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FOREAORD

The results reported in this thesis are based upon data from bovine
electrocardiograms obtained on cattle in the dairy herd during the period

from Jamary 1937 to June 1938.

Since an attempt 1s being made to determine the normal bovine elec-
trocardiogram, the tabulation and discussion of the data is intentionally
detailed. All variations which could be construed to be even remotely
significant have been noted and an attempt has been made to place upon

them a fair evaluation.

Since this study has been carried out on a relatively small growp
of animals, it is possible that these data do not give a complete pic-
ture of the normal limits of the bovine electrocardiogram. However, the
animals used would seem to be representative of normal dairy cattle and
confirmation of these results must await further work using larger sam-

ples.
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INTRODUCTION AND REVIEW OF LIT=RATURE

It has now been some three decades since Einthoven made electro-
cardiography experimentally and clinically feasible by adapting to
this use the string galvanometer. This tremendous foreward stride
wvas the motivating stimlus to research of such intensity that the
science today occupies an important niche in the field of human
medicine. Unfortunately for those interested in animal investiga-
tion of purely veterinary interest, much of our knowledge of electro-
cardiography is based on clinical work on the human subject. The
bulk of the extant animal data are principally on such laboratory
species as the dog and exist as the result of experimental pro-
cedures performed by workers seeking basic information primarily of
interest to investigators in the human field. Since the larger
domestic animals are not employed for this purpose, there is little
that can be borrowed. It is interesting to note, however, that one
of the earlier reports comes from such a source. Waller, (1), in
1889 while employing the capillary electrometer in a study of vari-
ous lead combinations on dogs and cats, mentions having used one
horse as a subject. This same worker in a subsequent report, (2),
(1913) indicates that the species is of sufficient interest to

warrant study of a few more indivigduals,

A perusal of the available literature reveals that to date com-

paratively little has been done by way of a systematic attempt to



study the normal electrocardiogram of domesticated animals, Of the
several species included in this category, the horse has perhaps re-

ceived more attention than any other. Ngrr, (3), in 1913 and Kahn,
(4), later in the same year, employing a single lead from the xiphoid

cartilage of the sternum to the shoulder region, report their normal
findings on a few horses. More recently (1937) Yacoel and Svitz, (5),
studied 17 different combinations of experimental leads in this
species. In the case of cattle, the most comprehensive report is
that by Norr, (€), (1921) who studied the EKG of 11 animsls employ-
ing, with but one exception, the single "regio apicis-reglo praescap=-
ularis® lead which is favored by continental workers. A rather ex-
tensive bibliography of the German reports concerning both normal and
abnormal electrocardiograms of domestic animals is cited by Neumann-
Kleinpaul and Steffan, (7). Barnes and associates, (8), (1938), while
studying the effect of cod liver oil in the diet of young calves on
EXG intervals, report normel intervals in four controls. A limited
amount of normal bovine EXG work is in progress in this country at

the vresent time, (9).

From the foregoing, it can be seen that this field of investiga-
tion as applied to the common domestic animals has scarcely been
touched. The paucity of work as evidenced by scarcity of reports
is the challenging stimlus prompting the present study. Since the
bovine species, especially the dairy breeds, figures so prominently
in animal research concerning nutrition, metabolism, and other prob-
lems of animal husbandry; and since the economics of milk production

requires more and more scientific knowledge to meet the needs for
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increased efficiency, the value of the electrocardiograrh as an addi-
tional instrument to aid in certain phases of this work must be

determined.

Since progress cannot be made until the normal has been studied,
the present repvort will concern itself solely with this phase of

animl electrocardiograrhy.



EXPTRIVENTAL PROCTDURE

Selection of Subjects. Ninety-seven animals composing the major

portion of the institution's dairy herd, and representing the follow=-
ing breed distribution, were selected for study:
Jergsey = = = = = = = = - - 23
Guernsey = = = = = = = = = 20
Ayrshire = = = = = = = = =13
Brown Swigg = = = = = = = =19

Holsteln = = = = = = = = = 20

It was felt that this group would be quite satisfactory for
several reasons., The subjects were, with but very few exceptions,
thoroughly accustomed to the presence of strangers and might be
expected to react least unfavorably when brought into the strange
surroundings of the EXG room. They were representative animals
kept under modern c onditions of herd management on a fairly high
plane of nmutrition necessary for optimum milk production. The age
distribution ranged from five months to 12 years inclusive., Vary-
ing stages of gestation and lactation were represented. Sick or
extremely nervous animals were not included. Males, being notori-
ously poor subjects in experimental work involving observations on
such physiological phenomena as heart rate, respiration, etc., were

excluded,

Apparatus. The apparatus employed was a Hindle #2 model of the

Einthoven electrocardiograph purchased from the Canbridge Instrument
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Company. Current for the field coils of the galvenometer magnet was

supplied by three Edison storage batteries with a total maximum dis-
charge rate of six amperes. No tracings were talken when this rate
fell below three. Current for the projection lamp and camera motor
was supplied by an AC~-DC motor generator unit placed in another room
at a distance of some fifteen feet from the galvanometer. All neces-

sary parts of the apparatus were carefully grounded.

The time-merker was the standard type controlled by a tuning
fork and arranged to form vertical time lines 0.O4 seconds apart on

the record,

The galvanometer string tension was uniformly adjusted so that
the introduction of a potential of one millivolt into the string
circuit would deflect the string shadow on the record one cm. Once
this was obtained for lead I, further readjustment was rarely required
for the other two leads. The apparatus was placed in a special room
in another building separated from the dairy barn by some 300 yards.
It was thus necessary to lead the animals this distance prior to
taking the trecing, They were then tied in an improvised stall and
sufficient time was allowed for the animal to return to as nearly a
normal state as was possible under the circumstances before a record

was attempted,

No effect of temwerature variations or other environmental fac-
tors upon the efficliency of the apparatus could be discerned. These

were occasionally quite extreme. During the winter monthes the room was



often uncomfortadbly cold. At times the humidity was so high that
beads of moisture were discernable on the walls of the room and on
two or three occasions the lenses of the optical system of the
galvanometer had to be wipred frequently with lens paper to remove the
moisture which condensed so heavily as to almost completely obscure

the string shadow,

Selection of Leads. The three standard leads only were employed,

namely: 1lead I, right front leg to left front leg:; lead II, right

front leg to left rear leg; lead III, left front leg to left rear leg.

Since there exists some difference of opinion concerning the
choice of leads in electrocardiogram studies in the large domestic
animls, a brief review of the salient features involved mey not bde

amiss at this point,.

Perusal of the avallable reports indicates that the various in-
vestigators are almost wholly unanimous in the opinion that tracings
taken by the three standard Einthoven leads employed in the human
subject are entirely unsuitable for use in these animals, 'Te princi-
pal reason given is the variations in the records obtained by this
method. These variations are attributed to the difference in ana-
tomical position of the heart in the horse and cow in relation to

the leads as compared to the human,

Of the three species, bovine, equine, and human, the former
possesses a heart whose long axis, through apex and middle of base,

is more nearly perpendicular to the ventral thoracic floor., In the
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case of the equine heart it 1s known that, while it occupies a posi-
tion in the thorax roughly comparable to that of the bovine, its basal
attachment 1s such that the anatomical axis is more horizontal, To
elaborate further using the descriptive methods of Norr, (6), an
imaginary line drawn through the apex and middle of the base would
in the bovine pierce the skin anteriorly at about the level of the
cervical angle of the scapula, while a comnarable point in the horse
would be at a more ventral level. Kahn, (4), indicates this point
to be at about the distal end of the middle third of the scapula,

It follows that the posterlor emergence of this 1ine would be slight-
ly more anterior in the ox than in the horse. This is of 1ittle im-
portance, however, the apical region in each species being usually
selected by investigators for placgment of one electrode in obtain-

ing tracings by this type of lezd.

Te long axis (base-apex axis) of the human heart makes a
smaller angle with the frontal plane than the corresponding axis of

the bovine or equine heart,

Classifying these three species as to the relatively greater
proportion of the heart lying to the left of the median plane, the
human has 2/3 (11), the bovine 5/7 (6), and the horse 3/5 (12), of
its mass thus locatede It can be seen that there is relatively little

dissimilarity.

From the foregoing discussion it is obvious that the standard

Einthoven leads applied to horses and cattle do not aporoach the
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plane of the long axis of the heart to the degree reached in humans.
This is the reasoning back of the decision by many workers (Ngrr -

3 = 6; Kahn = U; Yacoel and Spitz = 5) to attempt other leads and
explains the usual dismissal of the matter with the remark that the
results with standard lead combinations are worthy of little more

than passing comment,

It is believed that, due to the relatively greater ease of elec-
trode application, and the more extensive information obtainable from
three derivations, as compared to the single lead of Kahn and others,
the possible significance of results obtained by the three standard
Einthoven leads should be investigated first. The necessity of
these data, if for no other purpose than as a basis for comparison
with results obtained from other lead combinations, can be readily

appreciated. This is in general agreement with the opinion of

Dukes (9).

Selection and Technijue of Placement of Electrodes. The Cam-

bridge German silver plate electrodes similar to those employed in
human clinical work were used exclusively in this study. This deci-
sion resulted after a small amount of preliminary experimentation on
three cows using first warm saline pad electrodes®, and comparing

these results with those obtained with German silver plate electrodes,

* ™is method consisted essentially of wrapping the 1 imbs with a soft
cloth soaked in very warm saturated saline solution around which
was wound five turns of #19 bare copper wire.



contacting the skin through the medium of a special saline paste*.

Yo appreciable differences were noted in the potentials recorded for
the same individual with the two types of electrode. It was further
observed that use of the former method was attended by greater uneasi-
ness on the part of the animal regardless of the temperature of the
saline solution employed. The latter method was therefore adopted,

the technique of which is discussed below.

T™e plate electrodes were applied to the front limbs on their
lateral surfaces immediately above the lknee Jjoint on a slightly con-
vex area formed by the distal portions of the ulnaris lateralis and
digital extensor groups of muscles, The site of arplication of the
left rear limb electrode was on the antero-lateral surface 2 to 3
inches above the humero-r~dial (hock) joint where the peroneus ter=-
tius and digital extensor muscles form an exterlor convexity most

nearly adapted to the slight concavity of the electrode plate.

In applying the electrodes the hair was first closely clipped
on the sites previously described over an area about two or three
times that required for its apposition. The decision to merely close
clip the area of application resulted after tracings obtained by this

method were commared with results obtained in the same individual

* Formula supplied through courtesy of Dr. F. N. Wilson, Dep't. of
Internal Medicine, University Hospital, Ann Arbor, Mich. The paste
consists essentially of sodium chloride, potassium bitartrate,
glycerin, and pumice incorporated in a gum tragacanth gel with
vhenol added as a preservative.
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after the area was carefully shaved with no appreciable difference
in the recorded potentials being noted, providing sufficient electrode
paste was used. The former method, because of greater convenience

and safety, was accordingly adopted.

The skin was then vigorously rubbed with a liberal quantity of
electrode paste. The plates were immediately applied after first
covering their surfaces with the paste. A moderately firm pressure
accorpanied by a very slight rotary motion was used to insure a good
contact before tightening the rubber straps binding the electrode
firmly but not too tightly to the limb, While a liberal quantity
of paste should be used, care should be taken not to contaminate the
lead cable at the point of juncture with the electrode since when

this happens polarization often occurs.,

After the tracing was recorded, thé paste was carefully removed
from the ckin with a wet cloth. If this was not done, a peculiar

local vesicular type of dermatitis resulted in many cases,

Te patient leads approached the electrodes from above the sub-
ject to avoid lessening the contact surface by reason of separation
of the plate from the skin as the result of side pull from the weight
of the lead cable, which often hapnened when the apvroach was from.

below,

At no time during the recording of an electrocardiogram were the
subject's feet allowed to make a wet contact with the floor., In the

event that this hapvened, the wet area was liberally covered with
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dry wood shavings before a record was attempted.

Record Treatment. Three serial electrocardiograms approximately

one month apart were recorded for each member of the entire series.
It was originally planned to allow an interval of four weeks between
tracings, but in practice this period was occasionally exceeded or
decreased by three to five days, and in a very few cases seven to ten

days, Without exception, curves were obtained in the afternoon.

Bromide paper was the photographic medium used. The exposed
strips were developed, trimmed, and mounted one lead above the other
upon a special bristol board mounting card as shown in Fig. III, All
unused portions of records were carefully labelled and saved to be

used in making up composite groupings as exemplified by Fig. II, etc.

Methods of Analysis. In this study the nomenclature introduced
by Einthoven was employed, and the letters P, Q, R, S, and T were
assigned to the various electrocardiographic deflections according to
the rules in common use in humen electrocardiogrephy. A second upright
QRS deflection encountered in certain cases was designated R's All
electrocardiograms used in this study were carefully analyzed accord-
ing to the sample analysis chart shown in Fig. X in the Appendix. The

determinations made and methods employed will be considered in order.

Te heart rate was determined in each lead by taking an average

of five or six R-R intervals,

Te intervals selected, namely P-R, QRS, and QT were measured

as carefully as possible by employing a reading glass and counting the
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muber of 0.04 second time svaces occupied by the interval, It is
probable that the accuracy of this method is somewhat less than
0.01 second for all intervals, The grouping of values in Table XXIX
suggests, however, that the measurements were often to an accuracy
of 0.02 seconds. Readable complexes were always selected for measure-
ment of intervals, Especial care was taken in choosing those display-
ing a level base line. In a few tracings, due to wandering of the
string, this was rather difficult., Contrary to the usual custom in
human investigations, the cardiac electrical axis range was too extreme
to permit arbitrary selection of any given lead for determination of

interval lehgth.

