IvsII 10 L1 Ly <1
Ivs IV 10 3 0.k <1
IIvs V 10 324 32 <1
II vs III + VI 30 217,156 7,239 <1
IIX v VI . 10 1,hhh 1uh <1
Error r 29 11,587




TABLE 119

SUMMARY OF SIGNIFICART COMPARISONS OF MAGNITUDES AND RATIOS
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

Conditions*
ey 1 — — 5 Comparisons - F Ratios
1 it 111 IV 7 Vi II
b hr. 4 nr. vs. |IIX
Farly |3 hr. | Anes~ | Early | 3 hr. | Anesg- I I II IXI | vs.
Wave Anes~ |Anes- | thesia | Aneg~ | Aneg-~ | thesia va. V8. va. + VI
thesia |(thesia| 1 hr. | thesia| thesia| 1 hr. II v v VI
Prug Drug
QRS MV 2.75 | 1.98| 2.12| 2.63| 2.50| 2.48| (-)2.15
) -+
P/QRSp 12.3 | 1h.0 | 25.5 | 11.6 | 12.1 | 143 (-)3.h9
++
QRS /GRSy (-)2.55
&
* Means in millivolts (-) - Second condition voltage

18 decreased

g1e
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FACTORIAL ARALYSIS OF QRS,-QRS, SPATIAL ANGLE
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM
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QRS QRS | Conditions*
langle Day 1 ' Day 2
I I I Iv v Vi
4 hour b hour
Early 3 hour Anesthesia Barly 3 bour Anesthesia
Anesthesla | Aneatheslia 1 hour Anesthesia | Anesthesia 1 hour -
Drug Drug
g #20 11 11 9 7 8 3
#21 2 10 10 8 T 3
g #22 5 17 2 L 2 1
g #23 6 6 5 8 6 L
#ou 6 10 8 2 L l
-
ums 30 sl 3L 29 27 12
I;&eans 6 11 T 6 g 2
* Angles in degrees
Comparisons Degrees of Sums of Mean Variance Signifi-
Freedom S?ue.res Square Ratio cance
(o) s5) {s) (F)
I vs IX 10 576 58 h.h3 -+
Ivs IV 10 1 0.1 < 1
IT vs V 10 7%2 T3 5.61  an s
II vs III + VI 30 38 128 9.85 ++
III vs VI 10 L8L 48 3.72 ++
Error 29 13
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TABLE 121
FACTORIAL ANALYSIS OF QRSy-QRSy SFATIAL ANGLE
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM
QRS+, QRS » Conditions *
Angle Day 1 Day 2
I T II IXX v v Vi
k hour 4 hour
i EBarly 3 hour Anesthesia Barly 3 hour Anegthesia
Anesthesia| Anesthesia 1 hour Anesthesia | Anesthesia 1 hour
Drug Drug
Dog #20 11 11 5 161 156 162
Dog #21 168 156 160 .17k 170 163
Dog #22 173 170 177 177 178 177
Dog #23 176 170 170 166 170 1T
Dog #24 178 175 174 17k 178 179
mes JLT T06 682 686 852 852 852
[Means i 136 137 170 170 170
* Angles in degrees
omparisons ¥ Degrees of | Sums of Mean Variance | Bignifi-
Freedom Squares B?mre Ratio cance
(o) {ss) ) r)
I vs IV 10 21,316 2,132 < 1
II vs V ’ 10 b, koo < 1
II ve III + VI 30 30,276 1,009 < 1
[TII ve VI l. 10 27,556 2,756 1.11
Error 29 2,472




TABLE 122

FACTORIAL ANALYSIS OF STg-QRSp SPATIAL ANGLE
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM
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STo-QRS Conditions *
Angle " Day L Day 2
T IT pani IV v Vi
L hour k nour
Early 3 hour Anesthesia Early 3 hour Anesthesla
Anesthesia | Anesthesia 1 hour Anesthesia| Anesthesia 1 hour
Drug Drug
Dog #20 5 5 - 5 7 95
Dog ﬁ 6 35 - 9 175 171
Dog 7 3 6 I 2 3
Dog #23 3 6 I 3 2 1
Dog #2k 7 5 3 17 2 1
M,_
Sums 28 5k 13 36 188 271
Means 5.6 10.8 2.6 7.6 37 54
* Angles in degrees
Comparisons Degrees of Sums of Mean Variance Signifi-
Freedon B?\ll!‘es B?uare Ratio cance
(or) 88) ") (¥)
IvsIX 10 676 68 < 1
IvelV 10 100 10 < 1
ITve V 10 17,956 1,796 < 1
IT vs III 4+ VI 30 30,976 1,032 < 1
I va VI 10 66,564 6,656 3.26 ++
Error h_ 29 2’0!‘3




TABLE 123

FACTORIAL ANALYSIS OF ST\, ~QRS, SPATIAL ANGLE
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

s, -aRSy " Conditions *
le | Day 1 Day 2
Iz R IIT Iv v Vi
4 hour 4 hour
it Early 3 hour Anegthesia Barly 3 hour Anesthesia
Anesthesia | Anesthesia 1 hour Anesthesia | Anesthesia 1 hour
Drug DPrug
0 169 169 173 171 173 172
f#21 6 21 33 -- 175 171
g #22 176 1TT 17h © 167 178 177
#23 3 0 o 3 2 0
g #2k 6 b 3 3 2 1
e
ums 360 371 383 3kL 530 521
IMeans T2 T 7 69 106 104
* Angles in degrees
{Comparisons }T Degrees of | Buas of Mean Variance Siguifi-
Freedom uares 8quare Ratio cance
(oF) ss) %RB) (¥)
I vs I1 10 121 12 <1
I ve IV 10 256 26 <1l
II vs V 10 1,681 168 <l
II ve IXI + VI 30 26,244 875 <1
IIX ve VI . 10 19,044 1,904 <1
Error l’ 29 1,275
|
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TABLE 124
FACTORIAL ANALYSIS OF ST,-QRS, SPATIAL ANGLE
CAICULATED FROM TIME-BASED VECTORCARDIOGRAM
5T QRS Conditions *
Angle Day 1 Day 2
1 1 11T v 5 v VI
4 hour 4 hour
Early 3 hour Anesthesia Barly 3 hour Anesthesia
Anesthesia | Anesthesia 1 hour Anegthegia| Anesthesia 1 hour
Drug Drug
Dog #20 125 125 173 25 - -
Dog #21 25 13 19 9 18 1b
Dog #22 50 43 161 112 159 177
Dog #23 3 .- 4 13 2 -
Dog #24 5 3 5 2 2 1
mmus:m#
[Sums 208 187 362 161 181 192
Means k1 37 T2 32 36 38
* Angle in degrees
¥ v ,
|Corparisons Degrees of Sums of Mean Variance S8ignifi~
Freedom Squares Square Ratio cance
(0F) {ss) Bs) (¥)
I vs IX . 10 bl L <1
Ivs IV t 10 2,209 221 <1l
IT vs V ? 10 36 "k <1
II vs III + VI 30 32,400 1,080 <1
IIXI vs VI . 10 28,900 2,890 <1
e
Error . 29 3,602
i




TABLE 125

FACTORTIAL ANALYSIS CF T-QRSp SPATTIAL AlGLE
CAILCULATED FROM TIME-BASED VECTORCARDIOGRAM

22k

T RSy ‘ Conditions *
Angle | Day 1 ' Day 2
I I IIZ Iv v 128
4 hour k hour
Barly 3 hour Anesthesia Barly 3 hour Anesgthesia
Anesthesia | Anesthesia | 1 bour Anegthesia | Anesthesia 1 hour
Drug Prug
Dog #20 174 17h T 172 2k 13
Dog #21 L 14 23 0 10 1
Dog #22 178 156 18 176 172 9
Dog #23 13 168 1L 3 6 1
Dog #2k 6 5 3 2 1 1
Sums 75 517 62 353 213 35
Means 143 103 12 TL 43 7
* Angle in degrees
Comparisons " Degrees of Sume of Mean Variance Signifi-
Freedom ?uares Square Ratio cance
(oF) (1s) (%)
IvsII 10 39,20k 3,920 <1
I vs IV 10 131,04k 10k <1
II vs V 10 92,1416 9, 2h2 1.73
IT vs IIX + VI 30 877,969 292,656 5.49 -+
III vs VI 10 729 13 <1 :
Error 29 £5332




