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Electrocardiograms from 12 compressed male (CM), 16 com-

pressed female (CF), ten synthetic compressed female (SCF), nine

brachycephalic female (BF), and 15 dolichocephalic female (DF)

dwarfs from Davis, California, taken in the scapular lead S-II (pre-

scapular position positive and right forelimb negative) were analyzed,

The data on dwarf electrocardiograms were compared with normal

Hereford cattle data obtained by Van Arsdel and Manning at Corvallis,

Oregon. The average R-R, P--R, Q-T, and T-Q intervals, and the

QRS duration did not differ among the dwarf subgroups. The average

R-R, P-R, Q-T and T-Q intervals were 0. 73, 0.20, 0.35, and 0.39

second, respectively, in dwarfs. These were significantly longer

than the average intervals of 0.63, 0.16, 0.32 and 0.30 second, in

normal Hereford cattle of Manning. Average QRS duration in dwarfs

was 0. 07 second and was near 0. 08 second in normal Herefords found



by Manning. The P, QRS and T wave forms of dwarfs did not differ

specifically from those found in normal Hereford calves.

The directions and potentials along P, QRS and T axes were

determined from analysis of leads S-I (left forelimb position positive

and right forelimb position negative), aVF (left hind limb connection

positive and pooled right forelimb and left forelimb connection nega-

tive), and S-aVF (pre scapular position positive and pooled right fore-

limb and left forelimb connection negative). The average P-axis

potentials of CM, CF, SCF, BF and DF dwarfs were 0.25, 0.29, .

0.31, 0.32, and 0.35 millivolts, respectively; the average QRS-axis

potentials were 0. 91, 0. 78, 0.85, 0. 89, and 0. 96 millivolts; and the

average T-axis potentials were 0.34, 0.46, 0. 54, 0.54, and 0.59

The P-axis potentials of dwarfs were frequently higher than

those for normal Hereford cattle reported by Van Arsdel. The aver-

age QRS-axis potentials of dwarfs ranged from 0. 40 to 1. 43 milli-

volts, while those of normal Hereford cattle of Van Arsdel ranged

from 0. 58 to 1.48 millivolts. The T-axis potentials of dwarfs ranged

from 0.22 to 0.88 millivolts, while those of normal Hereford cattle

of Van Arsdel ranged from 0.22 to 0.85 millivolts. The CF dwarfs

had significantly lower average P, QRS and T potentials than did DF

dwarfs. The P and T axis potentials were significantly lower in CM

than in CF, SCF, BF and DF dwarfs.



The P axes pointed ventrad, caudad and sinistrad in most

dwarfs. The cones of the directions of P axes of CM, CF, SCF, BF,

and DF dwarfs overlapped, and differences between cones were not

marked. The P axes of the normal Herefords of Van Arsdel also

pointed, in general, ventrad, caudad and sinistrad.

The QRS axes were oriented cephalad, dorsad and sinistrad

in the majority of the CM and CF dwarfs. The QRS axes of SCF, BF

and DF dwarfs were oriented cephalad or caudad, dorsad, and dex-

trad or sinistrad.

The T axes pointed ventrad, cephalad and dextrad or ventrad,

caudad and sinistrad in most dwarfs. Differences among T axes

of the dwarf subgroups were not marked. The T axes were oriented

dextrad in 46 percent of the dwarfs and in 92 percent of the normal

Hereford cattle of Van Arsdel. The average QRS/P angle was 141,

140, 128, 121, and 112 degrees in CM, CF, SCF, BF, and DF

dwarfs, respectively, and was significantly higher in CM and CF

dwarfs than in BF and DF dwarfs. The QRS/P angle ranged from 72

to 171 degrees in dwarfs and from 73 to 180 degrees in the normal

Herefords. The average QRS/T angle was 130, 133, 145, 146, and

140 degrees in CM, CF, SCF, BF, and DF dwarfs and was not sig-

nificantly different among dwarf subgroups. The QRS/T angle

ranged from 94 to 172 degrees in dwarfs and from 91 to 178 degrees

in the normal Hereford cattle of Van Arsdel.



The P, QRS and T vector loops were obtained in the S-plane

in seven SCF, six BF and eleven DF dwarfs. The differences among

the loops were not marked.
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ELECTROCARDIOGRAMS AND RELATED VARIABLES OF
DWARF BEEF CATTLE

INTRODUCTION

Contractions of the heart muscle are accompanied by the devel-

opment of an electrical potential which readily can be recorded from

most points on the body surface. A permanent record of electrical

events associated with a heart beat is known as an electrocardiogram

and the process of obtaining the record the electrocardiography.

N'Orr introduced electrocardiography into veterinary medicine

and published the first accounts of electrocardiograms in cattle in

1921 and 1922 (41, 42). Van Arsdel and his coworkers (65) found

23 references pertaining to electrocardiograms of cattle, but only

two papers, published prior to 1959, were on electrocardiograms of

beef cattle. Ten additional references on beef cattle electrocardio-

grams and 19 additional references on dairy cattle electrocardio-

grams were published since 1959. No record of studies involving

electrocardiograms of dwarf cattle was found.

A priori it was likely that electrocardiograms of dwarf beef

cattle would be unusual. The presence at the University of California

of a herd of dwarf beef cattle with excellent genetic records involving

many physiological and anatomical traits, afforded an opportunity to

make a contribution to cardiology and genetics through the analysis
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of electrocardiograms of dwarf beef cattle.

The purpose of this study was to analyze electrocardiograms

of dwarf beef cattle obtained by William Van Arsdel III, Sucheep

Ratarasarn, Robert L. Manning and Hugo Krueger in July, 1958,

and June, 1959, from the herd at the University of California, Davis,

California. Electrocardiograms obtained with a wide variety of leads

in the Davis dwarfs were studied to determine whether specific

electrocardiac differences could be noted among brachycephalic,

dolichocephalic, compressed, recurrent compressed, and synthetic

compressed dwarf calves and between dwarf and normal animals.

An effort was made to determine the extent to which age, weight,

sex, heart girth, rectal temperature and barn temperature were

correlated with data from the electrocardiograms of the dwarfs.
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LITERATURE REVIEW

Literature on electrocardiography has been, and is accumula-

ting rapidly. Lepeschkin (35) compiled comprehensive reviews of

electrocardiographic literature in which he discussed the anatomical

and physiological relationships of wave configurations, axis orienta-

tion and electrode placement. International electrocardiology com-

missions have been set up to formally recognize a basic system of

nomenclature. International standards have been outlined by Dimond

(10) and Burch and Winsor (2).

Electrocardiograms are studied because they provide an insight

into important aspects of circulation. The ultimate value of electro-

cardiographic data depends upon the availability of related circulatory

data. At the time (1958) Van Arsdel and his associates reviewed the

literature, very little information on the circulatory physiology of

bovines was available. Recently many manuscripts on bovine cir-

culatory physiology have been appearing and some of the more im-

portant information will be summarized. The information in general

is not applicable to dwarf cattle but it gives an insight into related

problems still to be tackled.

Adequate standards for circulatory information have not devel-

oped because of paucity and insufficiency of data. Data on bovine

physiology are usually collected under highly specified conditions.
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Even the taking of an EKG alters the routine of a bovine so much

that circulatory reflex disturbances throughout the procedure may

be expected, perhaps even postulated. Hence comparisons of the

data on normal cattle with data from dwarf calves will be made to

point out that differences exist and not to imply that differences noted

were primarily genetic. The difference noted between the electro-

cardiographic data of normal Herefords and the dwarfs may involve

many factors other than genetic differences. Diet, climate, age,

weight, and management practices were different in the two sets of

cattle.

In the literature reviewed here, there will be sections on elec-

trocardiograms, on cardiac structure, on physiological characteris-

tics of heart muscle, and on cardiovascular physiology. Anatomical

and physiological characteristics of dwarf cattle will also be con-

sidered,

Electrocardiograms in Cattle

While many papers on electrocardiography have been published,

only a few concern beef and dairy cattle. Papers have been published

concerning the bovine EKG in normals, during pregnancy and as ef-

fected by diet. Others have described EKG changes in brisket edema

and during the W-P-W syndrome. The Eisenmenger complex has

been noted and studied. References will be confined to studies
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conducted since 1959 when the review by Van Arsdel and his asso-

ciates (65) appeared. General information on cardiovascular physio-

logy will be added when relevant.

Normal Cattle

In the 29 papers studied on bovine EKGs there is a great deal

of valuable information. However, in the majority of the papers,

observations were made on small numbers of experimental and con-

trol animals and only a few have used large numbers. For purpose

of adequate comparison of similarities and differences among groups

of cattle, the better papers are those of Van Arsdel, Ratarasarn and

Manning. These will receive only a brief mention here but will be

given more intense consideration when our own data are discussed.

In most other manuscripts where larger numbers of cattle were de-

scribed, records were usually obtained only from leads I, II and III;

and in normal cattle, as indicated in the review by Van Arsdel and

his associates (64), these leads were generally isoelectric and pro-

vided inadequate information on cardiac intervals and potentials.

Electrocardiographic patterns of cattle are usually clearer in scapu-

lar or lumbo-sacral leads.

EKG records were obtained on eight clinically healthy calves

4 to 28 days old by Petrov and Alikaev (44). The P and T waves in

lead I were found to have undeterminable direction, being either
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upright, inverted or biphasic.

Heart rate can easily be determined from an electrocardio-

gram. Heart rate can also be obtained by means other than the EKG.

The effects of age and breed (Gill and Anantakrishnan, 17) and of

ovulation (Kumaran and Iya, 32) were studied on heart rate. Gill

and Anantakrishnan (17) recorded the pulse rate by palpation of

the coccygeal artery for 96 cattle of Tharparkar and Red Sindhi

breeds and their crosses. Their data are tabulated below:

Age in

months

Thar-

parkar

1/2 Jersey

X
Thar-

parkar

Red

Sindhi

1/2

Jersey

X

Sindhi

1/4

Jersey

X

Sindhi

1/4

Ayrshire

X

Sindhi

3 94 99 91 100 87

6 77 84 79 92 85 85

9 76 67 79 76 78

12 73 63 75 75

15 72 62

18 67 61 72

21 68 70 61

24 58 66 60

27 60 64 54 64

30 58 64 56 62 58

33 52 68 65 64

36 53 67 64

In young calves the pulse rates were relatively high (between 87 and

107). But as the age and the zebu blood (Tharparkar and Red Sindhi

blood) increased, the pulse rates became lower,
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Kumaran and Iya (32) examined 235 cows rectally on the day of

estrus and the day after estrus. In the cows that ovulated, the pulse

rate was 7.5 beats higher on the day of estrus than on the day after

estrus. In the cows that did not ovulate, the pulse rate was 3.3 beats

higher on the day of estrus than on the day after estrus.

Heart sounds provide information supplemental to the EKG.

Van Arsdel, Weinmann and Krueger (66) recorded heart sounds in

cattle simultaneously with lead S-II. The first, second and fourth

sounds were frequently noted in phonograms. The first sound had

the greatest amplitude but the lowest frequency. The second and

fourth sounds had less amplitude and higher frequency than the first

sound. The first heart sound occurred immediately after the QRS

complex. The second heart sound occurred at the end of the T wave.

The third heart sound was infrequent in occurrence and was found

between T and P waves. The fourth heart sound was sometimes

coincident with the P wave while at other times it occurred after

the P wave. Cardiac events had been associated with the heart

sounds by Butterworth and coworkers (3). The first heart sound

was due to closing of the mitral and tricuspid valves and the opening

of the aortic and pulmonary valves. The second heart sound was

caused by sudden closure of the aortic and pulmonary valves. The

third heart sound was due to vibrations set up because of rapid ven-

tricular filling. The fourth heart sound was due to atrial contraction.
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Pregnancy

Larks and others (34) placed an electrode just above the ma-

ternal umbilicus and another just above the maternal udder. At five

months gestation, the maternal heart rate varied from 84 to 96 beats

per minute and the fetal heart rate from 120 to 150 per minute.

The electrocardiographic pattern of dairy cows during preg-

nancy as well as changes in the EKG of the fetus and the postnatal

calf have been studied in a series of papers by Kanagawa and Too

(30, 31, 57, 58, 59). Twelve electrodes were applied to the dam,

four on the left flank, four on the right flank, two on the ventral

abdomen at the mid line, one in the rectum, and one in the vagina.

The variation of the heart rate of the dam throughout parturition

averaged 30 beats and was less than the average variation of 40

oeats of the fetal heart rate. A small elevation of the heart rate

of the dam (an average of roughly 11 beats) occurred at terminal

stage of parturition. The maternal heart rate ranged from 72 to 108

beats per minute before the rupture of the fetal membranes and from

78 to 136 beats per minute after the expulsion stage.

The fetal heart rate averaged 100 beats per minute just before

the rupture of the fetal membranes. After rupture, a fall in the

fetal heart rate (roughly to 80) occurred in the middle of the expul-

sion stage. Then, the fetal heart rate of newborn calves rapidly
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accelerated to an average of 110 beats per minute and maintained

this rate 10 to 50 minutes postpartum.

In the fetal EKG, the S wave was the major wave of the QRS

complex before rupture of the fetal membranes. After rupture,

however, the QRS complex always showed a major R wave. At

times, the fetal QRS complex temporarily disappeared. This might

have been due to fetal movement in which the angle of the QRS com-

plex against the lead plane became approximately 90 degrees.

Kanagawa and others (30) recorded the EKGs of two cows

suspected of fetal mummification. The recordings failed to show

fetal QRS complexes. Fetal mummification was later confirmed

on postmortem examination.

EKG Alterations due to Diet

The effects of milk diets on EKGs have received the most

attention. Fisher (11) using leads I, II, III, aVR, aVL, and aVF

obtained serial electrocardiograms of both dying and surviving

calves fed on milk. Diarrhea developed in some but not all calves.

Bradycardia was seen in two diarrheic calves which survived and

in three which died. Peaked T waves were seen in many healthy

non-diarrheic calves on the milk diet. Varying degrees of AV block

were observed in 8 out of 25 calves that died of diarrhea. Fisher

and Mc Ewan (13) found a significantly lower potassium content in
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the heart muscle of calves that died of diarrhea. They felt that the

low potassium content in the cardiac muscle along with a higher than

normal extracellular potassium could have interfered with depolari-

zation and could have produced bradycardia and/or varying degrees

of heart block.

Rumsey and others (53) studied the effects on EKGs of calves

on milk diets including concentrate and roughage. The amplitudes

of the P and T waves in lead II were greater in calves fed milk plus

roughage and concentrate than in calves fed roughage and concentrate

alone. Upright T waves in lead I, II and III were found in calves

receiving milk in contrast to inverted T waves in calves receiving

no milk. The authors suggested that the inversion of the T wave

might have occurred due to age rather than milk, as the effect of

age was not determined separately.

The effect on the EKG of shifting from a pelleted ration of al-

falfa and concentrate to loose hay and grain or to pasture was studied

in six Angus and two Hereford calves by Ratarasarn and others (49).

The pelleted ration gave a greater consumption of feed per unit time

than loose hay and grain or pasture. Heart rate was reduced from 97

to 84 beats per minute (lead S-II) when the calves were transferred

to loose hay and grain or to pasture.

EKG alterations in cattle due to mineral intake have also re-

ceived attention. Mathieu and Pelletier (38) gave two dairy cows,
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one dry and the other in lactation, 0.3 percent CaC12 solution as the

only source of drinking water. EKGs were taken on the 45th day with

the three standard limb leads. No abnormalities were noted.

EKGs were obtained by De Groot (8) with leads I, II and III

from 14 dairy cattle on diets yielding a Mg level in blood serum fluc-

tuating from 0.6 to 2. 8 mg/100 ml. As the Mg level of the serum be-

came lower, the Q-T and P-R intervals became shorter. Variation

in the serum Mg level did not alter the amplitude of the QRS complex.

Arteriosclerosis was noted in cattle established in a red desert

area (of volcanic origin) in the south point section of a Hawaiian

ranch by Willers and his associates (70). The red desert forage

plants contained higher levels of Ca, Mg, K, and phosphate (15. 9,

6. 3, 34.8, and 3.8 Kg per meteric ton) than forage plants grown

elsewhere (12. 4, 4. 9, 20. 0, and 2. 7 Kg per meteric ton). To inves-

tigate the arteriosclerosis, a total of 417 EKG records with leads

recommended by Van Arsdel were taken on two Hereford cattle

herds of 31 head each, one herd on the red desert forage and the

other on pastures grown elsewhere. Records from lead I were

analyzed. Tented T waves, prolonged QRS intervals, elevated S-T

segment, and low T potentials were observed in cattle on the red

desert forage. The sclerotic changes were ameliorated on moving

cattle to pastures grown on soils other than the red desert soil. The

authors concluded that the red desert soil was the primary cause of
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the sclerotic lesions.

Brisket Edema

Cardiac alterations have been noted in brisket edema (a collec-

tion of extracellular fluid in the lower chest region) by Van Arsdel

and Bogart (62). Electrocardiograms were obtained from two eight-

year-old Angus cows, one with brisket edema, and the other normal.

The R-R interval in lead S-II (see materials and methods) in the pre-

sumably normal cow was 1.28 seconds (heart rate 47 beats per

minute which was less than the normal heart rate of approximately

95 beats per minute recorded by Manning) in contrast to the R-R in-

terval of 0. 53 second (heart rate of 114 beats per minute) in the

edemic cow.. The P-R interval and the QRS duration were relatively

constant between the two cows. The T -P segment was 0. 57 second

in the normal cow and 0. 01 second in the edemic cow. Systole in the

normal cow was 38 percent and diastole 63 percent of the cardiac

cycle in contrast to a systole of 57 percent and a diastole of 43

percent of the cardiac cycle in the edemic cow. The low heart rate

of 47 beats per minute raises the question of standards and points

out the inadequate circulatory data available for cattle. Insufficient

data have been published to allow an estimate of heart rates for

cattle except under highly specified conditions. Even the taking of

an EKG alters the routine of a bovine so much that circulatory reflex
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disturbance throughout the procedure may be expected, perhaps even

postulated. In brisket edema only two heart sounds were noted. The

duration of the first heart sound was 0. 08 second (normal -- 0. 06

second) and that of the second heart sound was 0.16 second (normal--

0.12 second).. The first heart sound in the diseased cow was split

which suggested hypertrophy of the right ventricle.

Hecht and Thorne (25) heard a murmur during systole in cattle

afflicted with brisket edema. The murmur was widely transmitted,

rather high pitched and blended with both the first and the second

heart sounds. When the cattle were brought down to lower altitudes,

the murmur disappeared. It was thought that excessive pulmonary

hypertension due to high altititudes led to distention of the right

ventricle and incompetence of the tricuspid valve. This distention

and incompetence caused a regurgitation of the blood which gave

rise to the murmur.

W-P-W Syndrome and Eisenmenger Complex

Several cardiac anomalies have been reported in cattle.

Among them are the W-P-W syndrome (short P-R interval with pro-

longed QRS duration) and the Eisenmenger complex (an interventri-

cular septal defect with dextroposition of the aorta).

A Hereford cow exhibiting a normal EKG pattern at one time

and a W-P-W syndrome at another was described by Van Arsdel and
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Bogart (63). The duration of the R-R interval was 0. 74 second

(heart rate of roughly 81 beats per minute) during the periods that

could be described as normal and was 0.64 second (heart rate of

roughly 94 beats per minute) during the W-P-W syndrome. The P-R

interval was 0.20 second in the normal period and 0.10 second in the

syndrome. The duration of the QRS complex was 0. 08 second nor-

mally and 0.15 second during the syndrome. The Q deflection

formed the main part of the QRS complex in several limb and scapu-

lar leads during the W-P-W syndrome while the R deflection formed

the main part of the QRS complex in the corresponding leads during

the normal EKG pattern. The QRS potential was 1. 66 millivolts

during the W-P-W syndrome and 0.67 during the normal EKG pattern.

Van Arsdel and Bogart found that the first heart sound was much

louder than the second heart sound during the W-P-W syndrome.

The first heart sound did not start until after the termination of the

ORS complex. This delay in the heart sound apparently was due to

the atria not emptying before the ventricles contracted.

Another case of an intermittent W-P-W syndrome was noted by

Dubois [as cited by Buchanan (1)]. A cow was experimentally ino-

culated with foot and mouth disease virus. The W-P-W syndrome

occurred 18 days after the inoculation.

The occurrence of an Eisenmenger syndrome or complex in an

18-month-old Ayrshire heifer was reported by Fisher and others
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(14, 15). Electrocardiograms taken with leads I, II and III showed

very large QRS complexes when compared to those of normal cattle.

Postmortem examination revealed an enlarged heart with left and

right ventricles hypertrophied. There was a defect in the interven-

tricular septum. A pulmonic aortic window was noted. The pul-

monary trunk was dialated and the aorta was displaced to the right.