Te systolic index or systole: cycle ratio was calculated for
each electrocardiogram according to the formula devised by Bazett,

(13), which is stated as follows:

K uw—21.
=

in vhich Q~T is the time interval from the beginning of QRS to the
end of T and R-R is the interval from QRS in one cardlac cycle to
QBS in the next. Since K varies directly with duration of ventricu-
lar systole vhen calculated by the above formula, an increase in its
valu; represents an increase in the duration of Q-T in proportion to
the length of the entire cycle (R-R). The value K is commonly con-

sidered as being practically constant in normal human electrocardio-

grams, (24).
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Te potential of the several waves, with the exception of P, was
measured according to the method, (1lU4), commonly employed in the
analysis of human electrocardiograms, Due largely to the tendency of
the galvanometer string to wander in many subjects, it was decided to
use the relatively shorter P-R level as a base line in the messurement
of the potential of P as well as for QRS and R'. The T-P segment
was employed as the base line in the measurement of T, Upward de-
flections were measured from the top of the string shadow to the
absolute upper limit of the wave while with downwardly directed waves,
the procedure was reversed (i.e., from the bottom of the string sha-

dow at the proper segment to the bottom of the wave).

The varlations in the potential of the QRS deflections between the
leads upon which 1s based the determination of the cardlac electrical
axis, 1is only superficially treated in the present study. Using a
series of triangular diagrams based upon the recommendations of Wilson,
(10), and representing axis gradations in steps of 30°, the approxi-
mate electrical axis of esch electrocardiogram in the series was deter=—
mined. No attempt was made to accurately measure the potential in
the three leads at the same relative time instant using graphic methods
of the type employed, for example, by Fahr, (15). The only criterion
of evaluation of QRS was the approximate net area of its deflection,
as nearly as this could be estimated by viewing the comolex, (10).

No attempt was made to determine the menifest potential according to
the method of Einthoven, (16). Whether it is justifiable to apply the
principles of Einthoven's equilateral triangle to the analysis of the

bovine electrocardiogram is, of course, uncertain.
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THE HEART RATE

Since the heart rate has been shown to directly influence es-
pecially the Q~T and to a lesser extent the P-R intervals in the
human subject, (14), it is necessary to include a discussion of tkis
factor as encountered in the present study snd to compare these data

with the esteblished normsls for the various dairy breeds.

The subject has been reviewed by Fuller, (17). It is noteworthy
that in the various per-minute frequencies given by the ten authori-
ties listed in this review there 1s considerable disagreement; the
variations being from L0-5C, (18), to 40-80, (19). Fuller reports, in
the four major dairy breeds (Jersey, Guernsey, Ayrshire and Holstein)
embracing a total of 39 adult femle animals, a range of from 46 to
96 per minute, The mean for the breeds ranged from 59.8 for Guernseys

to 69.6 for Ayrshires. The average for 81l breeds was 65.7 per minute.

The results in the present study obtained by the analysis of elec-
trocardiograms show somewhat higher values., Examination of Table I
reveals that in the 97 animals composing the 5 breeds reported the
range is from a minimum of 48 to a maximmum of 98 per minute with an
aversge per minute frequency for the entire series of 71.6., The mean
for the breed groups ranged from 65.9 for the Jerseys to 76.6 for the
Ayrshires, The most striking difference between this and the data by
Puller is in the Guernsey group where the former exceeds the latter av-
erage by 13 beats per minute. Next in order is the Ayrshire growp
where the rate exceeds Fuller's average by 7 beats. In the remaining

breeds compared, the difference is not great.
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Table I, Summary of Heart Rate Summery of Fuller's Data (17)
(Average of Three Leads and Three (Placed Here for Comparison)
Monthly Tracings of All Age Groups)
Heart Rate Heart Rate
- (Per Minute) @ (Per Mimte)
-4 -
]
g £ &
5 g Stand- g ‘;
Breed |% 8 g Mean |ard Y195 E g Mean
. a Devia- . . 3 5 %]
‘BERE tionor| S [SE |2 |4
Means
Jersey |23 |48 | 83 | .91 | 1.7445 | 9| 356 | 46 | &% | 62.7
Guernsey |22 |49 | 98 | 72.72 | 2.6543 7| 317 Ju8 |72 | 59.8
Ayrshire |13 | 61 | 96 | 76.38 | 3.u417 | 8| 332 | 52 | 90 | 69.6
Brown
Swiss 19 {50 | 90 | 74.21 | 2.20541 No Data
Holstein [20 |52 | 95 | 71.50 | 2.0154 | 15| 687 | 51 |96 | 68.6
= — = —
Total 97 |48 | 98 | 71.60 | 1.2226 | 39| 1692 | 46 |96 | 65.7

There are several factors incident to the recording of electro-

cardiograms as performed in this study that could be responsible for

cardiac frequencies even higher than those actually encountered.

In

the first place it was necessary to lead each animel for a distance

of some 300 yards before tracings could be talcen.

This 4n itself

ordinarily would not be expected to cause a very marked increase, but

a few fractious indiviguals (especially Ayrshires and young animals of

other breeds) were led with considerable difficulty; invariably arriv-

ing at the EXG room showing a marked increase in both heart and re-

spiratory rate.

However, since it has been demonstrated by Lewis and

Cotton, (20), that the decrease in duration of the P-R interval coinci-

dent with the increase in cardiac frequency during exercise returns to




16
normal in three to five minutes in human subjects, and, since it usually
requires about ten to fifteen minutes fo prepare an animal for
the actual taking of tracings, 1t seems a reasonable assumption that

this should not be a factor of great importance.

Te matter of nervousness, psychic, or emotional stimulation
(eynpafhetic effects generally always present in animals, to a greater
or lesser degree depending upon temperament, when transported to a
strange environment) cannot be thus casually dismissed. Rothberger
and Winterberg, (21), have demonstrated that the increase in heart
rate in dogs from sympathetic stimulation is accompanied by changes
in the electrocardiogram similar to those observed by Lewis and Cotton
during exercise., It is possible that emotional excitement which in-
creases the heart rate may also shorten the P-R interval of the bovine

electrocardiogram,

Due to the troublesome nature of this factor further elaboration
seems necessary concerning environmental conditions responsible for
and methods employed to minimize it as much as possible., The first
precaution taken, as previously mentioned, was the selection of a herd
accustomed to the presence of strangers, Even some of these relative-
ly socialized animals in the presence of the electrocardiograph, the
buzzing of the tuning fork in the timer circuit, a semi-darkened room,

and a2 strange stall, showed evidence of excitement.® In nervous breeds

* It 18 interesting to note in passing that a marked increase in car-
diac frequency was observed during the act of urination. No tracing
was recorded in which this is shown.
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such as the Ayrshire a few individuals malntained a relatively slow
cardiac frequency qulte out of keeping with all the outward signs of
extreme uneasiness, while in a few individuals of other breeds (es=-

pecially Holsteins) the reverse was occasionally observed.

Te foregoing observations were obtained by watching the move-
ment of the galvanometer string shadow with everything in readiness
for the actual recording of an electrocardiogram. If any evidence of
excitement occurred prior to or during the taking of tracings result-
ing in an increased heart rate, operations were halted until it was
evident solely in the opinion of the operator, that the rate had
returned to normal, In spite of thls, however, a significant amount
of variation 18 secen between leads in a few tracings. Monthly varis-
tions in the same subject were very common.* These may have been in-
fluenced to a certain extent by any one or a combination of the follow=
ing factors: 4ingestion of food, period of the day, temperature, and
changes in status of pregnancy. As to the first two, since all records
were taken in the afternoon and since all the animmls were on a fair-
ly strict feeding regimen which did not eppreciably change throughout
the entire experiment, these may be considered to be of minor importancs.
In the case of changes in environmental temperature it should be re-
marked that since this study extended over a period of eight months,

from October to the following June, this may have been a factor

®* por further information Table XXIX (Appendix), showing the rate
during each lead of the three monthly tracings for every indivigual,
may be consul ted.
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contributing to some of the monthly rate changes observed. The prin-
cipal change in the status of pregnancy would be the occurrence of
parturition between the recording of any of the three monthly tracings.
™is occurred (exclusive of 2 abortions) in 9 indiviguals® with results

too inconclusive to warrant the drawing of any conclusions,

Finally it must be pointed out that, while the majority of animals
investigated can be clascsified as adults, the inclusion of a few young
indiviguals™* would naturally cause a wider standard deviation from the
mean than if the age group had been more restricted. Furthermore, the
majority of mature animals were on a relatively high level of milk
production, and the increase in heart rate coincident with the heightened
plane of nutrition necessary for maximum production has been thoroughly

established, (22; 17).

From the foregoing discussion 1t may be safely concluded that,
when all conditioning factors are considered, the heart rates found
in this series do not depart materially from the walues found by

others and may be considered to be within normal limits for the bovine.

* Jersey Nose. 73, 79, 101, 100 and 63; Guernsey Nos. 7 and 47; and
Brown Swiss Nos. 239 and 300,

** Nineteen of the 97 animels were under 1 year of age.
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INTSRVALS OF THE BOVIYE ELRCTROCARDIOGRAM

The three intervals, P-R, QRS, and Q-T, were measured according
to the method described under procedure. These measurements in each
lead of the three monthly tracings as well as the computation of the
systolic index according to Bazett's formula are recorded in Table
XXIX (Appendix). Me time valued may all be read directly in decimal
fractions of seconds. It will be observed that the sign "NM" occurs
occasionally; indicating that the interval was not measurable. This
was usually due to the obscuring of at least one of the waves bounding
the interval by muscle tremor, interference by A-C induction, extreme-
ly low potential or, more rarely, complete absence of a wave, It is
thus apparent that an interval in a lead may be measurable one month

and not measurable the next,

Note that the data in this table are grouped according to breeds,
the individuals within each growp being arranged according to age,

beginning with the youngest and proceeding to the oldest member,

The distribution of the various intervals by breeds, arbitrarily
selected from the first monthly tracings, is shown in tabular form
integrated with the discussion of each, For the sake of uniformity
and since the longest interval in any lead of the first monthly elec-
trocardiogram was rarely exceeded in the two subsequent tracings, the
greatest interval in any lead of the former was arbitrarily selected
for these tables. In the case of the Q-T interval a table 1s included
showing the average of three leads and three tracings making a total

of nine items,



A partial statistical summary of the minima, mexima, and mean
measurements for the three intervals as well as the value for X is
included in Table X. In connection with this table the standard

deviation of the means has been computed according to the formula:

SD o sum of squares of items - (meaa.n)2
no, of items

and

SD Mean = —SD__
N

where
SD = Standard Deviation
N = Number of items

I = Items (intervals, etc.)

Due to the human tendency to read to the nearest 0.02 second in
the measurement of borderline intervals as discussed under procedure,
Table XI showing the distribution of all intervals in steps of this

value is included.
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The P-R Interval

The duration of P~R as shown in Table X ranged from the minimum
of 0.1 to the maximm of 0,3 second with an average duration of 0.192
second. The S. D. Mean indicates very close grouping of the values
about the mean., This is borne out by Table II in which 1is set
forth the distribution of the longest P-R interval in any lead of the
first monthly tx;acings. The grouping is even more apparent if the

values are distributed in steps of 0,02 second as 1s shown in Table XI.

Analysis of Table II reveals that 85 per cent of the 97 animals

are found in the range from 0.16 to 0.24 second inclusive.

Table II. Distribution of Values in 0.01 Second Found for the Longest
P=R Interval in Any lead of the First Monthly Tracings.

Inter-~

vals @
(0.01 3
sec.)-~101112131141516171819202122232‘4252627282930g
Jersey | 1 1 3 3 4 4 3 4 3
Gueran-

sey 1 212233 Yy 2 1 22
e 12 4% 411 13
g:::: 11514 L 1 11 19
Hol=

steln 1 11 2 31 1 5 1 1 1 1] 20
TOTALS | 1 1 3 310 814 318 L4 14 9 2111 1|97




22

Concerning variations in dquration of P-R between the leads of
indivigual electrocardiograms, recourse must be had to Table XXIX
in the appendix where 2ll individual measurements are given. Here it
may be seen that agreement between the leads is very close. Taking
lead II as a standard for comparison, the values in leads I and III
are more often within 0.0l second of this measurement. Occasionally
the difference may be 0.02 second; only very rarely is this exceeded.
These variations agree rather closely with those found by Lewis and

Gilder, (23), in the human subject.

No particular lead seems more favorable for showing greater length
of P-R than any other. Study of Table XXIX may create the impression
that lead I is slightly more favorable than leads II and III in spite
of the fact that this 1s most often the unfavorable lead from the
standpoint of recorded potential. It is a fair assumption that the
low potential QRS in this lead with perhaps absence of the initial
effects of P and QRS present in the favorable leads, are factors

contributing to errors in measurement.

Table X shows some slight differences between the breeds. Due to
the smll size of each group the significance of these variations is
questionable. The mean shows some breed differences, ranging from
0.176 second for Jerseys to 0.217 for Holsteins. Data on a larger
number of animals are needed before conclusions can be drawn as to the

occurrence of significant differences between breeds in this respect.
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Variations of P-R between the three serial electrocardiograms of
each indivigual are relatively minor. A monthly wvariation of 0.01
second occurs in one or more leads of every individual. This is
within the limit of human error in measurement previously mentioned.
Less frequently there is a variation of 0.02 to 0.03 second, and in a
very few cases (eicht animals) 0.04 second, in one case 0.05 second,
and in two cases 0.06 second. The 0.0U4 second variation was usually
associated with a marked decrease in heart rate, However, a few of
these, as well as the more extreme variations, were due to monthly
variations in diphasic P waves. It 1s conceivable that should the
initial phase be absent one montin, the interval would be as much
shorter as the dqurstion of the absent phase., This would also be true
if monthly inconstancy occurred in the initial effects of QRS and may,
as previously mentloned, account for the longer P-R interval seen in
unfavorable low potential leads. This factor is only of interest when
leads are compared and has no influence on tabulated data containing

only the longest interval in any lead.