TABLE 126

SUMMARY OF SIGNIFICANT COMPARISONS OF SPATIAL ANGLES
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

Conditions*
Day 1 Dey 2 Comparisons - F Ratios
I T ]V _
4 hr, 4 hr, II
Early |3 hr. |Anes- |Early | 3 hr. |Anes~- I 11 II vs. I1I
Spatial Anes~ | Anes~ | thesla |Anes~ | Anes~ |thesia V8. Vs, VS. 111 Vs,
Angle thesia | thesla | 1 hr. |thesla | thesia | 1 hr. 1 Iv v + VI
Drug Drug Vi
QRS, -QRS, 6 1 7 6 5 2 k.43 (-)5.61|(-)9.85 |(=)3.T2
- 4 4 4+ ++
STg~ QRS 5.6| 10.8 2.6 7.6 37 5k 3.26
++
T-QRSp 148 103 12 TL 43 7 (-)5.49
+++

¥ Means in millivolts

(-) - Second condition
voltage is decreased

cee
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TABLE 127
FACTORIAL ANALYSIS OF P INTERVAL
MEASURED FROM TIME.BASED VECTORCARDIOGRAM
P Conditions
Interval Day 1 Day 2
I II III Iv v VI
4 hour 4 hour
Early 3 hour Anesthesia Early 3 hour Anegthesia
Anesthesia! Anesthegia 1 hour Anegthesia | Anesthesia 1 hour
Drug Drug
#20 .03 .03 .03 .0l Ok .0b
% .oll: .gﬁ guh .0l .0h .0h
0 . . W03 03 .03
5 #23 00&‘ -Oh' 003 oOh -Oh .Oh
g 2k .03 +03 .03 «Oh Ol .03
[Suns # .18 .18 .17 .19 19 .18
Means .036 .036 .034 .038 .038 .036
Comparisons Y Degrees of Sums of Mean Variance Signifi-
| Freedom B?\ums Square Ratio cance
(pr) 88) (M3) (r)
I vs IX 10 0 0 <1
I vs IV 10 «0001 00001 <1l il
XL vs V . 10 0001 00001 <1
IT vs III + VI 30 .0001 000003 <1 i
IITI vs VI 10 .0001 00001 <1
[error ! .00002k ’ T
I
l‘; ;‘



TABLE 128

FACTORIAL ANALYSIS OF P-R INTERVAL
MEASURED FROM TIME-BASED VECTORCARDIOGRAM
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P-R i Conditions
Interval Day 1 Day 2
I II III Iv v VI
' 4 hour % hour
Barly 3 hour Anesthesia Early 3 hour Anesthesia
Anesthesla | Anesthesia 1 hour Anesthesla | Anesthesia 1 hour
Dru& Drug |
Dog ﬁo .08 .08 .09 11 A1 .11
Dog #21 .08 .08 0T +10 .07 +OT
DOB #22 .08 008 .08 : .08 008 007
Dog #23 +08 .08 07 AV Block .12 .15
Dog #ok 11 .09 .10 .10 .10 AV Block
= T
.h‘l oh’l -53 O"'B ‘56
Means .086 .082 .082 .106 .096 J112
Comparisons Degrees of Sums of Mean Varisnce Signifi-
Freedonm uares uare Ratlo cance
(oF) 88) M3) ()
IvwvsIl 10 000k « 0000k < 1l
Ivs IV 10 0L 001 <1
IT vs V 10 0049 .000kg <1
IX vs III 4+ VX 30 0225 0075 <1l
IIX vs VI . Jfr 10 .0225 .0023 <1
Error J 29 06
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TABLE 129

FACTORIAL ARALYSIS OF QRS INTERVAL
MEASURED FROM TIME-BASED VECTORCARDIOGRAM

QRS A Conditions
Interval m 1 w 2
I II IXI Iv v VI
k hour L hour
Early 3 hour Anesthesla Raxrly 3 hour Anesthesia
Anestheslia | Anesthesia 1 howr Anesthesgia | Anesthesia 1 hour
Drug Drug
Dog #20 024 024 .02k .028 024 .022
#21 022 .028 .028 .030 .030 .030
g #22 .030 .026 026 . .03k .028 +030
#23 .030 .030 .030 032 032 .030
#2h 022 022 .022 .028 .028 .02k
ums 128 33 +130 152 .1h2 136
Means .026 026 026 .030 .028 027
[Comparisons Degrees of | Sums of Mean Variance | Signifi-
-+ Freedom uares | Sqguare Ratio cance
(oF) s8) ) (®)
I vs 11 10 < 1
I vs IV 10 . 0000576 . 000006 <1
IXve V 10 » 000011k 00000114 <1l
II vs IXI + VI 30 -00000036 » 000000011, <1
IIX vs VI - 10 » 00000036 .000003 <1
B k W F - PSRN TR ST,
Error 29 000008




TABLE 130

FACTORTAL ANALYSIS OF QT INTERVAL
MEASURED FROM TIME-BASED VECTORCARDIOGRAM
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QT Conditions
Interval Day 1 Dey 2
I v II . IIT v v VI
4 nour 4 hour
Barly 3 hour Anesthesia Early 3 hour Anegthesia
Anesthesia | Anesthesia 1 hour Anesthesia | Anesthesia ) hour
_ Drug Drug
Dog #20 .18 .16 .16 .23 .19 .20
Dog #21 .23 .20 .20 22 .18 .18
Dog #22 .20 .19 .19 .22 .18 .18
Dog #23 .20 .16 W17 .20 .18 .20
Dog #2h .23 .18 .21 .21 .19 .18
‘S\ms 1.0k .89 «93 1.08 .92 .9k
Means 21 .18 +19 22 .18 +19
Comparisons Degrees of Sums of Mean Variance 8ignifi-
Freedom uares Square Rstilo cance
(oF) ss) (M5) (F)
I vs IV 10 .0016 .00016 <1
IX vs V 10 +0009 »00009 <1l
IX vs IIX + VI 30 L0081 . 00027 <l
IIXI va VI 10 0001 00001 <1
E o AR e oy
Error 29 +000k




FACTORIAL ARALYSIS OF RR' INTERVAL

TABLE 131

MEASURED FROM TIME-BASED VECTORCARDIOGRAM
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RR' Conditions
Interval Day 1 Day 2
I II IIX Iv A Vi
4 hour 4 hour
Early 3 hour Anesthesia Early 3 bhour Anesthesia
Anesthesia | Anesthesia 1 hour Anesthesisa | Anesthesis 1 hour
Drug Drug
Dog #20 .380 .300 .380 148 .38k .396
Dog #21 412 .372 .368 ko .328 .368
Dog #22 372 .3h0 +340 .352 +396 +300
Dog #23 . .268 202 .380 .276 .312
Dog #2h .692 k00 480 432 420 .376
Sums 2.336 1.680 1.860 2.052 1.804 1.752
Means -h‘67 o336 0372 .‘&1.0 0361. -350
Comparisons Degrees of Sums of Mean Variance Signifi-
" Freedom 8 es Square Ratio cance
- (DF) ‘ %SS) (ms) (»

IvsII 10 .1430336 .04303k 6.66 +++
IvelV 10 n080656 0008066 1025
ITve V 10 015376 .001538 < 1
II vs III + VI 30 06350k .00211 < 1
III vs VI 10 01166k 001166 < 1
Error 29 006456 |




TABLE 132

SUMMARY OF SIGNIFICANT COMPARISONS OF INTERVALS
CALCULATED FROM TIME-BASED VECTORCARDIOGRAM

_ Conditions*
Day 1 Day 2 o Comparisons - F Ratlos
I ‘Y‘f.i — IIT | IV v Vi ,
A 4 hr. 4 hr. ' II
Early |3 hr. | Aness |Barly |3 hr. | Anes- I I II V8. I1I
Interval Anes~ | Anes- | thesia |[Anes- |Anes- | thesial vs. VS, VSe IIXI V8.
thesia | thesia | 1 hr. |thesim |thesia| 1 hr.| II Iv v + Vi
Drug Drug VI
QT .21 .18 .19 22 .18 19 H{=)5.T5
RR’ 67 .336 .372 o .361 «350 |{~)6.66
ey
#* Means in millivolts (-) = Second condition voltage is decreased

1€e
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CHAPTER V

DISCUSSION AND CONCLUSIOKS

The purpose of this study was to analyze the spatial cardlac electro-
motive force before and after the administration of digitoxin and G-strophan-
thin in the dog. This was accomplished by the development of a new method
and the building of a nev instrument (Time-Based Vectorcardiogram) for the
linear time vectorial recording of the electrical activity of a complete
cardiac cyele. Such recordings were analyzed by a calculation of the spatial
voltage magnitudes and spatial angles of selected instantaneous spatial
vectors, chosen along the cardliac cycle. Thls method 1s easy to use and
similar enough to the conventional methods to facilitate easy correlation.
Recordings, using the conventional stsndard and vector methods, were also
taken and correlated with the new Time-Based vectorcardiographic method.