Cardiac Structure

The structure and arrangement of the tissues of the heart are

discussed to help understand the electrical phenomena and conduc-

tion within the heart and thus electrocardiograms. Raymond (50)

described the SA node, the AV node, the AV bundle, and the Purkinje

fibers of the cardiac conduction system in cattle. The SA node, or

the pacemaker tissue, was located at the junction of the superior

vena cava and the right atrium. It consisted of one large or several

small arteries surrounded by anastomosing, slender, striated nodal

fibers (fibers marked by narrow bands due to differential refractions)

which were enmeshed in and supported by a framework of collagen

and reticular connective tissue cells and fibers. Small strands of

nodal fibers radiated outward and coursed between contiguous bundles

of atrial muscle.

The AV node consisted of a network of small, striated muscle

fibers. This node lay in the base of the interatrial septum beneath
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the endocardium and above the annular attachment of the posterior

leaflet of the tricuspid valve. The AV node had loose connective

tissue, large venous sinusoids, several small arterioles and a

prominent capillary network. The inferior region of the AV node

was a compact portion that lay in the annulus, whereas the superior

portion and the right margins were more loosely organized and gradu-

ally blended with the muscle fibers of the right atrium and the inter-

atrial septum (50).

The AV bundle arose from the deep surface of the AV node and

traversed the right fibrous trigon (triangular area) as several

separate fascicles. Below the fibrous trigon, the AV bundle fibers

reassembled into a single bundle (50).

Purkinje fiber were the terminal fibers of the left and right

bundle branches and were widely distributed in the endocardium of

the left and the right ventricles. The Purkinje elements had fewer

myofibrils and a diameter several times larger than adjacent ventri-

cular muscle fibers (50).

Kawamura and Konishi (33) isolated muscles from ventricles,

atria, appendages and conduction tissue of a cow, and examined them

under the electron microscope. In ordinary myocardium, the muscle

cells were connected with each other end to end at the intercalated

disc (folded membrane). Most of the discs perpendicularly transec-

ted the long axis of the cell, crossing the myofibrils where a Z line
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(the dark line dividing the light band of the myofibrils) would be ex-

pected. The basement membrane (delicate transparent layer under-

lying the cells) did not participate in cell junction but always passed

without interruption from the surface of one cell to the surface of

the next one.

In the SA and AV nodes, the muscle cells were smaller in size

than those of the myocardium. They were also more irregular in

shape. The Purkinje cells were huge and were arranged in a few

rows. They were mostly cylindrical or cuboidal in shape (33).

Generally, the three types of structural differentiations which

were seen along the intercellular boundaries of the heart muscle

cells were the intermediate junction (fascia adherens), the desmo-

some (macula adherens) and the tight junction (macula or fascia

occludens). There was a gap of about 200 A between the plasma

membranes (membranes surrounding or enveloping a cell) along the

cell boundaries of the intermediate junction and the desmosome.

Along the tight junction, there was no particular differentiation apart

from some vesicles or tubular structures occasionally associated

with the plasma membranes. Materials filling the interspace between

plasma membranes of all three types of cell junctions were lipid and

hydrophobic in nature. At the intermediate junction, the intercellu-

lar gap contained extracellular fluid. The authors assumed that the

tight junction played an essential role as a low resistance electrical



18

pathway for the current flow which was responsible for the conduc-

tion of excitation (33).

Helander (26) found that conduction bundles and conduction

fibers consisted of myofibrils (myosin, actin, tropomyosin). The

myofibrils had similar biochemical characteristics to contractile

proteins from skeletal muscle or myocardium.

Physiological Characteristics of Heart Muscle

Some of the physiological characteristics studied for cattle

have been cardiac dynamics, vagal stimulation, impulse transmis-

sion, the effect of bundle branch block, and the artificial production

of an open ductus arteriosus. The effect of drugs on the refractory

period and the effect of ions on tension developed in excised heart

muscle have been investigated. Information is also available on the

oxygen consumption of excised cardiac muscle.

Cardiac Dynamics

Various phases of cardiac dynamics were studied by Spbrri

(56) in ten cows. Pressures were recorded simultaneously by micro-

manometers mounted on tips of cardiac catheters introduced into the

atria, ventricles, pulmonary artery and aorta.



Transformation phase

Isometric contraction phase

Ejection phase

Approximate Q-T interval (Pinjani)

19
Right Left

Ventricle Ventricle

O. 050 0. 032

0. 040 0. 070

0. 368 0. 356

O. 408 O. 426

The transformation phase (from atrial systole to ventricular systole)

of the right ventricle was longer than that of the left ventricle. The

mitral valve (the valve between the left atrium and the left ventricle),

therefore, closed earlier than the tricuspid valve (the valve between

the right atrium and the right ventricle). The isometric contraction

phase of the left ventricle lasted longer than that of the right ventri-

cle. The opening of the pulmonic valve, therefore, preceded that of

the aortic valve. The ejection phase of the left ventricle was shorter

than that of the right ventricle, although the ejection phase of the

left ventricle began later than that of the right ventricle. The aortic

valve, therefore, closed earlier than the pulmonic valve. The influ-

ence of both the inspiration and the expiration on the time sequence

of the closure and opening of the cardiac valves was slight. (For

comparison with EKG data, the isometric phase and the ejection

phase should approximate the Q-T interval. ) The value of 0. 43

second is somewhat higher than the average of 0.32 and upper range

of 0.38 second obtained by Manning in Hereford calves. The longer

interval may have been due to surgical procedure.
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Vag al Stimulation

In a clinical case from Gabraschansky reported by Buchanan

(1), a complete AV block was noted in a cow when the laryngeal

region was palpated. At necropsy a small piece of wire was found

penetrating the vagus nerve near the larynx. Primary heart disease

was not found.

EKG records were obtained in two newborn calves with the

help of an exploring electrode that rested on the right atrium and a

bipolar electrode with uninsulated tips in the AV node by Pruitt (47).

On vagal stimulation the heart stopped and in the first beat to develop,

the P-R interval lengthened greatly but was followed by a ventricular

complex. The second atrial complex did not produce ventricular

excitation. The third atrial complex gave ventricular excitation

with a shortening of the P-R interval. The fourth atrial complex

was followed by a hump reflecting nodal excitation that failed to pro-

duce a ventricular response. The fifth atrial deflection was followed

by a nodal hump and a normal ventricular complex. EKGs in sub-

sequent beats appeared normal.

Impulse Transmission

Moore (39) determined the time of atrioventricular transmis-

sion for normal and premature beats in excised perfused hearts of
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seven newborn calves. Electrode plaques, containing five silver

contacts, had been sutured over the bundle of His, the bundle

branches, and the peripheral Purkinje system, through either atrio-

tomy or ventriculotomy. A delay circuit of the basic drive stimula-

tor to the atrium enabled premature stimuli to be interpolated at any

interval within the basic cycle. Premature stimuli to the atria from

outside the SA node were applied after every tenth response evoked

by the basic drive stimuli. The AV nodal conduction time (time re-

quired for the impulse to traverse the AV node) was 75 msec and did

not increase significantly (80 msec) with premature excitation.

The ventricular activation process has been investigated by

Crocker and Smith (7) and by Hamlin and Smith (23). Crocker and

Smith (7) used five channels to display activity occurring at the

electrode terminals. A reference potential was recorded from a

narrow bipolar electrode which was sutured in the heart. Leads I,

aVF, aVR and V (see materials and methods) were used to record

EKGs at a speed of 1, 000 mm per second. Ventricular myocardial

excitation commenced near the apex of the bovine heart in rather

distinct cranial and caudal regions of the free walls and septum.

The mean electrical vector thus essentially was directed to the right,

cranially, and toward the sternum. During the ascending limb of

the R wave of the QRS complex (in the chest leads), activation of

the remaining two-thirds of the septum and nearly all of the
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ventricular free walls occurred and resulted in a burst of activity

arising primarily from the regions excited during the Q deflection

(of the QRS complex). Thus, the mean electrical vector was directed

toward the vertebrae. During the descending limb of the R wave,

excitation of the basillar regions of the septum occurred and also

resulted in a mean electrical vector directed toward the vertebrae.

The magnitude and direction of this vector (either cranial, caudal

or right) were variable among cattle depending on the relationship

of tangential as well as radial components of the ventricular activa-

tion process. Multifocal depolarization and a high degree of cancel-

lation were implied.

The description by Hamlin and Smith (23) is essentially similar.

In cattle, initial depolarization (during the first five to ten msec of

the QRS complex) occurred in an endocardial shell surrounding the

apex of the left ventricle. Simultaneously, the interventricular sep-

tum was excited from the right ventricular endocardium toward the

left. The excitation in the interventricular septum during later

depolarization (the final 40 msec of the QRS complex) followed in a

general apicobasillar direction. At the same time, activation of the

epicardial base (outermost tissue next to visceral pericardium) of

the left ventricle occurred in a subepicardial to epicardial direction.
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Bundle Branch Block

EKGs aftcr )(-1:: were obtained from two newborn

calves anesthetized with 25 mg per Kg body weight of sodium pheno-

barbital intravenously by Pruitt (48). The right bundle branch was

severed by cutting the moderator band. The left bundle branch was

transected by introducing a scalpel through the antero-septal portion

of left ventricular wall, EKGs were recorded from unipolar elec-

trodes on the beating heart in situ. During right bundle branch block,

the QRS interval increased 0. 02 second, the rS complex of the right

anterior surface changed to an Rs, the rS complex of the right cavity

lead changed to an RS, and the leads from the left surface and cavity

disclosed a widening of the terminal portion of the complex. During

left bundle branch block, the QRS interval also increased by 0. 02

second, the RS deflection of the left surface became an R wave, the

QS deflection of the left cavity lead became an RS deflection, and

widening of the terminal deflection was recorded from right ventri-

cular surface and cavity,

Artificial Ductus Arteriosus

Rudolph (51) introduced an artificial ductus arteriosus (U-

shaped tube) in a newborn calf. Catheters were inserted into the

left and right ventricles, left atrium, aorta and pulmonary artery.
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The likelihood of cardiac failure was found to depend on the rapidity

with which pulmonary vascular resistance fell and on the ability of

the left ventricle to adjust to an increased volume load. Thus, the

authors concluded that in an animal with a large septal defect an

overload of the left ventricle and consequent cardiac failure would

occur. This conclusion of the authors is difficult to reconcile with

the fact that in cattle with an Eisenmenger complex, the cardiac

failure does not always occur and some do survive.

Refractory Period

Pillat (46) investigated the effect of quinidine derivatives on

the relative refractory period and on the occurrence of propagated

spikes in excised bovine cardiac muscle. Some of the drugs studied

prolonged the effective refractory period. During the effective re-

fractory period the test stimuli gave an all-or-none response. When

spikes were obtained, a high upstroke velocity and a sizeable over-

shoot occurred. The transition from spikes (duration 30 to 50 msec)

to full action potentials (250-400 msec) was also all or none.

Tension Production in Excised Cardiac Muscle

ller (40) investigated the effect of calcium- and potassium-

free solutions on the trabecular muscles in the heart of a calf. Ac-

tion potentials were recorded with microelectrodes and a mechano-
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electrical transducer. The trabecular muscles contracted spontane-

ously in a K-free and a Ca-free Tyrode solution. Removal of Ca

ions resulted in a decrease of developed tension while removal of K

ions resulted in an increase.

Heppner, Weidmann and Wood (27) recorded tension from a

thin bundle of calf ventricular fibers. Reversal of membrane poten-

tial for one to two seconds had a greater positive inotropic effect

(increased strength of contraction) by two-fold or more than a

series of paired action potentials. Hence, the repeated membrane

repolarizations were not essential for development of a positive

inotropic effect.

Oxygen Consumption of Excised Cardiac Muscle

Hashiba (24) determined the oxygen consumption of skeletal

and heart muscles of bovines. A Beckman-Clark oxygen electrode

with a physiological gas analyzer was used. The average oxygen

consumption of 12 specimens on a wet weight basis was 0. 26 + 0. 03

microliter/min/mg for the specialized muscle, and 0. 99 + 0. 01

microliter/min/mg for skeletal muscle. Thus, the oxygen consump-

tion was higher in skeletal muscle than in cardiac muscle. It was

postulated by the author that the glycolytic process (breakdown of

sugar) during ischemia might last longer in the heart muscle than

in the skeletal muscle since cardiac muscle required less oxygen.
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Cardiovascular Physiology

Some information here will be considered on cardiac output,

blood pressure and blood.

Cardiac Output and Blood Pressure

Fisher and Dalton (12) studied the relationship between cardiac

output and body weight of 29 cattle. The weight of the cattle ranged

from 111 to 650 Kg and cardiac output from 12.3 to 65. 0 liters per

minute. This can be converted to a range of 94 to 133 ml per Kg per

minute. The average cardiac output was 45, 8 ml per minute or 113

ml per Kg body weight.

Whittow (69) obtained cardiac outputs of seven Ayrshire steers

at different humidities and temperatures. Four ml of a 20 mg/ml

solution of T-1824 dye was injected into the pulmonary artery through

a polyethylene catheter. Serial 2 ml samples of arterial blood were

collected after every 1.05 sec from a carotid artery. Blood samples

were centrifuged and the optical density of plasma was read at a wave

length of 620 mp. The optical densities of plasma samples were con-

verted to dye concentrations by means of a standard line graph pre-

pared by adding weighed drops of dye solution to known volumes of

plasma. From the amount of dye injected and the concentration of

dye in the plasma, the cardiac output was computed in liters of
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plasma/minute. The cardiac outputs were expressed in liters of

blood/minute by utilizing the hematocrit values determined before

injection of the dye.

Dry Bulb Wet Bulb Dry Bulb Wet Bulb Dry Bulb Wet Bulb
15.0 C 11.5C 40.00 22.0 C 40.00 39.5C

Rectal temperature (C) 39.0 39.1 41.5

Cardiac output (I /min) 25.3 27.9 48.6

Heart rate (beats/min) 67 69 137

Stroke volume (ml) 390 409 230

Blood pressure (mm Hg) 136 126 141

A small but statistically significant difference (P< . 05) in cardiac

output occurred between the temperatures of 15 and 40 C at low

humidity. However, the higher cardiac output in the hot environment

was due mainly to an increase in stroke volume. When the humidity

of the hot room (40 C dry bulb) was increased to wet bulb 39. 5 C, a

further increase in cardiac output occurred. The higher cardiac

output in the hot and humid environment was due mainly to an in-

crease in heart rate; stroke volume decreased significantly. (The

tabular data were taken directly from the report by Whittow (69).

Why heart rate X stroke volume does not equal cardiac output is

not clear. ) The increase in the mean arterial blood pressure with a

high body temperature (41. 5 C) was due to increased cardiac output

which resulted from an increase in heart rate.
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Whenever cattle grazed at an altitude above 7,000 feet some

developed heart failure of the right side of the heart due to chronic

hypoxia. Pulmonary hypertension from an increase in pulmonary

vascular resistance caused the heart failure. In nine steers moved

from the plains of Kansas to Mount Evans, Colorado, to graze at an

altitude of 13,000 feet, the mean pulmonary arterial pressure (ob-

tained by cardiac catheterization) increased from 30 mm Hg to 63

mm Hg in two weeks, and by the sixth week, the range of the mean

pulmonary pressure was 55 110 mm Hg with an average at 78

mm Hg [Grover (22)].

Rudolph and Yuan (52) found in a newborn calf that when oxygen

tension (Po ) was 100 mm Hg or above, reduction to pH below 7.30

resulted in a small increase in pulmonary vascular resistance de-

termined by electromagnetic flowmeter. When pH was above 7.35,

even Po2 of only 18 to 20 mm Hg resulted in a minimal increase in

pulmonary vascular resistance. However, when the pH was lowered

below 7.30, and, at the same time, the Po2 was reduced below 50

mm Hg, a significant increase in pulmonary vascular resistance

occurred.

Blood

The development of blood volume in cattle during the first

year of life was investigated by Wels and Horn (68). It was found
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that calves at birth (33 Kg body weight) had 3.7 liters of blood and

2.3 liters of plasma. By 400 days of age (220 Kg body weight), the

blood and plasma volumes had increased to 13,2 and 9. 2 liters, re-

spectively. Thus, the blood and plasma volumes per Kg body weight

dropped from 118 and 80 ml to 65 and 45 ml, respectively. Payne

and his associates (43) found the mean blood and plasma levels per

Kg body weight in six grazing Hereford cattle to be 82.2 and 54.0

ml at two months of age and 61.3 and 37.1 ml at three years of age.

Pfeffer and his associates (45) fed two cows on a low sodium

basic ration without common salt from the end of pregnancy until

the 209th day of lactation. Then, 63 grams of common salt were

added daily for 14 days. During the time of low sodium feeding,

the erythrocyte volume increased from 11.1 to 13.5 liters, the

plasma volume decreased from 25 to 20 liters and the chlorine

concentration of the serum decreased from 100 to 90 mg/liter.

After supplementation with salt, the erythrocyte volume decreased

to 11.2 liters, the plasma volume increased to 24.7 liters and the

chlorine concentration of the serum increased to 97 mg /liter.

Some morphological and biochemical indices of pregnant

heifer blood were determined by Ivanovskaya (28). The number of

erythrocytes of the dam increased to 6, 260, 000 per cmm (normal --

5,839,000 per cmm) during the eighth and ninth month of pregnancy

and to 7,195,000 per cmm during the first three days after
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parturition. Towards the end of the first month, the number of

erythrocytes decreased to normal. The index of hemoglobin (percent

hemoglobin) change was basically parallel to the change in the amount

of erythrocytes. Viscocity of blood (4. 5 before pregnancy) also in-

creased parallel to increase in quantity of erythrocytes and hemo-

globin and was maximum (5.3) in the first three days after birth.

The author thought that the increase in viscocity was due to aloss of a

large amount of amniotic fluid in the process of birth.

Anatomical and Physiological Characteristics of Dwarf Cattle

In this section, the anatomical and physiological characteristics

of brachycephalic dwarfs will be considered first. The anatomical

characteristics of the dolichocephalic dwarfs and compressed dwarfs

will be presented next. A discussion of the genetics and interrela-

tionships among the brachycephalic, dolichocephalic and compressed

dwarfs will follow.

Brachycephalic or Short Headed Dwarf

Julian and his associates (29) characterized the brachycephalic

dwarf by the short, broad head with a mean cephalic index (head-

length/head-width) of around 1.75. Gregory and Brown (20) mea-

sured the head length from the frontal eminence at the pole to the

firm tissue immediately above the nose, and the head width from
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above the eyes with a specially devised caliper known as the profilo-

meter.

The brachycephalic dwarfs had a characteristic bulging forehead,

an undershot jaw, an enlarged abdomen (particularly in older animals)

and short legs. Brachycephalic animals were overly mature in ap-

pearance when young. A mild internal hydrocephalus (abnormal ac-

cumulation of fluid in the ventricles of the brain) was present. Clo-

sure of the spheno-occipital synchondrosis may have occurred as early

as the first day after birth but was always complete by six months of

age. In normal cattle, the closure of the spheno-occipital synchon-

drosis occurred between the 24th and 36th month. Achondroplasia

found in the brachycephalic dwarfs resulted in a shortening of the

diaphyses of all long bones of the appendicular skeleton. The meta-

carpal diaphyses suffered the greatest reduction. The brachycephalic

type of dwarf occurred in Hereford, Shorthorn and Angus cattle.

Other breeds of beef cattle in the United States have shown evidence

of many types of chondrodystrophies (abnormal development of car-

tilage), all of which have appeared genetically related. The brachy-

cephalic dwarf is shown in Figure la.

Both the economic and genetic importance of brachycephalic

dwarfs have led to investigations of their physiological characteristics.

The following section will include chemical, hematological, and hor-

monal investigations of these characteristics. The chemical and the



Figure 1. Dwarfism in beef cattle, a. Brachycephalic or short
headed dwarf female. b. Dolichocephalic or long headed
dwarf female. c. Synthetic compressed dwarf male.
d. Compressed dwarf male. The brachycephalic,
dolichocephalic and synthetic compressed dwarfs are
from the herd at the University of California, Davis,
California. The compressed dwarf is from a ranch in
New Mexico.
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hematological aspects will be considered first, followed by the

hormonal ones.

Tyler and his associates (60) precipitated and fractionated

mucopolysaccharides of urine from two brachycephalic dwarfs and

found that the concentration of the total urinary polysaccharides

was 28.5 mg per liter in one and 3.2 mg per liter in the other. In

both dwarfs, 75 percent of the polysaccharides were chondroitin sul-

fate. No evidence of hyaluronate was found, though both samples

contained some glucosamine. The infrared spectrum indicated only

chondroitin sulfate -A. Neither chondroitin. sulfate -B nor heparin

sulfate, characteristic of Hurler's syndrome (dwarfism in human

beings), was found in the urine of the brachycephalic dwarf calves.

Gargoyle cells (clear cells), also typically seen in the preparation

of liver, spleen and pituitary glands from human beings with Hurler's

syndrome, were absent in histologic preparations from brachy-

cephalic bovine dwarfs. Thus, the authors found Hurler's syndrome

and bovine dwarfism to be nonhomologous conditions.