Analysis of Table XXIX shows little correlation of length of P-R
and heart rate b;tween individuals, The lower values are more often
associated with the faster rate. Extreme changee of rate from month
to month in the same individual seem to affect the interval more mark—

edly then any other factor. Minor rate changes seldom exert any

influence.
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Of the nine indiviguals freshening in the interim between the
recording of electrocardiograms, six showed no appreciable change in

P-R, while three exhibited a slight increase (0.02 to 0.04 second).

The Duration of QRS

Te duration of QRS ranged from 0.06 to 0.12 second with an
average value of 0.0%4 second. Table III below gives the distribu-
tion by breeds of the longest QRS interval in any lead of the first

monthly tracings.

Table III. Distribution of Velues, in 0.0l Second Found for the
Longest Duration of QRS, in Any Lead of the First
Monthly Tracings.

(gf‘ggr:if) -] 6 7 & 9 10 1 12 Total
Jersey 3 7 10 1 2 23
Guernsey 3 7 7 5 22
Ayrshire 3 6 3 1 13
Br. Swiss 1 6 3 5 3 1 19
Holstein 2 1 4 5 2 5 1 20

TOTALS 2 2 19 2 27 10 9 97
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Two subjects (both Holstein calves 9 and 5 months old resvective=
16) showed the minimm of 0.06 second, while the maximum of 0.12 second
vas seen in nine individuals, There is considerable variability of
measurement between leads in any given electrocardiogram. In general,

the smallest value is seen in lead I and the greatest in lead III.

However, the difference between leads II and III rarely exceeds 0.0l
second and quite often the measurements are equal. Very exceptionally
a variation of 0.02 second 1s observed. The only extremes noted were
the tracings of Brown Swiss No., 240 where lead III exceeded II by about
0.04 second and Jersey No. 63 where lead II exceeded III by 0.06
second. As to lead I, the duration of QRS varied from equality to a
decrease of fifty percent telow the value for lead II. If an average
were to be obtained for lead I of the entire series it would show a

definitely smller interval than in the other two leads.

No apnarent breed differences are observed in the statistical
sumery in Table X. The average duration of QRS of 0.0%4 second
in the entire series compares very favorably with the mean for each

breed group.

Variations between serial electrocardiograms are relatively in-
frequent in leads II and III. When present they are usually within
the rancge of 0.01 second. The greatest variation is found in lead I
where differences of 0.02 to 0.03 second are occasionally seen. Since
this is usually the unfavorable lead in cattle, these results are not
surprising and are associated with monthly variations of the low po-

tential deflections.
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Changes in heart rate or status of pregnancy were without influ-
ence on this interval in the entire seri—es. Te lower values (about
0.C8 second or less) were most consistently present in animals below

two years of age.

The Q=T Interval

The Q=T interval ranged from a minimum of 0.29 to a maximum of

0.U47 second with an average duration of 0.389 second.

Table IV gives the distribution by breeds of the longest Q=T

interval in any lead of the first monthly tracing. However, due to

the 1inherent tendency of this measurement to vary inversely with the
heart rate and aiﬁce the rate varies in many cases from lead to lead
within a given tracing as well as from month to month, it is believed
that an average of the longest Q-T interval in each lead of the three
monthly tracings for every individual would give a more uniform value
for this phase of the cardiac eycle. This distritution is incorporated
in Table V. As is to be expected, a more uniform distribution is ob-

tained with less scattering of the groupings under the various values,

In this table the minimum of 0.29 second was observed in two
cases, These were two calves five and nine months 0ld respectively
showing a mean heart rate in the three monthly trascings of 95 per
mimite in the former and 96 in the latter. The maximum, O.47 second,
was present also in two cases, a five year o0ld Jersey with a mean
heart rate of 56 and an eleven year old Brown Swiss showing an average

rate of 49 per minute.
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Table V. Distribution of Values, in 0.01 Second, Found for the Aver-
age Q-T Time of Three Leads and Three Monthly Tracings.

o mes.y™ [29 30 31 32 33 34 35 36 37 38 39 40 41 k2 k3 kb U5 46 47
Jersey 11 3 23 5 4 1 111
Guernsey 2 11 211 2411114
Ayrshire 1 3 1 1 1 31 2

Br. Swiss 1 2 2 3 1 11 3 2 2 1
Holstein 1 1 3 1 33 3 2 1 11
Totals 2 2 3 24 96 291111 911 4 7 21 2

Examination of Table XXIX (Apoendix) indicates that variability
between leads 1s more common with this interval than either P-R or
QRS. Equality is the exception rather than the rule. Taking lead
II merely as a standard for comparison, a plus or minus difference
in leads I and III of 0.91 to 0.02 second is very common. A d4if-
ference of 0,03 to 0.04 second between leads is present in a few
cases, with the maximum of 0,05 to 0.06 second of very infrequent
occurrence., On the whole there is a tendency for leads II and III
to be more nearly equal, with lead I showing a slightly lesser wvalue,
But considerable variation is seen and this statement should be

accepted with some reservation.

The statistical summary of Q-T presented in Table X indicates no
significant breed differences as to minima and maxima. With respect

to the mean values the table shows that the Guernsey, Brown Swiss,
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and Holstein groups show a close correlation with the average for the

entire series,

In the Jersey group the mean exceeds the total average by 0.018
seconds This breed also records the lowest average heart rate. Te
average of Q=T in the Ayrshires is 0.019 second less than the mean
for the entire series. The average heart rate in this group is two
beats less per mimute than the Brown Swiss., It is inmteresting to note
that the average duration of Q-T in the latter breed exceeds that of
the former by 0.021 second. This difference in Q-T between two breeds
showing approximately equal heart rates, while interesting, is perhaps

too minor to warrant the drawing of any conslusions.

Monthly variations are even more prominent than the differences
observed between the leads and are in general closely assoclated with
variations in heart rate, there being an increase in the duration of
Q~T with a decrease in heart rate and vice versa.* The range is too
inconsistent to be dealt with in a general discussion. For further

details reference can only be made to Table XXIX in the appendix.

* Since monthly variations in diphasic T waves are common, it is
entirely possible that, should the final phase be absent (isoelec-
tric) one month, the interval would have a tendency to be as much
shorter as the duration of the absent phase. This would also be
true of the monthly inconstancy seen in the initial effects of
QrRS. Variations extreme enough to cause a marked difference in Q-T
time are relatively infrequent providing the longest interval in
any lead be chosen, and any influence this factor may have tends to
be lost in the wvarilations due to rate. This phase of electrocardio-
graphy in the humen subject is statistically treated by Adams, (25).
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To further clarify the relationship existing between duration of
Q-T and heart rate in the various breed groups constituting this
series, Table VI, showing the duration of Q-T at various levels of
cardiac frequency, was devised. In formulating this table the duration
of Q=T and the heart rate in each lead of the three monthly tracingss
was used. Thus there are nine values for both the interval and rate
on each animal represented. It will be observed, however, that of the
total of 873 leads, only 839 appear in the table. The difference
represents unfavorable leads in which the interval or tae rate (one

case) were not accurately measurable.

The results with this type of tabular treatment show a remark-
ably consistent decrezse in duration of Q-T with an increase in heart
rate, The mean values are especially uniform in this respect. Al-
though the average bovine Q-T time is apparently somewhat longer at
comparable rate levels, the general trend in the table is similar to

the findings of Pridericia, (26), in the norml human subject.

Since considerable variation in heart rate is present in the
series, the facts elucidated in Table VI may largely explain the rela-

tively extreme variability of Q-T previously discussed.
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Table VI. The Duration of Q=T at Various Levels of Cardiac Frequency.
Q-7 (in 0,01 sec.)
[Bate Breed No. of Minimum Maxinmmm Mean
Leads
N} . R
Sty 3 8t 8. 813
3 to 50 Ayrshire 0
Br. Swiss 5 0.)46 EO OQN‘SZ
Holstein 5 0,40 6 0,428
Jersey L0 0.38 O.EO 0.136 |
Guernsey 32 0.l 0. )422
50 to 60 Ayrshire 13 0.40 0.46 0.4
Br. Swiss 8 0.43 0.52 0.450
_Holstein _ 36 0,40 0,18 0,425 |
Total 129 0.38 0.52 0,432
Jersey 76 0.38 0.ug 0..aL |
Guernsey 49 0.36 0,46 0.410
60 to 70 Ayrshire L1 0.32 YR 0.400
Br. Swiss 5U 0.36 0.47 0.420
Holstein U3 0.3l 0.us 0.401
Total 263 0.32 0,18 0,110 |
Jersey 53 0.3 o.ul 0.386
Guernsey 59 0.33 0. L4 0.378
70 to 80 Ayrshire 17 0.32 0.42 0.381
Br. Swiss 52 0.12 o. 1k 0.387
Holstein 51 0,34 0.{&3 0.376
Total 232 0.32 0. 0,382
Jersey 0.32 0.36 0.346 |
Guernsey 26 0.70 0.l 0.350
80 to 90 Ayrshire 17 0.320 o.Lko 0.353
Br, Swiss 23 0.20 0.40 0.349
Holstein 29 0.31 9,40 0,354
Total 101 0.30 0.1 0,351
Jersey 8 0.30 0.36 0.322
Guernsey o4 0.28 0.36 0.312
90 to 125* Ayrshire ou 0.26 0.34 0.302
Br, Swiss 21 0.28 0.38 0.328
Holstein 15 0.28 0.36 0.308
Total 92 0.26 0.38 0.313

* Only 10 leads in this group showed 2 rate greater than 134 beats
per minute.
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The Systolic Index
Due to the wide range of Q-T as the result of the variability in
heart rate in this study, it was thought highly desirable to apply
Bazett's formula, as discussed under procedure, to each of the three
electrocardiograms of every individual constituting the series. The
selection of a complex for this purpose was solely on the basis of
distinctness of the necessary waves. While not invariably used, lead
II was usually most favorable. The constant in each monthly tracing
is included in Table XXIX to which previous reference has been made.

Monthly changes only will be considered directly from this table,

The value for K in this series, as shown in Table X, ranges from

0.34 to 0.48, with an average of 0.U418.

Table VII below gives the breed distribution of the various values
for K encountered in this study. To obtain more average figures, the
mean of the constant in the three monthly tracings of each indivigual was
taken and expressed to the nearest second place decimal fraction.

Table VII. Distribution of Value for K (Bazett's Formula) to the Nearest
Whole Decimal No. Average of the Three Monthly Tracings.

E- ARV ERRASFINIT LER Totals
000000 o0 dood o oo

Jersey 3407 41 11 2 23
Guernsey 1111653 2 1 1 2
lAyrshire 1111 2 2 U 1 13
Brown
Swiss 111212161731 19
Holstein | 1 1 4 ¥ 5 2111 20
TOTALS 1 113 4 6 6172214 8 7 5 21 97
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In this table the lower values of 0.34, 0.35, and 0.36 were seen
in three young animals, 5, 13, 2nd & months old respectively. The two
indiviguals showing the value of 0,47 were five and two years old.
The maximum of 0.4& was observed in only one case, an eight-year-old
Guernsey. The statistical summary of the value for K in this series
presented in Table X shows a range in the minimum values of from 0.34
in the Holstein to 0.40 in the Jersey group witn the maxima remaining
remarkably constant, It must be pointed out that the Holstein group
contained the youngest member (5 months of age) of the entire series.
The average values for the several breeds is very close to the mean
for the entire group. Examination of Table XXIX shows considerable
minor variation from month to month with 1ittle correlation between
changes in K and rate in the same individual., Using the values in
the second monthly tracing merely as a basis for comparison we find
the first and third monthly values showing the following plus or minus
differences:
Table VIII. Distribution of Agreement of Value for K (Bazett's Formula)

in the Second Month With the First and Third Monthly
Records.

Agreement Range of plus or minus disagreement

In all 1st or 0.001 0.010 0.020 0.030 0.04O0 0.050 0.060
three 3rd month to to to to to to to

monthly with 2nd | 0.010 0.020 0.030 0.040 0.050 0.060 0.070
tracings® month

6 18 51 59 a7 20 3 3 1

* T™his agreement is within 0,001,
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This table shows that the value for K was identical in all three
serial tracings in only six of the ninety-seven animals constituting
this series. Of the 182 possibilities in the remaining ninety-one
subjects, perfect agreement of the first or third month with the
second occurred eighteen times, Disagreement within the range 0.001
to 0.020 occurred almost two and one-half times more frequently than
the wider range of 0.020 to 0.040. In but seven instances was the
difference greater than 0.040 and only one of these showed the widest
variation recorded in the series, This was in the range 0.060 to
0.070. While not indicated in Table VIII, there are many cases in
which the first and third months are in closer agreement with each
other than with the value for K in the second monthly tracing. It
is believed that of the three possible combinations for comparison,
the one selected would serve the purpose here as adequately as either

of the other two.

In an effort to further explain the variation of K between in-
diviguals, the following table showing the relationship between age

and tne systolic index is presented:
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Table IX. Minimum, Maximum, and Mean Values for K (Bazett) at
Various Age Levels, -

K zett's Formula)®*
Age No. of
Groups Cases Minimum © Maximmum Mean
5 to 8 mo. 3 0.34 0.40 0.377
8 to 10 mo. 6 0.36 0.11 0.390
10 mo. to 1 yr. 8 0.37 0.l42 0,398
1 to11/2 yrs. 7 0.35 0.44 0.1408
11/2 to 2 yrs. 13 0.38 0.47 0.l15
2 to 3 yrs. 12 0.38 0.46 0.429
a to b yrs. 17 0.39 0.46 0.428
to & yrs. 10 0.29 0.47 0.426
5 to 6 yrs. 9 0.40 o.ﬁg 0.43
6 to 8 yrs. 5 0.1 0. 0.4
8 to 10 yrs. a 0.L3 0.48 0.150
10 to 12 yrs. 0.39 0.2 0.410

The table shows a relatively uniform increase in the wvalue for
K in the age groups from five months to about two years. It is
possible that this may be a failure on the part of Bazett's formla
to correct for rate in the higher frequencies obtaining in young

subjects.