The genesis and fcmb of th»@lectmcardiogm recorded from the surface
of the body is dependent on three factors. The first being the shape of the
action potential from the cardiac cells (Weidmann, 1956b); the second, the
sequence of activition of these cells (Scher & Young, 1957); and the third,
the electrical inhomogeneity of the tissues and their influence upon the
electrocardiographic lead performance (Schwan & Kay, 1957). The wave of the
electrocardiogram represents not only the relative activities of the various
anatomical portions of the heart but also relative electrical processes (the
action potential) that occur in the same portions of the heart. The P and
QRS-T deflections are examples of electrical activiiy of different portions
of the heart musculature, while the P and Ta or the QRS and T deflections,
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the different electrical procesées 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,
1951; Hodgkin, 1957) and/or changes in the relative permeability of these
ions (Hodgkin and Huxley, 1952b; Hoffman & Cranefield, 1960).

If a micro-electrode (Ling & Gerard, 1949) is inserted into a cardiac
cell (Woodbury, 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
in an aqueous solution, for example, the unequal concentrations of K ions or
Ha ions separated by & membrane selectively permeable to one of the ions,
will act as a battery or concentration cell (Eﬁber, 1945; Davson, 1951;
Bayliss, 1924). The potential developed by such an unequal distribution of
ions can be described by applying the relationship of Nernst (Robertson &
Dunihue, 1954). The calculated potential differences acrose the cellular
membrane attributed to the K ions and the Na 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 measurenents give a voltage of
-80 to -90 mv (Woodbury, Woodbury, & Hecht, 1950; Draper & Weidmann, 1951;
Hodgkin, 1951; Cranefield & Hoffman, 1958a). Since the transmembrane poten-
tial is negative it is obvious that the K ion contributes the greatest in-
fluence in the determination of the membrane potential. This also suggests

that the relative permeabllities of the two ions are markedly different,
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vith the greater membrane permeebility to the K ion (Hodgkin & Huxley, 1952;
Bodgkin, 1957). If the transmembrane potential is made up primarily of the
emf resulting from the K ion gradient, changes in concentration gradient
of this ion should change the resting membrane potential to a predictable
degree as indicated by the Nernst equation. This has been shown to be the
case for many types of fibers (Hodgkin, 1951). Incressing the external con-
centration of the K ion will decrease the membrane potential (depolarize the
membrane) and leed to inexcitability. Increasing the K ion concentration of
the perfussion fluid in the isolated heart will also lead to a diastolic
ceasation of a.ctj.vity..

A reduction of the K ion to 25% of nomal vill cause a marked increase
in the resting potential of the frog (Brady & vWoodbury, 1957) and of the
turtle (Weidmann, 1956a); however, reduction of the K ion concentration of
nammalisn fibers usually leads to deteriorative changes with the resting
potential changes not what would be predicted by the Nernst equation
(Carmeliet and Lacquet, 1958; Hoffman & Suckling, 1956; Hoffman & Cranefield,
1960), Changes in the Na ion on the other hand seem to have little effect on
the resting mesbrene potential (Déléze, 1959).

Excitation of the heart is associated with a striking change in the
resting potential, the action potential (Woodbury, et.al., 1950). This
action potential is thought to be the result of changes in the relative
permeability and/or movements of the K and Na ions (Hoffmen & Cranefield,
1960). The first phase of the action potentisl (Phase I) is a rapid reversal
of the transmembrane potential to about +20 mv (over sho&c). This portion
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of the action potential is influenced by the external Na ion conceantration,
a decrease in the Na ion concentration results in a decrease in the riging
velocity of the action potential (Hoffman & Cranefield, 1960). Also the over
shoot of the rising velocity of the action potential is decreased by reducing
the external Na ion concentration (Brady & Woodbury, 1957) and has been shown
t0 accompany an incresse in permeability of the membrane to this ion
(Nastuk & Hodgkin, 1950). This depolarization phase of the action potential
seems to be regenerative in nature (w°o§bury & Patton, 1960). TFollowing the
increase in the permeability of the Na ion there is an increase in the per-
meability of the K ion, resulting in an efflu; of this ion subsequent to an
influx of Na ions. The increase in the perme;bility of the K ion probably
asccounts for the descent of the over shoot voltage to zero (Hodgkin & Huwddey,
1952).

Repolarization (Pbase II, a slow phase, and Phase III, a more rapid
phase) is markedly prolonged in heart muscle as compared to skeletal muscle
and nerve. Thie portion of the action may be elther degenerative in nature,
the greater the degree of repolarization 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 & Hoffman, 1958b).
However, all phases of repolarization seem to be based on enzymatic processes
(Coraboeuf & Weidmann, 1954) and this sustained depolarization may be im-
portant in maintaining the contraction characteristic of heart muscle.

There is considerable disagreement as to the ifonic shifts that occur during
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this portion of the action potential. The return of the resting membrane
potential seems to require a more complicated interplay of ions. There is
general agreement that K ion leaves the cardiac cell during activity and this
efflux probably occurs at the gud of Phase II of the action potential, reach-
ing a maximum during Phase III. 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 potentisl to the resting level. Since it is
assumed that the permeability of the K ions increases in Phase III of the
action potential, & development of the membrane potential would require a
decrease permesbility to Na ions and the acvivity of a Na pump. Such an
active transport would consume energy and must be metabolically driven
(Bodgkin, 1957).

The genesis of the electrocardiographic waves, although dependent on
the action potential of the cardiac cells, correlates with the sequence of
activation of these cells (Scher & Young, 1957). An understanding of the
electrocardiographic complexes can only be achieved with a knowledge of the
pathways of depolarization and iepolarimtion.

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 originates from the §-A node in the right
atria and spreads radially like a wave pattern produced when a pebble is
dropped in water. No speclalized atrial conduction system has been dis-
covered as of yet, although there may be such a system (Cranefield &
Hoffman, 1959). Because of the shape, orientation and absence of an
endocardial-epicardial gradient (Liebow & Hellerstein, 1951) » the depolari-
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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, IXI, AVF, and the V leads.

The topical spread of repolarization in the atria occurs in & similar
order as that of depolarization (Katz, 1947) and results in a auricular T
vave (Ta) normally in the opposite direction of that of the P wave. However,
it 4s usually buried in the QRS complex. |

The potentials generated by the A-V node and the Purkinje filbers are
probably too small to be recorded at the bod;}f surface. This results in an
interval between the P and QRS complexes where no voliage can be recorded.
(P-R interval). The impulse from the atria reaches the A-V node when the
atrial depolarization 1s about 2/3 complete (Cranefield & Hoffmen, 1959).

No potentials can be recorded in the node for about 5 to 15 ms after depolari-
zation of the atrial cells near the node, in the dog (Scher, Rodriguez,
Liikane, & Young, 1959).

From the A-V node, the impulse passes to the Purkinje fibers of the
common bundle and on to the right and left bundles. While the conduction
velocity is 0.1 m/sec in the A-V node, the conduction velocity of the
Purkinje fibers is up to 2 m/sec. As a result of the distribution of
Purkinje fibers, the spread of activity is first endocardial at a velocity
of about 1 m/sec (Scher & Young, 1955). In general the movement of the
excitation vave is from within outward (Lewis & Rothschild, 1915). The

septum 1s 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, & Sodi-Pallares, 1957).

Through both walls of the ventricles and the septum, incomplete cones
of depolarization occur. These cones grow by the mveﬁen’c of the advancing
wave outward in the ventricular walls and towards the center septum. As a
consequence of this, a double invasion of the septum occurs, canceling some
of the electrical forces. The activity in both walls of the ventricles leads
to numerous vectors whose over all orlentation 1s toward the apex. Since the
right ventricle is thinner than the left, epicardial breakthrough becomes
more prominent on this side leaving predominant activity to the left with
posterior orientation. This will shift the w;ectors to the left and poste-
riorly. This usually occurs approximately half way through the QRS. The
breakthrough in the left ventricle occurs more extensively apically, which
svings the vectors finally towards the base of the heart. These terminal,
apically orientated vectors unﬁaubteﬁly reflect activity in the basal wall
and more important activity pointing toward the auricles in the central
septum (Scher & Young, 1957).