Cornelius, Tyler and Gregory (6) conducted chemical and

hematological studies on 38 Hereford and Angus brachycephalic

dwarfs ranging in age from 6 days to 14 months. The average

chemical concentrations (in mg percent) found in the serum were:
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Brachycephalic Dwarf

cholesterol 156. 0

calcium 10. 4

phosphate 7. 6

magnesium 3. 3

total protein 6. 0

albumin 2. 7

a-globulin 0. 7

13- globulin 1. 5

y- globulin 0. 3

The cerebrospinal fluid protein was 22. 0 mg percent. Four serum

protein-bound iodine determinations were 3. 2, 3. 7, 4. 5 and 2. 8

microgram percent. All these values including the cholesterol and

the protein-bound iodine are in the range found in normal cattle

under 14 months of age and indicated that the brachycephalic dwarf

is not a primary thyroid cretin.

Average hematological values of the brachycephalic dwarfs

were:

Packed cell volume

Hemoglobin

Leukocytes

RBC

Brachycephalic Dwarfs

38. 1 percent

11.7 percent

8, 800/ crnm

9, 800, 000/cmm
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The hematological data are similar to values for normal beef cattle

under 14 months of age.

The average neutrophil and lymphocyte counts in the brachy-

cephalic dwarfs were significantly different (with a random proba-

bility of less than 0.1 percent) from those of the normal cattle and

were as follows:

Brachycephalic Dwarf Cattle Normal Cattle

Neutrophils 33.3 percent 23.7 percent

Lymphocytes 55. 6 percent 68. 0 percent

Differences in differential counts of leucocytes probably were due to

more neutrophils and fewer lymphocytes in the brachycephalic dwarfs

than in the normal cattle.

To study a possible mechanism in the production of brachy-

cephalic dwarfs, Carroll and Gregory (4) injected pituitary tissue

extracts from brachycephalic dwarfs at the rate of 7 to 20 mg over a

period of 10 to 30 days into dwarf mice in which the thyroid-pituitary

axis was abnormal. Dwarf mice injected with pituitary tissue ex-

tract from nonachondroplastic cattle of normal size and the uninjec-

ted dwarf mice were used as controls. Injection of pituitary extract

from bovine dwarfs stimulated mouse growth significantly, as did

extract from normal cattle. The responses were identical. Accord-

ing to the authors, it seemed doubtful, therefore, that the brachy-

cephalic dwarf suffered from a deficiency of the growth hormone..
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The authors suggested that, possibly, the hormone of the bovine

dwarf became inactivated before it reached the target tissue.

Dolichocephalic or Long Headed Dwarf

Julian and his associates (29) characterized the dolichocephalic

dwarf by an extremely long head with a cephalic index of around 2. 0.

At comparable ages, the dolichocephalic dwarf was slightly larger

in size than the brachycephalic dwarf. Manifestations of achondro-

plasia were also evident in the dolichocephalic dwarf. The meta-

carpal indices were in the range of the short-headed dwarf but the

pattern of sphenooccipital fusion was different. The spheno-occipital

fusion in the dolichocephalic dwarf occurred before three months of

age but might not have been completed before 17 months of age. The

dolichocephalic dwarfs occurred as sibs to brachycephalic dwarfs,

compressed dwarfs or calves meeting the specifications of the breed.

The dolichocephalic dwarf is shown in Figure lb.

Compressed Dwarf

Julian and his associates (29) reported that the compressed

dwarfs were subnormal in size and varied from 65 to 90 percent of

the normal size. Some of the larger compressed dwarfs could have

been mistaken for normal cattle. Compressed dwarfs were either

low-set and blocky or thin-fleshed and angular. Both types had the
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same range in height. The compressed dwarfs included the recurrent

compressed and the synthetic compressed dwarfs. The recurrent

compressed dwarf developed either from matings of parents of

normal size or from matings of compressed sires and dams. The

synthetic compressed dwarf developed from matings of a dolicho-

cephalic parent with a brachycephalic parent. A compressed type

of dwarf is shown in Figure id. A synthetic compressed type of

dwarf is shown in Figure lc.

Genetics and Interrelationships Among Dwarfs

Julian and others (29) reported that the original definition of

dwarfism was based on the early studies of inheritance of the brachy-

cephalic dwarf, the type that plagued beef producers. Previous

studies indicated that the brachycephalic dwarf was conditioned by

one autosomal recessive gene. These studies were based on infor-

mation from breeders who recognized only one type of dwarf, the

conventional short-headed or the brachycephalic dwarf. Accordingly,

cattle could be divided into three groups with respect to dwarfism:

the dwarf, the carrier or heterozygote, and the homozygous normal

or clean animal. In 1954, when other types of dwarfs and the genetic

relationship among them were discovered, the view of only one type

of dwarf was discarded. The theory that dwarfism was a complex

which occurred in a variety of phenotypic forms came into being.
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This theory was based on the facts that (1) the dolichocephalic and

the brachycephalic dwarfs occurred as sibs to other members of the

dwarf complex and to normal animals; (2) herds composed largely of

the compressed type had a high incidence of brachycephalic dwarfs;

(3) brachycephalic dwarfs were identical (involved the same dwarfing

process) whether they resulted from matings of compressed cattle

or from matings of cattle meeting normal breed specifications;

(4) compressed, dolichocephalic and intermediate dwarfs had struc-

tural characteristics that were modifications of those found in the

brachycephalic dwarf and were manifestations of achondroplasia;

(5) the hypothesis of one autosomal recessive gene conditioning

the brachycephalic dwarf was disproved by reports of the progeny

test; and (6) the mating tests at the University of California indicated

that several loci were involved in the brachycephalic dwarf.

Gregory and others (21) based their study of bovine achondro-

plastic mutants and mature nonachondroplastic control cows on

standards for mature weights and heights at hook bones (tuber

coxae). Weights and heights were expressed in percentage of con-

trols and the mutant types were seen to differ from the controls.

Even when the brachycephalic and the dolichocephalic dwarfs did

not differ in weight or height, each could be identified by specific

head and skeletal characteristics. When long-headed (dolicho-

cephalic) dwarf cows were mated to short-headed (brachycephalic)
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dwarf bulls, all the progeny were reconstituted compressed types

identical in weight, height, and general appearance. The reciprocal

mating of the dolichocephalic dwarf bulls to the brachycephalic dwarf

cows yielded the compressed reversion type progeny and brachy-

cephalic dwarfs in equal proportions. Thus, in accordance with the

authors, the matings indicated that compressed, brachycephalic,

and dolichocephalic mutants were genetically related. A hypothesis

was proposed that the three achondroplastic recessive mutants could

be differentiated from nonachondroplastic controls by one pair of

alleles, Ss, and that the distinct classes of achondroplasia were

conditioned by the interaction of alleles at two other loci, a and b,

that act as modifiers to gene s in the homozygous state.
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MATERIALS AND METHODS

Electrocardiographic records were obtained from an experi-

mental herd of dwarf beef cattle maintained at the University of

California, Davis, California. The herd consisted of dwarfs from

Hereford, Angus, and Shorthorn breeds and a variety of crosses

among them. The males studied were between one and three years

of age and ranged from 445 to 790 pounds in body weight. Females

studied were from six months to eight years of age and weighed from

343 to 1180 pounds. Thus the data were obtained from a heterogene-

ous group of animals.

The dwarf calves were handled without unnecessary restraint

to minimize excitement. Each calf was led to the recording area

and secured to a wooden post. Bales of hay were placed on each side

of the animal to restrict motion, protect equipment, and serve as a

convenient table. Rubber mats were placed on tar paper between the

bales. Saw dust was applied when necessary to absorb the urine and

to reduce electrical interference. The temperature of the barn and

the rectal temperature of each animal was recorded previous to the

electrode placement operation. The dwarf calves were not fed im-

mediately prior to or during taking of the electrocardiograms.

Electrocardiograms were obtained from 67 dwarfs. Of these,

11 were brachycephalic, 16 dolichocephalic, 28 compressed, 2 re-

current-compressed, and 10 synthetic-compressed. There were 15
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males and 52 females. The records for animals numbered from

D-1 through D-40 were obtained in July, 1958, and for animals

numbered from D-41 through D-82 in June, 1959.

Electrocardiographic data were also collected from 40 normal

Hereford calves (ten males and ten females weighing 500 pounds;

ten males and ten females weighing 800 pounds). All were of the E

series (1955) and were maintained at the Oregon Agricultural Ex-

periment Station, Corvallis, Oregon (61). The data on these nor-

mal calves will be included wherever adequate published data on

normal beef cattle are unavailable for comparison with the dwarfs.

Details of equipment and procedures used are given in the

monograph by Van Arsdel and his associates (65). The electro-

cardiograms of the dwarf beef calves and of the normal Hereford

E calves were taken by William Van Arsdel III, Sucheep Ratarasarn,

Robert Manning and Hugo Krueger.

Four areas of information are usually investigated in the

analysis of an electrocardiogram: (1) wave and complex charac-

teristics, (2) time intervals, (3) cardiac potentials, and (4) detailed

or average data on the axes of electrical activity (the direction of

the lead that would show the greatest electrical potential). An

electrocardiogram is usually considered to be made up of three

or more complexes: the P complex, the QRS complex (Q, R and S

waves), and the T complex. These three complexes or five waves
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reflect electrical changes developing in the heart (65). Cardiac in-

tervals are obtained by direct linear measurement to the nearest

0. 01 second along the time axis (abscissa), and potentials recorded

are obtained by direct linear measurement with the help of a hand

lens and fine point needle calipers to the nearest 0. 05 millivolt

along the ordinate. To avoid the correction of the width of the string,

the amplitude of the positive deflections is measured from the upper

portion of the isoelectric line, and the negative deflections are mea-

sured from the lower portion of the isoelectric line to the apex of

the wave (2, p. 70). Potentials were recorded in units of 0. 1 milli-

volt; these units were equivalent to one mm along the y-axis of the

electrocardiogram.

Cardiac Intervals

Cardiac time periods usually studied are the P-P, R-R, P-R,

Q-T, and T-Q intervals, and the QRS duration, The heart rate can

either be measured by the P-P interval, the period between two

atrial contractions, or the R-R interval, the period between two

ventricular contractions. From the relationship, frequency of con-

traction = (unit of time)/(period of contraction), cardiac frequencies

or rates may be calculated (2, p. 71).
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R-R Interval

In this study the R-R interval was recorded from peaks of the

QRS complexes over three heart cycles and over two or one heart

cycle when three heart cycles were not available for a particular

lead. Duplicate values of the R-R interval due to the same lead re-

corded twice were available in certain instances. An average value

of the R-R interval was then determined,

P-R Interval

The P-R interval is a measure of time required for the electri-

cal impulse to travel from the sino-atrial node over the atrial mus-

culature and into the atrio-ventricular node. The P-R interval thus

measures the conduction time of the impulse from the sino-atrial

node to the ventricle (65). The P-R interval was measured from the

beginning of the P wave to the beginning of the QRS complex. When

the R wave of the QRS complex was absent, the QRS complex became

the QS wave and the P-R interval then became the P-Q interval.

Q-T Interval

The Q-T interval is a measure of total duration of ventricular

electrical changes during a heart beat and essentially coincides with

the excitation and contraction period of the ventricle. Thus the Q-T
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interval was referred to by Sporn. (55) as the electrical systole. The

Q-T interval was measured from the initial limb of the QRS complex

to the end of the T wave (2, p. 24). The proportion of time the ven-

tricle contracted and was excited during a heart beat was determined

by finding the value of Q-T/R-R.

T-Q Interval

The T-Q interval essentially coincides with the period of re-

laxation of the ventricle and has been referred to by Sp Cirri (55) as

the period of electrical diastole. The T-Q interval is measured from

the end of the T wave to the beginning of the QRS complex (35).

When the ventricular rate is constant, the R-R interval equals

the sum of the Q-T and T-Q intervals. Frequently, however, varia-

tion in the R-R intervals and the T-P segment (the interval from the

end of the T wave to the beginning of the P wave) lead to inequality

between the R-R interval and the sum of the T-Q and the Q-T inter-

vals (65).

QRS Duration

The duration of the QRS complex should be measured in the

lead with the greatest potential of the QRS complex to minimize

errors due to isoelectric recordings of the QRS complex at its
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beginning or termination (2, p. 81). The first downward deflection

of the QRS complex is labelled Q. In the event of absence of an R

deflection, the QRS complex consists of a single downward deflection;

the descending limb is then labelled Q, the ascending limb S, and the

wave QS (65). The duration of the QRS complex in this study was

measured in the lead with the greatest potential from the beginning

of the first wave of the QRS complex (Q or R wave) to the end of the

last wave (R or S wave) (2, p. 22).

Cardiac Potentials

At any given moment, one may consider the heart to be divided

by a fine three dimensional orthogonal grid into cubes one millimeter

on edge. In each individual cube the electrons may be distributed

randomly with their center of gravity in the center of the cube. How-

ever, if the electrons are not distributed randomly, their center of

gravity would be displaced from the geometrical center of the cube

and the positive charges would also have a center of gravity within

the cube. The cube would contain a small dipole. A line can be

drawn in each cube between the gravity centers for the positive and

negative charges with length proportional to the potential difference

between the positive and negative charge. There are innumerable

cubes in which potential differences develop and the corresponding

dipoles in each have different directions at any given instant, and
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from one instant to the next. When added together as vectors, these

dipoles sometimes neutralize and sometimes reinforce one another.

At any given moment, the innumerable microscopic dipoles can be

considered to be equivalent to a single resultant dipole, whose mag-

nitude and direction are determining factors in the degree of deflec-

tion obtained by connecting a potential recording instrument to any

two specific points on the body surface.

Electrical potentials ,normally develop at three different

phases of the cardiac cycle, and give rise to three distinct com-

plexes which can be recorded photographically from movements of a

galvanometer. Maximum deflection of the galvanometer is obtained

when a line joining the lead connections is parallel to the resultant

dipole. Otherwise, the galvanometer deflection obtained is given by

the product of the maximum deflection and the cosine of the angle

between the maximum dipole and the leads (65).

In accordance with Grant and Estes (19, po 20), by properly

orienting the leads, the magnitude and direction of the resultant

dipole of the heart can best be measured by deflections of the gal-

vanometer in the lead exhibiting maximum potential, The direction

of the lead giving maximum potential at any given moment gives the

direction of the cardiac electrical axis at that moment.
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From a large series of electrocardiograms, equipotential sur-

faces that intersect the body surface in equipotential lines can be de-

marcated around the heart. The equipotential lines can be developed

for a given moment in the cardiac cycle or for the net effect during a

wave or complex. The potential difference will be zero if both the

electrodes of a bipolar lead are placed on an equipotential line. A

deflection of the galvanometer will be seen if the electrodes are

placed on lines of different potentials (65).

P Wave

The P wave is due to the spread of electrical activity from the

sino-atrial node through the atrial musculature (2, p. 19). Variations

in the configuration of the P wave are due to variations in the spread

of the electrical activity, One of the practical problems in the field

of electrocardiography is the identification of the P wave when it is

isoelectric or is superimposed on the T wave due to a rapid heart

rate. In dwarf beef cattle studied, the cardiac intervals were suffi-

ciently prolonged so there was no interference between T and P waves.

The P wave was classified positive if upright, negative if inverted,

diphasic of the plus-minus type or minus-plus type if the upright de-

flection was followed by inverted deflection or vice versa (2, 13. 73-

75),
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QRS Complex

The QRS complex results from the passage of electrical dis-

turbance through the ventricular musculature, The QRS complex

was classified as monophasic, biphasic, triphasic, and multiphasic,

T Wave

The T wave is the result of dipoles that develop during recon-

stitution of the resting electrical state of the ventricular musculature,

A negative T wave (Ta) sometimes follows the P wave and results

from recovery of the atrial musculature. Ta is seldom seen as it

is generally buried in the QRS complex. Any physiochemical factor

that interferes with the reconstitution of the cardiac musculature

may change the T and Ta waves (65). If the deflection of the T wave

was below the isoelectric line, the T wave was recorded negative; if

above the isoelectric line, positive; and biphasic of the plus-minus

type if deflected upward first then downward; and biphasic of the

minus-plus type if the downward deflection was followed by an up-

ward deflection (2, p. 109-110).

EKG Leads

Any set of two connections from the body to the galvanometer

constitutes a lead. Leads are classified as bipolar, unipolar or
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pooled, and augmented unipolar.

Sixty-seven different leads have been recorded and studied by

Van Arsdel and others (65). Nineteen of these leads were chosen for

the present study (Figure 2a, 2b). The 19 leads provided an L-plane

series, an S-plane series and an M-plane series.

I. L or Limb Series: Here the electrodes were routinely placed on

the limbs and the chest wall. When the chest electrode was placed

on the midline prescapular position (C8), the leads were identified

as CR8, CL8 and CF8 depending on respective combinations of the

chest electrode at the prescapular position with the right forelimb,

the left forelimb, and the left hind limb. (The Figure 8 identifies

the chest position and not the limb position. )
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Figure 2a. EKG patterns of dwarf beef cattle. Common reference leads were selected to
allow comparisons among the dwarfs.
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Figure 2b. EKG patterns of dwarf beef cattle. Common reference leads were selected to
allow comparisons among the dwarfs. Ul
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A. Bipolar Leads:

Negative Connection Positive Connection

I Right forelimb Left forelimb

II Right forelimb Left hind limb

III Left forelimb Left hind limb

CR8 Right forelimb Prescapular position

CF8 Left hind limb Prescapular position

CL
8

Left forelimb Prescapular position

B. Unipolar or Pooled Leads:

V8 Right forelimb
Left forelimb
Left hind limb

C. Augmented Unipolar Leads:

Prescapular position

aVR Left forelimb Right forelimb
Left hind limb

aVL Right forelimb Left forelimb
Left hind limb

aVF Right forelimb Left hind limb
Left forelimb
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II. S or Scapular Series: Here the left hind limb electrode was

moved to a midline pre scapular position.

A. Bipolar Leads:

Negative Connection Positive Connection

S-I Right forelimb Left forelimb

S--II Right forelimb Prescapular position

S-III Left forelimb Prescapular position

B. Augmented Unipolar Leads:

S-aVR Left forelimb Right forelimb
Prescapular position

S-aVL Right forelimb Left forelimb
Prescapular position

S-aVF Right forelimb Prescapular position
Left forelimb
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III. M or Mid-Sa ittal Series: Here the left hind limb electrode

was moved to the dorsal lumbo-sacral border. The right forelimb

electrode was shifted to the mid scapular position. The left forelimb

electrode was placed at mid sternum. The chest electrode was

moved to a position between the sixth and seventh ribs on a level

with the tuberculum majus (point of the shoulder) of the left scapula.

The scapular, sternal and lumbo-sacral electrodes were all placed

mid line and thus provided a sagittal plane.

A. Bipolar Leads:

Negative Connection Positive Connection

M-I Mid scapular position Mid sternum

M-II Mid scapular position Dorsal lumbo-sacral
border

M-III Mid sternum Dorsal lumbo-sacral
border

B. Augmented Unipolar Leads:

M-aVR Mid sternum
Dorsal lumbo-sacral
border

Mid scapular position

M-aVL Mid scapular position Mid sternum
Dorsal lumbo-sacral
border

M-aVF Mid scapular position Dorsal lumbo-sacral
Mid sternum border
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The bipolar leads are obtained by pairing electrodes from two

points on the body. The unipolar leads were originally designed by

Wilson to measure the voltages present at one particular spot on the

body with respect to a nonfluctuating reference point. In the Wilson V

Leads, pooling of the three limb electrodes provides the negative con-

nection with the galvanometer and the fourth electrode placed any-

where on the body provides the positive connection. If the fourth

electrode is placed on the right forelimb, left forelimb, or left hind

limb (but always separate from the three limb electrodes of the pooled

lead), EKG complexes recorded are small. Hence Goldberger (18)

designed the augmented unipolar leads (pooling the leads from two

limbs) for the limbs which superseded the Wilson unipolar limb

leads, but not the Wilson unipolar chest leads. Because electro-

cardiograms with limb leads from the Goldberger system were more

ample than those from the Wilson unipolar system, the symbol a

was prefixed to indicate augmented, and the symbol Vwas retained

for voltage (65). Potentials in the Goldberger leads were multiplied

by 1.15, as these (aVR, aVL, and aVF) leads recorded only 87 per-

cent of the potential recorded in bipolar leads (37).

In defining the various leads, several symbols have been used

whose meanings need clarification. The symbols R, L, F, and C

refer respectively to the right forelimb, the left forelimb, the left

hind limb and the chest. The term V refers to a voltage or pooled
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lead, either as designed by Wilson or as designed by Goldberger, and

aV refers to a Goldberger lead with its augmented potential. The

term S defines leads in a plane through prescapular position and fore-

limbs. The term M refers to leads in a plane through midscapular

position, the dorsal lumbo- sacral border, and the mid region of the

sternum. The term L refers to leads in a plane through the inser-

tions of the right forelimb, the left forelimb, and the left hind limb.