* Average of the three monthly trecings on each indivigdual.
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Table X. Partial Statistical Summary of the Value for K and Duration
of Bovine EKG Intervals,

P-R (Sec.) QRS (Sec.)

St. Dev., Ste Dev.
Breed Mini, Maxi. Mean of Mean Mini. Maxi., Mean of Mean

Jersey 0.10 0,22 0.176 0.0131 0.08 0.12 0,096 0.0128
Guernsey O0.l14 0.28 0.197 0.0073 0.08 0.12 0.098 0,0035
Ayrshire 0.17 0.24 0.206 0,0005 0.08 0.11 02,091 0.0024
Br. Swiss 0.14 0.25 0.183 0.0067 0,07 0.l1l2 0.093 0.0031
Holstein O.12 0,30 0.217 0.0091 0.06 0.12 0.091 0.0037

Total
All
Breeds  0.10 0.30 0.192 0.0002 | 0.06 0,12 0.094% 0,0018
Q-T* (Sec.) K (Bagett's Formula)**
Breed Mini. Maxl. ¥VMean St. Deve. Mini. Maxi. Mean St, Dev.
of Mean of Mean

Jersey  0.35 0.47 0,407 0.0061 0.0 0.47 0.425 0.00L3
Guernsey 0.31 O.44 0,384 0.0095 0.37 o0.48 0.419 0,0054
Ayrshire 0.29 0,42 0.370 0.0117 0.35 0.46 0,407 0.0097
Br. Swiss 0.32 0.47 0,391 0.0094 0.37 0.6 o.424 0,0059

Holstein 0.20 0.45 0.384% 0.0077 0.3 0.6 0,411 0.0058

Total
All
Breeds 0.29 0,47 0.389 0.0039 0.3+ 0.48 0,418 0.0027

* Te values used here are averages of all three leads in three tracings.

** Me figures for K are purely nurerical.
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BOVINE FKG DEFLECTIONS -~ THEIR OCCULRENCE, FOTZNTIAL AND FORM

YVhile this phase of electrocardiography is usually more logically
considered before the intervals, it was decided to reverse the order
in this report. The principal reason for this decision lies in the
fact that here 1s encountered the greatest confusion and difficulty

of classification and discussion.

As previously mentioned, the nomenclature of the waves is the
same as that employed for electrocardiograms taken by the three stand-
ard leads in the human subject. Due to the rather frequent occur-
rence of a second positive QRS deflection, it was necessary for pur-

poses of convenience to designate tnis as R!,

Deflections were considered to be present even when of so low a
potential as to be not accurately measurable., As will be noted, the
inconstancy of low potential waves unfortunately increases the occur-
rence of monthly variations in the summary tables. These variations
are probably due to a combination of several factors. It must be
borne in mind that the taking of electrocardiograms of animals while
in the standing position, with the possible exception of the horse”,
introduces the factor of potential from contraction of voluntary
muscle. This may be one or both of two forms., The most common is
a steady tremor from persistent muscular contraction (Fig. VII) inci-
dent to maintenance of a quiet standing position. Less frequently

there is a wandering of the string (Fig. VII, and lead III of Fiz. IX)

* Tue to the peculiar anatomy of this species relatively complete
muscular relaxation may be present while in the standing position.
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in certain animals, possibly from normal body sway in maintaining

balance, but also associated with nervousness. The effect is some-
what similar to that seen in human subjects during emotional excite-
ment. While marked changes in the bovine electrocardiogram from month
to month are most probably due to a shift in the axis of the rather
mobile heart, the interference due to muscular effects accounts for

the failure to recognize many low potential deflections (below 0.3 m v).
For this reason any changes between the three monthly tracings must

not be considered too seriously. The summarized occurrences should

rather be viewed as a total unit indicating a species tendency.

It must be emphasized that voluntary muscle effects with the ap-
paratus employed were seldom serious enough to obscure deflections of
definite measurable potential. This is contrary to the observations
of Norr, (6). Alternating current induction was a troublesome factor

in low potential waves in a very few cases.
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Occurrence of the Various Deflections

The P Wave. The auricular deflection or P wave, in comnon with

all the deflections composing a bovine cardiac cycle, shows character-
istics differing materially from those encountered in human tracings.
Tese differences are larzely an increase in the incidence of dichasic

and extremely low votential or, more rarely, complete absence of waves,

Monophasic P occurred 23 times in lead I, 35 times in lead II, and
80 times in lead III, The direction of this wave was almost without
exception upward. In two or three instances an unfavorable low po-
tential deflection showed a negative tendency (Table XXX). Diphasic
P occurred 64 times in lead I, 62 times in lead II, and 8 times in
lead III. The two phases composing this type of wave were always of
either aprroximtely equal potential or with positive (upward) summa-
tion, never of negative summation. In other words, there was never a
diphasic P the potential of whose positive phase was not equal to or
greater than its negative phase. The sequence of events in all but
four individuals showing this form was an initial quick, downward de-
flection followed by a much slower upward phase. Regardless of how
inconsequential the character of the minor phase, a wave showing this
characteristic was always classified as diphasic. Approximately 80
per cent of the diphasic P waves in all leads of the first monthly
tracings in this series showed a positive phase of greater potential
than the negative phase., Four individuals displayed diphasic P with a
plus to minus sequence. This always occurred in lead III and showed a

merked tendency to vary from month to month. The potential of the
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two phases dld not depart from the tendency displayed by the other

type of diphasic P discussed previously.

In a few cases P was totally absent or when present was of such
extremely low potential that its form could not be accurately deter-
mined. This occurred 10 times in lead I and © times in lead III. The

deflection was always present in lead II,

The general form of this wave presents no other outstanding
features worthy of critical discussion which may not be obtained by
careful examination of Figures II - A, B, C, D, and E. It msy not be
amiss to note that true notching of P, such as was found by Eahn, (4),
in the horse and to a lesser extent by Ngrr. (6), in the bovine, when
employing the single reglo-apicis: regzio praescapularis lead, did not

occur in a sincle instance in this series.

In Table XII is summerized the occurrence of the various com~
binations of P wave types with respect to leads in the first monthly
tracings., Of the 64 possible combinations of positive and negative
monophasic, diphasic, and non-determinable waves in the three leads
only 15 occurred. Of these the DD+* combination occurred most fre-
quently (34 times), The sum of the instances in which DD+, D++,

DDD, and +++ occurred accounts for 68 per cent of the 97 animals consti=-

tuting this series with the balance distributed as shown in the table.

* Me symbols DD+ means that the deflection was diphasic in leads I
and II, and positive monophacsic in lead III. Similarly, +++ indi-
cates a positive monophasic wave in leads I, II, and III, etc.
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When monophasic P occurs in only one lead of an electrocardio-
gram, it almost invariably appears in lead III. Its presence in any
other lead than III is always coincident with its appearance in more
than one of the leads. For examplé. monophasic P never occurs in lead
II without also being present in leads I and/or III. Diphasic P appear=
ed with about equal frequency in the single leads I end II, Its most

frequent occurrence, however, was in the lead I and II combination.
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Table XII. Summary of the Occurrence of Various Combinations of P
Waves With Respect to Leads in the Pirst Monthly Tracings.

/]
— - o 2 3 4
(] - -t P (-] Ll B ] ]
T 3 3| §F §E T & %
8§ 3 % |2 & kE 5 g @
D D D - - 2 1 4 7
D D + 8 10 3 5 34
D + + 7 2 3 1 3 16
+ D D 1l - - - - 1
+ D + 1 1l 1 2 - 5
- D + - - - - 2 2
+ + + 3 2 - 2 P 9
+ + - - - - 1 - 1
+ D NM - 1 - - - 1
NM + + 1 - - - - 1
M D + 2 5 - - - 7
D D W - 1 2 3 - 6
W + + - - 1l 1l 1 3
+ + W - - 1 2 - 3
M + + - - - 1 - 1
TOTAL 23 22 13 19 20 97
Key: + = ywpward deflection
- = downward deflection
D = diphasic wave
NM = absent, non-measurable, or non-determinable wave
M = M shaped complex with positive summation
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The QRS Group. Before considering the several deflections com=

posing the QRS group it might be well to again emphasize the fact

that waves were considered to be present even when of so small a po-
tential as to constitute merely a trace (below 0.03 millivolt). It
should be borne in mind that the ease with which these may be obscured
by A=C induction and muscle tremor doubtless glves rise to apvarent

variations that 3o not exist,

Te deflectlon Q occurred 59 times in lead I, 78 times in lead II,
and 68 times in lead III. R was present 76 times in lead I, 96 times
in lead II, and 96 times in lead III. S was found 28 times in lead I,
8 times in lead II, and 20 times in lead III, The second positive
GRS deflection (called R' in this study) occurred twice in lead I,

5 times in lead II, and 14 times in lead III. To gain a better con-
cention of the significance of these figures, Table XIII, showing the
approximate percentage incidence of occurrence of these deflections in
the various leads, is presented.

Table XIII. Percentagze Occurrence of the Various Deflections Compos-
ing QBS in the Three Leads.

Per Cent
Lead Q R S R
I . 60 , 78 28
I1 g0 99 8 y
III 70 99 20 14

The above table indicates the almost invariable occurrence of
R in leads 1I and III, the great frequency of Q in all leads, and the

relative infrequency of S and R' waves,
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Table XIV summarizes the occu-rence of 3, R, S, and R' waves alone
and in combination in the various leads and lead combinations of the
first monthly tracings. QRS was represented by a single dowvnwardly
directed (Q) wave in 20 instances and this only in lead I. QRS occurred
as a lone upward deflection (R wave) mainly in the single leads I and
III, and simltaneously in the two leads I and II, apvearing 11, 10,
and 6 times in the order mentioned, Dirhasicity of QRS (Q and R waves)

occurred most frequently simultaneously in leads II and III (36
times), and I, II, and III (22 times), Next in order comes the sin-
gle lead II which showed this combination in 11 instances. The
second possible type of diphasicity (R and § waves) never occurred in
more than one lead of any electrocardiozram, being present 16 times
in lead I, once in lead II, and U4 times in lead III, The "typical"
complex composed of Q, R, and § waves occurred 10 times in lead I.
Its presence in any other lead or lead combination was relatively
negligible. As to QRS groups showing R' waves, little can be said
at this point beyond the fact that the RSR!' sequence occurred most fre-
quently, being present in the greatest number of instances in lead

IIT (9 times),

Concerning breed differences, conclusions based on such a small
nunber of animals as compose each group must be drawn with extreme
reserve, It is noteworthy that Q waves were most frequent in Jerseys
and least in Holsteins, while this latter breed showed the greatest
incidence of R! waves. For the rest, the mean trend in the several

breeds vresents no differences worthy of mention.
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The T Wave. The final electricel effects of ventricular systole

evidenced in the electrocardiogram by the deflection T, like the P
wave presents characteristic pecvliarities rarely encountered in
human trecings, Diphasicity i1s the outstanding feature of this wave.
It is not to be inferred that monophasic deflections do not occur, dbut
tracings in which T was not diphasic in one, and more frequently, two
leads are extremely rare. Monophasic waves resemble somewhat those
seen in the human subject except that the summit tends to be more
sharply defined and less rounded. One limb is often, but not always,
more quickly executed and therefore f iner in outline than the other.
In this respect it is reminiscent of that portion of diphasic T where
the change in direction of potential is recorded. Diphasic complexes
are largely characterized by relatively slow broad initial and terminal
deflections, the movement of the string during chagge in direction of

potential being usually rather quickly executed. (See Figure II, etc.)

The sequence of events (as with the P wave) was, with but two
exceptions, an initial negative followed by a positive phase. In the
tvo individuals showing a positive to negative sequence, considerable

monthly variation occurred. (See Table XXX).

Yonophasic T occurred 79 times in lead I, 27 times in lead II,
and 29 times in lead III, Of these, 75 in lead I, 22 in lead II,
and 4 in lead III were negative. This indicates that, in this series,
monophasic Tl and 2 were largely negative while T3 was mainly positive.
Diphasic T occurred 1Y tines in lead I, 70 times in lead II, and 64

times in lead III., The two phases composing this tyoe of wave showed
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negative summation in 107 instances, phases of equal potential in 25
instances, and positive summation in 1l instances in the 146 leads in
which diphasic T occurred. From this it can be seen that diphasic

T is largely negative,

Triphasic T was seen only once®, and then only in the first month-
1y tracing. This wave varied from diphasic to positive monophasic in

the two succeeding monthly tracings,

Extremely low potential undeterminable T waves occurred four times
in lead I and four times in lead IIT. Unlike P, complete absence of

T was never encountered,

Te occurrence of the various combinations of T waves with re-
spect to leads in the first monthly tracings 1is summarized in Table
XV. Of the 64 possible combinations of positive and negative mono-=
phasic, diphasic, and non-determinable waves in the three leads, only
19 occurred. The three most frequent combinations were the following:
-DD, 37 times; =-D, 17 times; =D+, 13 times. The foregoing embraces
69 per cent of the 97 animals constituting this series. The remainder

are distributed as shown in the table.