S8ince the dog's heart 1s most often placed quite vertically in the chest,
the orientation of the vectors reflected on the surface of the chest will be
quite similar in orientation to those described in relation for the heart
itself. This is not the case for the human, because the human heart's 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 1s meager as compared to the QRS complex
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(Schaefer, 1957). In general, if repolarization were to follow the same

pathway as depolarization, the polarity of the T wave's vectors would be in
the opposite dlrection as the QRS vectors. Also, the sum of the areas under
the curves or the sum of the wvectors for both QRS and T campiexes should add
up to zero, resulting in no gradient (Wilson, Macleod, Barker, & Johnston,
1934). However in the humen and to some extent in the dog, the T wave is
usually or very often of the same polarity as the QRS deflection giving a
large gradient. Repolarization therefore probably tends to follow a pathway
opposite to that of depolarization. Other indications of this are the nega-
tive potentials recorded within the right andlleft ventricles during repolari-
zatioﬁ (Sodi-Pallares, et.al., 1957). Furthef interpretation of these nega-
tive potentials suggest that an up-right T wave is the result of a spread
of repolarization 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 known. The
reproducibility of the T waves would tend to indicate that repolarization
is propagated. The application of an appropriate stimuli (a stimuli causing
the inside of a fiber to become negative) can cause repolarization which is
propagated (Cranefield & Hoffman, 1959; Weidmann, 1956). In addition, the
deseription of the radlal spread of relaxation from an anode electrode

(Biedermann, 1884) and also the motion pletures of Cranefield (1957),

suggest propagation.
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Although the available date does not allow the acceptance of any one
theory concerning ventricular repolarization, 1t 1s generally accepted that
repolarization is apparently independent and generally opposite to that of
depolarization, at least for the human.

The relationship between the three methods for recording electrocardio-
grams, used in this study, may not be obvious. It should be noted that the
standard eleetrocardiograph uses a two dimensional type recording, which
18 supposedly scalar in nature (non-directional). Bach lead has an ampli-
tude dimensjon and a time dimension (linear time scale or moving strip).
These two dimensional standard recordings are taken using either of two
types of leads. The bipolar type measures the voltage difference between
two poles or electrodes and the unipolar lead type measures the voltage
difference between the single pole or electrode and a general indifferent
source (central terminal). Several of these scalar leads "tap" the field,
which reflects the total cardiac electromotive force from different vantage
points at its periphery, ihe chest. The combination of the data from these
leads, usually accomplished mentally or in one's mind's eye (Grant, 1950)
gives the "scalar’ information some degree of spatial direction. This
changes the "scalar” information to mental vectorial information.

The vector electrocardiographic analysis attempts to describe the
cardiac electromotive force in terms of magnitude, sense (polarity), and
direction (spatial). However, it should be pointed out that the cardiac

electromotive force is not a single vector quantity which occurs at any
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particular instant of time, but is a changing electromotive force which
occurs over & period of time (the cardiac cycle)., Thus a linear time scale
is cssential for adequate description and understanding of the electromotive
force in space, of a complete cardiac cycle, and as reflected at the surface
of the body.

The vectoreardiogram adds vector information. However, in developing
this method a second dimension of amplitude on the horizontal axlis was sub-
stituted for 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 cardlac electromotive force in a complete
cardiac cycle. In the portions of the cycle which show large rapid changes,
like the QRS sB-loop, the timed spatial relationship may be given. However,
during otheyr periods many of the important relationships are lost.

The new Time-Based vectorcardiogram keeps the time scale of the stand-
ard clinical method and, in addition, provides the vector information ob-
tainable in the vectorcardiograms. In order to accomplish a type of record-
ing which would give linear time and vector information (two dimensions),
it was necessary to construct an instrument capable of recording two dimen-
sions of amplitude on & time scale. In addition; the orientation of the
time dimension, in eaéh of three leads, should be such that a perpendicular
measurement of any partlcular wave would give one of the components necessary

for the separate calculation of its megnitude and spatial angle. Each of
three leads then should give one orthogonally perpendicular component

(X, Y or 2) of each vector for each wave on a time scale.
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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 complex variable, i.e., by considering not only
sinugoidal excltation of constant amplitude, but also exponentlally damped
or groving excltations. Time rate parameters of a sinusoidal nature are
studied and the "shape" of the source current or voltage has a fixed func-
tional dependence on time. In other words, sinusoidal quantities are
graphed where the relative direction of this voltage or current is changing
continmwously at a constant rate holding this varlable constant so that the
problem reverts to a pseudo two-dimensional one. These vector directions
or orientations are usually expressed in degrees, & single angular quantity,
which 15 & measure of an instant in time within a cycle. The graph of this
single quantity is an expression of the "relative phase,” and its character
at that instant 1s considered with respect to its zero-degree reference
point as an angle. Usually this angle is the expression of the instantaneous
magnltude or orientation of an instant within a wave function with respect
to its meximum voltage. This angle ihen is an indirect measure of time
differences because the ginusoidal nature of waves is a function of time
(Faxno, Chu, & Adler, 1960).

A vastly different situation exists for the heart. Whereas in elec-

tronics, a single sinusoidal wave function is studied, the heart gives
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geveral different waves (P, QRS, T, etc.) in a single electrical cycle,
Further, these wave "shapes' 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 & Young, 1957). A graph of the electrical activitles 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, so
that a correlation with the pathways of the electrical activities can be
made, |

A further complicating factor in making analogies with electronic data,
is that in electronics the vector itself 1s usually measured or graphed.
It is then studied by breaking it down into its component parts, a resolution
of the vector is made. In the vectorial registration of the electrical
activity from the heart, only the component parts of the spatial electrical
vectors can be meapured and methods are needed to synthesize these components
into instantaneous spatial vectors, A method such as the nev Time-Based
vectorcardiographic method should and 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 pleces 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.
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For 1llustration purposes, suppose two rectangular pulses are substl-

tuted for the horizontal and vertical leads resgpectively, but keep the sav-

tooth wave., Oscllloscope dlsplays of the three separate signals are given
in A, B, and C of Figure XX. A graph of the three voltages as obtained with
the Time-Based vectorcardlographic method is given in D of the same figure.

To illustrate further, suppose two sine waves of one cycle each, 450

out 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, B, and C of figure XXI. A graph of the three voltages as

obtained with the Time-Based vectorcardiographic method 1s 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 “
ofvthe chest produced by the heart expressed as a curve. It is blanked in
such & wvay as to glve several serial instantaneous vectorial samplings

within each of several cardiac electrical cycles.
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A. HORIZONTAL COMPONENT B. VERTICAL COMPONENT

C.. SAW-TOOTH COMPONENT D. TIME-BASED VECTOR GRAPH

Fig. XX. . A and B are oscilloscope tracings of two 1 mv réctangular pulses.
C is an oscilloscope 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 grsph of pulsatile blood flov through an elastic artery is somevhat
analogous to the recordings obtained with the Time-Based Vectorcardiographic
method. Both blood and electricity may be considered as non-compressible
fluids and cen be compared.

Volume (three dimensional) flov is obtained by multiplying the rate of
flov (length) times the cross sectionsl area (width X height). Most flow
meagurements are made with the variables of the cross sectional area fixed,
thus simplifying the recording technique. The flow rate times a constant
(fixed cross sectional area) then equals the volume flow. Hovever, the
blood flow throvgh an artery like the sorts would require the simultaneous
meagurement of the cross sectional area vith the flov rate because of the
distensibility of this artery with pressure. Assuming the cross sectional
area of the sorta is circular (this makes one of the variable dimensions of
cross sectional area, & comstant) then the ¢ross sectional area becomes a
function of the radius or diameter only. The simultaneous measurement of
the diameter, giving the function of the cross sectional area, and the
flow rate can be plotted to give volume flow. In essence, the plat of the
three dimensional system has reverted to a two dimensional graph. I:' the
serial instant to instant plot of these two parsmeters is made on a time
scale, giving the volumetrie flow-time relationship (pulsatile fiow), then
one obtains a graph containing three dimensions similar to that obtalned
with the Time-Based Vectorcardiogrephic method. The main differences in the
two methods is that blood flow measurements are usmily scalar vhile electro-

cardiographic field measurements are vectorial (a quantity with direction).
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This Time-Based vectorcardiographic method may be directly correlated
with the standard clinical method, if the standard method is analysed vector-
ially. The Time-Based vectorcardiographic method does on actual recordings
what one does mentally when one analyses vectorially standard clinical re-
cordings from & group of leads. In other words, this method integrates into
one three-dimensional lead the six two-dimensional limd leads. Into a
second three-dimensional lead, the slx two-dimensional precordial chest
leads are similarly integrated. A third lead integrates the fifteen eso-
phageal leads, Visualizstion and caleulation of the electromotive changes
in space on a time scale are very much simplified. BEach lead of the Time-
Based vectoreardiogram gives information vhich is vectorial and on a time
scale, The three leads, vhen snalysed together, give a three dimensional
view of the spatial cardiac electromotive changes on a time scale,

The recording apparatus for the Time-Based vectorcardiograph was
degigned and built for this study. This recorder has more than adequate
characteristics of frequency response, phase shift and differential input
rejection (Gelford, 1949).