The terms L, S and M also refer to planes as will be seen in the

following discussion (65).

Choice of Planes

For obtaining comparable analytical data between animals and

for clarification of the interpretation, Van Arsdel and others (65)

envisioned the M-plane, the L-plane, and the S-plane. The mid-

sagittal or M-plane passes through the interscapular space, the

dorsal lumbo-sacral border, and the mid region of the sternum.

The L-plane is placed through the insertions of the right forelimb,

left forelimb, and left hind limb. The S-plane is placed through the

dorsal prescapular region, and the right and left forelimb insertions.

The L, S and M planes are at right angles to each other. The

M-plane is a vertical plane giving a medial longitudinal and vertical

section of a calf. The calves were viewed from the left side during

the taking of electrocardiograms and therefore the signs of electrical
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phenomena were referred to the M-plane. Caudad from the heart

was taken as positive along the x-axis and ventrad from the heart was

negative along the y-axis. The positive direction of the z-axis was

taken to the left, and the negative direction to the right of the calf.

The L or limb lead plane was chosen by Van Arsdel and his

associates (65) partly on the analogy with the limb lead plane in man

and partly because it provided valuable information in determining

the axis of the QRS complex. The L-plane is not horizontal but has

an inclination of approximately 12 degrees with the ground, as the

hind limbs are attached higher to the body than the forelimbs.

The S-plane was chosen by Van Arsdel and his associates (65)

because it was perpendicular to the L-plane, contained a major com-

ponent of the QRS vector in 500-800 pound normal beef calves and

yielded electrocardiographic complexes easy to analyze and interpret.

Because the S-plane is at right angles to the L-plane at the forelimbs,

the S-plane departs from vertical around 12 degrees.

The vectors were referred to in the L, S, and M-planes in-

stead of the absolutely horizontal or the transverse vertical planes.

This was done to avoid correction factors for each animal for con-

version to comparable geometrical horizontal and vertical planes.
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Cardiac Axes

For P, QRS, or T complexes the resultant electrical dipole

varies from instant to instant. If one is interested in momentary

effects, the changing direction and magnitude are followed and plotted

in three dimensional space. Since the potential comes back through

a null or zero level between each wave, the path repeatedly reverts

to the origin and a loop is formed for each wave of the cardiac cycle.

As any point on the loop designates a direction and magnitude of the

dipole at a given instant (instantaneous cardiac axes), the pathway is

called a vector loop. The direction of the major axis of the vector

loop for any wave is taken as the direction of the electrical axis for

that wave.

An average or net direction of the electrical axis of a given

complex (P, QRS, and T) may be found through locating a band of

zero potential on the body surface by exploring with a Wilson uni-

polar lead for points yielding no net deflection during the complex.

This band is referred to as the null or transitional pathway. A plane

passing through this band is perpendicular to the net direction of the

dipole.

A third method for evaluating the magnitude and direction of

an electrocardiographic complex is to find two isoelectric bipolar

leads at an angle to each other. The direction of the dipole is then
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given by the perpendicular to the plane through the axes of these

leads. (The third method is an obvious modification of the Null band

method. )

All three methods described require extensive exploration of

the electrical potentials in each animal and are therefore tedious and

of limited practical use. A fourth method is to apply electrodes to a

set of predetermined standard anatomical electrode positions and

then construct the resultant dipole direction from the cosine compo-

nents of potentials in three leads at right angles to one another (65).

The leads chosen for determination of the direction and magnitude

of electrical axes of the dwarf calves were I or S-I, aVF, and S-aVF.

These specific leads were chosen so that the variables selected for

genetic evaluation were precisely defined and would yield a unique

value for each animal. In the rectangular coordinate system, the

position of the point of the vector in the L-plane was given by ai ck,

where, i was a unit vector potential along the x-axis (coincident with

lead aVF), k a unit vector along the z-axis (coincident with lead I),

a i a vector of length a along the x-axis, and ck a vector of length c

along the z-axis. Similarly, the vector in the S-plane was given by

c k bj, where j was a unit vector along the y-axis (coincident with_
lead S-aVF) and b j a vector of length b along the y-axis. When the=
information from the L and S-planes was combined, the radius

vector was given by



V = ai + bj_ + ck

The potential of the radial vector was

4a2 + b2 + c2
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(1)

(2)

The projection of the radial vector onto the plane of the limb leads

(x-z plane) was expressed as distance from origin and the angle 0

between the projection and the z-axis. If the projection pointed

along the z-axis to the left, the angle was taken as zero. The angle

0 varied from 0 to 90 degrees if pointing to the left and from 90 to

180 degrees if pointing to the right. If the projection pointed along

the x-axis toward the cephalic aspect of the calf, 0 was -90 degrees,

while 0 was +90 degrees if the projection pointed caudad. The angle

41 between the vector and its projection on the x-z plane was taken

positive if the vector pointed dorsad and negative if the vector pointed

ventrad.

The rotation of projection (of the vector on the x-z plane) in a

plane perpendicular to the x-z plane establishes a great circle and

the intersection of this great circle with the body surface may be

interpreted as a line of longitude. The angle 0 may also be consid-

ered as an azimuth if the calf is pictured standing on an east-west

line with the head pointing west and the tail east. The angle

would then correspond to an elevation.



The azimuth angle 0 was calculated from the relationship:

cos 0 / N/a2 + c2 (3)

The elevation angle lc, was calculated from the relationship:

cos (I) = qb2 c2 Ni'a2 b2 c2
(4)

From the law of cosines (9), the angle between two vectors

was calculated as

cos (A, B) =
aA aB + bA bB + cA cB

V VA VB (5)
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where, A and B are any two vectors and VA and VB are the absolute

values of the potentials along A and B.

Vector Loops

The EKG record measures the component of the dipole parallel

to the axis of the lead. A loop on an oscilloscope can be developed if

two EKG leads are recorded simultaneously, one along the y-axis

and the other along the x-axis. This loop reflects a planar com-

ponent of the resultant electron displacement in the reacting cardiac

tissues. Lepeschkin (35) has described construction of a vector loop

from two or more EKG tracings.

In practice the amplitude of a given complex is obtained by

measuring and algebraically summing positive and negative deflec-

tions of the complex and the sum is used to approximate the net
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electrical effect during the complex. A vector loop is constructed

where the approximation appears to be faulty (65).

The vector loops for the P wave, the QRS complex and the T

wave were obtained in the S plane as described by Van Arsdel and

Bogart (62). Leads S-I and S-aVF were recorded simultaneously in

channel A and channel B of the Twin-Beam Cardiette with the help of

two general purpose amplifiers. By quartering the space between

the ordinates or the vertical time lines which were 0. 04 second apart,

a sequence of momentary vector potentials 0. 01 second apart could

be derived. Each of the points representing a momentary vector

potential, was plotted on graph paper and the vector loop was then

sketched by joining the points. Approximately 40 points were avail-

able for constructing the vector loops of a cardiac cycle.
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INTERPRETATION OF ELECTROCARDIOGRAPHIC AND
RELATED DATA FROM DWARF BEEF CATTLE

In the interpretation of electrocardiographic data, cardiac in-

tervals will be considered first, next wave forms, and then, cardiac

potentials. Lastly, cardiac axes, QRS/P and QRS/T angles, and

vector loops will be discussed. An effort will be made to determine

the extent to which age, weight, sex, heart girth, rectal temperature

and barn temperature influenced the electrocardiograms.

Cardiac Intervals

Data for the dwarf cattle on the R-R, P-R, Q-T, T-Q intervals

and the QRS duration as measured in lead S-II (pre scapular position

positive and right forelimb negative) are summarized in Table 1,

Generally, the males could not be compared because there were only

two brachycephalic males and one dolichocephalic male. However,

since there were 12 compressed males, the dolicocephalic or brachy-

cephalic males could be labelled as different from the compressed

males if the individual values lay more than three standard deviations

away from the means of the compressed values. This criterion was

not met by values for the R-R, P-R, Q-T, T-Q intervals, or for the

QRS duration. Similarly, the magnitude of the individual cardiac

intervals for the two recurrent compressed dwarf females could be

considered as different from the intervals from other groups of



Table 1. Mean Cardiac Intervals (Seconds) of Male and Female Dwarf Cattle.

Intervals
Brachycephalic

Males
Dolichocephalic

Males
Compressed

Males
Brachycephalic

Females
Dolichophalic

Females
Compressed

Females

Recurrent
Compressed

Females

Synthetic
Compressed

Females

R-R 0.62 O. 58 0.66 0. 77 0.75 0.68 0.66 0. 77

P-R O. 18 0. 20 0. 19 0. 19 0. 20 0, 20 0. 19 0.20

QRS 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07

Q-T 0.32 0.30 0.34 0.34 0.36 0.34 0.36 0.35

T-Q 0.32 0.29 0. 33 0. 43 0.39 0.35 0.31 0. 43

Q-T/R-R 0.51 0, 52 0.51 0. 45 0.49 0. 49 0. 54 0. 47

T-Q/R-R 0.52 0. 50 0.49 0. 56 0. 51 0. 51 0. 47 0. 55

Number of
Animals 2 1 12 9 15 16 2 10
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females if the magnitude lay more than three standard deviations

away from the mean of the brachycephalic, dolichocephalic, com-

pressed, or synthetic compressed dwarf females. Again, this cri-

terion was not met by values for the R-R, Q-T, T-Q intervals, or

for the QRS duration. Thus, the only comparisons possible were

between compressed male (CM) and compressed female (CF) calves;

and among the compressed females, synthetic compressed females

(SCF), brachycephalic females (BF), and the dolichocephalic fe-

males (DF).

The R-R Interval

The R-R interval is essentially a measure of heart rate. The

R-R interval ranged from 0. 54 to 0.91 second in the dwarf males

and from 0. 55 to 1. 03 seconds in the dwarf females. The only sta-

tistically significant sex comparison that could be made was between

compressed males and compressed females. No significant sex

difference was found.

There was no statistically significant difference in the R-R

interval among the SCF, BF, and DF dwarfs. The range for com-

pressed dwarf females was from 0.57 to 0.85 second. For the CF

calves in the upper range, the R-R intervals were considerably

lower than for other classes of dwarf females. A significant dif-

ference between means for compressed dwarf females and other
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female dwarf groups was not clearly established but at the five per-

cent level this difference could be described as border line.

Manning (36) reported R-R intervals from lead S -lI in the nor-

mal Hereford calves of the Prince, David, and Lionheart lines to

range from 0, 51 to 0. 67 second with a mean of 0. 58 second at 500

pounds body weight, and from 0. 44 to 0. 73 second with a mean of

0. 63 second at 800 pounds body weight. The mean R-R interval for

BF, DF, SCF, and even the compressed dwarfs (CM and CF) is

longer than the average interval in normal Hereford calves examined

by Manning; therefore, the average heart rate is lower. (The heart

rate corresponding to the average R-R interval of 0. 63 second in the

normal Hereford calves is 95 beats per minute (36), and the heart

rate corresponding to the average R-R interval of 0.73 second in the

dwarf females is 82 beats per minute, ) The difference noted in R-R

interval and heart rate between Herefords and the dwarfs may involve

many factors other than genetic differences. Diet, climate, age and

weight were different in the two sets of cattle. A similar comment

holds for other comparisons to be made.

The P-R Interval

The P-R interval is a measure of the rate of conduction of the

impulse from the sino-atrial node to the ventricle. The P-R interval

of the CM and CF calves was essentially the same. No significant
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difference in the P-R interval was noted among the CF, SCF, BF,

and DF dwarfs. In the normal Hereford calves (36), the P-R inter-

vals for Lionheart calves varied from 0.12 to 0. 17 second with a

mean of 0. 15 second. For Prince and David calves at 500 pounds

body weight, the P-R interval ranged from 0.15 to 0.18 second with

a mean of 0.16 second, and at 800 pounds body weight from 0.15 to

0.19 second with a mean of 0.17 second.

The P-R intervals in dwarfs ranged from 0.14 to 0.24 second

with a mean of 0.20 second. Longer P-R intervals were found in

many dwarf calves than were found in the normal Hereford calves of

Manning (36). The longer P-R intervals were sufficiently frequent to

indicate a significant difference between normal and dwarf calves.

A slower atrio-ventricular conduction in dwarfs (longer P-R interval)

may have caused a delayed ventricular contraction and may have al-

lowed a longer period for blood from coronary vessels to flow through

the ventricular musculature. A longer P-R interval would usually

tend to maximize ventricular recovery.

The Q-T Interval

The Q-T interval measures the duration of ventricular systole.

The Q-T intervals in the compressed male and the compressed fe-

male dwarfs were not statistically different. No clear differences in

the Q-T interval were found among CF, SCF, BF, and DF dwarfs.
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The Q-T interval ranged from 0.29 to 0.40 second with a mean of

0.35 second in dwarf calves,

In normal Hereford calves of Manning (36) the Q-T interval

ranged from 0.28 to 0.38 second with an average of 0.32 second.

The average Q-T intervals were slightly but significantly longer in

the dwarf female calves than in the Hereford female calves.

The duration of the Q-T interval is determined by the degree

of synchronization of the electrical events occurring in the individual

ventricular myocardial fibers and the total length of time required

for them to occur in the average fiber (54). The difference in

weights at which the EKGs were taken in normal Herefords and

dwarfs may be responsible for the difference in length of the Q-T

interval between the two. Other important contributing factors may

have been diet, climate, age and heart rate.

The T-Q Interval

The T-Q interval is a measure of duration of ventricular dias-

tole. This interval was not significantly different in the CM and

CF calves. No significant difference in the T-Q interval was found

among the CF, SCF, BF, and DF dwarfs. The T-Q interval ranged

from 0.22 to 0.64 second with a mean of 0.39 second in dwarf calves.

The T-Q interval of normal Hereford calves (36) ranged from

0.14 to 0.38 second with a mean of 0.26 second at 500 pounds body
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weight and from 0.18 to 0. 42 second with a mean of 0.30 second at

800 pounds body weight.

Most female dwarfs had longer T-Q intervals than did the

normal Hereford calves. The average T-Q interval was significantly

longer in male and female dwarfs than in male and female normal

Herefords of Manning (36).

The QRS Duration

The QRS duration represents the time required for activation

of the ventricular musculature. The male and female compressed

dwarfs did not differ with respect to the duration of the QRS complex.

No significant differences were found in the QRS duration among the

CF, SCF, BF, and DE' dwarfs, The QRS duration ranged from 0. 05

to 0. 09 second with a mean of 0. 07 second in dwarfs.

The QRS duration in normal Hereford calves (36) ranged from

0. 06 to 0. 09 second with a mean of 0. 08 second. The average QRS

duration was very slightly but statistically significantly shorter in

the overall dwarf group than in normal Hereford calves. If ventri-

cular recovery in dwarfs was maximized due to a longer P-R inter-

val, conduction of electrical impulse in the well recovered heart

would be more rapid. This may have accounted for a shorter QRS

duration in dwarfs.



Correlations Between Cardiac Intervals
and Physical Characteristics
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Certain aspects of the interrelationships between cardiac inter-

vals and cycle length can be studied by obtaining correlation coeffi-

cients and regression lines among the variables. The correlation co-

efficients (Table 2) and the predicting or regression equations wher-

ever the correlation coefficients between the cardiac variables were

statistically significant were developed in accordance with methods

outlined by Walker (67). In Table 3 are given the combinations where

significant correlations among the ten listed variables were found in

the dwarf calves. Sometimes, significant correlations were found

when all of the calves or all female calves as a composite group were

considered. In other instances, significant correlations were not

found in the overall group or female group but were obtained in sub-

groups. The number of dwarfs in these subgroups was considerably

less.

Body WeiidAEs

Body weight, age, and the R-R, P-R, Q-T, and T-Q intervals

were correlated with six or seven other factors; the QRS duration

with five factors; the barn temperature with four factors; and rectal

temperature and heart girth with only two or three other factors

(Table 3). One would expect body weight to be correlated with age

and with heart girth because both weight and heart girth increase
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Table 2. Correlation Coefficients among Cardiac Intervals, Body Weight, Age, Heart Girth,

Rectal Temperature and Barn Temperature for Dwarf Beef Cattle.

Relationship

Compressed
Males

Compressed
Females

Synthetic
Compressed

Females
Dolichocephalic

Females
Brachycephalic

Females

R-R : P-R 0. 79 ** 0,23 0.57 -0.16 0.63*

R-R : Q- T 0.93** 0.63** 0. 84 ** 0.66** 0.93**

R-R : T-Q 0. 98 ** 0. 94 ** 0.99** 0.98** 0. 99 **

R-R : QRS 0.39 0.17 0.72** 0.09 0.78**

P-R : Q- T 0.79** 0,29 0.38 -0.10 0.42

P-R : T-Q 0.79** 0.09 0.58 -0.15 0.64*

P-R : QRS 0.23 0.05 0.68* 0.14 0.38

Q- T : T-9 0.76** 0.38 0.79** 0.55* 0.90*

Q- T : QRS 0.32 0,00 0.81** -0.26 0.74**

T-Q : QRS 0.31 0.12 0.67* -0.14 0.77**

RR.: Body Wt. 0.25 0.35 0.94** 0.28 0.28

PR : 0.52 -0.11 0.50 0.12 0.09

Q- T: " 0.28 0,30 0.82** 0.11 0.10

T-Q: " 0.12 0.40 0.92** 0.27 0.27

QRS: " 0.16 0.17 0.21 0.37 0.21

R-R :.Age -0.01 -0.01 0.90** 0.18 0.38

P-R : " 0.02 -0.34 0.18 -0.17 0.40

9- T : " -0.03 -0.10 O.87 ** 0.32 0.15

T- Q : " -0.54 0.07 0.88** 0.05 0.08

QRS: " 0.00 0.01 0,26 0.22 0.48

R-R : Heart Girth 0.08 0.07 - - -

P-R : " " 0.28 0.15 -

Q- T : " -0.10 0.29 -
T -9 0.07 0.41 -

QRS
IT II 0.16 0.18 - - -

R-R : Rectal Temp. -0.33 0.14 -0.04 -0.42 -0.18

P-R : " ff -0.35 0.09 0.08 -0,02 -0.2

Q-T : " tf -0.30 -0.10 -0.25 -0.65** -0.26

T-Q : " -0.37 -0.36 -0.05 -0.36 -0.17

QRS: " -0.12 0.00 -0.21 0.12 0,16

R-R : Barn Temp. -0.05 -0.39 0.62* -0.41 -0.26

P-R : 0.15 O. 02 0.70* 0,30 0.23

Q- T : 0.03 0.17 0.48 -0.17 -0.11

T-Q -0.03 0.55* 0.61* -0,58* -0.20

QRS : " " 0.18 0.03 0,05 0.23 0.23

Number of Animals 12 16 10 15 9

* Correlations statistically significant at the 5% level.

** Correlations statistically significant at the 1% level.



Table 3 . List of Dwarf Groups Showing Statistically Significant Correlations between Cardiac Intervals, Body Weight, Age, Rectal Temperature,

Barn Temperature and Heart Girth.

Rectal Barn Heart
Age Temp. Temp. Girth R-R P- R Q- T T-Q QRS

Body Weight CF CM CM SCF - SCF SCF -

SCF CF CF

Age - CF SCF SCF SCF SCF SCF

Rectal Temperature CF DF

Barn Temperature SCF SCF CF, DF
SCF

Heart Girth

R-R CM CM, CF CM, CF BF

BF SCF,BF SCF,BF SCF

DF DF

All, F All, F

P-R
CM CM SCF

BF

9-T
CM, SCF SCF

BF, DF. BF

All, F

T-Q
SCF
BF

Letters in :body of table refer to groups showing significant correlations.

All indicates significant correlation throughout the population of dwarfs investigated. Females f.lre.
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with age until a plateau in weight is reached, On the basis of earlier

work by Ratarasarn with normal Hereford calves, it was also expec-

ted that the body weight would be correlated with the R-R interval or

the heart rate (49).

Body weight and age were not correlated in the overall group

of dwarf calves but were within the CF and SCF subgroups (Figure 3).

This and other relationships disclosed by Table 3 and Figures 3 to

37 suggest that the 67 dwarfs studied were a very heterogeneous

group. However, some subgroups were homogeneous in certain re-

spects.

The age of the 16 compressed females (CF) ranged from 1.0

to 1.3 years, and body weight varied from 343 to 665 pounds. The

narrow and low range of ages represented indicates that the com-

pressed female dwarfs were compared during their youth or period

of rapid growth. The SCF, BF, and DF calves were compared ap-

proximately from ages one to seven years and from weights 400 to

950 pounds. Only eight of the dwarfs in the SCF, BF, and DF sub-

groups were below 1.3 years and Z5 ranged from 1.4 to 8.0 years.

