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1. Introduction
The function of the cardiovascular system of any species may be 

defined as a means of transporting to the cells of the body essential 
substances and of carrying away from them their excretory products. By 
means of this system, the cells of the body have access to the organs 
of absorption and excretion although situated within the body at some 
distance from these organs. Because of the continual circulation of 
intravascular fluid, the continuous exchanges between it and extra
cellular fluid, and tlie regulating effects of the organs of absorption 
and excretion, the relatively constant environment of the cells is 
maintained.

The cardiovascular system consists of three separate parts each 
of îtiich has controlling mechanisms. The three parts are firstly the 
heart for impelling the intravasoular fluid around the second part, the 
blood vessels, Wcich are arranged in a series of parallel circuits.
The third part consists of the intravasoular fluid filling these channels, 
that is the blood.

The regulating mechanisms of these three parts are coordinated so 
that changes in one are compensated by changes in the other two parts. 
This coordinating mechanism functions in health and in disease up to a 
limit. then this limit is reached a state of failure exists which is 
knomc as circulatory failure.

Domestic cattle as a species have evolved from the wild ruminants 
whose safety and survival depend in part upon an efficient cardiovascular



system. Apart from the fighting hulls of Spain the process of selection 
in European cattle has not been concerned with safety and survival by 
speed and an athletic type of circulatory system. It is possible that 
in the selection of cattle for other characteristics such as body shape 
and milk yield the circulatory system may have been neglected. The 
selection process has also led to the appearance in European cattle of 
two conditions in #iich the primary deficiency is not within the cardio
vascular system, and yet the cardiovascular system is implicated.
These two conditions do not normally occur in Britain and do not appear 
in the studies presented herein. The conditions are High Altitude 
disease (a right sided heart failure) and Heat stress (the inability 
to survive in tropical environments),

Nevertheless, the cardiovascular system of European cattle is 
worthy of study in Scotland despite Hie fact that these two conditions 
do not occur. Little attention has been paid to the normal cardio
vascular system of cattle, most physiological studies in this species 
having been concerned with the obviously different digestive system.
Yet because of this digestive system, consisting as it does of large 
volumes of fluid carried within the body, it is possible that certain 
cardiovascular adjustments have to be made. Slaughterhouse surveys and 
experience in the University Veterinary Hospital suggest that much 
cardiovasculaf disease exists in cattle, so that in studying abnormal
ities there is no dearth of material. Finally with a large cattle 
population, studies both in health and disease can add to the whole field 
of comparative studies. Cattle being large animals with large organs 
and volumes of body fluids, lend themselves to analytical procedures 
possible with greater difficulty in smaller species.
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A study of the cardiovascular system of cattle can involve the 
whole system in either health and/or disease, or it can involve just 
part of the system. The study presented here evolved from a desire 
to ascertain the functional disturbances of diseases and conditions 
manifest in cattle as oii'culatory failure. In order to proceed with 
this study it was necessary in the first instance to evolve methods of 
examination, methods of manipulation and procurement of samples, modify 
some analytical methods and develop others. Having methods evolved, it 
was then necessary to determine and define the normal.

Finally, abnormal states could be and wero studied.



The Literature aoncGralna; the C&r&lovaaoular
*fT & VJ wWjWt;»%w4.Æ3,B.W?l,\V5*'Waè3M*K*)iqa

Syetem of Cattle

A mass of literature has aooumulated comoernlng the oarüiovaawular
eyatem of oattle* It would serve little purpose to write a oonolee 
review of thle literature* ooveriag eep&r&tely ae it does anatomy, 
physiology* pathology* microbiology* mediolm and eurgery* Much of 
the literature about the abnormalltlee and dlseaeee of the oardlo- 
v&woul&r system of cattle has very little oonaeotloh with the present 
study* slmee it deals with anatomical and pathological description 
with no reference to the functional dlaturbon&e.

Instead of suoh a review* within this etudy# where it h m  
relevance* published work is discussed.
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2. Methods
A. Blood Smtples from Cattle

In caMiovaeaular investigations it is neeessary to obtain venous 
blood samples from many voins, mixed venous samples and arterial blood 
samplea.

(i) Percutaneous venlpunetures

The usual vessels from whioh blood 8&mplea are obtained from e@ttle 
are the jugular vein mrà the suboutmieoue aWomltml vein (the mammary 
vein), Ho new teohnlques were evolved In procedures procuring blood 
samples from these vessels. In order to eliminate the formation of 
haematomata, small bore needles or 19 British Wire Gauge) were 
used in preference to the larger needles often need by others.

(11) Mixed Venous Samples
Mixed venous samples wore obtained from the r l# it  ventricle or 

pulmonary artery by the prooesa of cardiac oathetoriaatlon. By means 

of a manometer the s ite  of Hi© catheter tip  was determined from the 

examination of the oscilloscope reoord of the pressure curve from th is  

point.
(ill) Veimts Oatheterisatlon in Cattle 
The usual method of oatheterlaatlon of the jugular vain In oattle 

involves peroutaneoua puncture with a wide bore (9 BMG) needle and the 
Insertion of a catheter ûovm this needle, This tecNilque has obvious 
disadvmitagâB due to the also of the needle, The production of large 
haomatoma oecure frequently and more eerioue damage to the vessel can 
take place particularly in very young ©alvea, A method of oatlietorisation 
of the jugular vein has been evolved* whereby short catheters of similar 
diameter to the catheters mentioned above can be Insoi'ted after the in»» 
eertion of a 14 BWQ needle through the skin into the jugular vein.
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The method is adapted from a technique used in the human subject 
for arterial catheterisation (Seldinger, 1957)*

The skin over the jugular vein in the upper third of the neck is 
clipped, sterilised, and infiltrated with a solution of Xylocaine 
hydrochloride» The jugular vein is raised by digital pressure below 
this point, and a 14 BWG needle is inserted through the skin into the 
vein in 'bhe anaesthetised area. A nylon rod 1 mm, in diameter and about 
5 centimetres longer than the intended catheter is introduced into the 
vein througii the needle. The needle is withdram leaving the rod partly 
in the vein and partly to the exterior. The exposed rod is then cleaned 
with sterile saline to remove any blood. A catheter is then inserted 
over the rod into the vein and the rod is withdram. In this manî er a 
wide catheter is introduced into the jugular vein throu^i a skin wound 
and a wound in the jugular vein both of xdiich are the same diameter as 
Hie external diameter of the catheter. Thus the catheter is held tightly 
by the skin and leakage, even with elevated jugular venous pressure, is 
negligible.

If this catheter is used for the injection of substances, a short 
length of drainage tubing and a Leuer lock needle are attached, the 
catheter is filled with heparinised saline and closed with a Mohrs clip 
on Hie drainage tubing. The small length of drainage tubing allows 
slight movement of the head and neck during any injections without either 
involuntary removal or kihlting of the catheter, Figure 1 illustrates 
needle, catheters and nylon rod.
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(iv) Catheterlsatlon of the rlglat heart and pulmonary artery
A long catheter (30-40 cm) is required to record pressures in the 

right heart and pulmonary artery and to obtain blood samples from these 
sites. A thinner catheter is Inserted through the catheter previously 
described.

For short catheters in the jugular vein both nylon and polythene were 
found to be satisfactory, but for passage throui^ the right heart the use 
of nylon catheters was avoided after two sudden deaths during catheter- 
isation of calves with such catheters* These deaths were thought to be 
due to ventricular fibrillation as a result of stiff nylon catheters 
bombarding the ventricular wall. Ventricular extrasystoles produced by 
similer bombardment of the ventricular wall with polythene catheters has 
never caused death or collapse.

(v) Arterial Puncture in Cattle
Arterial blood samples have been obtained from cattle in many ways. 

Van Leersum (I91I) described how in dogs it was possible by surgical 
intervention, to bring the carotid arteries into a superficial position 
enclosed in a roll of skin* Recently this procedure has been claimed 
to have been successfully adopted in cattle (Robertshaw, I963) • It has 
the disadvantage of being suitable for use in experimental animals only.

Radial artery puncture was used by Blackwood and Stirling (1932) to 
obtain arterial blood but difficulties arose in unanaesthetised cattle.

Arterial blood has also been obtained from cattle by percutaneous 
puncture of ‘Hie brachial artery in the middle third of the neck (Sellers 

and Hemingway, 1951)• They infiltrated the subcutaneous tissue with



procaine hydrochloride and inserted the needle above the jugular vein 
and into the artery. However, when this method was repeated by the 
author it was found that considerable restraint was necessary, and that 
sliglit movements of the neck withdrew the needle from the artery*

Swedish workers (Hanî ison and Obel, 1958) have described how they 
effected entrance into the abdominal aorta. They used a special needle 
80 cm. in length, the last 8 cm* of which was curved and of 1*7 mm* ex
ternal diameter for actual insertion into -the arteiy, while the remainder 
of the shaft was of 10 mm, diameter. With the tip of the needle pro
tected by a rubber finger shield, the needle was Inserted into the rectum, 
through the abdominal wall into the aorta. This method ivas not used in 
the present study.

Another method of obtaining arterial blood has been described by 
Stowe and Good (i960)* Entrance to the abdominal aorta was effected 
percutaneously in the lumbar region just behind ttie last rib. Some 
years previously a few attempts at using this method on calves in Glasgow 
led to a mortality of 25^ as a result of massive haemorrhage, so that it 
was not pursued.

In their cardiac output determinations Doyle, Warren, Patterson and
Detweller (i960) using local anaesthesia dissected out the carotid artery
of cattle in order to obtain arterial blood samples. This method has
been used on occasion by the author on very young calves*

A method of obtaining blood from the middle ooxygeal artery of 
cattle has been described by Saarinen (1938) and by Campbell, Merilan and 
Car Shaw (I96I), This method has been repeated successfully in Glasgow 
(Anderson, I962)*
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Peroutaneous puncture of the braohio-oephallc trunk
The method described below has been in use for a number of years.

It was evolved from the method of percutaneous puncture of the brachial 
artery which has been published (Fisher 1956), It had the advantage of 
experience, repeatability and the site was such that all instruments 
used for dye dilution curves and blood pressure recording could be con
centrated at the head of the animal.

Percutaneous puncture of the brachiocephalic trunk was effected at 
the root of the neck. The animal was tethered by means of a halter so
that its head was held slightly upward and away from the operator* The
hand was placed under the point of the shoulder as shown (fig* S) and the
brachial artery was palpated at the point where it crossed the first rib*
In thin cattle Hie brachial artery was easily found and rolled between 
the fingers and the first rib, but in fat, thick-necked animals it was 
not possible even to feel the pulse at this point*

The proposed puncture site was infiltrated with a sterile solution 
of 5# xylocaine hydrochloride, this having been found superior to 5^ 
procaine hydrochloride for cutaneous local anaesthesia in cattle. An 
eight inch 15 British Wire Gauge needle was directed into the animal at 
a point just medial to the second finger shown in figure 2, at an angle 
of about 15*̂ to the horizontal and 5  ̂from the long axis of the cow*
The needle was inserted to a depth of four to six inches in order to 
effect entrance to the artery.

This method enjoyed advantages over the previously published method 
of brachial artery puncture* Being inserted into a larger artery and
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Figure 2

Site of Percutaneoua Puncture of the 
Brachio-cephalic trunk of cattle
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being held by the mass of tissue at the root of the neck, the needle did 
not have to be held manually wiiile collection of samples took place and 

considerable movements of the cow were possible without disturbing the 
needle. Figure 3 illustrates a successful arterial puncture.

B* The determination of the Bovine Haematoorit (a) Methods
(I .M |I|1 III T I miMi I im«i »< i wmnwnrwii     nim«inn&i

Definitive standards have not been laid down for the centrifugation 
of bovine blood in order to determine the haematoorit. In some in
vestigations in ï'hioh use has been made of the haematoorit, no statements 
of either time or force of centrifugation have been given (Doyle, Patterson, 
Warren and Detweller, 3.961; Stowe and Good, I96I). Evidence was ob
tained by Jennings, Mulligan and Lauder (1954), that in order to obtain 
packing of bovine erythrocytes it was necessary to centrifuge at a force 
of I600g for a period of three hours vÆien detemining the haematoorit.

This problem was re-investigated using a hi#i speed microhaemato- 
orit centrifuge. An evaluation was made of the accuracy of this 
centrifuge and comparisons were made with two standard centrifuges. The 
study was extended to discover other variables affecting the haemato- 
cribs which might lead to errors in the determinations of oaixiiac output, 
blood and plasma volumes if the haematoorit were used to convert plasma 
volumes and flows to blood, voluiîies and flows.