Beveral lead systems for vectorcardiographic examination of the human
are available (Frank, 1956; Grishman, 1951; Simonson, 1959 and Wilson, 1947).
Ho standard reference system has been studied or established which could be
utilized with the Time-Based vectorcardiograph. Such & lead system should
measure the projection of the cardisc electromotive force from side to side
(X component), up and down (Y component) and forward and backward (Z com-

ponent). The lead systems which have been utilismed for the human can be

=
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divided into two groups, those using bipolar combination of electrodes and
those using unipolar combination of electrodes. For the unipolar combina-
tion of electrodes no central terminal has been established in the dog.
On the other hand, the cube system of Grisiman (1951) is a system of bipolar
electrode combinations which does not depend on a central terminal. This
lead system aassumes that the heart is a sphere with the dipole at its center,
‘and. the electrodes are placed on the chest in a cube arrangement so that
they are spproximately equidistant from the heart.

The modification of the positioning of the chest leads for the stan-
dard clinical electrocardiograph, of Lombard and Witham (1955), was followed
in this study in order to make eeupmtqns with previous data. However,
vith this modification fev transitionsl patterns are obtained in the chest
leads,

In a comparison of the results obtained, with the standard clinical
method and the vector methods using the cube lead pystem of Gristman, the
cube lead system gives an angle for the QRSy vhich is approximately 15
degrees larger than the vector analysis of the standard clinical leads for
the frontal plane. In general, hovever, the results from both oif these
lead systems can be compared.

The low intravenous dose of G-strophantin (0.25 mg.) in the dog repre-
sents approximately one third the single digitalizing dose recommended for
the human (0.7 mg. %0 1.0 mg., i.v.). Twice this dose wvas used for a high
dose, The lov daily oral dose of digitoxin was O.1 mg., and the high daily
dose vas 1.0 mg. 7This high dose for the dog is approximately ten times the
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daily recommended human dose of digitoxin., The average dog's weight was
around 10 kilograms, or approximately one-seventh the human weight. BEven
though these doses appear extremely high, as compared to the human, they
vere below the dose needed to produce arrhythmias.

In a search for vector type data in the dog which might serve as a
background for the present study, only one paper (Horan, et al., 1957) and
an unpublished thesis (Dobbie, 1955) vas found.

The Time-Based vectorcardliographic method provides general vector in-
formation and, in addition, allows the independent description, by calcu-
lation, of the spatial megnitudes and the spatial angles of any selected
instantaneous vector in each cardiac cycle. It should be pointed out that
the T wvave of the dog is considerably different from that described for the
human, This difference i3 especisally paramount in the Time-Based vector-
cardiographic method. Because of this difference, the S8T-T segment for the
dog was descridbed by measurement of four separate instantaneous vectors.

A comparison of the description of the pre-treated unanesthetized and
the pre-treated anesthetized dog was done in order to see if the pento-
barbital anesthesia had any effect. The most striking effect produced by
the anesthesia vas a two-fold increase in the heart rate. The effect on
conduction, noted in both the standard BCG and Time-Based VOG methods, was
s decrease in the P-R interval and shortening of the QT interval.

The voltages of the P and R waves in the standard ECG were larger in
some leads in the anesthetized laxd.'\ea of dogs. These effects could be pro-
duced either by a difference in spatial orientation of thege waves or an
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increase in the spatial voltage of these waves. The Time-Based VCG clari-
fied this problem. It showed that the P/QRSp magnitude was increased two
fold and that the P-QRSy spatial angle did not change significantly. This
indicates that the change in P and R voltages in standard ECG leads were
those of altered magnitude and not spatial orientation.

A small increase in the QRSp spatial voltage was noted but wvas not
significant. This would correlate somewhat with the increages of voltage of
the R wave in the standard ECG. Although none of the gpatial angles were
changed, the axes of the QRSy and QRSy angles in the frontal lead were
slightly smaller after anesthesia, indicating a slightly more left axis
deviation.

Sunmarizing these comparisons of the unanesthetized and anesthetized
dogs, the change of heart rate 1s the most significant. Secondly, the two
fold increase in the gpatial volteges of the P wave was prominent. This
effect mey be the result of the anesthesia on the myocardium or may be
secondary, resulting from the increase in heart rate,

The results of Series I, which were observations on anesthetized dogs
studied after the administration of G-strophanthin, show no characteristic
“digitalis pattern.” Only minor changes vere obtained. The only conduction
change wvas a lengthening of the QT intervsl as measured both on the standard
ECG and the Time-Based ECG. The R wave (standard HCG) shows a decrease in
voltage in most of the chest leads and in lead AVF. This is correlated with
a slight shift in the electrical axis of the QR8y vector in the saglttal
lead of the Time-Based VCG. The voltage of the P waves was increased in the
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standard FCG, The Time-Based VCG alsc showed an increase in the magnitude
of the P wave with no axis shift or change in the P-QRSy angle, tlhus again
indicating a true magnitude (voltage) change and not a shift in spatial axis.
This information cannot be ascertained with a standard clinical lead.

In the recordings taken more than two hours after administration of
the darug, the T wave, in the standard ECG, showed an increase in magnitude
in most of the chest leads and in lead II. On the other hand, the Time-Based
VOG showed a decreage in voltage of the T wave from recordings taken at the
seme time:. It should be pointed out that the standard ECG measures T wave
voltages that ave either positive or negative. A decresse in the voliage
of a negative T wave would be reported as an increase in positive voltage.
This could be a misleading result:. The Time-Based YOG reports the spatial
magnitudes of a wave independent of its orisntation, hence these regults
cannot be misleading. In this series of dogs, some of the T waves were
negative in the control @ttm and the spatial magnitude of the T wave be-
came smaller after drug. The gtandard BCG, in ﬁhis situwation, wuld report
an increase in voltage of the T waves because they beceme less nqsati.ve.

In sumary, only minor effects were found in thls series. The T wave
spatial magnitude became smaller and a depression of wvoltage of the R wave,
in some of the leads, was correlated and explained as a slight shift in the
electrical axis as measured in the sagittal lesd of the Time-Based VCG.

The results of Series II, unanesthetized dogs given daily oral doses
of digitocxin, agsin showed only very minor and scattered changes. The
standard ECG shovwed small but significant changes in the R wave in most of
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the chest lesds. The Time-Based VCG m?tmd did not show any significant
shifts in the axis of the QRSm in the sagittal lead. Two reasons may be
given for this failure of correlation. The first is that very small changes
in the axis of the QRS s@-loop in the sagittal plane causes large changes
in the R waves in the standard method because of the close proximity of
thege leads to the heart. These leads in the dog may reflect some loecal
effects mixed with field effectis, thus magnifying very small spatial changes
in orientation of the QRS;m wave. Secondly, such changes may be the result
of changes in resistances of the gkin, electrodes, etc., which are cancelled
out in the Time-Based VCG method by the transformation of the spatial magni-
tudes to ratios.

The axis of the QRS{ and QRS¢-QRSpm spatial angles vere larger after
administration of the drug. This indicates a thinning of the terminal portion
of the QRS sﬁ—mop.

Series III evaluated the combined effects of controlled periods of
anesthesia plus the effects of G-strophanthin on the spatial electrocardio-
gram of dogn. The three hour anesthesia period resulted 4in an increase in
the heart rate, and a corresponding decrease in the RR' interval measured
in both the standard ECG and the Time-Based VCG. A QT ghortening was ob-
tained only with the Time-Based VCG method during this same period.

An isolated and unexplained lengthening of the P-R interval in the
standard ECG was obtained after the second dose of the drug. A significant
decrease in voltage of the P vave vas obtained in several leads of the gtand-
ard BECG. Analysis of the Time-Based VCG shows that a true decrease in
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spatial voltage caused this change in the standard VCG leads and not a
change in the P-QRS, angle.

Other isolated changes were found which were significant, but they were
very small and not particularly definitive. They did not delineate a type
of "digitalis pattern.,"

The effects of G-gtrophanthin and digitoxin, analysed using the standard
ECG and the new, more definitive Time-Based VCG method, demonstrate that
these drugs do not produce any characteristic "digitalis pattern" in "normal”
uanesthetized and eanesthetiszed mongrel dogs.