The synthetic compressed dwarfs were essentially a group of year-

lings and a group of seven-year-olds. This specific age distribution

may have been responsible for the significant relationship between

weight and age in the SCF dwarfs (Figure 3).
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The regression or linear equations for predicting the body

weight (W) in pounds for age (A) in years for the SCF and CF dwarfs

were

SCF:

CF:

462.4 104,2 A (6)

448.3 + 55.3 A (7)

On the basis of these equations, as the age increased from one to

seven years in the SCF dwarfs, the weight increased from 556 to

1192 pounds. The weight of CF dwarfs ranged from 504 pounds at

one year to 531 pounds at 1. 5 years. The equations suggest that

the SCF dwarfs were gaining weight twice as rapidly as the CF

dwarfs.

Body Weight and Heart Girth

Body weight and heart girth were correlated statistically

43< 0. 01) in the CM and CF dwarfs (Figure 4). Data were not avail-

able on heart girth to establish the nature of relationship between

body weight and heart girth in other dwarf subgroups. The predicting

equations of heart girth (HG) from body weight were

CM: HG = 84.8 0.0606 W (8)

CF: HG = 81.9 + 0. 0705 W (9)

On the basis of these equations, the heart girth of CM dwarfs

increased from 112 to 133 inches as the weight increased from 450

to 800 pounds, while the heart girth of CF dwarfs increased from
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107 to 131 inches as the weight increased from 350 to 700 pounds.

Therefore, the heart girth in the CF dwarfs increased more (24

inches) than the heart girth in the CM dwarfs (21 inches) for the same

increase in body weight (350 pounds).

Body Weight and Rectal Temperature

When electrocardiograms of the dwarfs were taken at Davis,

California, in June and July, barn temperatures were high in the

morning (19 to 37 °C) and increased as the day progressed. This

may have affected the body temperatures or temperature regulating

mechanisms of the calves. Whether or not this factor was respon-

sible, no relationship existed between body weight and rectal tem-

perature for the entire group of dwarf calves, for the female dwarfs,

or for the SCF, BF, and DF dwarf subgroups. However, body

weight was correlated with rectal temperature in the CF and CM

subgroups (Figure 5). Linear regression equations for predicting

rectal temperatures (RT) from body weights (W) of CF and CM

dwarfs were

CF: RT = 105.4 0.0034 W (10)

CM: RT = 104.7 0.0044 W (11)

Thus, as the body weight of the CF dwarfs increased from 350 pounds

to 700 pounds, the rectal temperature decreased from 103.8 to

102.3°F. The rectal temperature of the CM dwarfs decreased from
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103.2 to 102. 0 °F as the body weight increased from 450 to 800

pounds. Over the range from 400 to 700 pounds body weight, the

rectal temperature of compressed females ranged from 1.2 to 1. 4°F

above compressed males of the _same weight.

Body Weight and Cardiac Intervals

The R-R interval was not related to body weight in CM, CF,

DF, and BF dwarfs (Figure 6), but a significant (p< 0, 01) correlation

between the R-R interval and body weight was found in the SCF

dwarfs. The linear equation to predict the R-R interval from body

weight in the SCF calves was

SCF: R-R = 0.342 + 0. 0005 W (12)

On the basis of this equation, the R-R interval for the SCF dwarfs

ranged from 0, 60 second at 500 pounds to 0.90 second at 1100

pounds; this agrees well with the position of the S (SCF) points in

Figure 6. The range in weight of the dwarfs and the range in the

R-R interval was relatively wide for the SCF subgroup as compared

with other dwarf subgroups.

Body weight was also correlated with the Q-T and the T-Q

intervals for the SCF dwarfs (Figures 7 and 8), and the predicting

equations were
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SCF: Q-T = 0.294 + 0.000073 W (13)

SCF: T-Q = 0.053 + 0.000441 W (14)

Q -Q = 0.347 + 0.000514 (12A)

If equations 13 and 14 are added to give equation 12A, the result

should be close to equation 12 (except for problems induced by sta-

tistical rounding) because, in general, Q-Q must equal R-R. It may

be noted that the difference in intercepts between equation 12 and

equation 12A is less than two percent and the difference in slope is

less than three percent. Thus, there is no statistically significant

difference between equations 12 and 12A. The fact that the sum of

equations 13 and 14 so closely approximates equation 12, indicates

that the intercorrelations between Q-T, T-Q, and R-R intervals

should be high and that interval measurements were reasonably

accurate. (Q-T, T-Q and R-R intervals were measured independent-

ly and not by difference. )

The T-Q interval increased six times as rapidly with body

weight as did the Q-T interval. Cardiac diastole was thus occupying

a greater fraction of the cardiac cycle in the heavier SCF dwarfs.

At 500 pounds body weight, the Q-T interval or cardiac systole in

the SCF dwarfs averaged approximately 0.33 second or 55 percent

of the R-R interval while the T-Q interval or cardiac diastole

averaged approximately 0.27 second or 45 percent of the R-R
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interval, Thus, blood conceivably was circulating through the heart

muscle less than half of the time. (Blood circulates through most

of the left ventricular musculature mainly during diastole (16, 56). )

At 1100 pounds body weight, the cardiac systole in the SCF dwarfs

was 0.37 second or 43 percent, while cardiac diastole was approxi-

mately 0.49 second or 57 percent of the R-R interval. Therefore,

most of the left ventricular muscle had blood circulating through it

over half of the time. In the normal Hereford cattle of Manning (36),

the systole averaged nearly 55 percent of the cardiac cycle at 500

pounds body weight and 53 percent of the cardiac cycle at 800 pounds

body weight.

On the basis of the present data, the young SCF dwarfs con-

ceivably may have inadequate cardiac blood supply in times of

stress. However, if they reach 650 pounds body weight, the T-Q

interval would be a sufficiently large part of the cardiac cycle to

allow an adequate circulation of blood through the ventricular mus-

culature.

Age and Heart Girth

Age and heart girth (Figure 9) as well as body weight and

heart girth were found to be significantly correlated in the CF

dwarfs. The regression equation for predicting the heart girth
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86

(HG) from age (A) was

CF: HG 73.8 + 36.2 A (15)

The heart girth in CF dwarfs increased from 110 inches to 128 inches

as the age increased from one to 1, 5 years.

Body weight in the CM dwarfs ranged from 470 to 800 pounds

but age ranged only from 1.2 years to 1.3 years. The low age range

explains the failure to find a significant statistical correlation be-

tween age and heart girth in the CM dwarfs while a correlation was

found between the body weight and the heart girth.

Age and Cardiac Intervals

Age was correlated with the R-R, P-R, Q-T, and T-Q inter-

vals, and the QRS duration in the SCF dwarfs (Figures 10-14). The

predicting or regression equation of the R-R interval (seconds) at

known age (years) was

SCF: R-R = 0. 568 + 0. 056 A (16)

The R-R interval for the SCF dwarfs thus increased from 0.62 sec-

ond at one year to 0. 96 second at seven years of age. It is seen in

Figure 10 that the R-R interval for BF and DF dwarfs is distributed

over similar ranges at all ages sampled. In the BF dwarfs the R-R

interval varied more from animal to animal as the age increased.
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The regression equation for predicting the P-R interval from

age in the SCF dwarfs was

SCF: P-R O. 179 + 0. 0054 A (17)

The P-R interval of SCF dwarfs ranged from 0.18 second at one year

to 0.22 second at seven years of age.

Age was significantly correlated with Q-T and T-Q intervals

in the SCF dwarfs and the linear predicting equations were

SCF: Q-T = 0. 324 + 0. 0088 A (18)

SCF: T -Q 0. 249 + 0. 0489 A (19)

The Q-T interval or the period of cardiac systole in the SCF dwarfs

increased from 0.33 second at one year to 0.39 second at seven

years of age. The T-Q interval or the duration of cardiac diastole

in the SCF dwarfs increased from 0.30 to 0. 59 second as the age

increased from one to seven years.

A significant correlation was found between age and the QRS

duration in the SCF dwarfs and the predicting regression equation

was

SCF: QRS = 0. 058 + 0. 00347 A (20)

The QRS duration in the SCF dwarfs ranged from 0. 06 second at one

year to 0. 08 second at seven years of age.
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Rectal Temperature and Barn Temperature

There was no relationship between rectal temperature (RT) and

barn temperature (BT) except in the CF dwarfs (Figure 15). The pre-

dicting linear equation was

CF: RT = 99.37 + O. 157 BT (21)

The rectal temperature of the CF dwarfs increased from 102.4 to

103, 6°F as the barn temperature increased from 19 to 27°C.

Rectal Temperature and Cardiac Intervals

Rectal temperature and cardiac intervals in general were not

correlated, However, electrical systole or Q-T interval was signi-

ficantly correlated with rectal temperature in the DF dwarfs

(Figure 16) and the predicting regression equation was

DF: Q-T = 2. 08 0. 01656 RT (22)

Thus, the Q-T interval in the DF dwarfs decreased from 0.39 to

0, 36 second as the rectal temperature increased from 102 to 104°F.

Barn Temperature and Cardiac Intervals

Barn temperature and cardiac intervals in general were not

correlated. However, in the SCF dwarfs a significant correlation

was found between the barn temperature and the R-R (Figure 17), the

P-R (Figure 18), and the T-Q interval (Figure 19). The barn tem-

perature and the T-Q interval were also correlated in CF and DF
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dwarfs. The predicting regression equations for R-R, P-R, and

T-Q intervals from barn temperature were

SCF: R-R = 0.403 + O. 0138 BT (23)

SCF: P-R = 0. 1134 + 0. 0029 BT (24)

SCF: T -Q = -0. 029 + O. 0155 BT (25)

CF: T -0 = 0.630 O. 0118 BT (26)

DF: T -0 = 0. 762 O. 0124 BT (27)

Thus, as the barn temperature in the SCF dwarfs increased

from 19 to 36°C, the R-R interval increased from 0. 67 to 0. 90 sec-

ond; the P-R interval increased from 0.16 to 0.22 second; and the

T-Q interval increased from 0.27 to 0. 53 second. The T-Q interval

in the CF dwarfs decreased from 0. 41 to 0.31 second as the barn

temperature increased from 19 to 27°C. In the DF dwarfs, the T-Q

interval decreased from 0. 46 to 0. 33 second as the barn temperature

increased from 24 to 35°C.

Only in the SCF dwarfs did the R-R interval become longer and

the heart rate less frequent as the barn temperature increased. In

the SCF dwarfs the R-R interval increased 0.23 second and the T-Q

interval 0.26 second as the barn temperature increased from 19 to

36°C. Thus, most of the alteration in the R-R interval in the SCF

dwarfs was due to a prolongation of the T-Q interval. The Q-T or

electrical systolic period was not altered by the barn temperature.
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As rectal temperature did not increase,with barn temperature

(except in the CF calves) successful circulatory and respiratory ad-

justments occurred in all but the CF calves. However, these adjust-

ments were measurable on electrocardiograms only in the CF, SCF,

and DF dwarfs. The SCF calves responded with a decrease in heart

rate, more rapid conduction from atria to ventricles, and a longer

diastole but showed no alteration of the systolic duration. The CF

and DF calves had shorter diastolic intervals but showed no change

in heart rate, A longer systolic period is implied in the CF and DF

calves but variability presumably is too great to allow a significant

difference to be shown.

Cycle Length and Cardiac Intervals

The R-R interval was correlated with the Q-T and the T-Q in-

tervals in the overall group and five subgroups (Figures 21 and 22).

The R-R interval was also correlated with the P-R interval in the CM

and BF subgroups (Figure 20), the QRS duration in the SCF and BF

subgroups (Figure 23), and body weight, age, and barn temperature

in the SCF subgroup. The regression equations for relating cardiac

intervals with cycle length are given in Table 4.

As the P-R interval increased from 0.14 to 0.22 second, the

R-R interval increased from 0. 53 to 0. 75 second in the CM dwarfs

and from 0. 55 to 0.86 second in the BF dwarfs. When the R-R
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Table 4, Regression Equations for Significant CorrehA4ons of R-R Interval with 9- T, T-Q, QRS and P-R Intervals for Dwarf Beef Cattle,

Dwarf
Group

Level of
Significance Regression Equation

Equation
Number Regression Equation

Equation
Number

CM : 0.01 R-R = 0.148 + 0.272 P-R (28) P-R = 0.037 + 0.230 R-R (29)

BF : 0.05 R-R = -0.004 + 0.394 P-R (30) P-R = 0.118 + 0.101 R-R (31)

CM : 0.01 R-R = -0.298 + 2.833 Q- T (32) Q-T = 0.139 + 0.302 R-R (33)

CF : 0.01 R-R = -0.098 + 2.288 Q-T (34) Q-T = 0.216 + 0.174 R-R (35)

SCF : 0.01 R-R = -1.049 + 5.121 Q-T (36) Q-T = 0.250 + 0.137 R-R (37)

BF : 0.01 R-R = -0.546 + 3.875 9- T (38) Q-T = 0.168 + 0.222 R-R (39)

DF : 0.01 R-R = -0.462 + 3.358 Q-T (40) 9- T = 0.262 + 0.129 R-R (41)

F 0.01 R-R = -0.239 + 2.980 9- T (42) 9-T = 0.232 + 0.155 R-R (43)

All : 0.01 R-R = -0.421 + 3.318 Q- T (44) Q-T = 0.215 + 0.180 R-R (45)

CM : 0.01 R-R = 0.269 + 1.206 T-Q (46) T-Q = -0.196 + 0.789 R-R (47)

CF : 0.01 R-R = 0.317 + 1.044 T-Q (48) T-Q = -0.224 + 0.842 R-R (49)

SCF : 0.01 R-R = 0.295 + 1.124 T-Q (50) T-Q = -0.254 + O. 879 R-R (51)

BF : 0.01 R-R = 0.243 + 1.229 T-Q (52) T-Q = -0.184 + 0.796 R-R (53 )

DF : 0,01 R-R = 0.315 + 1,115 T-Q (54) T- 9 = -0.255 + 0.860 R-R (55)

F 0,01 R-R = 0.300 + 1.134 T-Q (56) T-9 = -0.239 + 0.846 R-R (57)

All : 0.01 R-R = 0.294 + 1.145 T-9 (58) T-Q = -0.232 + 0.839 R-R (59 )

SCF : 0.01 R-R = 0.138 + 8.961 QRS (60) QRS = 0.027 + 0.057 R-R (61)

BF : 0.01 R-R = 0.667 + 1.469 QRS (62) QRS = 0.034 + 0.042 R-R (63 )
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interval increased from 0. 5 to 1. 0 second, the P-R interval increased

from 0. 15 to 0.27 second in. the CM dwarfs and from 0.17 to 0.22

second in the BF dwarfs (Table 4).

The R-R interval was significantly correlated with both the

Q-T (r = 0. 77) and the T-Q (r = 0. 98) intervals, but the correlation

with the T-Q interval was higher. Changes in the length of the R-R

interval were accompanied by almost equal changes in the T-Q inter-

val. When the R-R interval increased from 0. 5 to 1. 0 second, the

T-O interval increased from 0.18 to 0.61 or 0.43 second, but the Q-T

interval increased only from 0.28 to 0.39 or 0.11 second. In the

dwarf calves with longer R-R intervals (heart beating less frequently),

the T-Q interval or diastole is relatively and absolutely longer than

the 0-T interval; therefore, the circulation through the ventricles

can be considered adequate. At approximately 0.7 second for the

R-R interval, the T-Q and Q-T intervals are equal. Below 0.7

second for the R-R interval, the T-Q interval is absolutely and rela-

tively shorter than the Q-T interval and the heart may have adequate

but limited circulation.

Eleven out of 12 CM, nine out of 16 CF, seven out of 15 DF,

four out of ten SCF and three out of nine BF dwarfs had R-R intervals

at or below 0.7 second (heart rate at or above 86 beats per minute).

A limited blood supply to the left ventricle with diastoles less than

0.35 second could have led to circulatory deficiencies in times of
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stress. However, an overload of the heart was probably prevented

by circulatory reflexes or by protective mechanisms insuring low

muscular activity (muscular activity in cattle is mainly that of self

support or slow displacement while grazing) and a slow rate of gain

(dwarfs).

As the QRS duration increased (Table 4) from 0. 05 to 0. 08

second, the R-R interval increased from 0.74 to 0.78 second in the

BF dwarfs and from 0. 59 to 0. 85 second in the SCF dwarfs (Equations

62 and 60). Conversely, when the R-R interval increased from 0. 5

to 1. 0 second, the QRS duration increased from 0. 054 to 0. 076 second

in the BF dwarfs and from 0. 055 to 0. 084 second in the SCF dwarfs

(Table 4, Equations 63 and 61).

P-R, Q-T, T-Q, and QRS Intervals

In addition to correlations with age (SCF), barn temperature

(SCF), and R-R intervals (CM and BF), the P-R interval was signi-

ficantly correlated with the Q-T interval in the CM dwarfs (Figure

24), the T-0 interval in the CM and BF dwarfs (Figure 25). The P-R

interval was also correlated with the QRS duration in the SCF dwarfs

(Figure 26).

As the Q-T interval in the CM dwarfs increased from 0.30 to

0.40 second, the P-R interval increased from 0, 16 to 0.23 second.

Conversely, as the P-R interval increased from 0. 14 to 0.24 second,
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the Q-T interval increased from 0.30 to 0.38 second.

As the T-Q interval increased from 0.22 to 0. 56 second, the

P-R interval increased from 0,17 to 0,21 second in the BF dwarfs

and from 0.16 to 0.255 second in the CM dwarfs. Conversely, if the

P-R interval increased from 0.14 to 0.24 second, the T-Q interval

increased from 0.25 to 0.57 second in the BF dwarfs and from 0.22

to 0.44 second in the CM dwarfs.

As the QRS duration in the SCF dwarfs increased from 0. 05 to

0.08 second, the P-R interval increased from 0.17 to 0.21 second.

Conversely, when the P-R interval increased from 0.16 to 0.22

second, the QRS duration increased from 0, 06 to 0. 08 second (Equa-

tions 70 and 71).

In addition to correlations previously discussed (see Table 3),

the Q-T and T-Q intervals were correlated with each other in the CM,

SCF, BF, and DF dwarf subgroups, in the overall dwarf group

(Figure 27); and with the QRS duration in the SCF and BF dwarf sub-

groups (Figures 28 and 29). The regression equations for predicting

cardiac intervals (with significant correlations) from each other are

given in Table 5.

As the Q-T interval increased from 0.30 to 0. 40 second, the

T-Q interval increased from 0.25 to 0. 44 second in the CM dwarfs,

from 0.27 to 0.61 second in the SCF dwarfs, from 0.31 to 0.61 sec-

ond in the BF dwarfs, from 0.24 to 0.48 second in the DF dwarfs,
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interval in all except C dwarfs.
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Table , Regression Equations for Significant Correlations between P-R, Q-T, T-Q and QRS Intervals for Dwarf Beef Cattle.

Dwarf
Group

Level of
Significance Regression Equation

Equation
Number Regression Equation

Equation
Number

CM : 0.01 P-R = -0.049 + 0.0704 Q-T (64) Q- T = 0.171 + 0.998 P-R (65)

CM : 0.01 P-R = 0.096 + 0.284 T-Q (66) T-Q = -0.088 + 2.193 P-R (67)

BF : 0.05 P-R = 0.096 + 0.284 T-Q (68) T-Q = -O. 199 + 3. W2 P-R (69)

SCF : 0.05 P-R = 0.110 + 1.248 QRS (70) QRS = -O. 0035 + O. 374 P-R (71)

CM : 0.01 Q-T = 0.239 +0.308 T-Q (72) T-Q = -0.317 + 1.898 Q-T (73)

SCF : 0.01 Q -T = 0.294 + 0.145 T-Q (74) T-Q = -1.088 + 4.254 Q -T (75)

BF : 0.01 Q- T = 0.224 + 0.268 T-Q (76) T-Q = -0.598 + 3.023 Q- T (77)

DF : 0.01 Q-T = 0.333 + 0.122 T-Q (78) T-Q = -O. 500 + 2.460 Q-T (79)

F : 0.01 9-T = 0.286 + 0.157 T-Q (80) T-Q = -0.395 + 2.258 Q-T (81)

All : 0.01 Q- T = 0.277 + 0.181 T-Q (82) T-Q = -0.470 + 2.448 Q- T (83)

SCF : 0.01 Q-T = 0.238 + 1.659 QRS (84) QRS = -0.069 + 0.393 Q- T (n)

BF : 0,01 Q-T = 0.119 + 3.344 QRS (86) QRS = 0.010 + 0.165 Q-T (87)

SCF : 0.05 T-Q = 0.412 + 0.191 QRS (88) QRS = 0.045 + 0.061 T-Q (89)

BF : 0.01 T-Q = 0.347 + 1.169 QRS (90) QRS = 0.044 + 0.051 T-Q (91)
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from 0.28 to 0.51 second in the female dwarfs and from 0.26 to 0. 51

second in the overall dwarf group. As the T-Q interval increased

(Table 5) from 0.24 to 0.64 second, the Q-T interval increased from

0.31 to 0.44 second in the CM dwarfs, from 0.33 to 0.39 second in

the SCF dwarfs, from 0.31 to 0.42 second in the BF dwarfs, from

0.33 to 0.41 second in the DF dwarfs, and from 0.32 to 0.39 second

in the female dwarfs and the overall dwarf group.