The table further shows that when monophasic T occurred in ornly
one lead of an electrocardiogram, it invarilably presented itself in lead
I or III, never in lead II. Its occurrence in lead II was always coin-
cident with monophasic Tl and/or T3, the most common combination being

leads I and II. Diphasic T occeurred in all leads and lead combinations,

* Guernsey No. U6, see Table X:X.
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the most favorable single leads being II and III, and the most favor-

able lead combinations, lead II and III, Since the trend in all breeds

was roughly the same and since each group represented such a small num-

ber of individuals, no conclusions as to breed differences can be safe—

ly drawn.
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Table XV, Summary of the Occurrence of Various Combinations of T
Waves with Respect to Leads in the First Monthly Tracings,

— :503_5
- D oA
[ = D . B ] b.uz--czqaw
o o O 35'3'”‘5"3?'
S 8 8 8 5 BE g2 9 0o
&
3 QA - <4 @ B &
D D D 2111 -5
D D + 1 - 2 - 3
D D - 11 - - 2
D + + -3 = = -3
+ D D 1 - - - =1
- D D 12 7 3 6 937
- = D 2 2 - 5 817
+ p - 1 - = - =1
- D + - 4 4 3 213
- D - - =1 = =1
+ - = -1 - - -1
- + + 1 - -~ = =1
- - o+ -1 -2 -3
+ D XD 1 - - - =1
ND D D -1 =113
X D - 1 - = = =1
D D ND - =1 - =1
- = XD - =11 -2
- D Ww* -1 = = =1
Total 23 22 13 19 20 97

Key:

+ = ypward deflection
- 2 downward deflection
D = diphasic wave
ND = non-measurable or non-
determinable wave
W = W shaped complex

* Triphasic wave with slightly positive summation.
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Potentials of EXG Deflections

In order to obtain a more accurate understanding of the signi-
ficance of the tabulated values to be presented in this section, a
brief explanatory discussion must be entered into at this point. The
prevalence of slight voluntary muscle tremor and, to a lesser extent
A-C induction in certain tracings, precluded extreme accuracy in the
measurement of very low potential waves. Clearly recognized deflec-
tions of a potential of 0,03 millivolts or less were recorded as having
this value., Deflections of such extremely low potential as to be
almost lost in a vibrating string shadow were recorded as non-determin-
able (N.D.). Totally absent waves were, of course, recorded as such.
Where, as frequently occurred, slight variations were seen in the po-
tential of a wave within a lead, the largest value was used. In the
case of diphasic waves, the potential of the largest phase was re-
corded; or, where the phases were of equal value, one phase was taken,
In so far as possible, measurements were made at points within the
lead where the string shadow was not wandering since it was observed
that this factor may produce apparent changes in potential leading to
considerable error, Since there is, with but few exceptions, rela-
tively 1ittle variation in size of potential from month to month, the
tabulated measurements in this section were arbitrarily taen from the

first monthly tracings.
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The Distribution of Potentials by Leads

The Potential of P. With a wave of such absolute low potential,
breed differences, if any, are difficult to evaluate. For this reason
the series will be considered mainly as a group. Study of Table XVI
shows that the range for measurable waves is from the minimum of 0.03
millivolt in all three leads to the maximum of 0.12 in lead I, 0.18
in lead II, and 0.22 in lead III. It must be stated, however, that
non~determinable waves occurred in 28 instances in lead I and in 17 in-
stances in lead III. Therefore, the absolute minimm is less in these
leads than is actually recorded in the table. It is interesting to
note that the Ayrshire breed displayed this tyve of wave in 6 out of
13 individuals composing this group. The remninder of the breed groups
exhibited non-determinable waves to a lesser and more uniform degree.
The mean values for the entire grow was 0,06, 0.10, and 0,07 milli-
volt in leads I, II, and III respectively.

Table XVI. Minimum, Maximum, and Mean values for Potential of P in
the First Monthly Tracings.

Potential (Millivolts)

/]
Breed |© 'é Occurrence

.5 Minimum Maximum Mean
Lead - |3 & I* II I1I1* 1 Ir Irr 1 ir Irx I II III
Jersey 23 16 23 23 .03 .10 .O4 .10 .15 .10 .06 .12 .08
Ayrshire | 13 7 13 7 .03 .03 .03 .08 ,10 .08 .05 .08 .06
Brown
Swiss 19 1s 19 12 .03 .03 ,0%3 .10 .18 .12 .07 .10 ,06
Holstein | 20 17 20 18 .03 .93 .03 .10 .12 .10 .05 .09 .06
ALL
Breeds | 97 6 97 80 .03 ,03 ,03 .12 .18 .22 .06 .10 ,O7

* The discrepancy in numbers here is due to non-determinable waves.
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The Potential of Q. The occurrence of Q, alone and in combina-

tion with other waves, was more frequent in lead II, being present in

60, 80, and 70 per cent of leads I, II, and III respectively.

The range of potential for the group as set forth in Table XVII
is from the minimum of 0.03 millivolt in all three leads to the maxi-
mm of 0.60, 1.00, and 0.90 millivolt in leads I, II, and III respec-
tively. The mean for the group was 0.23 millivolt in lead I, 0.16

in lead II, and 0.11 in lead III.

Breed differences are not significant beyond the fact that of
the Holsteins in which Q occurred only two indivigvals displayed a
potential grester than 0.12 millivolt,

Table XVII. Minimum, Maximum, and Mean Values for Potential of Q in
the First Monthly Tracings.

w Potential (Millivolts)

Breed bl Occurrence

°g Minimum Maximum Mean

® o4
Lead - 28 I Ir I1rr I II III 1 II III I II 1III
Jersey 23 |16 20 17 .08 .03 .03 .60 .60 .25 .26 .13 .O7
Guernsey 22 |15 22 20 .03 .03 .03 .60 1,00 .90 .26 .23 .17
Ayrshire 13 5 10 7 .10 .03 .03 Lo .23 .30 .23 .09 .10
Brown
Swiss 19 {16 17 12 .03 .03 .03 .50 .50 .40 .21 .19 .11
Holstein 20 6 1 12 .03 .03 .03 kO .32 .30 .15 .08 .09
All
Breeds 97 |58 80 68 .03 .03 .03 .60 1.00 .90 .23 .16 .l1
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The Potential of R. This wave was present in all cases in lead

III, in all but one case in lead II, and in 72 per cent of the indivi-

duals in lead I.

The potential ranged from the minimum of 0.03 millivolt in all
leads to the maximum of 0.70, 2.60, and 1.50 millivolt in leads I,
11, and III respectively. The average for the entire geries was
0.16 millivolt in lead I, 0.37 millivolt in lead II, and 0.35 millivolt

in lead III. Table XVIII displays the necessary tabulated data,

No marked discrepancies of average votentials between the five

breed groups are evident.

Table XVIII. Minimim, Maximum, and Mean Values for Potential of R in
the First Monthly Tracings.

“w Potential (Millivolts)
Breed o~ Occurrence

6-§ Minimum Maximum Mean
Lead -~ |= & I II III I II III I II III I II III
Jersey 23 {11 23 23 .05 .10 .03 .70 2.60 1.50 .21 54 .53
Guernsey | 22 |15 22 22 .03 .03 .05 .20 .60 .65 .12 .27 .29
Ayrshire | 13 |12 13 13 .05 ,10 .10 .50 .80 1,00 .21 .33 ,29
Brown
Swiss 19 |13 19 19 .05 .04 .10 .30 .75 .95 .13 .20 .33
Holstein | 20 |19 19 20 .03 .11 .05 ,L,431.,10 .93 .18 40 .29
All
Breeds 97 |70 96 97 .03 .03 .03 .70 2.60 1.50 .16 .37 .35
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The Potential of S. Next to R' this wave was of the least fre-

quent occurrence and showed the lowest potential of any deflection

composing the QRS group. It occurred 29 times in lead I, 6 times in

lead II, and 18 times in lead III. Teble XIX indicates that, aside from

a tendency to occur most frequently in lead I of the Guernseys, no

outstanding breed differences are present.

Potentials were uniformly low and ranged from a minimm of 0.03
millivolt in all leads to a maximum of 0,20, 0.10, and 0.25 milli-
volt in leads I, II, and III respectively. Mean values were very low,
0.06 millivolt in lead I, 0.07 in lead II, and 0.12 in lead ITI. The
lower potential specimens of this wave showed a marked tendency to
vary from month to month, often being present one month and complete-
ly absent the next or vice versa.

Table XIX. Minimum, Maximum, and Mean Values for Potential of S in the
First Monthly Tracings.

Potential (Millivolts)

Breed “ Occurrence

°.§ Mininmm Maximm Mean
Lead - = 5 I 1II 1III I II 1II1I I II III I II 1III
Jersey 23 I 2 2 03 05 05 .10 .30 .06 .07 .07 .05
Guernsey 22 |10 2 T 208, 510 2107 220, 107 920 .06 410, O3
Ayrshire 13 8 0 b 503 = 06" 415 - .20 .06 - Ll2
Brown
Swiss 19 | TER - R [ - - .05 - - .03 - .10
Holstein 0 2 2 B 03 03 0% 15 W05 25 00 0% 5313
All
Breeds 97 |28 B A8 08 0% L0F P00 330 08 wifb 0T " ;28
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The Potential of R', The significance of the second positive

QRS deflection is not clear., Since the R' wave seldom occurs, is con-
sistently associated with bizarre, splintered R waves, displays consi-
derable monthly change, and is uniformly of such low potential as to
vary from zero to trace within a lead, the cuestion arizes as to
whether or not it should be considered as an actual deflection. Iur-
thermore, since its rresence is apparently the result of an exaggerated
splintering or notching of R¥, perhaps it should with more justice be
accorded the scant notice usually evidenced when present in iead I1I
of human tracings, (27). Table XX shows that R' occurred 2 times in
lead I, 5 times in lead II, 14 times in lead III, and was more preva-
lent in Holsteins than in any of the other breeds. Due to the infre-
quency of its occurrence no definite conclusions can be drawn as to
the effect of breed or lead on differences in potential, Potentials
ranged from a minimm of 0,03 to a maximum of 0.20 millivolt, with a
mean of 0.15 millivolt in lead I, 0.11 in lead II, and 0.10 in lead

III,

* See discussion, page 65.



57

Table XX, Minimum, Maximum, and Mean Values for Potential of R! in
the First Monthly Trecings,

- Potential (Millivolts)

o
Breed 3 .g Occurrence Minimum Maximum Mean
Lead = ol FE T 5+ W T T 5 U S S - T T s 55
Jersey 23 |- 1 1 - - - - - - - .20 .10
Guernsey | 22 |- 1 3 - - .03 - - .20 - .15 .11
Ayrshire | 13 |1 - 2 - - - - - - .10 - .15
Brown
Swiss 19 |- - 2 - - .06 - - .10 - - .08
Holstein | 20 |1 3 6 - .03 .05 - 16 .15 .20 .07 .0S
A1l
Breeds 97 {2 5 14 - ,03 .03 - ,10 .20 .15 .11 .10




The Potential of T T was present in all individusls and in all

leads. The fact that potentials were not recorded for 4 cases in leads
I and III does not mean that this wave was absent in these instances,
The potential was nerely so low as to fail to bring it under the 0.03
millivolt classification. Here, as with all the other deflections,

breed differences are not significant enough to merit consideration.

Table XXI shows the range of potential to be from a minimum of
0.03 millivolt in all three leads to a maximum of 0,60, 1.10, and
0,50 millivolt in le=ds I, II, and III respectively. The mean values
are 0,20 millivolt in lead I, 0.21 millivolt in lead II, and 0.18
millivolt in lead III,

Table XXI. Minimum, Maximum, and Mean Values for Fotential of T in
the First Monthly Tracings. .

® Potential (Millivolts)
Breed %'5 Occurrence vin Y Veon

o o
Lead = 2> 5 I II III I II 1III I II 1III I II III
Jersey 23 |22 23 22 .03 .12 .06 .35 .70 LU0 .17 .30 .18
Guernsey 22 |aa 22 22 .03 .10 .05 .33 1,10 .90 .14 .23 .17
Ayrshire 13 {13 13 11 .10 .03 ,10 40 .70 .22 .25 .20 .16
Brown
Swiss 19 {1& 15 18 .06 .06 .10 .60 .60 L0 .23 .21 .19
Holstein 20 9 20 2 .08 .10 .03 .43 .70 .o .24 1 21
All
Breeds 97 93 97 93 003 cO} 003 060 1.10 090 «20 031 .18




Occurrence, Distribution, and Range of the Hignest Potential
EXG Deflections in Any Lead of the First Monthly Tracings®

To gain a better conception of the distribution, size, and mean
values for the maximum potential waves of the bovine electrocardiogram,
this section has been included. The material presented will be limited
to a brief resume of the findings for each wave. For reasons mentioned
severzl timres previously, conclusions concerning breed differences must
be accepted with reserve. Table XXII showing distribution and tabvle
XXI1I showing minime, maxime and mean values for the various breeds will

be found on pages 61 and 62.

The P Wave. The maximum potential of the auricular deflection
ranged from 0,07 to 0.22 millivolt with a tendency toward rather uni-
form distribution about the mean. Ten animnls showed a notential of
0.08, 38 a potential of 0.10, and 19 a potential of 0.12 millivolt.
Of the remaining 30 animels, 15 were grouped in the range from 0.13
to 0.15 millivolt inclusive. The balance were distributed above and
below these limits as shown in Table XXII. The mean potential in the
various breed grouws ranged from 0.083 in the Ayrshires to 0,129 in

the Jerseys. The average for the entire series was 0.106 millivolt.

The Q Wave., Tables XXII and X{III show extremely wide and uneven
scattering of the wvalues sbout the mean. The absence of Q in all leads
of 10 individurls lowers the averaze potential in the latter table.