A review of the literature tended to suggest that an increase in the
voltage of the T wave would be expected after digitalis type drugs (Selenin,
1921, Bickel and Pawlow, 1913). Other authors suggest that no change in the
electrocardiogrem occurred (Rothberger and Winterberg, 1913), or that if a
change occurred, it was unpredictable (Cohn and Stewart, 1929). Another
asuthor (Levine, 1951) suggests an "electrocardiographic pattern of digitalis"
which vas characterized by the folloving deseription: 1) depression of ST
interval and flatting of the T wave in the precordial leads, and in VP, 2)
sbsence of QT shortening, 3) abolition of the pattern by acceleration of
apical repolarization (increase the dog's temperature to 42 degrees C by
radiant heat).

~ Grant (1951) in & vectorial description using the standard ECG from
the human suggested that digitalis type drugs ceuse certain of the repolar-
ization forces to be generated earlier during the T interval and in an
altered direction, so that they are opposite in direction to the mean spatial
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QRS vector. Deseriptively, he describes the spatial vector effects, as
follows: 1) QRS spatial vector remaining unchanged, 2) QT interval is
shortened, 3) T vector 1s reduced in magnitude, but changes little in spatial
direction, and 4) the appearance of an 8-T spatial vector, which is orien-
tated in the opposite direction to the spatial QRS vector. He further
suggests that the "hammock” shape of the ST interval (often considered a
diagnostic effect of digitalis effects in the human) results from the fact
that the junction (corresponding to the 8Ty in the Time-Based VCG method)
between the QRS and 8-T interval is little or not at all displaced, even
though the 5-T interval grows in magnitude from instant t0 instant and is
part of the repolarization process. It has been suggested by Beers, et al.
(1951) that relatively small doses of digitslis drugs may change the §-T
and T segments of abnormal heart, but not of normal heart, in the human.
It may seem rather surprising that in this study only very minor changes
in the spatial BCG was found in the dogs after the administration of rela-
tively large doses of the digitalis drugs; however, very recent studles with
usee of micro electrodes (Hoffman & Cranefield, 1960) suggest that ouabain
in "therspeutiec” concentrations does not alter the transmembrane potentials
significantly in the dog's papillary muscle, This would tend to support
the idea that digitalis compounds have relatively little effect on normal
hearts.

The results of this study, the effect of digitalis on the gpatial
electrocardiogram, 1nd1ca.te§ that digitalis does not cause a "digitalie
pattern” in the so called "normal” dog. This is in agreement with the




256
findings of Beers, et al. (1951) for the human, and Rothberger and
Winterberg, (1913) for the dog. These findings suggest that a fruitful ex-
tension of this work ashould be a study of the factors or agents which would
modify the "normal” dog heart in such a wvay as to produce the "digitalis
pattern.” This knowledge should contribute to a better understanding of the
nature of this lesion and may give some clue as to the mechanism by which
digitalis corrects the defect in cardiac failure.

The new Time-Based Vectorcardiographic method described in this disser-
tation can be applied to any condition vhich causes a modification of the
electrical activity of the heart or where spatial electrical information
is desired., Figures la and 1lb in the appendix gives an example of the
changes that are cbtained with the Time-Based VCG method before and after
the i.v. administration of 500 mg of quinidine to an anesthetized dog.
Figures 2a and 2b in the appendix give records of a later experiment vhere
a "digitalis pattern”’ was obtained. Only three such "digitalis patterns”
vere obtained in kO experiments and this was the only experiment where a
complete set of tracings was obtained.

In addition to the application of the Time-Based method to animal ex-
perimentation, this method will have utility in recording the spatial
electrical activity of the heart in the human. An example of records ob-
tained from the human is given in Figure 3 of the appendix. These records
are from a 23 year old male graduate student, with no apparent or known

cardiovascular or other illness.
This new Time-Based Vectorcardiographic method greatly simplifies the
description of the spatial electric field produced by the heart on the
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surface of the chest. It allows, for the first time, the presentation of
electrocardiographic information of a complete electrical cyele in easlly
understandable and quantitative form which can be analysed and evaluated
statistically. Much of this new information can be obtained directly by
neasurement from the graphs without calculation. These three dimensional
graphs cbtained with the new Time-Based Vectorcardiogrsphic method correlate
well with the other electrocardiographic methods and in addition extend
these. For example, the combination of several of the standard ECG leads
are equivalent to a single Time-Based Vectorcardiographic lead. This
single lead shows phase differences which are not measureable in the
several leads obtained with Standard ECG method. This new method also
further extends Vectorcardiographic methods by presenting quantitative
information of not only the large QRS deflection, but also of the smaller
deflections (P and T) and more important, the more isoelectric portions of
the electrical cycle (P-R, ST-T, T-P, and U) which are not measureable by

other vector methods.
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CHAPTER VI
SUMMARY

A pew method for studying the spatial vector electrocardiograms was
devised., This method 1s unique in that the spatial magnitude and

the spatial orientatibn of any instanteneous vector in a cardiac cycle
can be directly measured and analyzed statistically.

An instrument was designed and bullt for use by this method, the

Time-Based Vectorcardiograph.

Recordings were obtained with this new method from mormsl unaness-
thetized and anesthetized dogs. These spatial electrocardiograms
were described and statistical evaluations of magnitudes and orientae

tions of selected instantaneous vectors in the cardiac cycle made.

A nev deseription of the T wave in the dog was made, since this is
shown to be different from the general description of the T wave

given for the human,

Statistical evaluations of the electrocerdiograms using the staadard
ECG, VCG, and the new Time-Based VCG before and after the administra-
tion of Gestrophanthin and digltoxin were made on dogs, both unanes-
thetized and enesthetized, with the following findings:
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A. Anesthesia caused s twofold increase in heart rate, a decrease

in the P<R and QT intervals, and a twofold increase in the relative |

spatial magnitude (voltage) of the P wave.

B. Increasing the period of anesthesia caused an increase in the
heart rate and a corresponding decreasse in RR' interval.

C. Gestrophanthin administration intravenously to anesthetized dogs
caused 2 small decrease in the spatial magnitude of the T wave
with no change in its spatial orientation. This could only be
measured with the new Time-Based VGG method.

D. No significant effects were obtained after prolonged oral adminis-

tration of digitoxin to unanesthetized trained dogs.

E. Two doses of G-strophanthin to doge anesthetized for 4 hours
caused a decrease in the P spatial magnitude (voltage).

The change in the spatial electrocardiogram following the administra-
tion of Gestrophanthin and digitoxinm to unanesthetized and anesthetized
dogs are essentially minor in nature. No support for the appearance
of a "digitalis pattern” was found in the "normal"™ mongrel dog.
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TABLE I

MEASUREMENTS OF WAVES FROM TIME-BASED VECTORCARDIOGRAPHIC
LEADS USED IN CALCULATION OF THE SPATIAL MAGNITUDE
AND ANGLES OF THE PRE-TREATED ANESTHETIZED
DOGS IN SERIES I

272

£
Com-
08 po= QRS QRS QRS ST ST ST T
pﬂWa. nent P m i ¢ 2 P ¢
7 X 0 42 49 .23 Ok 0 Mot -.11
Y 535 l.u 1'29 "06"“ Qd“ 0 th’ "-27
2 02 o57 06,4 "030 009 0 009 ~e12
8 X 0 .03 - QO,"’ oOh 4] 0 0 .02
N4 023 1'83 1008 - c68 ‘0’4 0 005 015
Z 0 031 oh‘l - 031 : ¢ 0 0 - 005
10 X 0 017 12 0 0 Q 02 -.02
¥ 21 | 2.48 1.8t -.56 .23 0 .13 -.29
Z - 'd" .hh .’+O - -ls 0 0 002 - 102
12 X 4] -.02 -.02 .01 0 ] 0 0
Y chl 2062 1085 ‘OM 0 "‘.13 "'005 "033
2 0 nl"6 037 - '15 4] 0 0 - 005
13 X 008 006 -oll ~-.11 0 0 0 008
Yy .18 1.01 ll13 "¢36 n03 4] .02 '019
Z 02 009 ohs "118 "003 0 02 -.08
14 x .02 0 -.02 .03 0 0 O 0
y t88 3-17 .1.089 1019 -uO .10 '21 "031
z 0 .25 079 0 0 0 12 - -08
19 X 0 01 01 0 0 o 0 0
Y oh’( 3-56 201“‘ 2003 o6l ¢08 -26 '032
z o | & .38 0 0 0 .16 0

x component-the perpendiculer measurement from the Horizontal Leed
y component-the perpendicular measurement from the Frontsl Leed

z component-the perpendiculsr measurement from the Sagltal Lead
?basurementa-in millivolts