As the QRS duration increased (Table 5) from 0. 05 to 0. 08

second, the Q-T interval increased from 0.32 to 0.37 second and the

T-Q interval increased from 0.42 to 0. 43 second in the SCF dwarfs.

In the BF dwarfs, the Q-T interval increased from 0.29 to 0. 39 sec-

ond and the T-Q interval increased from 0.40 to 0. 54 second.

Wave Forms

As stated earlier, minute portions of cardiac muscle have

action potentials which vary from instant to instant. Sometimes,

these action potentials reinforce each other but, at other times, they

have a sign opposite that of each other. The P, Q, R, S, and T waves

reflect periods of considerable reinforcement of the minute dipoles to

yield a cardiac potential with a definite direction, detectable magni-

tude and duration. In the electrocardiograms of man with leads I, II,

and III, the five waves are easily identifiable in one or more of the

leads and the P wave has been shown to be related to auricular
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contraction; the Q, R, and S waves with ventricular contraction; and

the T wave with ventricular recovery. The auricular recovery wave

is usually hidden in the ventricular QRS complex. When contraction is

simultaneous throughout the auricle, the P wave is simple. However,

if the contraction wave spreads slowly or if relaxation begins in some

of the syncytial fibers while others are contracting, the P wave may

become complex. In the dwarf calves the P and T waves are rela-

tively simple. Five categories have been chosen for classification of

the direction of the P and T potentials and four for the QRS complex.

The P and T waves have been classified as upright (positive), inverted

(negative), isoelectric, and complex. The complex forms have been

subdivided into minus-plus and plus-minus forms. The incidence and

percentage distribution of P and T wave forms into these five cate-

gories are given in Tables 6, 8A, and 8B. The QRS waves are often

more complex and only the number of phases are tabulated for these

waves (Tables 7A and 7B). Where less than 15 percent of the calves

have forms of P, QRS, and T waves of a given category, the lineages

of unusual calves are given in parentheses instead of the percentages.

(Missing percentages can be obtained by multiplying incidence figures

by 1. 5. )
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Table 6 . P Wave Forms for Dwarf Beef Cattle.

Leads Upright Inverted Isoelectric Complex Forms

(Positive/. (Negative) 1+ -J (- + )

L- Leads

41 (63%) 6 (1BF,2CF,
3SCF)

11 (17%) 6 (2SCF,
4DF)

II 62 (94%) 2 (BF) 2 (SCF)

III 43 (68%) 20 (32%)

aVR 49 (78%) 6 (2BF,2CF, 6 (3SCF,1DF,
2CM) 1CF, 1CM)

aVL 11 (18%) 13 (21%) 34 (56%) 1 (DF) 2 (BF)

aVF 50 (79%) 11 (17%) 2 (SCF)

V8 64 (100%)

CR
8

66 (100%)

CF8 63 (100%)

CL
8

62 (100%)

S-Leads

44 (68%) 10 (17%) 1 (DF) 7 (2SCF,
SDF)

S-I

S-II 58 (91%) 6 (1SCF,4CF,
1DF)

S-III 64 (100%)

S-aVR 17 (26%) 11 (17%) 34 (52%) 4 (1BF, 3DF)

S-aVL 57 (88%) 2 (BF) 6 (3SCF, 3CM)

S-aVF 61 (95%) 3 (CM)

M-Leads

M-I 52 (81%) 12 (19%)

M-II 65 (100%)

M-III 65 (100%)

M- aVR 57 (90%) 6 (CM)

M-aVL 18 (29%) 17 (27%) 28 (44%)

M-aVF 63 (100%)

The first figure gives the numerical incidence of the designated wave type and the second the

percentage incidence in the 67 dwarfs. Percentages below 15% are replaced by a breakdown

of the incidence figure among the dwarf subgroups. Percentages can be derived by multiplying

incidence figures by 1.5.



Table 7 A. QRS Wave Forms for Dwarf Beef Cattle.

1 1

Lead Monphasic Biphasic Triphasic Multiphasic

L-Leads

I 7 (2BF. 5DF) 27 (42%) 28 (44%) 2 (1SCF, 1DF)

II 1 (DF) 18 (28%) 37 (58%) 8 (6DF, 1SCF, 1CM)

III 1 (CF) 16 (26%) 33 (53%) 12 (19%)

aVR 6 (1CF, 2BF, 3DF) 22 (34%) 25 (40%) 10 (16%)

aVL 3 (1CM, 2DF) 22 (35%) 34 (54%) 4 (2CM, 2DF)

aVF 1 (CF) 19 (31%) 36 (58%) 6 (1CM, 1CF, 1BF, 3DF)

V8 64 (100%)

CR8 2 (CF) 64 (97%)

CF
8

5 (2DM, 2CF, 1DF) 58 (92%)

CL
8

3 (1CM, 2CF) 59 (95%)

S-Leads

S-I 6 (2BF, 4DF) 27 (41%) 30 (46%) 1 (DF)

S-II 3 (2CF, 1DF) 60 (95%)

S-III 3 (2CM, 1CF) 61 (95%)

S-aVR 8 (2CM, 3BF, 3DF) 56 (86%)

S-aVL 16 (25%) 41 (65%) 5 (2CM, 2CF, 1 (DF)
1SCF)

S-aVF 3 (1CM, 2CF) 61 (95%)

M-I 3 (1BF, 2DF) 24 (38%) 21 (33%) 16 (25%)

M-II 5 (2CM, 2CF, 1DF) 58 (92%)

M-III 4 (2CM, 2CF) 60 (94%)

M-aVR 3 (1CM, 1DF, 1BF) 32 (50%) 29 (45%)

M-aVL 4 (2CF, 1 SCF, 1DF) 54 (87%) 3 (2CM, 1CF) 1 (CF)

M-aVF 63 (100%)

9

The first figures gives the numerical incidence of the designated wave type and the second

the percentage incidence in the 67 dwarfs. Percentages below 15% are replaced by a breakdown

of the incidence figure among the dwarf subgroups. Percentages can be derived by multiplying

incidence figures by 1.5.
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Table 7 B. QRS Wave Forms for Normal Hereford Beef Cattle.

Lead Monophasic Biphasic Triphasic Multiphasic

L-Leads

19 (48%) 19 (48%) 2
(E1,

E23)

II 10 (25%) 30 (75%)

III 4 (10%) 36 (90%)

aVR 1 (E30) 16 (40%) 20 (50%) 3 (E2, E6 _, E10)

aVL 14 (35%) 26 (65%)

aVF 10 (25%) 30 (75%)

V8 40 (100%)

CR8 40 (100%)

CF
8

40 (100%)

CL
8

40 (100%)

S-I 1 (E4) 15 (38%) 22 (55%) 2 (E24, El)

S-II 40 (100%)

S-III 40 (100%)

S-aVR 40 (100%)

S -aVL 40 (100%)

S-aVF 40 (100%)

The first figure gives the numerical incidence of the designated wave type and the second the

percentage incidence in the 40 normal calves. Percentages below 15% are replaced by a breakdown

of the incidence figure into the calf numbers. Percentages can be derived by multiplying incidence

figures by 2. 5. E30, E4, etc. = calf number.
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Table 8 A. T Wave Forms for Dwarf Beef Cattle.

Leads Upright Inverted Isoelectric Complex Forms

(Positive) (Negative) (+ ) (- +)

L-Leads

12 (18%) 43 (66%) 6 (1CM,2CF,
1SCF 2DF )

1 (DF) 3 (DF)
I

TT 16 (25%) 27 (42%) 1 (CM) 1 (DF) 19 (30%)

III 42 (6,':.) 6 (3CM, 1CF, 2 (1CM, 12 (19%)

1BF, 1DF) 1SCF)

aVR 37 (60%) 16 (26%) 6 (1SCF,
2BF,3DF)

3 (2CF,
1SCF)

aVL 4 (3CM, 1BF) 48 (76%) 10 (16%) 1 (BF)

aVF 23 (37%) 18 (29%) 3 (2CM, 1BF) 18 (29%)

V8 64 (100%)

CR8 66 (100%)

CF
8

63 (100%)

CL
8

62 (100%)

S-Leads

12 (18%) 42 (65%) 8 (2CM, 2SCF,
4 DF)

3 (1CF, 2DF)S-I

S-II 63 (100%)

S-III 64 (100%)

S-aVR 31 (48%) 30 (47%) 2 (CM) 1 (CM)

S-aVL 44 (70%) 8 (4CM, 2BF, 5 (3CF,2CM) 5 (2SCF,

2DF) 1BF, 2DF)

S-aVF 61 (95%) 2 (CM) 1 (CM)

M- Le ads

53 (83%) 4 (3CM, 1BF) 1 (CM) 5 (1BF,
4DF)

1 (CM)M-I

M- II 64 (100%)

M-III 64 (100%)

M-aVR 40 (63%) 6 (2CM 2SCF, 3 (1CM,2CF) 14 (22%)

2DF)

M-aVL 60 (97%) 2 (CM)

M- aVF 63 (100%)

The first figures gives the numerical incidence of the designated wave type and the second the per-

centage incidence in the 67 dwarfs. Percentages below 15% are replaced by a breakdown of the

incidence figure among the dwarf subgroups. Percentages can be derived by multiplying incidence

figure by LS.
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Table 8 B. T Wave Forms for Normal Hereford Beef Cattle.

Leads Upright
(Positive)

Inverted
(Negative)

Isoelectric Complex forms
(- +

L-Leads

I 7 (18%) 23 (58%) 9 (23%) 1 (E23)

II 8 (20%) 21 (53%) 1 (E7) 10 (25%)

III 11 (28%) 7 (18%) 1 (E
26)

21 (53%)

aVR 20 (50%) 6 (15%) 5 (13%) 8 (20%) 1 (E25)

aVL 1 (E 32) 15 (38%) 16 (40%) 7 (18%)

aVF 9 (23%) 15 (38%) 2 (E29,E32) 13 (33%)

V8 40 (100%)

CR8 40 (100%)

DF
8

40 (100%)

CL
8

40 (100%)

S-Leads

S-I 5 (13%) 25 (63%) 7 (18%) 1 (E
25) 2 (E10,E41)

S-II 40 (100%)

S-III 40 (100%)

S-aVR 38 (95%) 2 (E22,E25)

S-aVL 40 (100%)

S-aVF 40 (100%)

The first figure gives the numerical incidence of the designated wave type and the second the

percentage incidence in the 40 normal calves. Percentages below 15% are replaced by a
breakdown of the incidence figure into the calf numbers. Percentages can be derived by

multiplying incidence figures by 2.5. E25, etc. = calf number.
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P Wave

The P wave reflects the electrical activity of the atrial mus-

culature. The forms of the P wave in any given lead were generally

similar in many of the dwarf calves and were simple in the majority

of dwarfs. In other words, over half of the calves had P wave forms

for any given lead that fell into either the single wave upright, the

single wave inverted, or the isoelectric category. The only exception

to this generalization was in lead M-aVL where 29 percent of the P

waves were upright, 27 percent inverted, and 44 percent isoelectric.

All the P waves for dwarf calves were inverted (negative) in

leads V8, CR8' CF8, CL8, M-II, M-III, and M-aVF. The

majority of the P waves were upright (positive) in leads I, II, III,

aVF, S-I, S-aVL, and M-aVR; inverted in leads aVR, S-H, S-aVF,

and M-1; and isoelectric in leads aVL, S-aVR, and M-aVL (Table 6).

Van Arsdel and his associates (65) pointed out that, in general,

all unipolar leads taken from the positive side or the head of the vec-

tor potential will be positive in deflection; those on the null band iso-

electric or zigzag, while those in the negative area will produce a

negative deflection.

Manning (36) studied the P wave of normal Hereford calves in

the S-plane leads. The P wave was positive in 98 percent of the

calves in lead S-aVL and negative in 95 to 100 percent in lead S-II,
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S-III, and S-aVF. Lead S-aVR had isoelectric P waves in 81 percent

and positive P waves in 17 percent of the calves while lead S-I gave

isoelectric P waves in 36 percent and positive P waves in 64 percent

of the calves. Again the P wave forms in the majority of dwarf

calves were similar to those of the majority of normal Hereford

calves. Incidence was somewhat different in dwarfs and Herefords.

Thus, the axis of electrical activity generated during the acti-

vation of atria is generally similar in the dwarf subgroups. However,

specific calves in some of the subgroups differ markedly from the

majority of the calves in the subgroups.

QRS Complex

The QRS complex reflects the electrical activity of the ventri-

cular muscle. Smith and others (54) point out that the form of the

ORS complex in the limb leads in cattle is commonly bizarre with

notching and slurring. It varies among individuals and in the same

individual from one time to another. All such variations are the

result of absolute or relative changes in the direction of vectors rep-

resenting waves of depolarization traversing the heart. Inconsist-

encies of the form of the QRS complex in limb leads are due to (1)

differences in anatomical position of the heart within the thorax,

(2) changes in lead axis, i. e. changes in position of thoracic limbs,

and (3) differences in the activation process.
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All the QRS wave forms were biphasic in dwarf calves in leads

V8 and M-aVF, while the majority of the QRS wave forms were bi-

phasic in dwarf calves in leads CR8, CF8, CL8, S-II, S-aVR,

S-aVL, S-aVF, M-II, M-III, and M-aVL. The majority of the QRS

wave forms for dwarf calves were biphasic or triphasic in leads I, II,

III, aVL, aVF, S-I, M-I, and M-aVR. Monophasic and rnultiphasic

QRS complexes were exceptions in all leads (Table 7A). The QRS

wave forms from the normal Hereford beef calves at 500 and 800

pounds body weight (Tables 7A and 7B) had a lower incidence of mono-

phasic QRS waves than was found in the dwarfs.

T Wave

The T wave reflects the potential developed during electrical

reconstitution of the ventricular muscle. Smith and others (54)

pointed out that repolarization is slow compared to depolarization in

cattle. Form of T wave is determined by pathways of repolarization

and the uncancelled dipoles they generate. In the limb leads much

variability in slope and polarity of the T wave exists. The position of

limbs is important in determining the configuration of T wave. T

wave changes may be secondary to changes in the QRS or may be

primary or both may occur simultaneously.

The T-wave forms from dwarf cattle were generally simple.

For most leads over half of the calves had either upright or inverted
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monophasic T waves (Table 8A). Leads II, aVF, and S-aVR were

exceptions.

The majority of the T waves of dwarf calves were upright in

leads III, aVR, S-aVL, M-I, M-aVR, and M-aVL. All the T waves

were inverted in leads V8, CR8, CF8' CL8, S-II, M-II,

and M-aVF, while the majority of the T waves were inverted in leads

I, aVL, S-1, and S-aVF (Table 8A).

More complex T waves in lead III and more isoelectric T waves

in lead aVL were found in the normal Hereford calves than were

found in the dwarfs (Table 8B). Inverted or negative T waves in the

normal Herefords were not found in lead S-aVR, although about 50

percent of the T waves in dwarfs were inverted.

Cardiac Potentials

Cardiac potentials vary in magnitude and direction from mo-

ment to moment and their analysis is difficult. In accordance with

Clark (5), abnormality in the strength of the action currents or the

routes of activation point to the value of voltage measurements and

vector studies in an EKG examination,

Study of electrocardiograms suggests at least two measure-

ments of potentials that deserve analysis. One is the net potential of

a complex (Ps QRS, or T) and the other is the maximum change in

potential during the complex. For the net potential, the positive and
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negative phases of a complex are added algebraically without regard

for the relative duration of the phases. For the maximum change in

potential, the magnitude of the greatest positive potential during a

complex is added to the magnitude of the greatest negative potential.

Values for net potential and maximum change of potential vary with

the lead. The values for the P, QRS, and T net potentials in leads I,

aVF, S-1, and S-aVF; and in the L-plane, S-plane, and along the

axes are summarized in Tables 9, 10, and 11,

P Wave Potential

The P wave potential is the result of electrical activity of

atrial musculature. With the exception of one BF dwarf and two DF

dwarfs, the greatest net P wave potential was found in all dwarf

calves in lead V8 (Table 12). High potentials were also found in

other leads somewhat equivalent in direction to lead V8. Thus, the

atria of 59 out of 62 dwarf calves may be conceived as similarly dis-

posed anatomically, but in three the disposition is otherwise. In

calves BF-56, DF-55, and DF-68, the electrical axes suggest that

the atria are lying along a line parallel to the longitudinal axis of the

calf.



Table 9. Mean P Wave Potentials of Dwarf Beef Cattle in Leads I, aVF, S-I and S-aVF; in L- and S-Planes; and Along the Axis (in units).

Brachycephalic
Males

Dolichocephalic
Males

Compressed
Males

Brachycephalic
Females

Dolichocephalic
Females

Compressed
Females

Recurrent
Compressed
Females

Synthetic
Compressed

Females

Lead

I 1.25 1.37 1.24 1.28 1.32 1.32 1.00 0.83

aVF 1.30 0.00 1.64 2.18 2.47 1.67 1.73 1.87

S-1 1.13 0.75 0.96 1.04 1.28 1.41 0.38 1,01

S-aVF -2.02 -1.44 -0.92 -1.94 -1.93 -1.67 -1.44 -1.90

Plane

L 1,80 1.37 2.11 2.85 2.93 2.29 2.29 2,59

S 2.32 1.62 1.80 2.25 2.38 2.35 1.75 2.46

Axis 2.67 1.99 2.46 3,16 3.47 2.91 2.42 3.07

No. of
Dwarfs 2 1 12 9 15 16 2 10

1 unit = 0.1 millivolt



Table 10. Mean Net QRS Complex Potentials of Dwarf Beef Cattle in Leads I, aVF, S-I and S-aVF; in and S-Planes; and Along the Axis. (in units)

Recurrent Synthetic

Brachycephalic Dolichocephalic Compressed Brachycephlic Dolichocephalic Compressed Compressed Compressed

Males Males Males Females Females Females Females Fem ales

Lead

I 2. 50 -0. 25 -2. 56 2. 50 2. 18 -0. 85 2. 13 -0. 17

aVF -0.07 -2.01 -1.49 0.22 1.83 -2.56 -1.73 0.52

S-I -1.25 -0.25 -2.60 2. 12 1.53 -1. 15 0.63 -0. 14

S-aVF 7.77 9.49 7.48 8.05 8.14 6.31 7.91 6.41

Plane

L 3.19 2.03 4.21 4.27 4.70 3.83 3.76 4.97

S 8.01 9.49 8.50 8.59 8.88 6.76 8.70 7.06

Axis 8.29 9. 70 9. 11 8. 85 9.63 7. 81 6.71 8. 54

No. of
Dwarfs 2 1 12 9 15 16 2 10

1 unit = 0. 1 millivolt



Table 11, Mean Net T Wave Potentials of Dwarf Beef Cattle in ',cads I, aVF, S-I and S-aVF; L- and S-Planes; and Along the Axis. (in units)

Recurrent Synthetic

Brachycephalic Dolichocephalic Compressed Brachycephalic Dolichocephalic Compressed Compressed Compressed

Males Males Males Females Females Females Females Females

Lead

I -0.75 -0.25 -0.97 -3.22 -1.86 -1.67 -2.00 -1.72

aVF -0.58 2.89 0.00 0.11 0.31 1.17 1.44 -0.39

S-I 0.00 -1.00 -0.29 -2.60 -1.78 -1.22 -1.88 -0.96

S-aVF -2.59 -3.16 -1.21 -4.54 -4.82 -3.36 -2.88 -4.21

Plane

L 1.95 2.89 2.68 3.52 3.30 2.92 2.89 3.46

S 2.59 3.31 2.86 5.28 5.35 3.99 3.43 4.79

Axis 3.13 4.39 3.41 5.38 S. 86 4.60 3.10 5.44

No. of
Dwarfs 2 1 12 9 15 16 2 10

1 unit = 0.1 millivolt



Table 12. Leads of Maximum Net P Wave Potential for Dwarf Beef Cattle

Dwarf Type Total
Leads

V8
(Negative)

M-II
(Negative)

Compressed Males 12 12 (100%)

Compressed Females 16 16 (100%)

Synthetic Compressed Females 10 10 (100%)

Brachycephalic Females 9 8 (89%) 1 (BF 56)

Dolichocephalic Females 15 13 (87%) 2 (DF _, DF
55

)
68

The total number of dwarfs studied and the number with maximum net P wave potential in
the respective leads are given.
The parentheses include either the percentage of dwarfs with maximum net P wave potential in
respective leads or the lineage of dwarfs where less than 10% of the dwarfs are included in a
particular lead.
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The average net P wave potentials in leads I, S-I, aVF, and

S-aVF for the five dwarf subgroups in the descending order of magni-

tude were

Lead I CF = DF = BF = CM --- SCF (92)

1.32 1.32 1.28 1.24 0.83

Lead S-I CF = DF BF SCF = CM (93)

1.41 1.28 1.04 1.01 0.96

Lead aVF DF = BF = SCF CF = CM (94)

2.47 2.18 1.87 1.67 1.64

But DF = BF > CF = CM

Lead S-aVF BF = DF = SCF = CF > CM (95)

-1.94 -1.93 -1.90 -1.67 -0.92

Equal signs in the above equations are used if the difference in poten-

tials is not statistically significant and the symbol for greater than

(>) is used when the difference in potentials is statistically significant.