Blood samples were taken from a number of healthy lactating and 
non-laotatlng cows,

(i) Analysis of the micro-haematoorit centrifuge*

* Hawkesley Ltd., London, England
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Successful Entry into the 
Brachio-cephalio Trunk of Cattle
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a) Error of reading the haematoorit of a single blood sample
A total of 36 miorohaematoerit tubes were prepared from the same blood 

sample, IS being prepared by each of three persons. These tubes were 
oentrifuges at an H.C.F* of ISOQOg for a period of six minutes and all 
the haematoorits were read by each of the three persons.

b) Effect of time of centrifugation on the miorohaematoorit 
Six microhaematocrit tubes were prepared from each of four blood

samples and these were centrifuged for a total time of 150 minutes. They 
were read at two minutes and then at 30 minute intervals. The experi
ment was repeated with four other blood samples; in this the toT.al time 
was 30 minutes and readings were tal̂ en at two minute intervals,

(ijj Comparison of the miorohaematoorit centrifuge ifith two 
standard centrifuges B & C*
Six haematoorits were prepared from each blood sample for each of 

the centrifuges. In the standard centrifuges, centrifugation was at an 
H.C.F. of l6ûûg for a total time of I80 minutes. Readings were made at 
30 minute Intervals and the temperatures within these centrifuges were 
recorded. In the microhaematocrit centrifuge, centrifugation was at a 
force of 12000g for a total time of ten minutes, readings being made at 
two, three, six and ten minutes,

(Hi) Effects of Variations in sampling techniques and the 
handling of blood samples

a) Vessel sampled
A comparison was made between the haematoorits of blood samples talcen 

at the same time from the jugular and mammary veins of individual cows.

* M * S,E, minor centrifuges, M. S,E. Ltd., England
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Five microhaeiîiatocrits were prepared from eaclz blood sample.
b) Effect of stasis
It is usual practice to place a choke rope around the neck of a 

cow in order to raise the jugular vein. If this rope were left for 
some time it might, due to transudation above the choke, affect the 
haematoorit. The effect was studied by removing samples from five 
cows before, after 2 minutes, and after 5 minutes application of the 
choke rope.

c) Effect of carbon dioxide loss from blood sample on 
the haematoorit

The chloride shift or carbon dioxide loss from erythrocytes would 
decrease cell volume and it might have been possible to demonstrate 
this.

From five animals blood samples were collected, exposed to air, 
and also collected under a layer of liquid paraffin* The miorohaemato- 
orits were determined.

d) Hourly variations in the haematoorit
Samples were talcen at hourly intervals from the same vessel of 

individual cows and the microhaematocrit was determined,
e) Effect of overnight storage of blood on haematoorit
Haematoorits were determined on a number of blood samples before

and after storage overnight in stoppered bottles In a refrigerator at 
4°C.



B. Determination of the Bovine Haaiiatoorit (b) Results 
(!) Analysis of the micro-haematoorit centrifuge

a) Error of reading the haematoorit of a single 
blood sample
I fiiwai ■■ , I wfML, / r i«i ^

Table 1 The variation in reading the haematoorit 
of a single blood sample

Mean 8 ,D.
Individual A (36 haematoorits) 31,1 ±0 .6

Individual B (36 haematoorits) 30,8 ±0.5
Individual C (36 haematoorits) 31.3 ±0.5

Total (lo8 readings) 31.1 ±0.5

b) Effect of time of centrifugation on the micro-haematoorit 
Tabls 2 Readings at 2 and then 30 minute intervals

rime(Min) Sample A Sample B Sample C Sample
2 27,2 16.2 31,7 25,6

30 26.7 16.1 31.1 25.0
60 26.7 16.1 31.1 25.0

90 26.7 16.1 31.1 25.0
120 26.7 16.1 31.1 25.0

150 26,7 16.1 31.1 25.0
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Table 5 Readings at 2 minute intervals for 30 minutes
Lme(niin) Sample E Sample P Sample G Sample
2 29 ,7 38,2 26.7 22.5

4 28.5 36.6 26.1 22 .2

6 28 .2 36 .3 26.1 22,1

8 28.2 36.2 26.0 22.0

10 28.1 36.2 26.0 22,0

12 28*1 36.2 26.0 21*9

14 28.1 36.2 26.0 21.9

16 28.1 36,2 26.0 21.9

18 28.1 36.2 26.0 21 .9
20 28.1 36.2 26,0 2 1 .9
22 28.1 36.2 26.0 21 ,9
24 28.1 36.2 26.0 21 .9

26 28.1 36.2 26.0 21 ,9

28 28*1 36 ,2 26.0 2 1 .9

30 28.1 36.2 26*0 21 .9

(ii) Comparison of the mlci'ohaematoorit centrifuge with two standard 
centrifuges, B & C 

Table 4 Cgwarison of Centrifuges
Times of Readings (minutes)

2 3 6 10 30 60 90 120 150 l80
Micro- 31.0 30*5 30*3 30*1
haematoorit j.g.gg ±3 .79 *2 .8 7 ±2.82

Centrifuge B 35.6 33-4 32,4 32.1 32.1 32,1

Semp. 25“C ±3.34- ±3.05 ±3.05 ±3-05 ±3.05 ±3.05
Centrifuge C 32.8 32.1 31.7 31.6 31.5 31.5
Temp. 20°C *3.04 ±2.85 ±2.83 ±2.76 ±2.74 ±2.7#



(iii) Effects of Variations in saimllng techniques and the handling 
of blood samples 
(a) Vessel sampled 

Table 5 Difference between mammary and jugular vein

Table 6

Cow Mammary Jugular Difference
14949 30.9 34.9 4.0
12916 32 .8 34.1 1 .3
14711 3 6 .3 37.5 1.2

Utmost 30.8 34.9 4.1
Wood 30.8 ' 32.0 1 .2

Risk 3 1 .7 32.9 1 .2

Sheppy 29.5 32.0 2 .5
V.12. 3 2 .3 33 .3 1.0

N,N. 30.8 1.-9
Mean 31.8 ■ 33.8 2 .0

8 .D. ±1.95 ±1,76 ±1.22

Difference between mammary and jugular vain
haematoorits (lactating cows)

Cow Mammaxy Jugular difference
Harebell 31.0 33.1 2 .1

Fanny 32 .7 36.7 4.0
Jersey 33.5 37.5 4.0
Rosa 28.1 30.0 2 .0

Stella 33.0 33.0 0 .0

Bantam 3 0 .3 39.8 9 ,5
Daisy 33.2 37.8 5,6
Asta 33.6 40.7 7,1
Dora 28.5 34*3 5 .8

Megan 30 .7 33.9 3,2
Mean 31.5 35 ,7 4.2
S.D, *2.15 ±3.35 ±2 .8
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b) The effect of stasis on the haematoorit
Table 7 The effect of stasis on the haematoorit

of Jugular blood
   » I m , „a , , i,, i i#,.#

Cow Before Choke 2 min Choke 5 min Choke
J 18.5 19*5 19.5
K ^ * 0 29*8 30*2

L 38.8 39.8 4-1.3
M 20*7 22.8 23.6

N 1 9 ,3 19*5 2H5
Mean- 25*3 26.3 27.2

S.D. ±8.65 ±8.65 ±8.82

c) The effect of carbon dloxicle loss on the haematoorit
Table 8 Difference between aerobic and anaerobic samples

(collected from the mammary vein)

Cow Aerobic Anaerobic
W 35.20 35.16

X 39.50 41.35
Y 55.16 >k55
z 52.00 52.50

I 22.90 23 .60

Mean 32.01 33.00
S.D. ±5 .9 5 ±6.35
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d) Hourly variation in the haematoorit
Table 9 Variations in the haematoorit of blood samples

talcen from individual cows

Time 11.00 12.00 13.00 14.00 15.00 16.00

a. Heifers 1 . 26.5 26 .7 27.5 26.3 28.0 27.0

2 . 52.0 30.5 3 3 .3 31.0 30.0 30 .0

3. 50.0 28.5 30.0 2 7 .3 26.5 28.0

4. 2 7 .3 27.0 28.7 28.0 2 8 .3 26.0
5. 26.0 26.0 27.5 27.0 27 .7 2 7 .3

b. Lactating 1 . 3 1 .3 54.0 3 5 .3 33.5 34.5 34.0
Cows 2 . 55.0 33.0 36 .3 33.5 35 .0 3 5 .3

3. 34 .0 34 .0 33 .7 34 .7 37.5 32.5
4. 54.5 53 .7 35.0 34 .7 34.0 34.0

5. 34.2 56.8 33 ,7 32.8 33.2 32.0

0 . Dry Cows 1 . 32.0 33.0 3^L7 33.5 33.0 33.0

2 . 2 8 .3 27 .2 26.0 27.0 27 .2 28.0
3, 2 9 .3 26 .8 26.6 27.5 27 .8 27.3

4. 32.0 32.5 32.0 32 .7 2 5 ,4 34 .2

e) Effect of storage of blood overnight

Table 10
Sample A B 0 D E F G H
4 P.M. 35,3 57.8 5 2 .5 32 .6 15.5 28.0 34 .2 2 9 .3

10 A.M. 35.8 58.0 32.6 32.5 15.6 28.2 24.5 2 9 .6



The détermination of the Bovine Haematoorit (o) Dieeueelon
It was obvious from the results in Table X that the miorohaematoorit 

qentrlfuge gave results for the bovine haematoorit oompai\able in 3'»epeat- 
ability with the best results ohtaiiml for the human haematoorit with 
standard aentrifugoe, that i$# a variation of 10.5 nmu (Gregereon# 1951) * 
Variations in the different indlviduaJ.a prepmdng and roadl%%f,̂ these micro* 
haeujatoorlts v/ero of little oonsoquenoe despite the faot that two of the 
individuals h M  very little oxperionoe in these techniques. Slight 
dli’ferenoes which were observed In the bore In the capillary tubes made 
no difference to the haematoorit reading.

The results given in Table 4 confirmed the observations of 
et al. (1934) that centrifugation of cattle blood at I,600 g for 30 

minutes was not sufficient to obtain adequate packing of the red cells. 
The microhaematocrit centrifuge after ten minutes gave better packing 
than either of the tw’o stm#a%xl centrifuges after three hours. The 
differences between each of the standard centrifuges were probably due to 
differences in the temperato’es of the centrifugation reai Iting in evapor
ation In centrifuge B> which regularly overheated due to old beariiâ !;©. 
There was no significant difference between the haematoorits when read 
after 3 hours in the stmida%'d centrifuges and after ten taimtes in the 
microhaematocrit centrifuge.

The significantly higher jugular haematoorits (p<0 .02) shorn in 
Table 3 may have indicated a loss of fluid to the saliva. The hi^ly 
significant elevation of jugjiUai’ haematoorits in lactating coŵ i (Table 6) 
(p<CU001), may have indicated m  even greater loss of fluid due to 
increased salivation as a result of Increased food Intake during
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laotatlon, à'his pWnom0noR oaa further omphaelaod hj oomparlxia tW  
gi08%% ji^ u la r Imoniartoorits of and non^l&otat&n^ ooi# whore i t

GBM bo olnovra that the oample  ̂ from l&ot&tlwg oow3 are &3i^galfiomit].y higher 

(p<O.OÊ), Thoro waa no aignlficmnt ciifforanoo hetwoon majnmary vein 
haOffjatoorita o f laotatlng and non^Xaotatl̂ ss ootm,

The differomee due to oholsing and to oolleotion with oarhon 
dioxide loos were not eignlfioant (Tabio 9)*

Mo explaimtion oould bo found for the homdy variations in haoma- 
toorit observed (Table 10), It was not oonolderod to be due to varia
tions of the reservoir function of the spleen for red cells, as had been 

shown to oconr :ln sheep by Turner ani IWIgotts (1939) •
A ll the variations obsei*ved and demonstrated eorved to emphaeise 

in this study the orrora possible in the use of the haeraatoorlt to oonverfc 
plasma flow to blood flow, particularly if jugular blood wore wed to ob
tain this haematoorlt, Blirtlier errors silso arise if factors allowi%%?; for 
trapped plasma are included in the oaleulationB, These factors are 
obviously dependent on # e  degree of cell packing and in the literature, 
values for bovine trapped plasma vary between a minimum of 3 *̂ :̂ (Jennî igs 

ot al* 195̂ 0# and a maximum of (McLain and Hvto, 19%) *

y
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C. Plasma Electrolytes (a) Methods
Standard biochemioal methods were used to define the norjnal para

meters of the more important plasma electrolytes of healthy adult cattle 
and calves.

Sodium and Potassium
Flame photometry was Used for the determination of the concentrations 

of these electrolytes. Minced standards of 120 m.eg/lltre Sodium and 
3 m,eq/litre Potassium, l40 m.eq/lltre Sodium and 4- m.eq/litre Potassium, 
150 m.eq/litre Sodium and 5 m,eq/litre Potassium were made up into 1 in 
100 dilutions, as were plasma samples, and direct comparisons were made. 
Each plasma dilution was bracketed between two standards.

Calcium
Plasma calcium was determined by the method of Clark and Collip 

(1925)*
Magnesium
Plasma magnesium was determined by the Titan Yellow Method as 

modified by Neely and Nell (1956).
Chloride
Plasma chloride was determined by the method of Sohales and Sohales 

(1941).
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Plasma Electrolytes (b) Results
The following results were obtained for the oonoentratlon of 

plasma electrolytes (Fisher, i960).