The range for actually occurring waves was from 0,03 millivolt in

eizht cases to 1.00 millivolt in one individual, The mean ir the varicus

* Tue to the variabilityof R', the maximum potential of this wave is
taken from any lead of the three monthly tracingse.
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treed groups ranged from 0,093 millivelt in the Holsteins to 0.302
millivolt in the Guernseys; the average for the entire series (includ-
ing the ten zero, or absent cases) was 0.208 millivolt, The Holstein
group displayed rather definite characteristics deserving further men=
tion. Of :he ten cases showing total absence of Q in all leads, seven
were in this breed. Nine individuals displayed rotentials of 0,12 milli-
volt or less, six of which were 0.05 millivolt or less. These latter
were usually associated with R wave preponderance and showed consider—
able tendency toward monthly variation from low potential to complete
absence and vice versa., This tendency, however, was seen in all breeds

showing not only low potential Q but also small R! and S waves,

T.e R Wave. The most consistently present deflectionof QRS, R

displayed even greater irregularity in distribution about the mean

than the previous wave, The range in maximm rotential in any lead wns
from 0.10 millivolt in five instances to 2.60 millivolts in one in-
stance. It 1is interesting to note th»t the averaze in the various breed
gronps ranged from the maximum of 0.618 millivolt in the Jerseys to

from 0.337 to 0.3S4 millivolt in the other breed groups. The mean for

the entire series was 0.U25 millivolt,

The S and R' Waves, With such infregquently occurring irregular
waves as these, the statistical methods employed in this section may

not be aponlicable; and, since the treatment accorded these two deflec=—
tions in the preceding section may be less apt to mislead, the picture

will not be further complicated by a summry discussion of the data in

Tables XXII and XXIII.
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Table XXII, Distribution of the Highest Potential HKG Waves in Any Lead of the First Monthly Tracings™.

Potential
(Millivolts)
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Variations in the Form of QRS and Distribution of the Various Tyves

In figure I is presented a comwlete general grouping of the vari-
ous representative tynes of QRS encountered in this study. On turning
to this fizure, it will be apparent at a glance that for those familiar
with normal human electrocardiograms, considerable mental readjustment
may be necessary in order to eliminate the immression that one is deal-
ing with abnormal tracings. The arrangement is purely arbitrary. Be-
ginning with tyoical R wave predominance, the procression is throuch
varying types of multirhase complexes tn negetive (Q-wave) predominance
and finally representative unfavorable low potentizl QRS types. Be-
ginning with type 1, their form end occurrence will be considered in
order. The discussion will be based upon the figure referred to above,
and Tables XXIV and XXV showing various features concerning occurrence
of the several forms., Table XXIV indicates the per cent incidence of
occurrence in the entire series. Table XXV shows the actual number
of times each form was present in the three leads tabulated according
to breed groups. In compiling the data for this table, the sum of the
three leads in the three serilal electrocardiograms for each of the 97
animals was used, meking a total of 291 each of leads I, II, and III,
Due to the occurrence of montaly variations, it is believed that this
procedure will yield data upon which more accurate conclusions can be
based. For greater clarity of comparison, Table XXIV will be drawn
upon for occurrence of the QRS forms while Table XXV will be referred

to concerning possible breed differences.
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Under tyves 1 and 2 are grouped those comnlexes showing definite

R wave predominance varying from a quick fine up and downstroke to
more or less progressive degrees of coarsening of both lirmbs of this
deflection. T;pe 1, the only QRS most tyoical of normal human tracings,
occurred in but one individual and is reoroduced in full in Figure III.
Type 2 appeared in 19 per cent of tihe instances in lead I, U per cent in
lead II, end 2 per cent in lead III., Table XXV indicates that this form
occurred about four times rore frequently in lead I of the Holsteins

than in any other breed.

Types 3 and U4 are characterized by a quick fine upstroke of R
with slurring or coarsening of the descending limb which may te com-
plete (tipe 3) or merely confined to its terminal portion (tyve L).
T™pe 3 occurred in 2 per cent of the instances in lead I, 10 ver cent
in lead Ii, and 4 per cent in lend III, Xo significant treed differences
are shovm in Table XXV. Type U4 was seen in lead I of only one indivi-
dqual, However, 1t occurred in 36 per cent of the instances in lead II
and 26 per cent in lead III. There is an apparent tendency for the
occurrence of this type of QRS to be more fregquent in the Jersey than
in any of the other breed groups. The two tyres together apveared in
about 24 per cent of the 873 leads in the three serial electrocardio-

grams of the 87 animals constituting this series,

In type 5 is scen the beginning of the very troublesome and change=
sble group of vibratory complexes. Type 5a shows notching of the down-
stroke at the point where the terminal portion becomes coarsened, With
a lowering in potential of the initial spike, forked or somewhat M-¢haped,

complexes such as Hb occur. Since these two closely related forms occurred
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with about equal frequency, they will be considered together. The two
types were totally absent in lead I, present in 8 per cent of the instances

in lead II, and 17 per cent in lesd III.

In type 6, the descending 1limb of the initial spike crosses the iso-
electric level giving rise (according to the accepted classification in
such cases) to a second positive QRS deflection or R' wave of which the
coarsened terminal portion of R in type la seems to be the remote ana-
logue. This occurred in 7 per cent of the instances in lead III, and

was entirely absent in the other two leads.

Prom this point the forms pass through various stages of M-shaped
complexes in which the notching may (type 8) or may not (type 7) cross
the isoelectric level. Type 7 occurred in 1 per cent of the instances in
lead I, 3 per cent in lead II, and 7 per cent in lead III, Table XXV in-
dicates this form to be much more prevalent in the Brown Swiss and Holstein
groups. Tyve 8 was of negligible occurrence in lead I, apveared in 2 per
cent of the instances in lead II, and 7 ver cent in lead III, These two forms

complete the class showing initial wward (R wave) deflections of QRS.

Types 9 to 12 inclusive, exhibit downwardly directed initial effects
of QRS. The complexes as a whole are W-shaped vibratory (types 9 and
10b) or truly W-shaped (type 10a). In many of these the excursion of the
string shadow in executing the vibrations may be broad enough to cross
the bace line at two points, giving rise agein to a second positive QRS
deflection or R' Tave (type 10b and possibly 9b). Due to their relative
similarity of form, types 9 and 10 are considered together., Comparative

occurrence in the three leads are not especially significant. The two

forms together were present in 8 per cent of all the leads.

®
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Type 11 shows two typical variations of diphasic (QR) commlexes
displaying orpcsite potential excufsions which are broad enough to
indicate considerable rotation of the electrical axis during systole.
Occurring with considerable uniformity in the several breed grouns,
this form of QRS was present in 9 per cent of the instances in lead I,

22 per cent in lead II, and 8 pver cent in lead III.

Tvpe 12 1s characterized by Q predominance reminiscent of human
electrocardiograms showing abnormal axis deviation., It is interesting
to note that the two limbs of Q in this clacss were prone to be less
broad or coarse than the oppositely directed complex displayed in
type 2. The occurrence of this form was very largely in lead I, being
present in 22 per cent of the instances in this lead and only 7 and U
per cent in leads II and III respectively. Table XXV indicates this
type to be of most frequent occurrence 1in 211 three leads of the Guern—
sey group, while the Jerseys and Brown Swiss follow in order with occur-=
rence priﬁcipally in lead I. The aprearance of this form in the two

renaining groups (Ayrshire and Holstein) is relatively infrequent,

Under type 13 of the figure is arbitrarily lumped 211 extremely
unfavorable low potential QRS. Examination of the four specimens will
reveal resemblances to previously classified complexes. Due to the
extremely low potential displryed by the merxrbers and the difficulty
attending the accurate classification of many of these, a separate
group presented the only logical solution. Study of Table XXIV reveals
that unfavorable QRS is largely confined to lead I where it was present
in 40 per cent of the instances. The distribution was remarimbly wmi-

form in the five breed growps.
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Summary. To summarige the foregoing data more comprehensibdly,

the resume below is presented.

In lead I, tyre 2 occurred in 19 per cent, type 12 in 22 per cent,
and type 13 in 40 per cent of all indiviguels. Tyve 5, 6, and 8 were
totally absent, and the balance were thinly scattered among the remain-

ing forms,

In lead II the distribution 1s somewhat more uniform, the more
frequently occurring forms being tyves 3, 4, and 11, which were present

in 10, 36, and 22 per cent of the individuals respectively.

Lead III shows the most uniform distribution of all, with type U4
occurring in 26 per cent of the individusls and the balance rather even-

ly distributed among the remaining tyves.,

Tyre 1, being present in only one individual, was not considered

of sufficient imoortance to warrant mention in the foregsoing summary.

Finelly, attention must te directed to one constartly present
characteristic of QRS in this series. Beginning with tyve 2 and end-
ing with type 11, the fin2l effects are almost invariably broader and
slower than any other phase of the complex. A faint suggestion of this
is also definite enough in the remaining forms to warrant the conclusion
that this pheomenon is a characteristic feature of the bovine electro-

cardiogram.



Table XXIV, Per Cent* Incidence of Occurrence of the 13 QRS Types

Shown in Figure I,

QRS S

Pypes = 1 2 3 L a "% 6 1 g8 9 10 11 12 13
I 1 1 19 2 1 o o0 o0 1 o ¥ 1 9 22 4o
L II 1 L 10 36 5 3 o] 3 2 5 2 22 4
LIII 1 2 4 26 8 9 1 1 71 &6 5 8 4 7
All

Leads 1 8 5 19 § 4 2 3 3 5 3 13 11 17

* To the nearest whole number.
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Table XXV. Distribution of the QRS T;re s, Revresented in Fizure I, in
the Three Serial Electrocardiograms®.

8):] 5 Total
Tyre - 1 23 4 a b 6 7 8 910 11 12 13 Leads
L I 3 6 3 218 31 69
Jersey L II 3 2 30 7 4 1 1 4 11 6 69
LIII 3 1 5 %1 8 6 5 2 2 3 369
Total 9 7 7 41510 5 1 3 6 16 24 L0 207
L I 11 3 524 23 6b
Guernsey L 1II 6 16 1 1 4 3 1914 2 66
L III 2 1 15 6 1 2 2 1 8 6 410 8 66
Total 13 7 31 6 2 2 3 115 9 28 Lg 33 108
L I 73 21 31 5 4L 13 39
Ayrshire L 1II 6 10 5 7 8 3 39
L III 9 1 5 3 6 7 1 3 b 39
Total % 9 19 6 5 5 717 2 16 4 20 117
L I 3 3 2 1015 18 &(
e LI 310 11 13 3 319 1 3 57
L III 2 4 11 413 3 g 3 4 1 3 87
Total 11 17 22 516 3 12 3 g 2317 24 171
L I 27 3 3 2 25 60
Holstein L 1II 8 6 22 3 2 35 8 7 &0
L 111 1 _9 5 6 5 510 6 _10 3 60
Total 35 7 31 8 8 5 815 3 6 21 2 31 180
1 L I 357 6 3 2 112 3 25 63 116 291
A L II 31130 89 1610 8 615 6 6521 11 291
Breeds 1 111 3 511 75 24 26 2019191716 2i11 21 201
Total 9 73 47 167 40 36 20 29 26 U4 25 11k 95 1Lg 873

* Since there are three serial electrocardiograms for each of the 97
animals represented, the data for this table is obtained from a total
of 291 records (873 leads). Any discrepancies occurring are due to
monthly variations in form of QRS.
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Figure I. Various types of Bovine EXG Complexes Arranged According
to Form of the QRS Group,
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Classification of the Bovine Electrocardiogram

Since no two individuals in this series displroyed identical elec-
trocardicgrans, any method of classification will perforce not be en-
tirely satisfactory and above criticism, The form and character of
ORS based upon the type complexes exhibited in Figure I were arbi-
trarily taken as the basis for the arrangement of major groups. The
occurreace of tue several types in the different lead combinations and
the form of QRS in the aberrant lead were the criteria employed in thre
arrancement of sub=grouvs. The finnl resnlt of this arrengement 1is
the basis for the detailed outline on the following rages. The three
tracings from each individuzl were not separated. Where monthly
changes were extreme enough to permit placement of the individgual in
more than one position, the predominant characteristics of the three
tracings were emnloyed as the basis for final classification, Further-
more, it is concelvable that certain electrocardiograms may show un=-
like QRS types in the different leads causing them to be unclassifiatle,

These are grouped in a separate class,

Figure II-A shows specimens of the various types encountered
ond is so labeled as to be readily integrated with the outline pre-
sented on pazes 72 to 78. Since the photograrhic reduction necessary
for inclusion of the entire figure within the dimensions of a vage is
80 great 8 to obscure the form of the complexes, the conponents of the
figure have been broken uwp into smaller units and are reproduced as
figures 1I1-B, II-C, II-D, and II-E on pages (9 to 85, Figure III

on pace 85 shows an umisunl type of bovine electrocardiogram.
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Detailed Classification of Bovine Electrocardiograms According
to Form of QRS
I. Tracings showing R wave predominance characterized by:
A. Coarsened ascending and descending limbs (Figure II-1, 2,
and 3), entire (Figure II-7), or terminal portion (Figure
II-U4, 5, and 6) of descending limb of R wave,
l. In leads I and II -

a., Showing mainly low potential positive, coarse, and
somevhat vitratory type of QRS in lead III:

Ayrshire #1U1 Figure II-1 (ERG B3l2);

b. Showing split or M-shnped QRS in lead III:
Ayrshire #159 Figure II-2 (ZEG B336);

c. Showing divhasic (BS) type of QRS in lead III:
Holstein #186 Figure II-3 (EXG B568).

2. Coarsened terminal portion of downstroke of R in leads
IT and III with a quick fine ascending limb =

a. Showing meinly positive QRS in lead I:

Jersey #101 Figure II-U (EKG B151);
Jersey #1153

Ayrshire #162;

Holsteins $252 and 25U;

b. Showing low potential mairly divhasic (QR) deflec-
tions in lead I:

Jersey #9295 and 97;
Jersey #114 Figure II-5 (ZKG B2€T);
Guernsey #9;
Holstein #258 Figure II-6 (EKG B650);
¢. Showing mainly negative W-shaped QRS in lead I:

Guernsey #6 Figure II-7 (EXG BL33);
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d. Showing mainly negative (Q) deflect‘on in lead III:
Jersey #88;
Guernsey #l Figure II-8 (EKG B7lg);
Guernsey #30;
Ayrshire #1lL46 Figure II-C (FKG B130);
Brown Swiss #234 and 2U8.