The numbers provide the average net potential for each dwarf sub-

group. The CM and CF dwarfs had significantly lower potentials than

the BF and DF dwarfs in lead aVF, while the CM dwarfs had signifi-

cantly lower potentials than the CF, SCF, BF, and DF dwarfs in lead

S-aVF. DF dwarfs generally had high potentials and the potentials

of BF dwarfs were generally on the high side. CM dwarfs generally

had low potentials and SCF dwarfs had potentials on the low side, In

any lead, CF dwarfs exhibited either the highest or lowest potentials
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among females.

The average net P wave potentials in leads I, aVF, S-I, and

S-aVF in the normal Hereford calves at 500 and 800 pounds body

weight were:

Female s Males
Leads 500 Pounds 800 pounds 500 Pounds 800 Pounds

I 0.8 0.8 0.9 0. 6

S-I 0. 9 0. 9 0. 8 0. 7

aVF 1 . 1 1 . 2 1 . 5 1.4
S-aVF -1.2 -1.2 -0.9 -1. 0

Generally, higher net P wave potentials were found in leads aVF and

S-aVF in the dwarf females than were found in normal Hereford fe-

males. The dwarf females had potentials similar to normal Hereford

females in leads I and S-I, and the CM dwarfs had potentials similar

to normal Hereford males in leads I, aVF, S--I, and S-aVF.

P wave potential in the L- and S-planes. The potentials re-

corded in any lead vary with the potentials in cardiac muscle but are

less than the cardiac potentials because of the resistance of the tis-

sues between the lead connections and the heart and because the line

between the lead connections does not run parallel to the electrical

axis of the heart. Resistance between electrodes and skin and the

distance of leads from the center of the heart muscle mass may be

other variables altering the recorded potential. The potentials in

any two leads can be considered vectorially to give a component of

the cardiac potential in the plane through two leads. The vectorial
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sum of the potentials in leads I and aVF (after multiplying aVF by

1. 1 5) gives the L-plane potential and the vectorial sum of leads S-I

and S-aVF (x 1. 15) gives the S-plane potential. Momentary potentials

may be obtained, but because of the complexity of the problem of in-

terpretation, data are usually given mainly for the net potentials.

In the L-plane the average net P wave potentials in the descend-

ing order were:

DF = BF = SCF = CF = CM (96)

2.93 2.85 2.59 2.29 2.11

But DF = BF > CM

Thus, the CM dwarfs in the L-plane had significantly lower P wave

potentials than the BF and DF dwarfs. The net P wave potential in

the L plane in the normal male Herefords averaged 1.7 units at 500

pounds and 1.6 units at 800 pounds. In normal female Herefords the

average net potential in the L-plane was 1.4 units at 500 pounds and

1.6 units at 800 pounds body weight. The female dwarfs had greater

potentials in the L-plane than the normal female Herefords, and the

CM dwarfs had greater potentials than the normal male Herefords.

In the S-plane the average net P wave potentials in the descend-

ing order were:

SCF = DF = CF = BF > CM (97)

2.46 2.38 2.35 2.25 I. 80
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Thus, the CM dwarfs in the S-plane had significantly lower P wave

potentials than the CF, SCF, BF, and DF dwarfs. The average net

P wave potential in the S-plane in normal Hereford males was 1.2

units at 500 and 800 pounds and in normal Hereford females was 1.5

units at 500 and 800 pounds body weight, The potentials in the S-

plane in the dwarf females were, in general, greater than those in

the normal Hereford females while the CM dwarfs had greater po-

tentials than the normal Hereford males.

Potential along the P-wave axis. In the three dimensional elec-

trocardiography, the electrical forces generated by the heart are con-

sidered to be equivalent to a single dipole within the cardiac volume.

The forces are thought of as being represented by a single spatial

vector and all leads as being related to each other by being derived

from one vector. The deflections of the surface electrocardiogram

may then be treated as projections of the spatial heart vector upon

each of the three fixed body axes mutually perpendicular (54). The

potentials along the P-wave axis were obtained most simply from

three leads such as I or SCI, aVF, and S-aVF at right angles to each

other. The average net P potentials along the P-wave axes were:

DF = BF = SCF = CF > CM (98)

3.47 3. 16 3. 07 2. 91 2. 46

But DF > CF > CM.

Thus, the P axis potential in the CM dwarfs was significantly lower
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than in the CF, SCF, BF, and DF dwarfs, The CF dwarfs had signi-

ficantly lower P-axis potential than the DF dwarfs. The net potential

along the P-wave axis in the dwarf females ranged from 1.8 to 4.6

units.

Van Arsdel, Krueger, and Bogart (Figure 4,in reference 64)

found that in normal Hereford calves from three days to 12.5 years

of age the potential along the P-wave axis ranged from 1.0 to 3.0

units and decreased slightly with age. Thus, the potential along the

P-wave axis in the dwarf females is somewhat higher than the maxi-

mum reported for the normal Herefords. However, the P-axis poten-

tial of the compressed male dwarfs lay in the Hereford range. It is

interesting that many compressed females had potentials outside the

Hereford range but potentials in all the compressed males were in the

normal Hereford range.

Insofar as the P-axis potentials were above 3.0 units in half of

the dwarfs (Figure 30), the mass of atrial muscle may have been

greater in many of the dwarf calves than in the normal Hereford

calves of the same weight. Another possibility is that there may

have been a higher salt concentration in the tissue fluid of dwarf

calves, and this would have reduced the resistance between the heart

and the lead-off electrodes. Thus, the reflection of cardiac poten-

tials from the skin surface would have mirrored more closely poten-

tials on the cardiac surface.
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The QRS Potential

The QRS potential reflects electrical activity of the ventricular

contraction. Maximum change in the QRS potential (magnitude of

greatest positive potential plus magnitude of greatest negative poten-

tial during QRS complex) in the majority (63 percent) of the dwarfs

was found in lead S-aVF. Other leads with maximum change in the

QRS potential were CF8, S-II, S-III, and CR8 (Table 13).

With the exception of one CM, two CF, and one DF dwarfs,

the greatest net QRS potential was found in lead V8 (see Table 14).

The greatest net QRS potential in the normal Hereford calves at 500

and 800 pounds body weight were also found in lead V8. The average

net QRS potentials for each of the five dwarf subgroups listed in

descending order of magnitude were:

Lead I BF = DF > SCF = CF > CM (99)

2.50 2.18 -0.17 -0.85 -2.56

Lead S-I BF = DF = SCF = CF = CM (100)

2.12 1.53 -0.14 -1.15 -2.60

But BF = DF > CF = CM

Lead aVF DF = SCF = BF = CM = DF (101)

1.83 0.52 0.22 -1.49 -2.56

But DF = SCF > CM = CF

Lead S-aVF DF = BF = CM = SCF = CF (102)

8.14 8.05 7.48 6.41

But DF = BF = CM > CF.

6.31



Table 13. Leads of Maximum Change in the QRS Potential for Dwarf Beef Cattle

Dwarf Type Total
Leads

S-aVF CF8 S-II S-III CR8

Compressed Males 12 6(50%) 2 (17%)

Compressed Females 16 8 (50%) 6 (38%)

Synthetic Compressed
Females 10

Brachycephalic Females 9

Dolichocephalic Females 15

8 (80%)

6 (67%)

11 (73%)

1 (SCF 76)

2 (22%)

3 (20%)

1 (CM )
10

1 (SCF 78)

1 (BF )
29

1 (DF41)

2 (17%)

1 (CF 16)
16

1 (CM )
14

1 (CF 31)

The total number of dwarfs studied and the number with maximum change in the QRS potential
in the respective leads are given.
The numbers in parenthesis include either the percentage of dwarfs with maximum change in the
QRS potential in respective leads or the identifying number of the dwarfs where less than 10%

are included in a particular lead.



Table 14. Leads of Maximum Net QRS Potentials for Dwarf Beef Cattle.

Leads
Dwarf Type Total V8 M- aVR M- aVF M-III

(Positive) (Negative) (Positive) (Negative)

Compressed Males 12 11 (92%) 1 (CM
7)

Compressed Females 16 14 (88%) 1 (CF
26

) 1 (CF
27

)

Synthetic Compressed Females 10 10 (100%)

Brachycephalic Females 9 9 (100%)

Dolichocephalic Females 15 14 (93%) 1 (DF
72)

The total number of dwarfs studied and the number with maximum net QRS potential in the respective
leads are given.
The numbers in parenthesis indicate either the percentage of dwarfs with maximum net QRS potential
in the respective leads or the identifying number of the dwarfs where less than 10% are included in
a particular lead.



141

The average net QRS potential in leads I or S-1 and aVF was low (2-

3 units) but was high (6-8 units) in lead S-aVF. Positive net QRS

potentials were seen in all dwarfs in lead S-aVF and in most DF

dwarfs in leads I and aVF. Negative net QRS potentials were found

in most CM and CF dwarfs in leads I and aVF. Negative and positive

net QRS potentials in lead aVF occurred with almost equal frequency

in the SCF and BF dwarfs.

Van Arsdel, Krueger, and Bogart (65) gave the following .

average QRS potentials for E calves (1955; 21 males and 12 females)

of the Oregon State University Hereford herd:

Females Males
Leads 500 Pounds 800 Pounds 500 Pounds 800 Pounds

I -1.4 -1.0 -0.3 -1.4
S-I -1.4 -1.0 -0.5 -1.4

aVF -0.8 -0.8 -2.7 -2.7
S-aVF 7.1 6.2 6. 5 7.0

The net QRS potentials were generally higher (and of the same sign)

in the DF dwarfs as in the normal Herefords in lead S-aVF; the rest

of the dwarf females had potentials similar to normal Hereford fe-

males while the CM dwarfs had potentials of the same sign but

greater than those of Hereford males.

QRS potentials in the L- and S-planes. The average net QRS

potentials in the L-plane for the different dwarf subgroups were:

SCF = DF = BF = CM = CF (103)

4.97 4.70 4.27 4.21 3.83
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Because of the great individual variability, there was no statistically

significant difference among the dwarf subgroups. The average net

QRS potential in the L-plane in normal Hereford males was found to

be 4.3 units at 500 pounds and 4.2 units at 800 pounds body weight,

while in normal Hereford females, the potential was 3.1 units at 500

pounds and 3. 9 units at 800 pounds body weight. Therefore, the QRS

potentials for the dwarfs in the L-plane were similar to those for the

normal Hereford calves.

In the S-plane the average net QRS potentials were:

DF = BF = CM > SCF = CF (104)

8.88 8.59 8.50 7.06 6. 76

Thus, the DF, BF, and CM dwarfs had similar but significantly

larger net QRS potentials than the SCF and CF dwarfs.

Manning (36) found the net QRS potential in the normal Hereford

calves in the S-plane to range from 3.5 to 10.4 units at 500 pounds

body weight and from 3.5 to 11.0 units at 800 pounds body weight.

The potentials in the dwarfs in the S-plane were similar (4. 0 to 13.0

units) to those of the normal Hereford calves of Manning.

Amplitudes of the QRS deflections in the limb leads (I or S-I,

aVF) and L-plane of dwarf and normal cattle were relatively smaller

than in the scapular (S-aVF) lead and S-plane. Low voltage in limb

leads is due to mean QRS vector being oriented approximately per-

pendicular to the plane of limb leads (54).
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Potential along the QRS axis. The average net QRS potential

along the axis in the dwarfs in the descending order was:

DF = CM = BF = SCF CF (105)

9.63 9. 11 8.85 8.54 7.81

But DF > CF

The only statistically significant difference was between DF and CF

dwarfs. The net potential along the QRS axis in the dwarfs ranged

from 4.0 to 14.3 units,

The net potential along the QRS axis ranged from 5.8 to 14.8

units in normal Hereford calves from 3 days to 12. 5 years of age

(64). Thus, in general, the ranges for the normal Hereford calves

described by Van Arsdel and others are similar to the ranges for the

dwarf calves. The range of the ventricular muscle mass and of posi-

tion of the heart in the dwarf calves were, therefore, similar to the

ranges in the normal Hereford calves.

The T Wave Potentials

The T-wave potential reflects the electrical reconstitution of

the ventricular muscle. With the exception of one CM, three CF, and

one DF dwarf, the greatest net T wave potential in dwarfs was re-

corded in lead V8 (Table 15). High potentials were also found in

other leads somewhat equivalent in direction to lead V8. The greatest

net T wave potential in the normal Hereford calves at 500 and 800



Table 15. Leads of Maximum Net T Wave Potentials for Dwarf Beef Cattle.

Dwarf Type Total
Leads

V8 M-III M-aVL M-aVF

(Negative) (Negative) (Positive) (Negative)

Compressed Males 12 11 (92%) 1 ( )
CM8

Compressed Females 16 13 (81%) 2 (CF20, 1 (CF
38)38

CF )
21

Synthetic Compressed Females 10 10 (100%)

Brachycephalic Females 9 9 (100%)

Dolichocephalic Females 15 14 (93%) 1 (DF
30)

The total number of dwarfs studied and the number with maximum net T- Wave potential in the
respective leads are given.
The numbers in parenthesis include either the percentage of dwarfs with maximum net T-wave
potential in the respective leads or the identifying number of the dwarfs where less than 10%

are included in a particular lead.
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pounds body weight was also recorded from lead V8.

Out of a total of 62 dwarfs, the repolarization of the ventricular

musculature led to high potentials in lead V8 in 57 dwarf calves.

However, in calves CF-20, CF-21, CM-8, and DF-30 (Table 15), the

repolarization of the ventricular mass was centered along a line paral-

lel to the longitudinal axis of the calf. In calf CF-38, the axis of re-

polarization of the ventricular mass was directed forward and to the

left but in a horizontal plane.

The average net T wave potentials for each of the five dwarf

subgroups were:

Lead I BF > DF = SCF = CF = CM (106)

- 3.22 -1.86 -1.72 -1.67 -0.97

Lead S-I BF = DF = CF = SCF = CM (107)

- 2.60 -1.78 -1.22 -0.96 -0.29

But BF > CF = SCF and DF > CM

Lead aVF CF = DF = BF = CM = SCF (108)

1.17 0.31 0.11 0.00 -0.39

Lead S-aVF DF = BF = SCF > CF > CM (109)

-4.82 -4.54 -4.21 -3.36 -1.21

The average net T wave potential was low in lead I or S-I and aVF

but high in lead S-aVF.

The average net wave potentials in leads I, aVF, S-I, and

S-aVF in the normal Hereford calves at 500 and 800 pounds body
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weight were:

Females Males
Leads 500 pounds 800 pounds 500 pounds 800 pounds

I -1.4 -0. 9 -0.5 -0.3
S-I -1.3 -1.2 -0.3 -0.6

aVF -1.8 -1.8 0.0 0.7
S-aVF -3.9 -4.6 -3.5 -4.2

Generally, the net T wave potentials in the BF dwarfs in lead I or S-I

were larger than in the normal Hereford females. The CM and CF

dwarfs had smaller potentials than the normal Hereford calves in

lead S-aVF.

T-wave potential in the L- and S- lanes. The average net T

wave potentials in the L-plane for different dwarf subgroups in de-

scending order of magnitude were:

BF = SCF = DF = CF = CM (110)

3.52 3.46 3.30 2.92 2.68

But BF = SCF > CM

Thus, the average net T wave potential in the L-plane for the CM

dwarfs was significantly lower than in the BF and SCF dwarfs. The

average net T wave potential in the L-plane in the normal female

Hereford calves was 2.4 units at 500 pounds and 2.6 units at 800

pounds body weight while in normal male Herefords the potential was

1.8 units at 500 and 800 pounds body weight. The net T potentials in

the L-plane, in general, were larger in the BF and SCF dwarfs than

in the normal female Herefords while the CM calves had larger
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potentials than the normal male Herefords.

In the S-plane the average net T potential for different dwarf

subgroups in the descending order was:

DF = BF = SCF > CF > CM (111)

5.35 5.28 4.79 3.99 2.86

Thus, the average net T wave potential in the S-plane was similar but

significantly higher in the DF, BF, and SCF dwarfs than in the CF

and CM dwarfs and was significantly higher in the CF dwarfs than in

the CM dwarfs. The net T wave potential in the S-plane in dwarfs

ranged from 2.1 to 9. 9 units. Manning (36) reported the net T wave

potential in the normal Hereford calves in the S-plane to range from

2. 6 to 6. 7 units. Thus, the net T potentials in the S-plane for some

dwarfs (DF-43, DF-65, DF-68, DF-72, and BF-56) were somewhat

higher than those found for the normal Hereford calves.

Potential along the T wave axis. The average net potential

along the T wave axis in the dwarf groups in the descending order

was:

DF SCF = BF = CF > CM (112)

5.86 5.44 5.38 4.60 3.41

But DF > CF > CM

The net T wave potential along the axis in the CM dwarfs was thus

significantly lower than the rest of the dwarf subgroups and the DF

dwarfs had a significantly larger net T-axis potential than the CF
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dwarfs.

The net T-axis potentials in all dwarfs ranged from 2.5 to 8.8

units. Van Arsdel, Krueger, and Bogart (Figure 5 in reference 64)

found the net potential along the T-axis in normal Hereford calves

from 3 days to 12.5 years of age to range from 2.2 to 8.5 units.

Thus, the T-axis potentials for the dwarfs were in the same range as

the normal Hereford calves. Therefore, the range of direction and

the intensity of ventricular repolarization was similar in the dwarfs

and in the normal Herefords.

Correlations of Potentials with Physical Characteristics

One aspect of interrelationships between the cardiac potentials

and the physical characteristics. (body weight, age, heart girth, rectal

temperature, and barn temperature) can be studied by obtaining cor-

relation coefficients and regression lines among these variables, The

correlation coefficients of the cardiac potentials along the P, QRS,

and T axes and the maximum change in the QRS potential with body

weight, age, heart girth, rectal temperature, and barn temperature

are given in Table 16. The predicting or regression equations were

developed wherever the correlation coefficients were statistically

significant and are given in Table 17.



Table 16. Correlations of Net Potentials along the P, QRS and T 'Wave Axes and Maximum Change in the QRS Potential with Body Weight, Age,

Heart Girth, Rectal Temperature and Barn Temperature for Dwarf Beef Cattle.

Compressed
Male

Relationship Dwarfs

Compressed
Female
Dwarfs

Synthetic
Compressed

Female Dwarfs

Brachycephalic
Female
Dwarfs

Dolichocephalic
Female
Dwarfs

P Axis Potential : Weight -0.01 -0.01 -0.32 0.06 0.13
11 ll ft : Age -0.04 0.01 0.05 0.45 0.07
11 14 It : Heart Girth -0.14 -0. OS - - -

/t If 11 : Rectal Temp. 0,09 -0,29 0,30 -0,19 0,16
tt ii : Barn Temp. 0,12 -0.34 0.01 0.34 O. 70**

QRS Axis Potential : Weight 0,12 -0.09 0.51 0.57 0.14
il

11 : Age 0.39 0.28 0.59 0..10 0.72**

" : Heart Girth -0.08 0.13 - - -
II 11 tf :- Rectal Temp. 0.25 -0.1 0.04 -0.10 0.27
11 11 It : Barn Temp. -0.22 -0.11 0.62* 0.32 0.18

Max, Change QRS Potential : Weight 0.02 0.23 0.53 0,60 -0.16
41 11 11 : Age -0.02 -0.11 0.57 0,10 0. 62 **

: Heart Girth -0.02 0.27
: Rectal Temp. 0.03 -0.45 O. 12 --O. 15 0,47
: Barn Temp. 0.07 0.20 0.71* 0,29 0.45

T Axis Potential : Weight 0.03 -0.22 0.20 0.50 0.04
11 11 : Age -0.03 0.15 0.46 0.34 0. 57*

II II : Heart Girth 0.07 -0.43 - -

II 11 11 : Rectal Temp. 0.26 -0.53* 0.10 -0.30 0.30
II : Barn Temp. 0.56 -0.49* 0.15 -0.43 0.15

* Statistically significant at the 5% level.

** Statistically significant and the 1% level,
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Table 17. Regression Equations for Significant Correlations of
Net Potentials along the P, QRS, T Axes and Maximum
Change in the QRS Potential (QRSm), Age (A), Rectal
Temperature (RT), and Barn Temperature (BT) for
Dwarf Beef Cattle.