Table 11 The concentration of electrolybes in the plasma
of cattle

Constituent No. Coneentration No. Coneentrâtion
m.eq/litre m.eq/litre

Sodium 94 142.212.0 65 141,8+3.5
Potassium 92 4,010.3 59 5.1±0,4
Calcium 94 5 .010.6 22 4,9±0,2
Magnesium 57 1,4610.4 29 1.14±0.3
Chloride 140 103.315.0 59 100.313.5

These results were used as a reference standard for pla,sma 
electrolyte c one entrât i ons.

There vzas a significant difference between the chloride and 
potassium concentrations of cows and calves (p<0.05)* There v/as a 
hi^ly significant difference between magnesium concentrations of the 
plasma of cows and calves (p<0 #01).

In Table IS are given the normal concentrations of plasma and 
serum constituents which were obtained by other authors.
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Table 12

Summary of the results of other authors for the oonoentratlons in m-equlv. A* of 
some of the inorganic constituents in the plasma of cattle

Reference Cl" Na^ Ca++ Total
cation

Anderson, Gayley & Pratt - - - 6.3s
(1930) (5-8)

Brovjn (1946) lo8a - - - - «
Craige (1947) 99® — - 4*5s — —

(90-109) (3.6-5.1)
Craige,' Johnson & Black- 1o8-89p - - - - -

burn (1949) 104-96p — — — — -
(three cows studied over 100-95P - - - - -
parturition)
Dale, Goberdhan & Brody - l62p 5-lp 7*5p 3*2p 177.8

(1954)
Dulses (1947) — - — 4.5“6s — —
Duncan, Huffman & Tobin 97*3P - - 5*3p 2.4p

(1939) (93-105) - “ (4.7-5.9) (1.6-3.1)
Evans & Phlllipson (1957) - l40p 4.5p

(139-144) (4.2-4.6)
Godden & Alloroft (1932) 93® - - 5.0s

(85-98) (4.0-5.8)
Lengemann, Aines & Smith 104.2p - - - - -

(1952) (96.6-110)
MoSherry & Grinyer (1954)

Eiglity-six adults 103*7*3.5® l42±5.0s 4,85±0.47s 5.42±0.34-s
Twenty calves 103.0+2.5s l42±4.0s 5.25±0.54s 5.0810.22s

Reihart (1939) - 155® 6,3s 5-7s 1.6s
(151-165) (6.1-6.4) (5.5-5.S) (1.5-1.8)

Sampson & Hayden (1935) - - - 5-6s
(4,6-6,2)

Sellers & Roepke 103P l44p 4,Op 4.9p 1.8p 154.7
(1951a,b) (139-146) (3*9-4.4)

Spector (1958) 104s l42s 4.8s 5*4s 2.0s 154.2
(97-111) (132-152) (3.9-5,8) (4.7-6.1) (0.8-2.4)

Ward, Blosser, Adams & 98® - - 4.7s
Crilly (1953) (90-107) (3.8-5,3)

s =a scrum 
p ra plasma
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D, The determination of the Cardiac Output of Cattle by the
Injection Method (a) Methods
The determination of the cardiac output gives a direct indication of 

the ability of the heart to maintain the circulation. A number of methods 
have been devised to malce this critical determination, some, such as the 
thermostromuhr and the cardiometer, being applicable to experimental animals 
only, while others have been devised for use on the intact unanaesthetised 
subject. These latter methods include the use of X-rays and the measure
ment of heart si%e in systole and diastole, ballistocardiography, the Pick 
Method and the Injection method. Of all these niethods only the Fick Method 
and the Injection method have been used in cattle.

The Fick method, whereby the cardiac output is determined from the amount 
of oxygen absorbed or carbon dioxide excreted by the lungs per unit time, re
quires the measurement of ventilation rate and the measurement of the con
centration of oxygen or carbon dioxide in arterial and in mixed venous blood 
at the time that the ventilation rate is being measured. This method is 
unsuitable for use in adult cattle if face masks are used to measure venti
lation rate. A number of animals would resent continued application of 
face masks, thus invalidating as normal their cardiac outputs if they were 
reacting to the restraint* Furthermore, Dougherty (I96O) demonstrated that 
ruminant animals may iniiale eructated rumen gases and absorb them In the 
lungs* Thus measurements with a face mask would be in error, transfers from 
the rumen to the lungs via the pharynx being unrecorded. The difficulty 
can be overcome by tracheotomising and recording ventilation through a 
tracheotomy tube, but this procedure would limit the number of animals on 
v^lch studies could be made.
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The Injection method on the other hand requires only the Injection of 
a suitable, non diffusible intravasoular indicator into the venous
circulation and the collection of serial arterial blood samples for a
short period afterwards in order to follow the passage of the indicator 
through the heart.

The cardiac output is calculated from the equation;
Cardiac Output - 60 x I

ct
Where I == amount of dye injected

c mean concentration of dye
t - time for one passage of dye througli the heart 

Derivation of Equation
Consider water flowing from a pipe at a constant rate. To find the

rate of flow it is necessary to collect and measure the outflow for a time
Flow per minute = Volume of outflow x 6o

t seconds
If no accurate method is available for measuring this volume (v) it is 

possible to determine it by adding to it a known amount (l) of a substance 
vhich will mix completely with, this volume of water, and, after they have 
mixed, finding the concentration of this substance. The volume can then 
be determined from the equation:

V = I  
o

VJhere V == volume
I - amount of substance added 
c - concentration of substance in volume v
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Substituting in the flow equation:
Flow per minute = I x 60

ot
Considering the pipe again, if a known amount of an indicator is in

jected into the flow and the passage of tiie indicator (I) is followed at 
some point distal to the injection site by the removal of serial samples, 
then it will be found that the mean concentration passing this point 
ifill be the same as the mean concentration in the collected volume (V) »

Furthermore, the time taken for the indicator (I) to pass this point 
will be the same as the time taken to fill the volume (V) containing the 
indicator at concentration (c). By constructing a graph of serial in
dicator concentrations against time on semi-logarithmic paper it is 
possible to find the mean concentration o and the time t for the passage 
of the indicator. Thus by serial sampling it is possible to find V from
I and, therefore, flow from 
c

F == I X 60 
ct

Within the circulation it is not possible to measure the volume of 
outflow from the heart directly, but the passage of an indicator can be 

followed by adopting a procedure analogous to the pipe described above by 
taking serial arterial samples, studying the time course of the passage of 
indicator past the sampling point and from this finding the mean concen
tration ’o* and the time *t* for one circulation of the indicator through 
the heart. if the amount of intra-vaseular indicator is known, the cardiac 

output per minute can be calculated;
Cardiac Output = 60I

ct
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Many Intravascular indicators have been used for the determination 
of cardiac output by the injection method including sodium chloride, 
fluorescinev" cardlo-green, Evans blue and albumin labelled with ,
Evans Blue has been used to a greater extent than others, but in the human 
subject suffers from the disadvantage of "blueing" the patient. In recent 
years, too, many dye dilution recorders have been developed to facilitate 
the determination of cardiac output, and, in the human subject, earpiece 
oximeters have been used to eliminate arterial puncture.

However, there are divided opinions on the value of various dye 
dilution recorders and ear piece oximeters (Dow 1956). In the study 
reported, Evfms Blue (T 1824) was used as the intravasoular indicator for the 
determination of the cardiac output of cattle. Dye dilution recorders 
and ear piece oximeters were not used, partly because of the controversy 
surrounding them and partly because it would have been necessary to carry 
out additional development procedures in order to use them in cattle.

Cattle have been a neglected species in the determination of their 
cardiac outputs. This study reported here was one of the first to appear 
(Fisher and Dalton 1959)• Since that time more investigators have reported 
cardiac output détermina.!ions in cattle (Doyle, Patterson, Warren and 
Detweiier I96I# Stowe and Good I961, Reeves, Grover, Alexander & Will, 1962, 
Kuida, Brom, Lange and Heoht, 1961) *

This study reported is the only one in vjhioh determinations were made 
on a large number of animals.

Procedure Adopted
All these normal animals had as far as could be ascertained clinically 

and eleotrooardiographioally no abnormalities of their cardiovascular 
systems, or diseases liable to cause alterations in cardiac output. The 
body weights varied between lOOKg and 600Kg and their ages from 9 months
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to adult dairy cows over 3 years.

It was realised that it was not possible to carry out the de
terminations in cattle under the same basal conditions described for 
such determinations in the human subject. However, a standard pro
cedure was adopted so that the animal was as close to the resting con
dition as possible* Animals which were brought to the Veterinary 
Hospital for cardiac output determinations were allowed to settle down 
after their journey for at least 24 hours and often for two to three 
days. Determinat'ions were carried out in a quiet room with as few 
persons as possible present. Each animal was in stocks vhile the in
jection® and collections of serial arterial samples took place, but these 
stocks merely prevented excessive backward, forward and sideways movement. 

The animals were haltered and the halter was held by a quiet and ex
perienced attendant. Any animal which was disturbed by these minimal 
restraints was rejected as unsuitable.

In order to facilitate the injection of Evans Blue, the jugular vein 
was catheterised as described previously. The subcutaneous tissues through 
which entrance to the brachio-oephalic trunk was effected was infiltrated 
with Xylocaine Hydrochloride at this time. The animal was left un
disturbed for about an hour.

Just prior to the injection of Evans Blue entrance to the brachio
cephalic trunic vjas effected as described earlier. Attached to the needle 
was a 30 cm length of flexible vinyl tubing. The purpose of this tubing 
was to lead the blood from the needle to the serial colleotox»* Flexibility
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of this tubing allowed slight movenionts of the animal and tended to iron 
out the pulsations in the blood flow. About 40"60 millilitres of blood 
was collected for the preparation of dye-blood and dye plasma standards.

The Evans Blue solution was of a o one entrât ion of 20 mg/ml in normal 
physiological saline. The amount injected varied with the body weight but 
was of the order of 1 ml/SOKg body weight. The Eunount of dye was accurately 
determined by weighing the syringe containing it immediately before and 
after injection. The dye was injected into the jugular vein through the 
nylon catheter and the catheter was cleared with normal physiological 
saline so that all the dye entered the circulation. This double injection 
procedure was carried out in less than fow; seconds using a special y 
piece with Leuer-hock connections and minimal dead space. Ohecks on this 
Y piece showed that after the injection of dye and the succeeding wash 
through with saline, less than 0.1 mg of dye remained in the Y piece.

Collection of \:,he serial arterial samples was started immediately 
after the dye was injected. These samples were collected into a number 
of heparinised centriî uge tubes viiich were arranged round the rim of a 
6 inch diameter kymograph drum. The speed of the kymograph was regulated 
so that each centrifuge tube collected blood for one second. Such a 
collection is illustrated (fig. 4 ) .  After all the tubes had collected 
blood, the arterial flow was stopped and the needle was removed from the 
artery. Pressure was often applied to the point of removal of the 
arterial needle by means of a pack and hhnd pressure to minimise possible 

haematoma formation.
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Figure 4

Collection of Serial Arterial Samples
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During Injection and oolloction, the pulse rate was recorded. About 
half an hour after injection and collectbn the animal was taJten back to 
its loose box or stall.

The serial arterial blood samples were numbered, centrifuged and the 

plasma was separated. From the blood collected prior to injection, 2o 
millilitre volumes were accurately measured and to each volume was added 
by means of a micrometer syringe or by miorosyringe sufficient of the 20 

mg/ml Evans Blue solution in order to meke standards in vhioh the dye 
concentration was 20 mg per litre of blood. These were then mixed 
thoroughly, centrifuged and the plasma separated.

Such standards made from blood collected immediately prior to in
jection and collection would thus be of blood of the same cell/plasma ratio
as in the serial arterial samples. By mailing a standard in this blood,
the Evans Blue would distribute in the same relative volume of plasma as 
in the serial samples. Thus it was unnecessary to determine haematocrits
to convert plasma flow to blood flow. The time of the first appearance
of the dye in the arterial blood was noted.

Comparisons were made betvjeen the readings of the plasma of the serial 
arterial samples and the plasma of the standards using an E.E.L. photo
electric colorimeter with a No, 607 Ilford Filter. A graph was plotted on 
semi-logarithmic paper of the colorimeter reading;© of the serial arterial 
blood samples against time. The descending limb of the dye dilution curve 
so obtained was extrapolated to the base line as shown in figure p*



Figure 5
Dilution Curve from a Normal Cow

30-

20-

lO-

Cardiac Output
48 litres/m in.