B. Coarsened notched terminal portion of descending limb of R
wave.

1. ©Notching of down-stroke in lead III with coarsened down-
stroke of R in lead II -

a. With mainly positive summation in lead I:
Jersey #80;
Guernsey #59 Figure II-10 (EKG B325);
Holstein #2609 Figure II-11 (EXG B3uU5);
Holstein #275;
Holstein #282 Figure II-12 (EKG B116);
Brown Swiss #301 and 307;

b, With mainly diphasic (QR) deflection in lead I:

Ayrshire #161;
Holstein #220 Figure II-13 (EZG BUOL).

2. In leads I and II =
With vibratory R3:
Guernsey #7 Figure II-14 (EXG Bl22).
3, In leads II and III -
a. With mainly positive sumration in lead I:

Jersey #62 Figure II-15 (EXG B5%0);
Brown Swiss #300;

b, With mainly diphasic (QR) deflection in lead I:
Jersey #85 Figure II-16 (EEG B320);
Jersey #&€7 and 108;
Guernsey #48 Figure II-17 (EKG B&9);

c. With very low potential QRS in lead I:
Jersey #116 Figure I1I-18 (FKG B328);

de With mainly negative summation in lead III:

Jersey #111;
Jersey #118 Figure II-19 (ZXG B63%).
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II. Trocings showing vibratory type QRS characterized by:
A. M type QRS with R wave oredominance.
1. 1In leads II and III -
a. With mainly positive deflection in lead I:

Holstein #130 Fizure II-20 (EEG BS70):
Holstein #278:

b, With mainly dicrhasic (QR) deflection in lead I:
Brown Swiss #237 and 239*;

c. With mainly low potentinl negative deflection in
lead I:

Jersey #73 Figure II-21 (EKG Bg5).

2. In lead II only with nezative (Q wave) QRS in lead I
and upward deflection (R wave) with coarsened down-
stroke in lesd III -

Brown Swiss #303.
B, W tyre wave showing split Q wave predominance.
1. In lead III with negative summation in leads I and II -
Guernsey #25 Figure II-22 (ZEG BOU).
2. In leads I end III with QR deflection in lead II =
Ayrshire #163 Figure II-23 (EKG BUU2).
Ce Splintered or spnlit type QRS of sufficient breadth to often
cause the formation of a second positive QRS deflection
(R' wave) by reason of the passing of the downstroke of the

first spike of the conplex below trhe 1soelectric level.

1. Coarsened notched downstroke twe in lead III (or exasz-
geration of the notching or splitting classified in vnart
I3 of the outlire) -

* QRS in leads II and III were so nearly like thet of Figure II-2l
that no svecimen cormolexes were teken from this group.



75

a. Showing smallest R in lead I with coarsened notched
or merely coarsened downstroke of R in lead II:

Ayrshire #152 Figure II-24 (EXG B127);
Holstein %195, 226, and 286;
Brown Swiss #2U0;

b. Snowing negztive vredominance in lead I with di-
phasic or vibratory QRS in lead III:

Jersey #86;
Ayrshire #160 Figure I1I-25 (EXG B390).

2. M type or split complexes of sufficient breadtn to pro-
duce generally distinct S waves -

a., In lead III with mainly positive deflections in
leads I and II:

Ayrshire #153%;
Holstein #231 Figcure II-26 (EKG Bl15);

b. In lead III with mainly negzative lead I and slizhtly
negative or dirhasic lead II:

Guernsey #3;
Ayrshire #1563
Holstein #260 Figure II-27 (ZXG B366);
c. In leads II and III:
(1) with positive deflection in lead I:
Holstein #280 Figure II-28 (FEG Bl1l);
(2) With negzative lead I:
Jersey #90;
de In leads I, II, and III:
Ayrshire #lUU Figure II-29 (EKG B30Y4).

3. Tracings showing varying degrees of W tyre split com-
plexes -

a. In leads I end II with very low potential dirhasic
QRS in lead III:

Brown Swiss #2l5;



b. In lezds I and III with diphasic (QR) d:=flections
in lead II:

Guernsey #il;
Brown Swiss #231 Fisure II-30 (ZKG B305);

c. In leads II and III;

(1) ¥ith R wave in lead I:

Guernsey #4t Figure II-31 (EKG BO3);
Guernsey #57;

Holstein #253 Figure II-32 (EKG B362);

(2) With extremely low potentisl of all waves in
lead I:

Guernsey #50 Figure 1I-33 (ZKG B92);
Ayrshire #151.

I1I1. Trzcings whose QRS indicates rather extreme rotation of the elec-

trical axis during systole:

1. In lead II =

With mainly sharp Q wave in lead I and coarsened
downstrnlze or splintered or notched summit of the
vredominant Rwave in lead III:

Jersey #79 Tigure II-34 (TKG B1Y5)
Jersey #1C0O Figure II-35 (ZKG BOT7)
Jersey #'17;:

Guernsey #ll;

Guernsey #28 Flgure II-36 (ZKG BG6);
Guernsey #1+6 and 553

Brown Swiss #230 and 305;

Brown Swiss #306 Figure II-37 (EKG B1¢Q).

.
’
.
?

2. In leads I and II -

With vibratory R predominance in lead III:

Brown Swiss #2322 Figure II-38 (EXG B135);
Brown Swiss #302.

3, In lead III -

¥ith malnly negative summation in lead II and low
potential slightly negative lend I:

Jersey #39 Figcure II-39 (ZEG B319).

76
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4, In leads II and III =
a. With small R wave in lead I:

Ayrshire #1503
Holstein #259 Figure II-LO (EZXG B552);

b. With very low non-determinable QRS in lead I:
Guernsey #37 Figure II-U1 (EKG BllLk);
c. TWith larcely negative (Q wave) predominance in lead I:

Brown Swiss #233% Figure II-lU2 (ZKG BLO2);
Holstein #261 Fisure II-U43 (EKG B367).

IV. Tr=cings showing negative predominance of QRS characterized by:
a. Unfavorable negative or diphasic QRS in lead I:

Guernsey #8 Figure II-U5 (EKG R34);
Guernsey #l2;
Guernsey #47 Figure II-U6 (EKG B123);

b. Unfavorable diphasic QRS in lead III:
Jersey #63 Figure II-LU (EKG B2T1).

V. Miscellaneous tracings precenting peculiarities precluding ra-
tional classification.”

a. Tracings showing low voltage QRS in all three leads =
generally negative summation in lead I, diphasic
lead II, and positive lead III characterized by con=
siderable monthly change:

Guernsey #60 Figure II-L7 (EEG B280);
Brown Swiss #238;

Brown Swiss #30U4;

Holstein #256 Figure 1I-U'g (EKG B560);

be. Tracings showing quick fine R waves of extreme
amplitude in all three leads:

Jersey #84 Figure III.

* Yhile justification could perhaps be obtained for the disposition of
this group by placing them in the nearest correct position in the
prececeding outline, it was thought best to create for the time being
a separate class for these tracings.
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Summary of the Distribution of the Various Groups in the Classi-

fication. The breed distribution of the various types through the
second subdivision in the outline is summarized in the table below.
This compilation shows that type I and II embraced 72 per cent of the
entire group of 97 animals, with type III next in order (18 per cent)
and type IV and V of relatively infrequent occurrence. The series is
too small to warrant conclusions as to breed differences if any. It
may be significant that of the 21 Jerseys 1l were in type I.

Table XXVI. Summary of the Distribution of EKG types according to
the Outline on pages T2 to 78 and as illustrated in

Figm'e II.
Types = I II ITI IV
Subgroups = |__A B 18 O 1 B I -
3 . 8
-2 2.31& 1y 2y 2la o &l L 2 Rl &
Jersey 611 714 |1 x 45 3|3 1 41
Guernsey N 1 O 5 1 1 4]6]Y4 1[5]3
Ayrshire 2 211 5 112 3% 1|7 111
Brown
Swiss 2|2 1{5]2 1 1 21613 2 1| 6
Holstein 1 3|4 g |2 3 3 119 2| 2
All
Breeds 31719 1 9395 1|1 1|7 & 8[31]10 2 1 518 4
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FIGURES

The figures on the following pages are arranged to illustrate

the varicus types of bovine electrocardiograms encountered:

Figure II A shows various tynes of electrocardiograms arranged
according to the classification on paces 72 to 78. The Romen
nurerels on the extreme right have reference to leads; the
Roman numerzls to the left, as well as the cavital letters,
have reference to the major sutdivisions of the classification
referred to atove, and the Arabic nurbers under each EKG

refer to Indiviguals., The figure is reduced to about one-
fourth actual size of the original,

FPigures II B, C, D, and E are the commonents of Figure II A, as
indicated by the murber under each EKG, enlerged to the actual
size of the original records.

Figure III i3 an unusual typre of bovine electrocardiogram,
about one-half original size to show tyve of mounting card
employed. The arrangement of leads is I, II, and III in
descending order from top to bottom of the figure.
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THE ELCTRICAL AXIS OF THZ BOVINE HEART

The approximate electrical axis of each electrocardiogram in the
series was determined by the method described under procedure. These
values are recorded in Table XXX. Due to the superficial methods employed
and the general unfavorableness of many tracings, the data presented in
this section are only of the most general nature and do not warrant
definite conclusions., If the electrocardiograrh should prove to be
of value in certain bovine experirental procedures, more detailed study

of the normal is essential,

Table XXVII shows the electrical axis distribution in the first
monthly tracings of the five breeds corwmosing the present series., Study
of this table shows that practically 50 per cent of the animals are
in the axis range from +30° to +9Q° inclusive, and'65 per cent from
+300 to +170°, Only 17 per cent are grouwced in the =300 to -160° rangce,

Table XXVII. Distribution of Electrical Axes by Breeds in the First
Monthly Tracings,.

+30° +91° ~30° =910 Non-
Range - to to to to 180° Determinable
+91° +170° =010 -160°
Jersey 13 5 0 3 2 Y
Guernsey 7 5 u 3 2 1
Ayrshire - 6 2 1 0 1 3
Brown Swiss 8 5 0 | 3 1 2
Holstein 14 0 2 1 0 3
TOTAL Lg 17 7 10 6 9
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vith but 6 ver cent showing the extreme deviation of 180°, 7Tt is inter-
esting but perhavs not significant to note that no individuzls were
present in a radius of 30° on either side of zero. Considering the
relatively smll size of the group and tre methods erployed in axis

determinration, conclusicns concerning breed differences should pernaps

not be drawn,

Ten animsls (about 10 per cent) displayed, in the course of the
three monthly tracings, electrocardicgrame of a tyve nrecluding even
an spvroximate axis determination. This group 1s best described in

the following outline:

I. Electrocardiograms showinz a non-gdeterminable axis in all
three monthly trecings.

A. Due to mer¥ed rotation of the electrical axis during
systole™:

1. Ayrshire #163 Fig., II-A 233
2. Ayrshire #151;

3. Brown Swiss #302;

4, Holstein #280 Fig. V-J;

5. Holstein #261 Fig. II-A U3;

B. Due to unfavorable, low potential, and often vibratory
tyre of QRS in two or more leads:

1. Guernsey #57;
2. Brown Swiss #2°U45;
3. Holstein #256 Fig. II-A L8,

II. Electrocardiograms showing a non-determinable electrical axis
in only one of the three monthly tracings.

A. Ayrshire #1' (7TI3 #B 131). This tracing (Fig. IV, pace
90) is unique in that QRS in leads II and III are aprroxi-
mately mirror imaces of each other. This coupled with an
unfavorable vibratory type QRS in lead I renders axis de-
termination impossible, The succeeding two monthly records

* Discussed on pace 6€.
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in this animal show a definite electrical axis of
approximately 4900,

B. Brown Swiss #306. Since this individual is especially
prone to show changes® during the actual recording of
its EEG, Figure VIII (EKG #B316) is selected for dis-
cussion here. Paylng no attention to the last half
of lead III which will be taken up later (page 97), it
can be seen that the low potential wward summation of
QRS in all three leads makes axis determination im-
rossible,

To sum up the foregoing outline, it is apparent that records of
which the electrical axis is not determinable are largely confined to
those indiviguals whose QRS is either of two types:

(a) Tracings showing usually vibratory QRS of low votential;

(b) Tracings showing usually di- and sometimes triphasic QRS
the algebraic sum of whose potential is very close to zero**.
In concluding this section the periodic variations in electrical
axis shown in Table XXX will be driefly considered. Taking the first
ronthly record merely as a basis for comparison, the distribution of
the maximum deviation in either Q}rection from this s tandard in the

two succeeding electrocardiograms is as follows:

* This is evidenced by comparing the third monthly tracing in K of
Figure V with the figure referred to above. Both of these illus-
trations were obtained from the same recording.

** Mese are referred to in the discussion as showing considerable
rotation of the electrical axis during systole.
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Table XXVIII. Distribution of the Maximum Monthly Axis Variation
From Those Present in the Initial Tracings.

Degree of

Variation - 100 200 300 Loo 450 600 800 Total
Jersey 0 0 2 1 0 0] o) 3
Guernsey 3 1 3 0 1 0 1
Ayrshire* 2 o] 1 0 0 1 0 4
Brown Swiss 3 2 2 0 0 0 0 1
Holstein 0 1 2 0 0 0 0 3
All Breeds g L 10 1 1 1 1 26

From these figures it is evident that the most frequently occur-
ring deviation is in the 10 to 30 degree range, where we find grouped
22 of the 26 animals showing appreciatle monthly variatiors. It must
be remarzed furtner that many individuvuals displayed monthly axis changes
which were minor enouch to be undetected because of the rough methods
employed. This warrants the ovinion that more accurate and pains-
taking analyses would bring to light a greater incidence of periodic
variation than that indicated in Table X3X. Finally, when one con-
siders the unfavorable plarne from vhich current is lead off by the
standard Einthoven leads in cattle and superimposes upon this the
relative mobility of the bovine heart, it is extremely doubtful that
axial changes in experimental procedures requiring repeated reccrds can
ever be safely considered as significant in this species. Th=t vart
of this conclusion which concerns cardiac mobility is in general agree-

ment with the findin:s of Katz, et al., in dogs (22).