TABLE II

MEASUREMENTS OF WAVES FROM TIME BASED VECTORCARDIOGRAPHIC LEADS

USED IN THE CALCULATIONS OF THE SPATIAL MAGNITUDES AND
ANGLES AFTER DRUG TREATMENT OF ANESTHETIZED DOGS

IN SERIES 1
Dose Tinme Wt. Com~
Dog in in in po- QRS QRS QRSt STa STb STE T
No. Mg Hours 1b. nent P n i
8 .25 1 i2 X 0 .08 o 0 0 0 0 0
Y -15 587 -67 - 031 007 ) 008 ulh
Z 007 .39 ',"5 -~ 030 - .03 O .Oll- 013
10 025 1l 20 X 0 2 42 0 0] 4] 0 “003
y 025 2-36 1.79 "037 023 0 002 “s
4 0 036 - ’-15 -d‘ "002 -Oh -.10
12 25 1.5 ik x 0 -.08  -.09 Ok 0 0 0 0
y .50 | 1.6L 1.1% --.55 -.33 ~-.36 0 .28
Z 0 028 029 "ol7 "013 "013 0 012
13 1.0 2 16 X .03 05 0 .02 0 0 0 0
N 022 l.lh 1.16 ".h’l 0 O ‘018 o%
Z O ols 0 - 022 “e - 003 - o%
1k 5 2 20 X 0 0 0 .22 0 0 0 0
N ~82 2058 1-53 - .18 035 016 -25 027
Z 0 7 037 057 ”.Ol 002 -02 -18 0

x component-the perpendicular measurement from the Horizontsl Lesad

Yy component-the perpendicular messurement from the Frontal Lesd

z component-the perpendiculsar measurement from the Segittal Lesad

Messurement-in millivolts

Drug Times-2 hours or less

€le




TABLE III
MEASUREMENTS OF WAVES FROM TIME-BASED VECTORCARDICGRAPHIC LEADS
USED IN THE CALCULATIONS OF THE SPATIAL MAGNITUDES AND
ANGLES APTER DRUG TREATMENT OF ANESTHETIZED DOGS
IN SERIES 1
il Dogse Time Wt Comw= o
Dog in in in po- QRSm QRSi Ql’is,G .‘?aTa S'_Pb STc T
No. Mg Hours 1b. nent P
T 5 2 12 X 0 0 0 0 0 0 0 0
y 23| 1.20 87 -.56 0 Ol 0 26
Z 0 .19 «10 “"07 0] 0 22 » 005
10 25 4 20 X 0 07 07 0 0 0 0 0
Yy .28 2.“& 1068 ’oh‘? ol6 "tl6 ‘005 "’035
z 0 <30 .35 -.12 .03 0 .05 -.07
1 5 6.5 20 X 0 0 -.16 Ak 0 0 0 0
y TJ2 1 1.79 91 -.22 : .03 0 Oh .25
Z 0 .12 .29 - .0 0 0 02 'Oh
1k 5 7.5 x 0 -.02 -.25 a2 0 0 0 -0k
¥ 69| 1.8 <99 -.17 +10 0 Al .25
z 0 -.10 .16 0 0 0 0 .02
19 .25 L.s 15 X 0 o) 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 meassurement from the Horizontal Lead
Yy cormponent-the perpendicular messurement from the Frontal Leed
z component-the perpendicular messurement from the Segittal Lewud 3
Measuresents-in miliivolts &
Drug Times-more thsn 2 hours




275

TABLE IV

MEASUREMENTS OF P WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC
LEADS USED IN CAICULATION OF THE SPATIAL MAGNITUDES
AND ANGLES OF THE ANESTHETIZED DOGS

IN SERIES III
*‘—‘P T et vames ottt oty o
P Conditions
Wave Day 1 | Day 2
1 II III Iv v VI
b hours 4 hours
Anes - Anes-
Com~ Early 3 hours thesia Eerly 3 hours thesia
Dog po- Anes- Anes -~ 1 hour Anes Anes 1 hour
No. nent thesi thesis drug thesic thesia drug
20 X 0 0 o - 0 0 .02
181b. y .10 .35 .32 23 :19 .28
z 0 0 0 0 0 0
21 x 0 -16 . o18 -.01 11 -08
2kib. y Ry .20 22 .35 .35 .20
4 .OS 02 .0‘& 0 0 0
22 X 002 0 002 003 . 05 0
291b. Yy .18 09 10 «20 22 .28
z 0 0 0 0 0 0
23 x 0 0 03 0 _ 0 0
261b. y 45 .54 «50 26 A5 40
z 0 ¢ 0 0 0 0
2k X 0 0 0 .03 0 0
201b. y .36 A3 42 L2 AT .38
2z 0 o 0 0 0 0

% components~the perpendiculzr messurement from the Horizontel Lead
¥y components-the perpendiculzar messurement from the Frontel Lesd

2z components-the perpendiculsr messurement from the Ssgittal Lead
Messurements-in millivolts




MEASUREMENTS OF RS WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC
LEADS USED IN CALCULATION OF THE SPATIAL MAGNITUDES
AND ANGLES OF THE ANESTHETIZED DOGS
IN SERIES III
GRS Condtions
Wave Day Diy 2
1 11 IIl v v Vi
4 hours b hours
Anes -~ Anes~
Com~ Eariy 3 hours thesis Buxly 3 hours thesis
Dog po- Anes- Anes- 1 bour fnes~ Aneg~ 1 hour
|_%o. | nent |thesin thestn  drug | thestc thest: grug |
20 X Ol A7 .13 b .11 W12
Y 059 2-08 1-60 ls53 }.-39 1.11
P 11 +19 13 .18 .11 «10
21 b3 15 1.00 a% | .h? 81 ¢5I6
y 3.60 10& 1056 2»68 20"8 2026
3 031 Y- . ‘% .22 20
22 X .lh 007 007 .2’0 ¢13 016
¥ 3.37 LT 1.73 3439 3.l 3.6k
9 013 305 als -13 008 11
23 X "“-d‘ Olu | -O‘t og" .dt )
¥ 2-95 2060 205“ 2.60 2-2’) 2-&
A cls tlg 016 -lk -07 - '06
Q‘ X .1.0 «10 .06 007 {9 07
¥ 3-17 2055 2.8}. 2-83 20& 2.6k
A ¢28 t19 -15 013 007 ¢

x component~the perpendiculer mescsurement
y component-the perpendiculer seqsurement from the Frontzl Lesd
¢z component-the perpendicular messurement from the &:gltisl lecd
Hesgurecsents-in millivolts

from

the Horlzontsl lead




MEASUREMENTS OF QRS; WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC

TABLE V1

LEADS USED IN CALCULATION OF THE SPATIAL MAGNITUDES

AND ANGLES OF THE ANESTHETIZED DOGS -
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IN SERIES III
QR84 ) Conditions
Wave Dey 1 Dey 2
I II 131 Iv y Vi
L nhours 4 hours
Anes- ‘ Anes-
Com- Eexly 3 hours thesia Baxrly 3 hours thesisa
Dog " po- Anes -~ Anes~ 1 hour Anes- Anes 1 hour
No. nent thesia thesla drug thesia thesis drug
20 X -08 -17 «10 008 .12 12
Y .‘42 1 .6’& n95 -99 1009 095
z 015 Ql? 023 ) .2‘& 025 21
21 X .l5 ‘M nhk .27 c27 023
Yy 2-25 1.32 1.12 1082 la30 1031
2 032 als 023 065 016 11
22 X 0 -07 007 - t18 013 ¢16
y 2.1k 1.09 1.33 2.0k 2.19 2.58
2 026 12 '17 -25 . 11
23 x 12 0 10 «11 .11 09
y 1.91 2.00 1.46 64 .98 1.37
Z 019 027 21 «20 -09 0
2l x .03 .10 .06 .06 .03 .07
Yy 1087 2.12 2-0&’ 1156 lo?h 1-79
2 .36 53 «39 »11 A7 .