I l9m l/kg  body wt/mi

1st ar:
5 secs.

ppearance

time for one circulation I 3 ' 5 s e c s .

t i m e  in s e c o n d s .
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It has been shovjn that the curve so produced Is what would be

expected if there were no recirculation of dye as occurred in the body
and which produced the secondary rise shown*

From this extrapolated curve was found the time for one complete 
circulation of the dye and the mean concentration of the dye. The 
cardiac output was calculated from the equation;

Cardiac Output =

Where I « amount of dye injected
c a mean concentration of dye
t - time for one circulation

The Determination of the Cardiac Output of Cattle (b) Hesults
The results of thirty cardiac output determinations on tvienty four 

cows and heifers in Glasgovj, and three determinations carried out on 
three cows in Philadelphia, U.S.A., are given in Table 1 .̂

The calculations are given as litres per minute and also as milli
litres per kilogram body weight. Some duplicate determinations were 
separated by considerable intervals, so tha.t marked differences were 
observed in body weight.



labié 15
Capdlao Output Detefisinationa in Cattle

Cardiac Output
p t, Uo* Cow Mo, Body

111
Iiit5?esAtln ml/Ks body

I 1 12.3 111
B a a 201 88.0 110
b 2 SOI 85.0 1S93 3 209 23.0 1214 4 314 32.0 lOS

5 a 5 330 40.0 121
b 5 350 37.0 106

6 6 3te >3.0 114
7 7 3# 42.0 122
8 8 360 48.0 15^
9 9 361 ÿj.o 94
10 10 3% 43.0 115
XI 11 371 40.0 loB
IB 12 300 44.0 1X6
13 13 387 37.0 9614 14 593 48,0 122
15 1516

4o4 48.05 11916 4ao 56.0 15517 a IT 424 58.0 123
b 17 433 48.0 11118 18 47a 48.0 102

19 a 19 482 53.0 110
b 19 482 60.0 124

20 20 «6 62.0 128
21 21 *95 58.0 117
22 a 22 303 51.0 101

b 22 513 49.0 9523 a 23 528 53.0 104
b 23 534 67.0 12324 24 393 38.0 9725 Pi 630 63.0 10026 Pa 314 34.0 10527 P3 300 60.0 120

Mean 407.7 43,8 113
ill.
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The results obtained in this study are compared in Table l4 below 
with the results of other workers.

Table 14 
Authors

Comparison of Caixllac Outputs of Cattle 
Cattle No. Method Cardiac Output 

ml/lcg body wt/min.

Doyle, Patterson, cows 5 Dye Dilution 99Warren & Detweiier, I96I

Stowe à Good, I96O calves 15 Dye Dilution 123
Kuida, Brown, Lange calves 15 Dye Dilution 142
& Heoht, 1961
Reeves, Grover, Will steers 10 Pick 117
& Alexander, I962
Present study heifers

cows
4
25

Dye Dilution 113±11

There is a close correlation in all the studies made except those of Kuida 
et al. (1961). Their high value for the cardiac output may be explained 
by the fact that they used tranquillizers and then restrained animals in 
lateral recumbency. They quoted a mean heart rate of 100 beats per minute, 
which suggested some excitement and thus a high cardiac output. All the 
other workers carried out determinations with their subjects standing. 
Reeves et al. (I962) compared cardiac outputs in cattle before and after 
tranquillization with chlorpromazine hydrochloride. Although the mean 
value reported was higher after tranquillization, the difference between 
this and the values determined before tranquillization was not significant.
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If comparisons are made on a bodyweight basis between cattle, other 
species of domestic animals, and the human subject, it is noted that 
cattle, sheep, goats and humans in a non basal state have similar cardiac 
outputs, horses have lower cardiac outputs and dogs have higher cardiac 
outputs. No reasons have been suggested for these differences. Further 
comparative studies would be necessary to explain these differences. In 
Table 15 a comparison Is given of cardiac outputs of the different species.

Table 15
Species

Species Differences In Cardiac Output
Cardiac Output Authors 

ml/kg body wb/min

Cattle 113 ± 11 Present Study
Sheep 113 Schaiîîbye, 1952

100 Gross, Dawes & 
Mott, I95S

Goats 120 Baroroft. Boycott, 
Dunn & Peters, I919

Horses 75 Fisher & Dalton, I96I
75 Zuntz & Hagemann, 189£

Human
(resting non-basal)

122 Wood, 1958

Dogs 138 Marshall, I926

D . fc) Variations in cardiac output of cattle
Before correlated studies were made of cattle vdth cardiac disease 

a number of cardiac output determinations were made upon cattle either 
suffering from cardiac disease or affected with conditions liable to cause 
alterations in cardiac output.
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(a) Excitement
Pear and excitement increase heart rate and cardiac output due to 

sympathetic discharge, A comparison was made of a normal curve and an 
excitement curve from the same young animal (Figure 6). While excited 
the pulse rate increased and there was a 50^ increase in cardiac output.

(b) Anaemia
Anaemia has been stated to cause, in the human subject, an increase 

in cardiac output (Wood, 1958) and this would be an expected reaction of 
the heart in order to pump the same quantity of oxygen to the tissues. 
Below is illustrated a dye dilution curve of an anaemic cow (Figure 7)• 

The haematological data is given in Table 16. The cardiac output 

is above normal at 148 mlAs body weiglit.

Table l6 Haematological Data lS4l6 
Normal 12416

Packed Cell Volume
Haemoglobin
Erythrocytes

30 t 3 
9-11 
5 - 8

22
6.9
2.13

gms/100 ml 
millions per ou.mm.

(c) Anaesthesia
Halothane anaesthesia has been shorn to cause a decrease In cardiac 

output in dogs (Raventos, 1936) and in man (Kubota and Vandajîi, 1962).
This decrease in cardiac output was demonstrated in a cow. Below 

are Illustrated dilution curves from the same normal cow before and 
during Halothane anaesthesia (Figure 8) ♦ A l4.6̂  decrease was demons
trated .
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23  3 . 9 . 5 8
excitement.

Excitement Stirk
normal •

201 kq

forone circulationtime

appearance
secs.

Cardiac Output :

Normal; 22 litres/mi n-
=1 lOml/kq body wt/min . 

Pulse 8 0  min.

Excitement: 3 4  l i t res/mm.
~ l 6 4 m l / k q  body wt/min

Pulse lOOmin-

0  2 4 6  8 lO  12
time in seconds.

14 16 18 2 0  22 24



Figure 7
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12416 2 3.6.59. Anaemia (34 6kq )

3 0

2 0

Cardiac O utput

appearance
4secs.

time fo r  one c ircu la t ion  = l 3 secs.

t i m e  in seconds .
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N I 5 8 Effect of Fluothane
N O R M A L .  F L U O T H A N E .

8 0

6 0
C ard iac  O u tp u t  :

Normal : 4 8 l i t res/min.
=  II 3 ml /kq body w t /m in-

Fluothane: 41 l i t res/min.
^  ~  9 4 m l / k q  body wt /min.

4 0

20

1st appearance 
8 secs.

t ime f o r  o n e \ c i  rcu io t ion 2 9  secs.
1st appearance 
6  secs.

t ime fo r  one c i r cu la t i on  21 secs-

time in seconds.
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(d) Pneumonia

Due to interference vd.th oxygen uptake and carbon dioxide excretion 
an. increase in cardiac output migiit be expected in the early stages of 
pneumonia. At a later stage the decrease in myocardial oxygenation would 
cause a decrease in cardiac output.

Physiological studies of parasitic pneumonia and the^fects of 
anoxia in cattle have suggested that the initial stimulus to respiration 
from pneumonia may be from the lung (Fisher I962). As a result of 
pneumonia, pulmonary ventilation is increased to a greater extent than 
in experimental anoxia. Thus at the early stages of pneumonia a marked 
increase in cardiac output due to anoxia is unlilœly, and measurements of 
cardiac output in cattle in the early stages of pneumonia failed to show 
a significant departure from normality. However, the determination of 
cardiac output in a moribund pneumonic animal Illustrated in Figui’e 9 
demonstrated a marked decrease in cardiac output.

(e) Circulatory failure due to dehydration
A cause of death in cattle is circulatory failure as a result of the 

dehydration caused by the chronic diarrhoea of Johne*s disease. The 
decrease in cardiac output was demonstrated in two cases. In one case it 
was possible to follov; the animal from before the development of cir
culatory failure (Figure 10)# after the development of circulatory failure 
(Figi;tre 11), and finally when the cardiac output was about one half normal 
(Figure 12). A few minutes after the determination tlie cow collapsed and 
died. Dye dilution curves from these animals are illustrated below.
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Figure 9

12561 3 , 2 . 5 8 . Moribund Pneumonia

5 0

20

Ca r d ia c  O u t p u t ' = l 4  l i t r es /min .

- 5 0 m l / k q  body w f / mi n .

( co l l ap sed  v d i ed  immed ia te l y  a f t e r )

1st appearance 
11 secs. t ime f o r o n e  c j r cu la  t ion  = 3  2 secs

t i m e  in s e c o n d s .
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12234 24. Johnes Disease before Circulatory Failure.

70i
50

3 0

20

Cardiac O u tpu t
32 litres/m in.

1 0 2  m l / k q  body wt ^mi

1st appearance;, 

6  secs.
t i m e  f o r  one  c i r c u l a t i o n  2 5  secs .

20 22 30  32time in seconds.



Figure 11

Johnes Disease. Circulatory Failure.( 2 2 3 4 .  1 . 1 2 . 5 6 .
9 0

70
5 0

3 0

20

Card iac O u tp u t  = 24 l i t res /m in .
-  8 0 m l / k q  body wt /mi

1st appearance 
9  secs.

t ime fo r  one c i r cu la t i on  = 3 0  secs.

36 4 0ti me in seconds.
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6 0

4 0

20
Pulse 4 5/m in.
Dropped dead about lOmins 
later.

Cardiac O u tp u t=  16 l i tres/m in.
= 5 4 m l / k q  bodywt^m i

1st appearance 
l O  secs

t ime for  one c i r c u la t i o n  2 9  secs.

38 4 0time in seconds



In addition, in Table 1? are given the blood and plasma volumes of 
the animal on vhioh determinations were made up to the point of death. 
There was a decrease in both as the circulatory failure progressed. If 
expressed on a body weight basis the values are not markedly abnormal 
since in this chronic condition it is attempted to maintain circulating 
volume while body tissues are disappearing. Therefore weight loss is 
greater than circulating volume loss* Studies presented later on neo
natal diarrhoea in calves suggest that the primary failure in diarrhoea 

may be of the heart. Detailed biochemical and electrocardiographic 
evidence of such a failure in Johne's disease may indicate similar 
findings but in these cases herein presented such evidence was not souglit.

Figure 13 illustrates the cardiac output decrease in another cow 
with Johne*s disease.

Table 17 12234 ~ Changes of cardiac output and
circulating volume with dehydration

Date Weight Cardiac Output Blood Volume plasma Volume
Kg. litres/min Ml/l(g/niin litres ml/kg litres ml/lîg

26A 1 314 32 102 27.5 87*6 20.1 64
1A2 299 24 80 20 66.9 13 43
2A 2 299 16 54 15 50.8 11 37

Normal Cow 113*11 63*8 50±7



4 y

Figure

1 4 0 8 3 Johnes Disease.

4 0

20

Cardiac O u tp u t
=  22 îitres./m in.
=  8 4 m l ^ k q  bo d y ^ w t  min.

1st- appea ran ce  

8  secs.
r im e  f o r  on e  c i r c u l a t - i o n  =  2 7  s ec s .

t i m e  i n  s e c o n d s .



5 0-

(f) Chronic Congestive Cardiac Failure
Many cardiac conditions cause chronic congestive cardiac failure in 

cattle. In this part of the study determinations were made on four 
cattle which exhibited clinical and pathological evidence of chronic 
congestive cardiac failure.

(i) Penn, I
In the correlated part of the study later, no opportunity arose to 

carry out fully correlated studies of cattle with lymphosarcoma.
It was possible for the author to determine, whilst in Philadelphia, 

the oardiac output of a cow with chronic congestive cardiac failure due to 
lymphoid infiltration of the cardiac muscle. The clinical signs in this 
animal were those of congestive cardiac failure. There was oedema of 
brisket and limbs, distension of jugular and mammary veins and a fast, 
wealc pulse.

The dye dilution curve is illustrated below (Figure l4), This 
indicated a slowing of the circulation with a delayed first appearance 
time of the dye and prolonged circulation,

The cardiac output was reduced.
(ii) 12284
Determinations were carried out on this animal before the development 

of congestive cardiac failure,
As the curves (Figures 15, 16, 17) below illustrate, with the pro

gression of the condition and decrease of cardiac output the first ap
pearance time is increased and circulation time is prolonged.
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Figure l4

28.6 ,60 . Lymphosarcoma cow- Philadelphia. (6 5 5  kq.)

Cardiac O utput = 53 litres/m in.
~ 8 0 m l / k q  body w t / m in

ppearance 
secs

time fo r  one c ircu la t ion  24*5secs

8 lO 12 14 (6 18 20  22 24 26 28 3 0  32 34
t i m e  in seconds.



Figure 15

» a

2284. 2.12. Before development of C.V.C.

5 0

3 0

20

Cardiac Output

1st appearance 
6  secs.

time for one circulation =18 secs.

t ime in seconds.



Figure 16

53

12284  8 . 1 2 .5 8 .

3 0

20-

lO-

Cardiac Output

1st appearance 
8 secs.

time for one circulation =19secs.

time in seconds
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12284 12 .1 2 .5 8

60

4 0

2 0

Cardiac Ouî-pu1-=26 lilres/min .
-82ml/kq body wf^min.

Isr appearance
9  secs. rime for one circuloMon=23 secs.

r im e  in seconds.
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(ill) 12784

Determinations were carried out on tills animal in a similar mannert 
The findings were essentially similar# The dye dilution curves are 
illustrated below (Figures 18, 19, 20).