* Tese figures are exclusive of Ayrshire #lil whose electrical axis
could not be determined in the first monthly tracing.
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VARIATIONS IN THZ BOVINE TL=CTRCCATDIOGRAM

The three monthly tracingss on each animal included in this series
affords a reasonable opportunity for studying any chances in the bovine
electrocardiogram occurring during these intervals., For convenience in
comparison Table XX (apvendix), showing the occurrence of all the waves
composing a complete cardiasc cycle in each of the three montkly electro=
cardlograms arranged according to breeds, etc., was devised, In order
that the tatle embody as mmuch information as possible, symbols indica-
ting the more general nature of the various deflections were necessary,
and detalled study cannot bhe made without strict reference to the arpended
key. Since even the most minor changes were recorded, any attempt at
statistical treatment of this phase of the subject could only end in
confusion, Therefore, the discussion at this point will be of a far
more general nature than has hitherto been employed. Concerning the
table, only a few more or less sweevning generallizations will be drawn,
Monthly changes in the P and T deflections are largely but not always,
associated with the varlable diphasicity so characteristic of these
waves in the bovine electrocardliogram. The nature of this change is
discussed more completely on pages 23 and 29, In the case of P, we have
superimposed upon this t ype of variability the inconstancy of low po-
tential waves in certain subjects. Variability in the occurrence of
deflections composing the QRS groups 1s due in many cases to lncon-

stant low potential Q and S waves,

Since Table XXX fails to show certain significant changes in form

of the QRS group in serial electrocardiograms, further elahoration of
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the general character of these variations is necessary. For this pur-
nose Figure V is presented. Tnis illustration contains EKG complexes
from each lead of tne three monthly tracings of the eleven animls
showing the most outstanding periodic variations. For purposes of
coanvenience only those subjects showing changes not only in QES but
also P and T waves were selected. It is not to be assumed that these
rerresent an averace cross section of the series. MNany individuals
displayed varying dezrees of change in P, QRS, or T alons. In many

cases these were quite minor, A few showed vractically no monthly change.

To retarn to a discuss’on of the figure, it will be seen that
subjects A, B, C, and D illustrate changes in R wave tyoes characterized
by varyine degrees of coarsening with or without notching of the de~
scending linb, While the complexes of each individual in general tend
t> resevble each other, the changes show no definite trend, there being
no correlation between notching one month, and coarsening of the entire,
or the terminal portion of the downstroke in succeeding or vreceeding
tracings. Subjects E, F, G, H, 2and I show, in addition to R and Q
wave tyees of QRS, malnly changes in the vibratory QRS corplexes so
frequently encountered in this study. The change here is almost in-
variably an increase in excursion of the descending limb of the first
spike which is often great enough to cross the 1soelectric level, or
vice versa in the case of QRS shovwing negative summation. Subject K

is renresentative of changes observed in unfavorable electrocardiograms.

Since monthly changes in potential of QPS are in the main not

strixing, it would seem difficult to reconcile these variations with
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simple axial rot~tion of the bovine heart. Very little is known about
this subject. Frior to 1¢3%5, variations in serizl electrocerdiograms
of animals were given little thought. At about this time ¥Katz, et al,
(28), working with serial electrocardiograms of dogs found significant
variations referable to changes in electrical axes due to the greater
mobility of the heart in the chest of this smecies as cormared to the

human sutject,

VYonthly changes in P occur more frequently in the low potential
waves, (especially lead I and to a lesser extent lead III)., The orin-
cipal variation is in potential, great enough to resmult in comélete
absence in certain subjects (A, B, E, and I of the figure). This may
hanpen occasion~lly within a lead (subject K, lead III of the first
monthly tracing). In one subject (C, lead I) there is direct reversal
of potential., The changes 1n dirhasic P waves showing positive or nega=
tive summotion one month to monovhasic in the direction of threir pre-
dominance in a sutsequent or previous monthly tracing, so strikingly
i11lustrated in Table XXX, is unforturately not well shown in the figure,
Lead II in subject C and G, and lead III in subject H illustrate this

gomevwhat,.

Monthly changes in T, unlike P, are not associnted largely with
low potential. Here, as with the other deflections, no definite trend
is shown and classification is impossitle, The princival variation
seen is diphasic to positive or negative monophasic, and this is not
always in the direction of predominance of the diphasic wave in a

previous or subsequent tracing. These changes occur guite regularly
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iIn the electrocardiograms shown in the figure and aprear in all leads.
More or less direct reversal is scen in leads I and III of subject A
and K, and lead II of sudjects E, H, and I, Suvbject A is interesting
in that complete reversal occurred the third month with diphasic waves

in the second monthly tracing.

Changes Within Leads. Reserved for final discussion in this

vhase of the study are the changes occurring within a lead during the
actusl recording of a bovine electrocardiogram. Since intra-leagd
changes in QRS phasic with respiration is not infrequent in the
human subject (29), and has also been observed in cattle (6), it 1is
not Inconceivable that this factor may be of imrortance here. This
was not carefully checked in the present study and must await further

investigation.

Very slight chenges in potential of QRS (0.05 to 0.1 millivolt)
occurred in a great mjority of the records. Potential changes slifht-
ly greater than this, especially in the type 5 and 7 complexes of Figure
I, results in aun apparent change in the character of QRS. This is due
to the fact that the lowering of potential is proportionally greater
in the initial spike so that an R wave with a coarsened notched down-
stroke, for example, or an M-shaved QRS with a higher usually fine
initial deflection during one cardiac cycle may in a succeeding cycle
te more truly in the shape of the letter M. Varying degrees of this

form of change are most outstandingly shown in the following subjects:

Brown Swiss #303 L III of Pig. VI (EKG B1lL2)
Holstein #220 L III of Fig. II A-13 (EXG BMOB)
Jersey #116 L II of Fig. II A-18 (EKG B328)

Holstein #180 L II of Fig. II A-20 (¥KG B570)
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Sometimes the chan~e is from R with a coarsened notched downstroke to
a coarsened blur sugrective of letter M as in Ayrshire #l€2 (L II of

Figure VII, ZXG BLY4O).

Marked changes were soretimes encountered after movement due to
restlessness or nervousness during the IXG recording. This is most
strikingly seen in lead III of Brown Swiss #306 (Figure VIII, EXG
B316). During the recording of the third lead in this trecing, suffi-
cient restlessness occurred to necessitate cessation of operations for
a moment or two, Vhen the record was resumed it can be seen that grove
crhances in the character of the entire complex had talken vrlace. These
are mainly an increase !n votential of all waves with direct reversal
of QRS. It nmust be further observed th=t the factor of heart rate is
provably of 1little significance here since sufficient time was allowed
for this to return to the normal which obtained in the first half of
the lend recording. Another subject (Guernsey #1, Figure IX) during
the recording of lead I shows a change from mainly Q predeminance with
only a faint sug:estion of R to 2 definite QR tipe of complex after
restlessness so sli:ht as to be accompanied by muscular effects only
great enough to cause a shift of the string of approxirately one cm.,

and no eppreciable increase in heart rate,
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STVARY

1. Three serial electrocardiograms apnroximately one month apart
were taken on each of Q7 ncrmal cattle commosing an entire dairy herd
and representing the Jersey, Guerrsey, Ayrshire, Brown Swiss, and
Folstein breeds. The group was kept under modern conditions of herd
manacement and maintained for optinnum milk production., All ages from
five months to twelve years were included. In this menner the effect
of variations in a¢e, veriod of gestation and lact-tion, breed differ-—
ences, and indivigual montnly variations on the electrocardiogram covld

te studied.

2. The cardiac frequencies encountered ranged from a minimmm of
U8 to a maxirum of 92 per minute, with a mean of 71.6 for the entire
crow. These valaes very closely aprroximate the normals determined

by other investisators, when all conditioning factors are considered.

3. The deflection P was invariably present in lead II. In a
few cnses it was totally atsent in leads I and III or when present was
of such extremely low potential that its form could not be satisfactorily
determined, The notential of determinable waves ranged from below 0.03
millivolt in all three leads to the maximm of 0.12 in lezd I, 0.18
in lead II, and J0.c2 in lead III. Tne mean values for the entire group
were 0.06, 0.10, and 0.C7 millivolt in leads I, II, and III respectively.
Broadly speaking the deflection was more prone to be diphosic in leads

I and II and moncphasic in lead III, althoush severzl combinations of



102
the two tyoes in the three leads were present. In about 90 per cent
of the cases the net area of the deflection was positive., The bal-
aice was cormposed of dizhasic waves with opnosite excursions of about
equnal size. Negative P waves occurred in only two instances in lead I

and in a sinsle instance in lead III.

4, The deflection Q was found to occur in €0 per cent of the
instances in lead I, &0 per cent in lead II, and 70 per cent in lead
ITI., 1Its potential ranged from below 0.03 millivolt in 51l three leads
to maxima of 0.6C, 1.70, and 0.%52 millivolt in leads I, II, and III
resvectively. The mweans for the group were 0.23 millivolt in lead
I, 0.15 in lead II, 2nd 90.11 in lead III. Of the Holctein group
in which § occurred, only two individunls displayed a notential greater

than 0.12 millivolt.

5., Trhe deflection R occurred in 78 per cent of the instances in
lead I, and 92 ver ceat in leads II and III. Its potentinl ranged from
below 0.03 millivolt in all taree leads to maxima of 0.70, 2.00, and
1.50 millivolts in lezds I, II, and III respectively. The mean for
the entire serles was found to be 0,16 millivolt in lead I, C.37 in

lead II, and 0.35 in lead III,

6. T™e deflection S was present in 23 ver cent of the casecs in
lead I, only 8 per cent in lead II, and 20 per ceat in lead III. Po-
tentials were uniformly low, never above 0.25 millivolt in any lead.
T.e mean for ihe series was C.06 millivolt in lead I, 0.97 in lead II,

and 0,12 in lead I1II,
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7. The second uprizht QRS deflection was of the least frequent
occurrence, teing rresent in 2 per cent of the instances in lead I,
4 per cent in lend II, and 14 per cent in lead III. Fotentials were
very low, rangcing from the minimum of below 0.03 to the maximm of 0,20

millivolt.

8s The deflection T was present in all individwvls and in all
leads. This wave was more freguently monophasic in lead I and diphasic
in leads II and III, However, several coxbinatlons of the two tymes
in the threse leads were nresent. lMonophasic waves were larzely negative
in leads I end II, and pnositive in lead III. Dichasic waves showed
nesative summation in most instances. Fotentials were found to racge
from & minimum of telow 0.03 millivolt in all three leads to the maxima
of 0.60, 1.10, and 0.%0 millivolts in leads I, II, and III rescectively.
The wean values were 0.20 millivolt in lead I, 0.31 in lead II, and 0.18

in le=4d III.

9., The duration of the P-R interval ranced from a minimum of 0,1
to a maximum of 0.3 second, with an average duration of 0.19 second,
Some slicht individual monthly variations as well as variations between

tiie breeds were found.

10. The duration of QES ranced from 0,06 to 0.12 second with
an averare value of 0.0C4 second. 1In general the lowest values were
more comwon in lead I and the highest in lead III. However, the differ=-
ences between leads II and III were not very great. MNonthly variations

were more comrnon in lead I.
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11, Tae Q-T interval ranged from a minimum of 0.2° to a maximum
of 0.U7 second, with an averaze duration of 0.339 second. Tais inter-
val increases in duration with a decrerse in heart rate and vice versa.

For this reason great variations occurred.

12, The systolic index as determined ty Bazett's formla ranged
from 0.34 to 0.18, with an average of 0.412., Individual monthly variz=-

tions of from 0.071 to 0.,C37 were not uncommon.

13, The electrical axis of the bovine heart ransed in €5 ver cent
of the individuals from +30 to +170 degrees. The balance were large-
1y groped in the =30 to =170 degree ranre, Ten animls displayed, in
one or wore of the three serial electrocardiogrars, records of a tine

precluiing even an apvroximate axis determination.

14, An attemrt wos made to classify the bovine elecirocardiogram
according to the following general scheme:

Growp I. Tracingss in which R was the largest QRS deflection
in at least two leads.

Group II. Tracinss characterized mainly by extremely uneven rota=
tion of the electrical axis during the execution of
QES, thus gilving rise to various tyrves of bizarre
multiphase comnlexes,

Group III. Tracings showing mainly dirhasic QRS complexes of
rather extreme breadth.

Grouwp IV. Tracings showing QRS complexes with a negative net
area in at least two leads,

Grow V. Miscellaneous unfavorable, low notential, or otherwise
mwnclassifiable electrocardiograms,
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The major groups were furtier subdivided upon the basis of Q=S
type and 1ts occurrence in the several lead conbinations as well as the

form of QRS iIn the indifferent lead.

15. Variations in serial electrocardiograms as well as variations
occwrring during the recording of leads were studied. The former
occurred with great frequency, but were on the whole relatively minor.
The various deflections usumlly retained a rather close resemblance
to each other In the three serial tracings of most individusls. In
general, the auricular deflection was the most constant in form from
month to month.

Variations within a lead occurred infrequently and are discussed.

Breed differences were not sufficisntly great to warrant the
drawing of conclusions in view of the relatively small nuber com—

posing each group,

16. No marked influence of stagze of gestation upon the bovine
electrocardiogram could be discerned in this study. Vhether some of
the variations observed were due to this factor could not be determined.
:e above observations also hold true for any rossible influence

of stagze of lactation.
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Table XXIX., IKG Intervals for All Leads in Bach of the Three Monthly Tr: 3, Including Bazett!s Constant.
JERSEY ey o e b e
Rate (Per Min) EKG Intervals (Sec.) K(Bazett)
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