% component-the perpendicular measurement from the Horizontal Lead

y component-the perpendicular measurement from the Frontsl Leed
z component-the perpendicular measurement from the Saglttel Leed
Measurements~-in millivolts




TABLE VII

MEASUREMENT OF QRS, WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC
LEADS USED IN CALCULATION OF THE SPATIAL MAGNITUDES
AND ANGLES OF THE ANESTHETIZED DOGS
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OF SERIES III
QRSt Conditions
Wave Day 1 Dey 2
I II 111 v v VI
k hours b nours
Anesg-~- Anes-
Dog Com~- Barly - 3 hours thesie Early 3 hours thesia
No. po- Anes~- Anes- 1 heur Anes~ Anes- 1 hour
nent thesiu thesis drug thesie thesis drug
20 X .03 0 1l : 0 0 0
Y iM lch‘? 097 -1l "013 “025
¥ A 0 .10 0 "-05 ‘;-07 ".lo
21 x .05 .18 -.18 -.19 -.15 -.05
y -.78 -.68 - -.91 -1.11 -1.21
V'3 "022 ’00“ 'dd" “028 ‘008 .15
22 x 0 0 0 =02 -.04 0
y -.31 -.27 -.29 ~-+57 -.T0 -.81
2 "_.05 "’od‘ ‘ "nd" "-05 0 0O
23 x 0 05 0 0 0 0
Y ".27 -lué - 5» “th' '027 i - ah?
Z "003 “'-05 ‘008 0 001" '006
2k x 4] 0 0 0 0 0
y "079 ".& ‘067 "'87 "77 "077
z -.06 ~-.09 «11 0% 0 0

millivolts

x component-the perpendiculer measurement from the Horizontel lLeed
y component-the perpendicular meesurement from the Frontal Lead
z component-the perpendiculer measurement from the Sagittal Lead
Measurements-in




TABLE VIII
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MEASUREMENTS OF ST, WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC
LEADS USED IN CALCULATION OF THE SPATIAL MAGNITUDES
AND ANGLES OF THE ANESTHETIZED DOGS

IN SERIES III
8T, Condtions -
Wave Day 1 Dy 2
1 II III Iv v VI
b hours b nours
Anes- Anes -
Com- Barly 3 hours thesia Barly 3 hours thesia
Dog po- Anes- Anesg- 1 hour Anes-~ Anes~ 1 hour
No. nent thesia thesliza drug thesia thesia drug
20 b4 0 0 0 0 0 4]
Y 007 ’d‘ 0 «10 .02 (8]
z 01 o) 0 01 0 -.02
21 x 0 0 0 0 ~.05 -.02
Yy ‘19 003 0 '07 - oll" - 018
z 4] .02 0 0 0 0
22 X 0 0 0 0 0 0
Y .38 .13 .10 ohl 122 +11
Z -.02 (] 0 0 0 0
23 x 0 0 0o 0 0 0
Y .ll»2 12 ol"‘ '36 -2“ 017
z 0 0 0 0 0 0
2k X 0 0 0 -.03 0 0
Yy .3" 028 027 '09 22 a25
z .07 Ok 0 0 0 0

x components-the perpendicular measurements from the Horizontal Lead

y components-the perpendiculer meazsurements from the Frontel Lesd
z components~-the perpendicular measurements from the Sagittel Lead

Measurements~in millivolts
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TABLE IX

MEASUREMENTS OF ST, WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC
LEADS USED IN BALCULATION OF THE SPATIAL MAGNITUDES -
AND ANGLES OF THE ANESTHETIZED DOGS

IN SERIES III .
STb Conditions
Wave Day 1 : Doy 2
I II I1I Iv v VI
k hours I hours
Anes- Anes-
Com- Eurly 3 hours thesia Barly 3 hours thesia
Dog po-~ Anes-~ Anes- 1 hour Anes- Anes- 1 hour
No. nent thesis theglie drug thesia thesia drug
20 b'e 0 0 0 0 0 0
y -.03 L -.13 -0l -.11 -.10
z 0 -.03 0 -.01 0 0
21 b4 0 0 0 0 - ~-.02
Yy 006 .02 od" 0 - nlh - 018
z 0 0 0 0 0 0
22 X o 0 0 0 0 0
Y '003 "OOS ~-.11 "n08 ‘olk "'025
z o 0 0 .02 0 0
23 b4 0 0 0 0 0 0
Y 013 0 0 a% -05 - -05
z 0 0 0 0 0 0
24 X 0 0 0 0 0 0
Y ols o13 bls 622 -19 015
z 0 0 o 0 0 0

x components-the perpendicular measurements from the Horizontsl Lead
y components-the perpendicular messurements from the Frontsl Leed

z components-the perpendicular meesurements from the Saglttal Lead
Messurements~-in millivolts




MEASUREMENTS OF ST. WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC

TABLE X

LEADS USED IN CALCULATION OF THE SPATIAL MAGNITULES

AND ANGLES OF THE ANESTHETIZED DOGS

281

IN SERIES II1
5T, _Conditions
Wave Dey 1 Doy 2
I II III v v VI
4 hours k hours
' Anes - Anes~
Com~ Early 3 hours thesisa Early 3 hours thesis
Dog po- Anes- Aneg- 1 hour Anes~ Anes-~ 1 hour
No. nent thesis thesis drug thesis thesia drug
20 X O .02 0 “001 0 0
¥y - .02 0 -,11 0 o 0
Z 02 02 0 4] 0 0
21 X 0 cQS .011» 005 0 0
y .31 .18 .18 26 k4 .13
Z 018 -0"‘ nd“ 10 .02 0
22 b'e 0 0 0 0 .02 0
Y 03 od‘ -.08 0 - -06 ~-.15
A cd“ .Oh .02 - -0“' 0 (4]
23 % 0 0 0 0 o . 0
¥ 2h 0 .15 .09 .09 0
z 02 0 0 0 0 0
2k x .0 .03 0 -.02 Ol 0
y +55 55 46 -8k 91 1.17
2 009 -07 o06 ‘07 oOh‘ 0

X components~the perpendicular messurement from

the Horizontal Lead

Yy components-the perpendicular measurement from the Frontal Lesd
- z components-the perpendiculer measurement from the Sasgittal Lesd
Meassurements-in millivolts
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TABLE XI
MEASUREMENTS OF T WAVE FROM TIME-BASED VECTORCARDIOGRAPHIC
LEADS USEDR IN CALCULATION OF THE SPATIAL MAGNITUDES
AND ANGLES OF THE ANESTHETIZED DOGS
IN SERIES III
T R Conditions
Wave ‘ Day 1 Day 2
I II IIX Iv v VI
4 hours k hours
‘ Anes- Apes~
Com- Barly 3 hours thesisa Baxrly 3 hours thesia
Dog po~ Anes-~ Anesg~ 1 hour Anes~- Anes~- 1 hour
No. nent thesla thesia drug thesla thesisa drug
20 X -.01 -.02 o .01 o] 03
N - 113 = ¢10 003 . - -19 «11 016
A -.01 0 0 -+03 -0 .03
21 X 002 002 001 - 003 002 008
y «19 c08 00'4' «10 12 «19
z - tls 02 ‘ L2 -.10 0 -08
22 X "103 - 02 “-Ol "‘oOh -.0!& - .02
y halt 010 -10 “03h -.21‘ .18
2 -.02 Qd“ - 02 0 0 0
23 x -.02 -0k -.03 0 0 : 0
Y '15 '031 021 "'-13 22 ) ¢23
z ‘002 od" 'o03 "00,4' 003 i 4]
2k b'e -.03 0 o .03 Ol 0
Yy 6l .60 ST «96 1.50 1.40
z ~.03 O7 .09 .08 .06 0
x components-the perpendicular measurements from the Horizontal Lead
y components-the perpendicular measurements from the Frontal Lead
z coponents-the perpendiculer messurements from the Sagittal Lead
Measurements~in millivolts
L




SAGITTAL LEAD

HORIZONTAL LEAD (vertical time)

_——
0.5 sec.

1.0
mV
1.0 mV

SAGITTAL 1IEAD
(horizontal time)

Figure la
Time-Based Vectrocardiogram: Pre-drug record of pento-

barbital anesthetized 12.6 Kg dog. Milnor's lead system
was used.
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FRONTAL LEAD

HORIZONTAL LEAD (‘Srifggﬁ‘ {‘Eu‘:g )

| —————————
0.5 sec

'l.o
nV

,10 OmV

SAGITTAL LEAD
(horizontal time)

Figure 1b

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

Milnort's lead system was used.




FRONTAL LEAD

HORIZONTAL LEAD

SAGITTAL IEAD
(horizontal time)

Figure 2a

SAGLTTAL LEAD
(vertical time)

——
0.5 sece.

l.o
mV
1.0 mV

Time-Based Vectrocardiogram: Pre-drug record of pento-

barbital anesthetized 12.0 Kg dog.
was used. .

Milnor's lead system
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FRONTAL LEAD

SAGITTAL LEAD

HORIZONTAL LEAD (vertical time)

————
0.5 sec.

SAGITTAL LEAD
(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.




_ SAGITTAL LEAD
HORIZONTAL LEAD (vertical time)

—_——
0.5 sec.

1.0 mV

SAGITTAL IEAD
(horizontal time)

Figure 3

[Nme-Based Vectorcardiogram: A record obtained from a
male human. He had no apparent or known cardiovascular

disease or other illness.
7\\
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