(Iv) 12084
lAien first studied this animal was already in chronic congestive 

oardiac failure with very marked subcutaneous oedema# The dye dilution 
curves illustrated below indicated that eventually it was impossible to 
determine the cardiac output because of tiie prolonged circulation time 
(Figures 21 and 22), ^

No extensive opportunities arose to study hi^ output failure in 
cattle but two cases presented themselves which suggested that this could 
occur#

Both cases were of Hydrops Amnii# that is there were excessive 
quantities of foetal fluids. Cardiac output determinations on both 
animals indicated that the hearts were maintaining a normal output if this 
excessive foetal fluid was included in their fluid dynamics. Thus, this 
fluid was causing an additional load upon the heart and could therefore 
cause a high output failure.

In one of these animals a Caesarian section was performed, after #iich 
a cardiac output determination was made. The decrease in cardiac output 
at this time illustrated the effect of the removal of a large visous from 
the splanchnic .area upon the circulation* A determination of cardiac output 
made four days later demonstrated the recovery of tlie circulation as evi
denced by a normal oardiac output#
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Figure 18

2 7 .1 0 .5 9 .

12784

Pericarditis.

7 0

30

2 0

Cardiac O u tp u t  4 5 li t res  min. \  
(OOmI kq body wt mi

1st appearance 
6  Secs. t ime for one circulation 2 0  secs

time in seconds.



Figure 19

1 2 7 8 4  3 .3 . 5 9 .

O Y

3 0 i

2 0

Cardiac O u tp u t  = 2 6  litres/min-
=  8 0 m l / k q  bod^ w ^ m i

1st appearance
9  secs.

t ime for one circulation 2 3  secs

t ime in seconds.
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Figure SO

12784 1 0 . 3 . 5 9 .

4 0

3 0

2 0

Cardiac Output
= 24 litres/min.
=  78ml/kq body wt/mi

1st appearance
9  secs. *

time for one circulation =l9secs.

t ime in seconds
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Figure 21

1 2 0 8 4  ConqesTive Failure.

30i
20

Cardiac O u tp u t=  28 li tres/min.
= 73m l/kqbody wr^mii

1st appearance 
14 secs

rime for one cl rcuiatjon = 3 4

t i me  in seconds.
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%j \j

Figvire 22

■50
30
20

Cardiac O utput—  not calculable.



The dye dilution curves from these animals are illustrated below 
(Figures 23 and 24a, b and c).

D . (d) Variations in Cardiac Output in Cattle » Discussion
The study of these variations in cardiac output demonstrated that the 

method as used was able to illustrate the alterations in circulatory 
dynamics by the changes in shape of the dye dilution curves. Marked in
creases in cardiac output and the increased speed of circulation was 

manifest by a shortening of the first appearance time to three or four 
seconds. Decreases in the speed of circulation associated with a lower
ing of cardiac output showed a lengthening of the first appearance time of 
the dye.

The limb of rising concentration of the dye dilution curve was 
steepest in those oases with an increased from normal cardiac output and 
flattest in those cases whose cardiac output was below normal.

The limbs of falling concentration of the dye dilution curves showed 
similar differences in shape as the limbs of rising concentration, but the 
differences were much more marked. Those animals with marked evidence of 

congestive cardiac failure showed'very prolonged limbs of falling con

centration.
From the dye dilution curves it was possible to calculate the actual 

increases and decreases in oardiac output.
In other species it is considered that a 50^ decrease in cardiac out

put is incompatible with life (Guyton I96I) and it is of Interest that the 
two animals in which such values were obtained died very shortly afterwards.



Figure 23

G

12733 2 0 . 2 . 5 9  Hydrops C o w

7 0

5 0

3 0

2 0

lO-

Cardiac Output
=- 5 3 litres/min. \  
=  l0 4 m l/k q  body wt/min- 
=  I4 0 m l/kq  body wt/min if 

subtract 100 kq excess 
f lu id .

1st appearance 
5 secs.

time fo r  one circulation =1 5secs.

t i m e  in s e c o n d s .



Figure 24a

63

12.2. Hydrops Am nii. ( 4 8 0  kq)

4 0

20-

lO;
8-

b

4-

1st appearance 
6  secs.

Cardiac Output
=  54 litres/min.

=  112 ml/kq boay wt/min
= 142ml kq body wt min if 

subtract loo  kq excess

time for one c ircu la t ion^ ! 3 secs.

G
I  1 1 1 1 1 1 1 1 ( i 1  r

2 4 6  8 lO  12 14 16 18 2 0
t i m e  i n s e c o n d s .
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Figure 24b

14.2.59. Hydrops Amnii immediately after caesarian section. (3 8 0  kq)
9 0

70
5 0

3 0

20

C a rd ia c  O u tp u t

— 84m[^kq body wt/min.

appearance
secs.

time for one circulation = 2 0  secs.



Figure 24o

18.12 Hydrops Amnii recovered. (380  kq.)

70

50

3 0

2 0

Cardiac Output
-  44 litres/min.
— l i b  ml)kq Dody wt^mi

1st appearance 
6  secs. time fo r one c i rcuiation =  16  secs.

t i m e  i n  s e c o n d  s.
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From thlm 80^106 of animale) it cQmlxxâoâ that oaKliao output 
cloterminatioÈS wero a valid method of meaourliig oa$?dlao funotlon lu a 
mmibor of <îouÇiitiom«

B* Dotermluatlon of blood and nlaama volumes of oattXo (a) Methods 

Blood md plamm volumasi of oattle have boon fa r more ©sstemlvely 
studied than has the o&rdl&o output* The results obtained and tho 
methods used by different workers are given In Table 18 «

One of the reasons for -idio continued use of Evaïvi Blue as tho intra- 
vascular incUlcator in this study v/as the fact that its slow ©Koretion 
from the circulation meCAit that tho quantity of dye Injected for a cardiac 
output determination could be then used to dotennlm blood and plasma 
volivîïO* The optimum time to remove a single blood sample for the do- 
termination of plaejina and blood votoio had been ehovrn to be 10 mimvtOB

.e-
in cattle (Dalton ex%l Fisher I96I) ami in tho humim subject (Gregor^^n 
19pl) * This was again checked in healthy cows cmd Figure 25 illustrates 
an omretion curve In a cow»

Determination of blood and plasma voXuniOS from the qumh;lty of 
Bvans Blue Injected for a oardiac ouWut determination

After an interval of 10 minutes fi*om the deterniiiiation of cardiac out
put a blood ample was removed fro»i a suboutm̂ ieous abdominal, vein, from the 

opposite j%#Alar vein to that thimigh 'itiioh Evans Blm was injected into 
the circulation or from the brachiocephalic trunk* This sample was
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Table 18 
Reference

Turner & 
Herman 
(1931)

Miller
(1922)

Hansard 
Butler 
Comar & 
Hobbs 
(1953)

Plasma and Blood Volumes In Cattle

Reynolds
(1953a)

Reynolds
(1952b)

Dale, Burge 
& Brody
(1956)

Blanca
(1957)

Mixner & 
Robertson 
(1957)

Method

Vital red

Vital red

Erythrocytes 
labelled with 
phosphorus- 
22

T*l8at

T,l824

T*l824

T.1824

Bromosulph-
ophthalein

Animals

54 growing dairy cows 
24 non-1actating cows 
4l laotating cows
19 aniîïials
81 determinations 
Weight range 
400-1,200 lb*
Hereford Cattle 
2 2-6 weeks old
1 2 weeks old
2 2-2 months old 
5 6-8 months old
2 14-15 months old 
4 8-12 years old
Guernsey Cattle 
11 determinations on 
10 non-pregnant and 
non-lactating animals
20 pregnant animals 
7 laotating animals

Plasma
i S S I I
2>.0
27,8
49*2

28.8±1*4
28.5*1.8
44*1±1.7

2 dry Jerseys 36.6±2‘7
2 laotating Jerseys 47.1*4*7 
2 laotating Holstelns 54.5*5.6
18 determinations 
on 6 Ayrshire calves 
aged 4 months
Holstein cattle 
5 laotating cows 
9 bull calves 
Mean weight 48*7 kg.

Blood
ialA&Ll

58 .1  
62.8
81.1

5 9 .7

120
85
62
58
57
57

2 6.9*0 ,8 5 2.1*1 .4

5 7.4*2 ,1
5 9.2*2 .8
64.1*2*7
62.0*5*068,8*7.0
84,4*9.8

47,5*0 .8 6 5.4*1 ,1

2 8,1*6 ,5
68.2*16.0

5 7.2*9 .6
115.0*20 .4



Figure 25
Bxcrgtloxi curve ̂ Evans Blue - Adult Gov;

Excretion Curve. Arteria l samples a t  I min. in tervals

50-
40-

30-

20-



oentrlfuged. Using the E.E.L, colorimeter the concentration of dye 
In this sample was found by comparison with the blood standaW. plasma 
prepared for cardiac output determinationé This gave the concentration 
of dye in blood (Ĉ )̂ * At the same time a comparison was also made 
against a standard made from plasma obtained before dye in̂ jeotion, to 
which had been added sufficient Evans Blue to produce a concentration of 
20 mg per litre of plasma* This gave the concentration of dye in plasma 

( C p )  ■

If I was the amount of dye injected:
Blood Volume = I in mg

S

Plasma Volujne “ I in mg
%

Method used in neonatal calves
In experiments studying the deiiydrating effects of diarrhoea in 

newborn calves, cardiac output determinations were not performed. To 
obtain blood and plasma volumes an accurately weighed amount of Evans blue was 
injected into one jugular vein and after 10 minutes equilibration a blood 
sample was withdram from the opposite jugular vein. Blood samples for 
malting standards were talten from the first venipimoturs prior to the dye 
injection* These samples were handled as previously, that is a standard 
was prepared and compared with the 10 minute sample. Since these calves 
were on a milk diet and were not ruminating it was considered that such 
jugular blood samples would accurately reflect changes without the effects
of salivation which would be likely in older ruminating animals.

A number of determinations were made on normal cows and calves.



B- Determination of blood and plasma volumes (b) Results
These results are given in Table 19 as millilitres per kilogram 

foody weight.

Table I9 Blood and Plasma Volumes
in Healthy Cows and Neonatal Calves

Animals Ho» of Blood volume Plasma volume
Animals ml/kg ml/kg

Neonatal Calves 10 106±11
25 - 45 Kg 20 6b ±5
Adult Cows 18 62t 3
300 - 600 Ks 15 5 0.5i5

These results are similar to the results of other viorkers (Table I8), 
differences probably being due to the various intravasoular indications 
used# The values in Table 19 are not slgnifioantly different from 
previously published results (Dalton and Fisher I96I)# These results 

indicate that calves have significantly higher (p<0#01) blood and plasma 
volumes than adult cows. Similar findings are reported in the human 
subject (Wiggers, 19 9̂)-

B# (0) Variations in blood and plasma volume of cattle
In some of the cases where changes in oardiac output were studied 

blood and plasma volumes were also measured# The results obtained are 

given in Table 20.
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Table 2o Bleed volwies of animals with alterations Im 
their oai’ctUic output

Ho* CoBditlon Blood volume BeoîEtt'Sîs
litres mlÆg

*12aRaAi*EW#e.%*'

MX *«<)k.WUi.W>,v4iv ja

I1S8 Control
Fluothamo Anaestheaia

27 6a 
88.8 68

U 123 Control
Bxoltemmt

3.0.7 50 
11.1 £>5

xgsÿi- Jolmo*G Disease 27.3 87.5  

SO , 66 .9

15 5 0 .8

Progressive
dehydration

.18071 Hydrops Aimll 87 36
as 63
84.5 64

Before Oaesarian Soction 
Immediately after operation 
4 days post operation

12084 Chronio Cosisestive CaMiao 
Fa.i3.ure

S4 65 Before failure

12284 Chronic* Congestive Callao 
Failure

88 63 
19 61

12784 Olwonio CoBs^eativo Cardiac 
Failure

S5 70

lS4l6 Anaemia 28 76

140S4. Johne* s Disease 16 60
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AQ part of mio'thor experiment plasma volumes wero mo&oureci iu  yoimg 

oalvoB beforo aW dtvrliig the <leîiydratlon oaused by noonata,! diarrhoea.

The roaiüts obtained In  ton oalvos are $lvea beloo in  Table 81 to 

illu s tra te  the changes taliiha? place.