Dwarf
Group

Level of
Significance Regression Equation

Equation
Number

DF

DF

SCF

0.01

0.01

0.05

P = 0.69 + 0.09 BT

QRS = 4.73 + 1.12 A

QRS = 2.98 + 0.20 BT

(113)

(114)

(115)

DF 0.01 QRSm = 10.32 + 0.75 A (116)

SCF 0.05 QRSm = 8.71 +0.11 BT (117)

DF 0.05 T = 2.50 + 0.75 A (118)

CF 0.05 T = 61.54 - 0.55 RT (119)

CF 0.05 T = 7,87 - 0.14 BT (120)
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P-axis sotential and physical characteristics. It is seen in

Figure 30 that P potentials are high in the DF dwarfs and somewhat

lower in the CM, CF, SCF, and BF dwarfs, The net potential along

the P-axis was correlated only with barn temperature and only in the

DF dwarfs. In the DF dwarfs, as the barn temperature increased

from 24°C to 35. 5 °C, the P-axis potential increased from 2.9 to 3.9

units. The P-axis potential probably would have been correlated with

rectal temperature in the dolichocephalic females except for calf

DF-30 which had a very high rectal temperature (104. 7 °F) when the

barn temperature was only 26°C.

QRS-axis potential and the physical characteristics. The P-axis

potential (Figure 30) varied from 1.8 to 4.6 units and the QRS-axis

potential (Figure 31) varied from 3.9 to 14.3 units. The difference

between P and QRS-axis potentials was expected but the wide variation

was not expected. The QRS-axis potentials in the CM dwarfs did not

vary as much as they varied in the CF dwarfs. The QRS-axis poten-

tials in the DF dwarfs varied widely and were more frequently higher

than the QRS-axis potentials from CM, CF, SCF, and BF subgroups.

The QRS-axis potential was not correlated with body weight,

heart girth, and rectal temperature. Generally, the QRS-axis poten-

tial was not correlated with age or barn temperature (Figures 31 and

32), but a significant correlation was found between the potential along

the QRS-axis and age in the DF dwarfs and between the QRS-axis
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potential and barn temperature in the SCF dwarfs. As the age in DF

dwarfs increased from 1.2 to 8.0 years, the potential along the QRS-

axis increased from 6.1 to 13.7 units. As the barn temperature in-

creased from 19.0 to 36. 0 °C, the net QRS potential along the axis in

the SCF dwarfs increased from 6.7 to 9.8 units. Van Arsdel, Krueger,

and Bogart (64) noted that most non-conforming EKG records for nor-

mal Hereford calves were obtained at barn temperatures above 16°C

and suggested that a complete understanding of the effect of tempera-

ture on the EKG would require studies under more controlled condi-

tions.

Maximum change in QRS potential and physical characteristics.

The maximum change in the QRS potential as well as the potential

along the QRS-axis were not correlated with body weight, heart girth,

or rectal temperature but were correlated with age in the DF dwarfs

and with barn temperature in the SCF dwarfs (Figures 33 and 34). As

age in the DF dwarfs increased from 1.2 to 8.0 years, the maximum

change in the QRS potential increased from 11.2 to 16.3 units. With

an increase of barn temperature from 19.5 to 36. 2 °C, the maximum

change in the QRS potential in the SCF dwarfs increased from 10.8 to

12.5 units.

T-axis potential and physical characteristics. The T-axis po-

tentials are plotted against age (Figure 35), rectal temperature

(Figure 36), and barn temperature (Figure 37). The T-axis potentials
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(2, 5 to 8.8 units) varied more and were greater in magnitude than the

P-axis potentials (1, 8 to 4. 6 units) but were less than the magnitudes

of the QRS potentials (4. 0 to 14.3 units). The T- and P-axis poten-

tials were similar in that high potentials occurred in the DF dwarfs

and low potentials occurred in the CM dwarfs. The T-axis potentials

were not correlated with body weight and heart girth, Generally, the

T-axis potentials were not correlated with age, rectal temperature,

and the barn temperature, but were significantly correlated with age

in the DF dwarfs and with rectal and barn temperature in the CF

dwarfs. As the age in the DF dwarfs increased from 1.2 to 8. 0 years,

the T-axis potential increased from 3. 4 to 8. 5 units. With an in-

crease in rectal temperature from 101.6 to 104. 1 °F, the T-axis po-

tential of CF dwarfs decreased from 5.4 to 4.0 units. The T-axis

potential of CF dwarfs decreased from 5.2 to 4. 2 units as the barn

temperature increased from 19.5 to 26. 5°C.

Direction of Cardiac Potential Vectors

The direction of axes of cardiac potentials can be expressed in

a number of coordinate systems, but for convenience Van Arsdel and

others (64) have chosen polar coordinates. To facilitate the under-

standing and discussion of direction of cardiac axes, the orientation

of the P, QRS, and T vectors is determined by plotting the angle of

azimuth (deviation in the horizontal plane) against the angle of
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elevation of the vectors as shown in Figures 38 to 42. We have

chosen the rectangular coordinate system for plotting the vectors

instead of an oblique ste- projection centered on a 40 degree

latitude (64), because the vectors studied covered a wider range than

those of Van Arsdel and required a system in which all octants were

equally available. The angle between the QRS and P-wave axes and

between the QRS and T- -wave axes will be considered after discussion

of the direction of the , QRS, and T-wave axes.

P Vector Orientation

The P wave vectors pointed ventrad, caudad and sinistrad in

most dwarfs. Out of 61 dwarfs, the P vector in two (SCF-78, BF-56)

pointed nearly directly sinistrad and ventrad. The cones of the direc-

tions of P-axes for calves of each of the five dwarf subgroups (CM,

DF, SCF, BF, and DF) overlapped (Figure 38) and the differences

between the cones were not marked.

Van Arsdel, Krueger, and Bogart (64) found the P vector dis-

tributions for Lionheart, Prince, and David lines of normal Hereford

calves to overlap. All points for P vectors appeared within an area

bounded by 20 to 110 degrees longitude (azimuth) and 0 to -90 degrees

latitude (elevation). The range for P vectors for the dwarfs was

from 0 to 90 degrees longitude and from ;10 to -73 degrees latitude

and was somewhat less than that for the normal Herefords. Thus,
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the directions of P vectors of many dwarfs differed little from those

of the normal Herefords. The P vectors for two dwarfs pointed

directly sinistrad and were out of the normal Hereford range. None

of the dwarf calves had P vectors pointing in the direction of the

range from 90 to 110 degrees longitude where some of the vectors

from normal Hereford calves were located.

QRS Vector Orientation

The QRS vector pointed dorsad in all the dwarfs. In 59 percent

of the dwarfs, the QRS vector pointed cephalad and in 41 percent

caudad. The QRS vector pointed dextrad in 44 percent of the dwarfs

and sinistrad in 56 percent of the dwarfs (Figure 39 and Table 18).

The QRS vector in the majority of the CM and CF dwarfs was

oriented cephalad, dorsad, and dextrad. The QRS vectors for the

SCF and DF dwarfs were scattered through the four dorsal quadrants

and the BF dwarfs were mainly sinistrad and caudad or cephalad.

The QRS vector (Figure 40 and Table 18) in Hereford cattle of

Van Arsdel (292 days old or older) pointed dorsad (all calves), ce-

phalad (56 percent calves), caudad (44 percent calves), sinistrad

(33 percent calves), and dextrad (67 percent calves). Thus, the QRS

vectors of the dwarf calves were oriented over the same wide dorsad

range occupied by the Herefords of Van Arsdel, Krueger, and Bogart.

Distribution through the four dorsal quadrants was different in the



Table 18. QRS Vector Orientations of Dwarf and Normal Beef Cattle.

Total Cephalad Cephalad Caudad Caudad
Cattle Number of Dorsad Dorsad Dorsad Dorsad
Group Calves Dextrad Sinistrad Sinistrad Dextrad

Dwarfs

CM 11 9 (82%) 2 ( 18%)

CF 16 11 (69%) 1 (CF33) 4 (25%)

SCF 10 2 (20%) 2 (20%) 5 (50%) 1 (SCF )
40

BF 9 1 (B64) 3 (33%) 5 (56%)

DF 15 1 (DF67) 4 (27%) 8 (53%) 2 (13%)

Total 61 24 (39%) 12 (20%) 22 (36%) 3 (5%)

Normal 39 13 (33%) 9 (23%) 4 (10%) 13 (33%)

The number and incidence percentage of dwarfs with a particular QRS vector orientation
are given.
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dwarfs and normal Herefords.

The electrical axes of the QRS waves suggest that the ventri-

cular mass in Hereford and dwarf calves is not as consistently orient-

ed directionally as is the auricular mass. Anatomic complexity of

the Purkinje system in cattle (50), provides ample opportunity for

relatively minor differences in the distribution of Purkinje fiber to

occur. It is possible that the resulting changes in conduction in-

volving only relatively small volumes of ventricular myocardium are

related to magnitude and spatial orientation of the ventricular com-

plex (54).

As the positive pole of the QRS axis generally points dorsad

(all dwarfs), cephalad (59 percent dwarfs), and sinistrad (56 percent

dwarfs), the negative pole points ventrad, caudad, and dextrad. The

ventricular axis seems to be rotated (while still pointing dorsad) in a

larger percentage of dwarfs than in the Herefords, (The question of

the position of the center mass of the ventricle should also be inves-

tigated, )

T Vector Orientation

The T-axes pointed ventrad in all dwarfs. Out of 61 dwarfs,

28 (46 percent) had T vectors pointing cephalad and dextrad, and 33

(54 percent) had T vectors pointing caudad and sinistrad (Figure 41

and Table 19).



Table 19. T Vector Orientation of Dwarf and Normal Beef Cattle.

Total Cephalad Cephalad Caudad Caudad

Cattle Number of Ventrad Ventrad Ventrad Ventrad

Group Calves Dextrad Sinistrad Dextrad Sinistrad

Dwarfs

CM 11 6 (55%) 5 (45%)

CF 16 5 (31%) 11 (69%)

SCF 10 5 (50%) 5 (50%)

BF 9 5 (56%) 4 (44%)

DF 15 7 (45%) 8 (53%)

Total 61 28 (46%) 33 (54%)

Normal 39 22 (56%) 1 (2%) 14 (36%) 2 (6%)

The number and incidence percentage of dwarfs with a particular T vector orientation
are given.
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The T vectors of the normal Hereford calves (292 days old or

older) of Van Arsdel, Krueger, and Bogart (Figure 42 and Table 19)

pointed ventrad in all the calves. The T vectors pointed cephalad and

dextrad (56 percent), cephalad and sinistrad (2 percent), caudad and

dextrad (36 percent), and caudad and sinistrad (6 percent). Thus,

92 percent of the T-axes were oriented dextrad in normal Hereford

calves but only 46 percent in the dwarf calves.

All Herefords and dwarfs had T axes pointing ventrally. The T

axes of the dwarfs occupied two of the ventral quadrants (cephalad

dextrad and caudad sinistrad) while the Herefords occupied three of

the ventral quadrants (both caudad, and the cephalad dextrad).

Angle between QRS and P Vector

The average QRS: /P angle in the dwarf subgroups in the de-

scending order (Table 20) was

CM = CF = SCF = BF DF (121)

141 140 128 121 112

But CM = CF > BF = DF

Thus, the BF and DF dwarfs had significantly lower QRS/ P angles

than the CM and CF dwarfs. Other differences between subgroups

were not statistically significant. The QRS/P angle in dwarfs ranged

from 72 to 171 degrees. The QRS/P angle in the normal Herefords

ranged from 73 to 180 degrees.



172

As the range of the QRS/P angles in dwarfs is similar to the

range in the normal Hereford calves, the variation in the axis of

activation of the atrial mass with respect to the axis of activation

of the ventricular mass occupies the same range in normal and in the

dwarf cattle.

Angle between QRS and T Vector

The average QRS/T angle in dwarf subgroups in the descending

order (Table 20) was

BF = SCF DF = CF = CM (122)

146 145 140 133 130

The QRS/T angle in dwarfs ranged from 94 to 172 degrees.

Van Arsdel, Krueger, and Bogart (Figure 6 in reference 64) found

the QRS/T angle in normal Hereford calves to range from 91 to 178

degrees. The range in dwarfs for the QRS/T angle is thus nearly

the same as that reported for the normal Herefords.

Vector Loops

The vector loop reflects the changes in the magnitude and

direction of the resultant potential from electron displacement during

contraction and relaxation of the heart. When the loops are simple

as for dwarf D-53 (Figure 44), they are reasonably represented by

the direction of the net potential for a wave. Leads S-I and S-aVF



Table 20. Mean QRS/P and QRS/T Angles in Degrees of the Cardiac Electrical Axes for Dwarf and Normal Beef Cattle.

Angle

Brachycephalic Dolichocephalic Compressed
Recurrent

Compressed
Females

Synthetic
Compressed

Females
Normal
CattleFemales Males Females Males Females Males

QRS/P 121 136 112 147 140 141 118 128 144

QRS/T 146 158 140 147 133 130 108 145 130

No. of
Animals 9 2 15 1 16 11 1 10 40
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were simultaneously recorded in seven SCF, six BF, and 11 DF

dwarfs; therefore, the S-plane loops were constructed for the P, QRS,

and T vectors in these dwarfs (Figures 43 to 45b). The orientation

of the P, QRS, and T vector loops is presented in Table 21.

The P vector loop in the S-plane in 20 out of 24 dwarfs was

oriented ventrad and sinistrad. In four dwarfs the P vector loop

was directed ventrad, sinistrad, and dextrad. Out of a total of 24

dwarfs, the QRS vector loop in the S-plane in 17 was directed to the

dorsad and sinistrad and in seven to the dorsad and dextrad. The

T vector loop in the S-plane in 21 out of 24 dwarfs was directed

ventrad and dextrad, and in the other three dwarfs ventrad and

sinistrad.
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Table 21. P, QRS and T Wave Vector Loops in the S-Plane for Dwarf Beef Cattle.

Dwarf
Group

Number Dorsad
Sinistrad

Dorsad
Dextrad

Ventrad
Sinistrad

Ventrad
Dextrad

P Wave

7

6

11

7(100%)
4(67%) 2(BF53,BF63)
9(82%) 2(DF44, DF66)

SCF
BF
DF
Total 24 20(83%) 3(13%)

QRS Wave

SCF 7 5(71%) Z(29%)

BF 6 6(100%)

DF 11 6(55%) 5(45%)

Total 24 18(75%) 6(25%)

T Wave

7 1(SCF78) 6(86%)SCF
BF 6 6(100%)

DF 11 2(18%) 9(82%)

Total 24 3(12%) 21(88%)

The total number of dwarfs studied and the number with respective vector loops orientations are
given.
The parenthesis include either the percentage of dwarfs with respective vector loop orientations or
lineage of dwarfs where less than 15% are included in a particular orientation.
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SUMMARY

Electrocardiograms taken in limb and scapular leads were

analyzed for 12 compressed male (CM), 16 compressed female (CF),

ten synthetic compressed female (SCF), nine brachycephalic female

(BF), and 15 dolichocephalic female (DF) dwarfs of the University

of California, Davis, California. Electrocardiograms from the dwarf

beef cattle were compared with those from Hereford cattle of the

Oregon State University herd at Corvallis, Oregon.

CM and CF Dwarfs

The average R--R, P-R, Q-T, and T-Q intervals, and the QRS

duration were 0. 62, 0. 19, 0. 34, 0. 33, and 0. 07 second, respectively,

in CM dwarfs and 0.68, 0.20, 0. 34, 0.35, and 0. 07 second in CF

dwarfs. With an increase in barn temperature, CF dwarfs respond-

ed with a decrease in Q-T but with no change in heart rate.

The P and T wave forms of CM and CF dwarfs fell into the

single wave upright, the single wave inverted, or the isoelectric

category. The QRS waves were biphasic or triphasic. The average

P-axis potential was 0.25 millivolt in CM and 0.29 millivolt in CF

dwarfs. The average QRS-axis potentials were 0.91 and 0.78 milli-

volt in CM and CF dwarfs. The average T-axis potentials were 0.34

and 0, 46 millivolt in CM and CF dwarfs.
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The P axes pointed ventrad, caudad and sinistrad in CM and

CF dwarfs. The QRS axes were oriented dorsad, cephalad, and

dextrad in the majority of CM and CF dwarfs. The T axes pointed

ventrad, cephalad and dextrad, or ventrad, caudad and sinistrad in

CM and CF dwarfs. The average QRS/P angle was 141 and 140, while

the average QRS/T angle was 130 and 133 degrees in CM and CF

dwarfs. Compressed male dwarfs differed from compressed female

dwarfs in that females had higher P and T potentials and lower QRS

potentials.

SCF Dwarfs

The average R-R, P-R, Q-T, and T-Q intervals, and the QRS

duration were 0. 77, 0.20, 0. 35, 0. 43, and 0. 07 second, respectively.

With an increase in barn temperature, SCF dwarfs responded with a

decrease in heart rate, more rapid conduction from atria to ventri-

cles, and a longer diastole.

The P and T waves were single waves, and were upright, in-

verted, or isoelectric. The QRS waves were biphasic or triphasic.

The average P, QRS, and T-axes potentials were 0.32, 0.85, and

0.54 millivolt. The P axes pointed ventrad, caudad, and sinistrad.

The QRS axes were oriented dorsad, cephalad or caudad, and dextrad

or sinistrad. The T axis pointed ventrad, cephalad and dextrad, or

ventrad, caudad and sinistrad. The average QRS/P and QRS /T angles
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were 128 and 145 degrees.

Considerable intercorrelations between cardiac intervals were

noted in the synthetic compressed dwarfs, also between intervals,

age, weight and barn temperature. The synthetic compressed dwarfs

seemed to be a more consistent group than were CM, CF, BF or DF

dwarfs.

BF Dwarfs

The average R-R, P-R, Q-T, and T-Q intervals were 0.77,

0.19, 0.34, and 0. 43 second. The average QRS duration was 0. 07

second.

The P and T waves were single waves and were upright, in-

verted, or isoelectric. The QRS waves were biphasic or triphasic.

The average P, QRS and T-axes potentials were 0.32, 0.89 and

0. 54 millivolt.

The P axes pointed ventrad, caudad and sinistrad. The QRS

axes were oriented dorsad, cephalad or caudad, and dextrad or

sinistrad. The T axes pointed ventrad, cephalad and dextrad, or

caudad and sinistrad. The average QRS /P and QRS /T angles were

121 and 146 degrees.
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DF Dwarfs

The average R-R, P-R, Q-T, and T-Q intervals and the QRS

duration were 0. 75, 0.20, 0. 36, 0. 39 and 0. 07 second. With an in-

crease in barn temperature, the DF dwarfs responded with shorter

diastolic duration but with no change in heart rate.

The P and T wave forms were single wave upright, single wave

inverted, or isoelectric. The QRS waves were biphasic or triphasic.

The average P, QRS and T-axes potentials were 0.35, 0.96 and 0. 59

millivolt,

The P axes pointed ventrad, caudad and sinistrad. The QRS

axes pointed dorsad, cephalad or caudad and sinistrad or dextrad.

The T axes pointed ventrad, cephalad and dextrad, or caudad and

sinistrad. The average QRS /P and QRS /T angles were 112 and 146

degrees.

Com arison of CF, SCF, BF and DF Dwarfs

Some electrocardiographic differences existed among the dwarf

subgroups. The average cardiac intervals were not significantly

different in dwarfs, The P, QRS and T wave forms were, in general,

similar in all dwarf subgroups. The average P, QRS and T-axes

potentials of CF dwarfs were significantly lower than those of DF

dwarfs.
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The P and T axes generally pointed in a similar direction in

all dwarf subgroups. The QRS axes were oriented cephalad, dorsad

and dextrad in the majority of CF dwarfs. The QRS axes of SCF, BF

and DF dwarfs were oriented cephalad or caudad, dorsad, and dex-

trad or sinistrad. The average QRS/P angle in CF dwarfs was sig-

nificantly greater than that in BF and DF dwarfs.

Comparison of Dwarf and Hereford Beef Cattle

Marked differences existed between the dwarf and normal beef

cattle with regard to the duration of cardiac intervals, the amplitude

of the P-axis potentials, and the direction of the QRS and T axes.

The average R-R, P-R, Q-T and T-Q intervals were 0.73, 0.20,

0.33, and 0.39 second, respectively. These were significantly

longer than the average intervals of 0. 63, 0.16, 0.32 and 0.30

second in the Hereford cattle of Manning.

The P, QRS and T wave forms for given leads were similar in

dwarfs and normal Hereford cattle. The P-axis potentials of dwarfs

were frequently higher than those of normal Hereford cattle of Van

Arsdel. The QRS-axis potentials of dwarfs were nearly in the same

range (0.4 to 1, 43 millivolts) as those of the normal Hereford cattle

of Van Arsdel (0. 58 to 1.48 millivolts). The T-axes potentials in

dwarfs were also nearly in the same range (0. 22 to 0.88 millivolt)

as those of the normal Hereford cattle of Van Arsdel (0, 22 to 0.85
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millivolt).

The P axes of dwarfs pointed in general, in a similar direction

as those of the normal Hereford cattle of Van Arsdel. The QRS axes

of dwarfs were oriented similarly cephalad and caudad but dissimilar-

ly dextrad and sinistrad from those of the normal Herefords of Van

Arsdel. The T axes were oriented dextrad in 46 percent of the dwarfs

but in 92 percent of the normal Hereford cattle of Van Arsdel.
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