Table 21 

Calf Before diarrhoea
rptvtî  k,<4rwv. K.*iWT«,n-K*Kilr̂ aA. After 3 days 

moderate diarrhoea
KK»fWfT1A%;(Af«3',ŴMTŴYK(VCAflfMKTa4Xk'« Ir Ü.lfiVvV»̂ '*

Body l i t  « Floama Vol. Body Wt. Plasma Vol.
%, l i t r e s mX/kg Kg, l i t r e s fiil/t^g

i'n63 33*6 2.01 5 9 ,8 3 1 ,8 1.86 5 8 ,5
17167 3 8 ,7 S .06 63 30,0 1,82 6 0 .7
17156 36,4 2,41 66.2 31-4 1,95 68.1
17359 3o*6 8,15 64 30 ,9 1,99 64*4
17151 35 .9 2.x 58 ,5 33 ,6 1.79 53*3
17488 25 .9 2 ,3 64.1 3 4 ,0 2.11 62.1
174B4 36,8 1.91 5 1 ,9 34.5 1,23 ^3,7
174% 38,3 2,15 66,6 31,4 1 .92 61*1
17476 8 8 ,3 1,31 46,3 24.1 1,12 46.5
17481 34 ,1 1 ,9 5 5 ,7 30,0 1,^ 44 *0
m & S„D« 33.96 2̂ .5 4 2.0310,87 59*6&6.64 3L,2±8,9 I.7M O .57 54*817

tilth  the dehydration of diarrhoea there imB  a decrease in body weight and 

a deorease 1b plasnia volume. There waa no sigirlfiocmt difference betî zeen 

plasma volumes before and after 3 days moderate diarrhoea «

E, (d) Variations :lo blood and piasBia voltwes of cattle  Bieousslon 

These determinations of blood and plasma volumes were sudoeseful in 

illu s tra tin g  decreases as a reault of dehydration^ but the few determin- 

atioms att^impted in  coi’âgestive aaMlae fa ilu re  fa iled  to illu s tra te  hyper- 

voXaemia, Evidence of hype*rvoXaofaia is  presented la te r in  the more 

detailed studies of the heart fa ilu re  due to traimiatio poriofnrditls *

y
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3* Dlsoussicaat on the Methods
This initial part of the study has illustrated the feasibility of 

the utilisation of many techniques as part of a routine oardio-vasoular 
examination of cattle when intact and unanaesthetised.

The determinations carried out demonstrated that cattle are 
similar to most other species with reference to their cardio-vascular 
parameters. The most noteworthy exception was in the haematocrit,,
Wiioh was found in adult cattle to be lower than in other species,. This 
in itself is not an original observation, neither was the observation 
that variations in the haematoorit occur from vessel to vessel. It was 
of great interest to observe higher Jugular than mammary haematocrlts 
in both lactating and non-laotating cows. The loss of fluid to saliva 
could be predicted in cattle, as could the greater loss in lactating 
cattle who are eating more. A further interesting extension of this 
part of the studŷ  which was not at this time pursued, would be a com
parison between housed lactating cattle in winter and similar cattle in 
summer, particularly if the cattle were not being fed concentrates in 
summer.

A vessel with the name ‘mammary’ might be expected to play a large 
part in the drainage of the mammary gland. The evidence of haematocrlts 
would suggest the contrary, since no significant differences could be 
found between lactating and dry cows. This particular aspect of the 
mammary gland of cattle would be worthy of further investigations.
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although outwith the interest of the study herein presented* Some 
evidence on mammary blood flow has confirmed these observations 
(Reynolds 1963)*

The variation in venous haematocrlts emphasised the fallacy of the 
utilisation of peripheral venous samples in the determination of the 
concentration of certain blood constituents * A further observation
lAich reinforced the above observation was made when long venous cath
eters have been used to obtain mixed venous blood samples. It is usual 
to insert these blind, without monitoring the pressure at the catheter 
tip. On many occasions in calves, difficulty hag been encountered in 
entering the right ventricle, which fact was known only by pressure re
cording. Slaughter of some calves with catheters in situ revealed that 
the catheter tips were in the liver, not the right ventricle.

The use of Evan^s'Blue as the intravaseular indicator enabled the 
same dye injection to be used for blood volume, plasma volume and cardiac 
output determination. “Blueing” was not a problem in cattle but the 
persistance of dye in lymph glands, liver and kidney meant that after 
injection of Evans Blue at least one week had to elapse before slaughter 
if salvage of the carcase was required.

The preparation of both plasma and blood standards avoided cal
culations using a trapped plasma factor* It also avoided the errors 
if such calculations were made from results of haematocrits from peri
pheral veins. This was considered of crucial importance in the de- 
termination on diseased animals. A side determination often made and 
which was usually within 1 or 2 millimeters of the centrifuged haematoorit 
was the calculation of haematoorit from the plasma and blood volumes found.
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Til© us© of this calculation acted as a check to a limited extent on 
the validity of tiie 10 minute sample, but more on the accuracy of the 
standards made in blood and plasma.'

The variations in cardiac output were not unexpected but served to 
illustrate graphically the changes in the functional ability of the 
heart as a result of various conditions. These variations are often 
quoted in textbooks but are seldom illustrated or given quantitatively.

Of the greatest interest were the very few observations mad© on the 
cattle with hydrops.amnii, suggesting as they did high output failure 
as a possible cause of death in this disease* It is unfortunate that 
due to the gradual development of the many methods utilised over the 
idïOle of this present study, ■ some were not available when the variations 
in cardiac output were studied* Later studies on abnormal animals were 
limited to conditions available in the greatest numbers. It must be 
emphasised that this study of variations was for the purpose of demons
trating that the Injection method of the determination of cardiac out
put could be utilised to quantitate and illustrate. It gave indications 
of possible investigations to be pursued at a later date.

In a similar manner the determinations of variations of blood and 
plasma volume, although in some ways less striking, also indicated 
further time of research, particularly with reference to dehydration*
The changes of plasma volume in dehydration were less than expected and 
in the second part of this study evidence is presented that in one de
hydrating or sodium-losing condition plasma volume decrease may not be 
the primary cause of death. The stimulus for this study arose from 
the observations in this first part.



7 6

4. Observations on abnormalities and disturbances of the cardiovascular 
system of oattle

The broad field of abnormalities and disturbances of the cardio
vascular system obviously covers such a wide area of study that it 
. would be impossible to cover completely in correlated clinical, 
physiological and pathological investigations. Moreover, as men
tioned earlier, some important cardiovascular diseases of cattle do 
not occur in Scotland. Thus any reports of these would merely review 
the work of others. Studies were made on three conditions only in 
which numbers of animals were available and Welch presented distinct
ively different cardiovascular syndromes. These were:-

(b) Anatomical cardiac abnormalities (Malformations of
the Ventricular Septal Complex).

(c) A common infectious cardiac disease of cattle in
Britain (Traumatic Pericarditis).

(d) Primary cardiac failure as a result of neonatal calf
diarrhoea.

Two of these conditions required intensive pathological studies 
but in the third, the pathological observations on the hearts revealed 
no distinctive lesion. However, before these studies are presented, 
descriptions are given of the additional methods (a) utilised in this 
part of the study.
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a) Additional Methods
(i) Eleotrooardiography
Although some fairly extensive studies have been made of electro- 

cardiograras of cattle (Alfredson and Sykes, IgkS; Lank and Kingrey, 1959i 
Brooijmans, 1957i Sellers, Hemingway, Simonson and Petersen, 195B) no 
definitive standards have been laid down. In fact both Brooijmans (1957) 
and Sellers et al. (1958) have stated that variations from animal to 
animal and in the same animal from time to time are present in the 
direction and shape of the usual complexes Mien electrocardiograms are 
taken using standard limb leads.

In the present study an extensive investigation of electrocardio
graphy in normal cattle was not made.

ElectrocardiogrEmis were talcen of standard limb leads of Einthoven 
and Unipolar limb leMs with the left arm-electrode attached to the left 
forellmb at the level of the olecranon, the rlglit am-electrode attached 
to the right fore-leg at the level of the olecranon and the left leg- 
electrode attached to the left hind leg Just in front of the patollai.

The az'eas of attachment were thoroughly wetted with an electrolyte 

solution containing sodium chloride, alcohol and "water. The electrodes 
were attached by means of nickel silver crocodile clips, it having been 
found that plated steel crocodile clips had too short a life due to 
corrosion.

The electrocardiograph used was in the first instance a single 
channel heated stylus apparatus-*<’, but this was not satlsfaetox'y at fast

* Cambridge Instrument Company Ltd., Cambridge, England
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heart rates* A six channel direct writing Jot recorder** was then 
obtained and was used continuously and with good results*

The electrocardiogram was used to find heart rate, to define 
arrhythmias., to determine whether complexes obtained were of normal 
size and to define exactly where murmurs recorded with the phonooardio- 
gram were occurring in relation to the cardiac cycle*

** Siemens Cardirex 6. Supplied by Sierex Ltd*, 
London, England
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The results of other authors were oonl'irmed and are summarised 
below (after Brooijmans 1957 and Lank and Kingrey 1959) *

(a) The heart rate of the normal oow varied from 60-80 per 

minute with a mean of 72 beats per minute.
(b) The P~R Interval varied between 0*1 seconds to 0*28 seconds 

with an average of 0.21 seconds. As the heart rate increased the P-H 
interval decreased,

(c) The QhS interval varied between 0*04 seconds and 0*11 
seconds with an average of 0#08 seconds.

(d) The QT interval varied between 0*26 seconds to 0*5 seconds 
with an average of 0,4 seconds.

(e) The amplitudes of the P and the QBS waves of the bovine 
electrocardiogram were low but the T waves were often relatively higli, 
particularly in calves. Below, in Table 22, are given published 
parameters,

Table 22

Deflection Minimal Maximal
mv mv

P 0 ,0 3 0.18
% 0*03 1*00
R 0.03 2 ,60

S 0 .0 3 0 .25

T 0*30 1,10



C* : U

The smallest amplitude of any of the deflections of the electro

cardiogram were always observed in lead I of the standard limb leads, 
while the largest deflects were observed in lead II,

(f) Considerable variability was present in the conformation of 
the QiRS deflections of the standard limb leads. This variability 
existed between animals and in the same animal at different times

The heart sounds of cattle have been very infrequently recorded.
As far as can be ascertained there are no published records of the heart 
sounds of cattle except those of the author (Fisher and Firie 1964, a 

and b). The present study has to a large extent been confined to the 
recording of abnormal heart sounds, but to a limited extent normal 
sounds were first defined.

Sounds consist of the subjective impressions produced by vibrations 
reaching the auditory apparatus. Any apparatus recording heart sounds 
in a graphic manner can simulate the human auditory apparatus by re
cording the vibrations of a mass of air between the chest wall and the 
sensitive pick-up. Such an apparatus suffers from the disadvantage 
that it records all the vibrations of this air mass, for example those 
produced by extraneous objects unrelated to the heart sounds* For 
such a recording system absolute quiet is necessary, and thus re
cording in a sound-proof room with a complete quietness of all operators 
is obligatory.
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The microphone used in the studies reported obviated all these 
precautions.

By means of a plastic feeler-pin the mechanical vibrations picked 
up at the chest wall over the heart were transformed into electrical 
signals. These signals were fed into a heart sound amplifier and a 
series of electrical filters. ■ The output of amplifier and filters 
was then fed into galvanometers and thus it was possible to record 
graphically, in a series of frequency bands, the vibrations caused by 
the heart* By means of these filters it was also possible to record 
intensity or loudness as differences in amplitude.

Graphic records in different frequency bands were obtained of 
heart sounds recorded at the chest wall without any extraneous souiids. •

The distribution of the intensity depended upon tlie frequency of 
the heart sounds in the individual frequency bands as shorn in figure 26.

The t frequency band records the low frequency heart sounds, the 
frequency bands m̂  and record the medium frequency sounds and the ĥ  
frequency heart sounds. The g frequency band records a wide range of 
sounds and is known as the stethoscopic frequency band, since it records 
graphically those sounds appreciated by tiie human ear vhen listening with 
a stetïioscope.

The actual vibrations recorded from the chest wall depend on the 
thickness of the chest wall and the position of the microphone in re
lation to the heart. In the present study recordings have been made 
at the point on the chest wall Miere the greatest intensities of 
vibrations have been obtained. No attempt has been made to define
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spec I f  lo valvular areas as has been done In  the dog (Detwoiler and 

Patterson 1962) .  The graphic recordings were made on the six channel 

je t recorder previously described, using a programme of 5 frequency 

band sound records, together with a lead I I  electrocardiogram fo r the 

purposes of tim ing.

On auscultation of the chest of the cow the heart sounds are heard 

most d is tin c tly  between tiie and 6th ribs on the le f t  side and right 

side at a level of 5-10 oms above the olecranon. Heart sounds are 

usually more d is tinct on the le f t  than on the right side of the chest.

The f ir s t  sound and the second heart sound have always been heard, but 

the th ird  heart sound has not been app3?eoiated. In  adult cows the f ir s t  

sound was often ‘s p lit ' and the second heart sound was occasionally also 

‘s p lit ’ ,

Some recordings of heart sounds of normal cattle  are Illu s tra ted  

in  figures 27, 28, 29 and 30.

( i i i ) Intravaseular Pressure Recording

In it ia lly  attempts to record the blood pressure of ca ttle  were 

made with a capacitance manometer*. This instrument proved to be very 

unreliable and was abandoned. By the time that re liab le  manometers 

were obtained results of blood pressure measurements made by other 

workers had been published (Doyle, Patterson, Warren and Detweiler 196I, 

Reeves, Grover, W ill and Alexander 1962, Sellers and Hemingway 196I,

*  New Electronic Products Ltd.
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Figure 27
Phonocetrdlogram of Normal Cow

mm/s;

n.

^ *v i

iiüiiwni

I i mrm^

-

S iem en s-C ard irex

n -E C G  LEAD n  l - I S t  HEART SOUND

t-L O W  FREQUENCY HEART SOUND 2 -2 n d  HEART SOUND

IT1|-m edium  f r e q u e n c y  HEART SOUND 

MEDIUM FREQUENCY HEART SOUND 

h -H IG H  FREQUENCY HEART SOUND 

q-STETHOSCOPIC HEART SOUND



85

Plgux'a 20

mm/s

t»mm

Û:llQâÉii;«

7 Siem ens-C ard irex

n — e c q  le a d  i r  

t — low f r e q u e n c y  h e a r t  sound 

m - m e d i u m  f re q u e n cy  h e a r t  sound 

m g -m e d iu m  f r e q u e n c y  h e a r t  sound  

h — hiqh f r e q u e n c y  h e a r t  sound  

q - s t e th e s c o p ic  h e a r t  sound



Figure 29

o u

mm/

t i n  I  .  i : “ Tl

direx 3 Siem ens-C ard irex  8

I L -  e c q  lead n

t — lo w  f r e q u e n c y  h e a r t  sound  

m ,-  m e d i u m  f r e q u e n c y  h e a r t  sound  

m g - m e d i u m  f r e q u e n c y  h e a r t  sound  

h -  h iqh f r e q u e n c y  h e a r t  sound  

q -  s t e t h o s c o p ic  h e a r t  sound

1 -  ist h e a r t  sound

2 -  2nd h e a r t  sound



o Y

Figure 30
Phonocardiogram of Normal Calf
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Kuida, Brovm, Lange and Hecht I9 6 I) so that no attempt was made to 
obtain a series of normal readings.

Methods were checked to ensure that readings obtained in normal 
cattle compared with those of other workers,

Pressures from the jugular vein, the right side of the heart, the 
pulmonary artery and the brachial artery, brachio-cephalio truiHt and 
carotid artery were measured by inductance manometers**, the output of 
which was fed into the six channel jet recorder for graphic recording.

In cattle it was not possible by radiography to obtain evidence 
that a catheter tip was at a particular point in the right side of the 
heart or pulmonary artery so that the pressure recorded was the pressure 
at the site claimed. From the shape of the pressure curves obtained, 
reference to published pressure curves (Doyle et al* 196I) and refer
ence to the curves obtained from other species it was possible to state 
with reasonable certainty that pressure curves obtained were from the 
sites claimed. In addition to confirm these claims, a small series of 
experiments were performed vihereby catheters were inserted immediately 
before slaughter, pressure curves obtained and, after fixing the 
catheters, postmortem examination determined the site.

The results of Doyle et a l, (196I) were taken as a standard. I t  

was found tlzat pressure recordings obtained were in  agreement with these 

results. Their reference standards are given in  Table 23*

** Siemens - Elema



ïable â3 Ilttj’ss.-vasoular presssuros
(^ter Doyle ot al., 196^

Fresaureg in mn.%;,
Systolic Diastolic

Eight htrimi 5 0
Bight Ve%ntricle 53 0
Pulmonary Artery 45 19
Jijgular Vein 0 0
Ceu'otid Artery 180 130

( iv) Bioc3hemistz\y
The biocheaiioal résulta presented in this part of the study wore 

obtained In part from a routine hospital service.
Before this service was instituted the normal va3.ues for plasma 

electrolyte concentrations were obtained in the author’s laboratory 
(Fisher, i960). These are given in Table 24,

Table 24 The concentration of electrolytes
in the plasma of cattle

14 4"W*»w»tW «W v—*f  .«fa,.*— ------------- -

Constituent No.
Cows

Concentration
m.eq/Iitre

Mo.
Calves

Concentration
m.eq/litre

Sodium 94 142.2±2.0 65 141.8*3 .5
Potassium 92 4.010.3 39 3.110.4
Calcium 94 3.010.6 22 4,910.2

Magnesium 5T 1,4610.4 29 1.14*0,3
Chloride 140 103.3*3,0 59 100.3*3 .5

t'hen individual determinations woi’'© made in the authoi’*s laboratory 
and by the routine hospital service a close correlation existed between 
the results.

.



In  Table 25 are given other bioohemioai parameters used in  th is  

study.

Table 25 Normal Values of other Blood
and Urine Parameters

Total Protein gms/100 ml* 5.7-8,3
AIbumin/globulin ratio 0*7-0.8
Alkaline Phosphatase 
King Armstrong units
S.G.O.T. S/F units

<12
4o±10

S.G.P.T. S/F units 20*10
Urea mg/100 ml* <30
Urine Urea gm/lOO ml. < 1
Urine Protein mg/100 ml* Nil

(v) Haematology
No specific determinations were made of normal animals (with the 

exception of bovine haematoorit) but the following table gives the 
values used as standards in cattle.

Table 26 Normal Haematological Data of Cattle
Packed Cell Volume
Erythrocyte count
Leucocyte count 
Differential count

Neutrophils
Lymphocytes
Basophils
Eosinophils

3o±yfo
5 - 8  million pen ou. urn.
9-11 thousands per cu. mm.
4o - 45^
6o - 65̂
1 •" 2^
1 “ %
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(V3-) issïigioa
The Z’osulta of tîie pathologioal findings preeeubod la  th is  fourth 

part of the study v/ero obtained by a colleague, H.M, P ixie, as part of 

the correlated study of oardlao diseaa©.

The hearts weẑ e vjeigixecX after Uiey îxad been opened, emptied of 

blood, and the major vessels trlimned o ff. l a  the case of veins th is  

vjaa done at th e ir junction with the a tria  and In the ease of arteries  

at the level of tlie semi-lunar valves.

The thickness of tlie right ventricle was measured at a point on the 

trail adjacent to the insertion of the moderator band. The thioîmoss of 

the le f t  ventricle was measured at the level of the insertion of the 

chordae toMlneao into the •papillaxy muscles, on the lin e  of an incision, 

made so that i t  would pass between the antez^ior and posterior papillary  

muscles but not involve either" of them.

The circivmferenoea of the aorta and pulmonary arteries Vfore measured 

and abnoj^maXitios noted In  valve cusps*. Blocks of tissue fo r histological 

examination were token from the heart, lung, liv e r, spleen and kidney of 

each animal. The tissues were fixed In  corrosive formol oi" 10?̂  foimmlln 

emd, a fte r dehydx’ating and embedclir̂ s, stained vdth haematoxylin and eosin, 

ploro'-Mallory, Von Gieson and Neigert elastioa*

In  ox'dex’ to establish normal pax'asmoters fo r cattle  heas t̂s, a number 

of such heax’ts were exemiined. The paraaieters ax*o given in Table 27 

below.
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Table 27 Parameters, oattlo hearts

ILW. X 100 IX E r-av
B rv a 1-av

Adult C attle 0,466.05 1.836.37 0,956.04 1.056.25
(15)

n.a. n ,0 . n .s.
Calves (8-12 weeks) 0.476.04 1.806.26 1.06*, 06 1,096.09

( 5)
IK.GOI pC.Ol K ,05 pC.OOl

Calves (3*085 than 
7 davs’i 0.706.03 1.061.07 1,016.001 1.04*,04
(10)
VJhere H.W* hoax̂ t weight B body veigtit

Xv r.s le f t  ventî'laitXar thloXsaeaa 
IT «5 rlĝ zt veritx'ioulai’ thiokneos 
p î=s pulmonary valve olrotmiforenoe 
a K) aortic valve clroumfêreneo 
r«av 5a triauqpid vetlvo oiromfex^nce 
X«av w mitral valve oiromferemo

The eisniï’ioantXy h5.gher heart wei#t on a body weight basis of very 
young oaXvea la probably a manifestât ion of low bMy fat and mi cBipty, 
uon-funotionaX i*umaa when con#ared to older oa.lves end adult cattle.
The other aignifloant differenoea in parameters indicated #%e relatively 
larger rl/̂ zt side of the heart in the yoimg calf,

It ms foiuM that a mimbor of adult cattle had functionally
competent but anatomically patent foxv̂ -oim ovadea. This was considered 
to bo Ê!, tiQVimX finding in cattle, since it vms found in 6 out of 31 hearts 
from emlmalB over 1 year of age with no evidence of cardiac disease, aavd
in 4 out of 30 hearts of animais ùvot 1 year of ago with oazxiiac disease.
Similar flndlizggs have been repoî tecl in the human subject (Edwaxxls, i960).
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b) Malformations of the ventrloulaz’ sopta3* ooimlex %_oattlo
In a Study of oardlovasoular disease ;ln aattXo, sevoz>a:i ooîTigenital 

caMiao anomalies havo been observed* The highest proportion of these
have Involved the ventricular septim. In the human subject, the tei*<n
“ventrloular septal oomplex" waa used by Edwards (i960) to classify oon~' 
genital oarcllao anomalies in lAioh a ventricular septal defect v/ae present 
either alone or assooiated with other cardiac anomalies, Suoh anomalies 
have been described in species* Fig;ures for the imldeme in msm 

indicate that 25 per ooiit of cases of congenital heart dlsaaso have 
defects of the ventricular septum (Wood, 19)58)# and in the dog 15 per 
cent of cases of congenital heart disease have shown involvmnent of the 
ventricular septum (Detweiler, Patterson, Hubben and Botta, 196I) * In 
a survey of .3»000 calf hearts two defeats of the venbrlcular aeptimn were 
discovered (Eupperts, I96I) * Other investigators have reported f indlrjig 
15 cases out of 4,500 cattle necropsies (Olafson, 1939) and six cases out 
of 2,000 cattle necropsies (Gordy and Hifebelln, 1950). Many Individual 
cases have been reported (Blood Emi Bteel, 1946; Blood, 3-960; Bison, 1^8; 
Hahn, I9085 Lllleongeen, 193̂ L Mlsdorp, Noordljk and Roek, 1959; Monti, 
1954# Shoather, 3*911) * These individual reports have boon mainly of 
limited clinical observations* In the present series, 16 anomalies out 
of a total of 19 have involved the voatriouXar septum* The other three 
oases were two ectopia cordis &nà one complete transposition of the great 
vessels, The cattle vîoï̂  of the common bz’oecis found in the West of 
Bootland, all under three years of age, mvX included apparently healthy 
animals as well as those obviously diseased*



Those oaaoB have boen claaeified into three groupa on the baais of 
their pathologloaX anatomy. These are; Group I, vemtrloular aeptal 
dofeote; Group II, ventrloular septal defeats with pulmonary etenoels 
(Totralogy of Fallot) ; Group IXI, ventricular eeptaX defeots with 
dOKtvopoBBxl aorta but no pulmonary etcmosia (Elsenmenger oomploz).
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GroU£j.
Eight animais v;hich had vetitricular» septal defects as the primary 

lesion were seen in this group (Table 28).

Table 28 Group I: Ventricular Septal Defects

Case Mo, Age at Autopsy Sex
V.S.D,*
Aortic
circum
ference

Qualitative
Assessment

Ultimate 
fate of 
animal

19738 6 weeks Female 1.1 Large Died
20510 3 weeks Male 0 ,9 Large Destroyed
aiÿ+2 4 weeks Male 0.8 Large Died
20125 6 v̂ eeks Female 0.63 Medium Destroyed

(moribund)
18635 2 years 6 months Female 0*59 Medium Destroyed
19151 2 years 6 months Female 0,36 Small Destroyed
18961** 2 years 6 months Female 0.31 Small Destroyed
17756 3 months Male 0,25 Small Destroyed

** Septum not perforated * Ventricular septal defect

The size of the defect varied and, using the clrcui%ferenoe of the aorta as 
a standard, the defects were classified as large, medimi and small.
Details of the individual cases are given below*
Gas© No. 19738; 6 week-old cross-bred Aberdeen Angus, female

This calf was admitted to the Veterinary Hospital with a gross cardiac 
murmur and respiratory disturbance# The animal was dull, in fair bodily 
condition, and on inspection had an increased respiratory rate of 6o/min. 
Palpation of the chest revealed a precordial thrill at the 4th intercostal 
space on both sides. Percussion of the chest gave an increased area of



cardiac dullness. Auscultation of the lungs revealed bronchial in
spiration and broncho vesicular expiration* Mien the heart was auscultated 
at the 6th intercostal space, the heart sounds were detected, but they 
were partially obscured by a gross murmur* This murmur was best heard 
at the 3rd intercostal space on the left side, at a point 5 cm* above 
the elbow. In character it was continuous and of the machinery tsrpe, 
the systolic portion ending in a distinct squeak. The heart rate was 
ISO/minute and the pulse volume was fair. The Jugular veins were dis
tended rî it up to the mandible.

No cyanosis was evident at rest or on exercising, Haematologioal 
examination indicated no polycythaemia. Electrocardiographic examination 
showed no distinctive abnormality. X-ray of the chest showed a much en
larged cardiac shadow, particularly of the left ventricle, and -fche trachea 
was displaced upwards. There was radiographic evidence of pulmonary 
oedema.

In view of the machinery murmur, the cardiac enlargement - particularly 
of the left ventricle - and the respiratory disturbance, a diagnosis was 
made of a primarily left-sided heart failure, probably due to a large left 
to right shunt througli a patent ductus arteriosus.

The animal survived only three days*
Autopsy

There was a moderately severe fibrinous pericarditis and the peri
cardial sac contained 100 ml. of serosangulnous fluid. The heart was 
grossly enlarged and weighed 66o g. The heart weight/body weight ratio 
was Is26. The right ventricle was 1 cm. and the left 1.1 cm. thick. 
External examination of the heart showed that the apex was rounded.



In the anteroventral part of the foesa avails there was a small atrial 
septal defect, 0.8 cm. in diameter. The ri^t ventricle, which was 
grossly dilated, had a hypertrophied wall, and the pulmonary artery and 
valve were slightly dilated. The left atrimi was dilated and the wall 
was hypertrophied. A large ventricular septal defect which was tri
angular in outline, with rounded corners, was found. The triangle 
measured cm. x £.5 cm, z 2.5 cm. and Wien viewed from the left ventricle 
the lesion was high in the interventrleular* septum with the apex of the 
triangle between the anterior and right cusps of the aortic valve. In 
the right ventricle the defect appeared posterior to the crista supra- 
ventrioularis and extended slightly behind the septal cusp of tlie tri
cuspid valve, posterior to its most anteriorly situated chorda tendlnae.

There was slight subcutaneous oedema along the floor of the abdomen, 
and the thorax contained 500 ml. of serosangulnous fluid* The trachea 
and large bronchi were full of frothy oedema flu&d, while the lungs were 
dark red and heavy, due to pulmonary oedema; when the lobes were sectioned, 
oedema fluid exuded freely from the out surface. The liver was pale yellow 
and had a nutmeg appearance. Histological examination confirmed the 
presence of early chronic venous congestion.

Case Ho. 20510: 3 week old Ayrshire, male
This calf was admitted as a possible case of a cardiac defect, since 

a gross systolic murmur had been detected on auscultation of the chest.
VJhen examined the ca lf was bright and in  good condition. The pulse 

rate was 120/minute and of good volume. On palpation of the chest a 

precordial t h r i l l  could be fe lt  at the 5rd intercostal space on the le f t .

I



where It was most intense, and at the 5th intercostal space on the right. 
Percussion of the chest revealed a loss of resonance over the lower third. 
Auscultation of the chest confirmed the presence of the gross systolic 
murmur which was most intense at the 5^ intercostal space on the left and 
the 6th intercostal space on the right. There was no respiratory dis
turbance and no cyanosis or other evidence of heart failure.

Haematological and biochemical examinations revealed no abnormalities. 
The electrocardiogram suggested left ventricular hypertrophy (Figure 31) 

and the phonocardiogram demonstrated the systolic murmur (Figure 52),
The calf was then slaughtered.

ftutopsy
The heart was enlarged and weighed 598 S- The heart weight/body

weight ratio was 0*99* The right ventricle was I.3 cm. and the left 1.5 cm. 
thick. The pericardial cavity contained 30 ml. of serous fluid. The 
foramen ovale was patent but probably had been functionally competent.
The right ventricle was dilated and hypertrophied. A triangular-shaped 
ventricular septal defect with sides 2 cm, x 2 cm. x 2 cm. was present 
high in the interventricular septum with the apex of the triangle dorsally. 
In the riglit ventricle it was posterior to the crista supraventricularls; 
in the left ventricle, whose wall was not hypertrophied, the apex of the 
triangle lay immediately below the anterior cusp and the right cusp of the 
aortic valve. The edges of the defect were rounded, thick and composed of 
muscle tissue. The ductus arterlous was probe-patent. No other lesions 
were found.
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Figure 51

Electrocard iogram. case no. 20510 .
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i%>. 21̂ 48; 4 Friesian* .male

This aalf WA0 .'îidmlttod VJ.ltU a hiatory of not th.riv ng. When ex*- 
fmdnecl it W:).s dull and in poor oondltion.. and it vras nobloed that the 
neak wae vBvy short, The respiratory raise was JO/minute and there v.̂ore 
no adventitious sounds. A preco-rcllal thrilX oeuld, be felt on the left 
aide of the ohoat but not on the right, although the apex beat waa felt on 
the right. On auscmitation an atrial 4th heart sound was hoar4^ followed 
by a groaa aystollo mm%ur (Figure ;D) * This mur̂ iur wae heaid ail over 
the cheat but was moat iutoïiae at the 5th intercostal apace on the left 
and the 4th Intercostal space on the right» The pulse rate wan iOO/mlnute 

and the volume was good, Oyanoeie was not evident, neither waa Jugu.lar 
dlstemion» . The oondition of the calf did not oh%>0 until about ten days 
had elapsed The animal vjcb then foun/l collapsed, with a subnormal 
torüperaturo;. and died three hours later.

Thor© were no biochemical or haematologleal abnormalitiOB Initially. 

The eiootï'ooardlogram suggested eardlvia hy?3ortrophy, while the phonoĉ ardlo- 
gram demonstrated the atrial souni imd the systolic murmur.

A.n initial diagnosis of a ventricular septal, defect was made- 

Autopsy
V es; Anw iâ>#ii . yi. H w  n.

The heart, appeared larger than normal and weighed 3?3 g  ̂ The heart 
welfd'it/body ratio 0-62, The walls of the ri#it and left

ventricles measured respectively 1.5 c!:') * end 1.7 om. The right atriuco 
was dilated and although the foramen ovale was p.itent it appeaî ed to h-o.vo 
been functionally competent. As a result of dilatation, the lumen of the 

right ventricle e.xtend©d fur-lfcer to the apex of the heart than normal, and
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in addition the wall was grossly hypertrophied. High in the ventricular 
septuin there was an elongated triangular defect with rounded corners whose 
apex was situated ventrally (Figure 3̂ 0 • The ifldth at the dorsad part was

1,5  em., ventrally it was 0.^ am. 4 and it was 3 cm. long. In the right 
ventricle the lesion appeared posterior to the crista supraventricularis 
and in the left below the anterior and right cusps of the aortic valve in 
the outflow tract of the ventricle (Figure The moderator band was

displaced ventrally and to the left of the apex of the defect. The pul
monary valve and the pulmonary trunh were dilated. The left atrium was 
dilated and the left ventricle was also dilated and hypertrophied.

In the trachea and bronchi there was a large amount of pale yellovj 
foam and fluid. The lungs * vrhich were oedematoua and congested, were 

heavy and dark red, and vjhen they were out the surface exuded copious 
amounts of fluid.

There were 11 thoracic vertebrae, 11 right ribs and 1Ô left ribs.

The eighth thoracic vertebra, vjhieh was wedge-shaped, articulated with 
three ribs on its left side. In addition, althou^i the vertebral arches 
were normal, -fehe bodies of the sixth and seventh cervical and the first and 

second thoracic vertebrae were smaller than normal, distorted, and fused 

together, there being no proper intervertébral disc formation. The body 
of the 4th cervical vertebra was also shortened.

Case Ho. '̂ 0123i 6 week-old Ayî shire, female
This calf was admitted to the Veterinary Hospital because a systolic 

murmur had been detected and the calf was not thriving.
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Figure ^ Ventrioular Septal Defect 
viewed from night Ventricle
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Figure ̂ Ventrlou3.ar Septal Defect 
viewed from Left Ventricle
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On clinical examination, the calf vras in poor condition, wi'bh a 

markedly pendulous abdomen. The respiratory rate was 60 per minute and 
on auscultation bronchial inspiration and bronohovesicular expiration v?ore 

heard. There was no loss of resonance on percussion of the chest, but on 
pailpation a precordial thrill could be detected on the left at the 4th 
intercostal space and on the right at the î rd intercostal space- The 
thî ill on the right was very pronounced.

Auscultation revealed a gross systolic murmur, most intense at the 
4th intercostal space on the left and at the ]̂ rd intercostal space on the 
right side of the chest. Pulse volmie was good and the rate was 90/minute.

There was no obvious jugular distension and no oedema. The mucosae 
were pale pink, and showed no evidence of cyanosis.

Haematological and biochemical examinations revealed no abnormality. 
Electrocardiographic exajnination likewise revealed no abnormality. Phono- 

cardiographie recordings talcen at the 4th left intercostal space demons
trated the pan-systolic murmur (Figure 3 )̂-

Autopsy
1.1 n*.. il  y  11

The heart was slightly enlarged, wei^iing 4?9 B* The heart weight/ 
body weight ratio was 0.79* The rl^it ventricle was 0.6 cm. thick and 
the left 1.4 cm. thick. The right ventï’lole was dilated and the wall was 

slightly hypertrophied. High in the i.nterventrloular septum a circular 
defect 1.2 cm. in diameter opened into the ri^t ventricle posterior to 

the crista suprayentricularis. This defect appeared in the left ventricle.
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Heart Sounds. case no. 20123.
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iiTirnediately the jimction of the anterior onep ancl the right ouep of
the aortic valve. The edges of the lesion vjore composed of White fibrous 
tissue. Instead of the usual bracliiocephallc trunk arising from the aortic 

arch there was a braohiooephalic artery 0.9 cm. in diameter^ and just 

dorsal to this, arising independently from the aortic arch, vias the left 
brachial artery, 0-7 cm. in diameter

In the apical lobe of the right lung there was a greyish-yellow patch 
of consolidation viiich proved on histological examination to be "cuffing" 
pneumonia.

Case No$ 18633ï ^  year-old Ayrshire, female
This COW was admitted to the Hospital suffering from hydrops amnli.

No caz’diao examination was carried out, and in life she suffered from no 
apparent cardiac dysfunction#

Autopsy
The heart weighed 1,850 g. The right ventricle was 1 cm. thick and 

the left ventricle was 2.1 cm. thick. After the right ventricle was 

opened, a circular ventricular aeptal defect 2.2 cm. in diameter with fiirni, 

white, fibrous edges was seen high in the interventricular septum behind 

the crista supraventricularis aizd anterior to the anterior cusp of the 
tricuspid valve. When the defect was examined from the left ventricle 

its dorsal edge was seen to lie 0*8 cm. ventral to the right half of the 
anterior cusp of the aorta. The other lesions found in this animal were 
those associated with hydramnios#



Case No* 19151 i year-old, Ayrshire, female
This animal was bright in demeanour, in poor bodily condition and 

had a reduced food and water intalce. Clinical examination showed that 
all mucosae were pale with a yellowish tinge# There was subcutaneous 
oedema present just in front of the udder and under the jaw. The liver 
could be palpated behind the last rib on the right side. A precordial 
thrill could be palpated on both sides of the thorax at the 5th inter
costal space.

The pulse was Irregular but of good volume#
On auscultation, the respiratory rate was not elevated at 50 res

pirations per minute, but there was slight hyperpnoea and a slif^t increase 

in normal respiratory sounds. Percussion of the thorax revealed no loss 
of resonance. Auscultation of the heart confirmed the irregularity of 
the heart rhythm, which took the form of single sounds and pauses suggest
ive of extrasystoles. A gross systolic murmur could be detected on both 
sides of the thorax.

Both jugular veins were distended the whole way up the neck but no 

marked pulsations were detected. A pulse was palpated in the mammary 
vein.

Haematological examination indicated some anaemia or haemodilutlon, 

with a packed cell volume of 25 per cent and a haemoglobin of 8 gms. per
oof

100 ml of blood. There was no leî ytosis, the white cell count being 
7»̂ K)0/cu#mm., but there were 7^̂ per cent neutrophils and 25 per cent 
lymphocytes# The biochemical abnormalities detected were elevated 
serum transaminases and increased urine urea only*
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Eleotrooardiographic examination oonflrmed the presence of ventricular 
extra systoles. Cardiac output determination gave a subnormal oaztliac 
output with a much prolonged clearance time of dye (Figure 57)• Cardiac 
catheterization showed some elevation of right atrial emd right 
ventricular pressure but normal pulmonary and brachial arterial pressures. 
The final ante-mortem diagnosis was of a bacterial endocarditis with 
reservations in that the dye-dilution curve showed a degree of failure not 

manifest In the animal clinically,

AMtopsy
The heart weighed 2,690 g. Tlze heart weight/body vfeight ratio was 

0 *69* The right ventricle was 1,5 cm. thick and the left ventricle was
2 .5  cm, thick. The valve of the foramen ovale had not been c3.osed com
pletely and in the anterior part of the fossa ovalls there was a small 
defect, 0,4 cm, in diameter. A large mass of yellow vegetation with an 
irregular surface blocked the anterior part of the tricuspid valve, re
ducing its effective orifice by about half. The vegetation was almost 
completely organized and Mien out into it could be seen that firm, white, 
fibrous connective tissue occupied most of the mass, Several small, 
yellow purulent foci were present in the fibrous connective tissue. The 
vegetation extended round the crista supraventricularis into the conus 
arteriosus of the right ventricle. This part of the vegetation was mostly 
composed of the thrombus material which had not organized. A small 

amount of vegetation was present on the pulmonary valve and a few similar
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lesions were found on the endooardium of the conus arteriosus. The 
main mass of the vegetation was dissected by several long, deep fissures 
which converged at a point posterior to the crista supraventricularis 
where there was a ventricular septal defect. The defect was most easily 
seen from the left ventricle (Figure j^). Ho vegetation was present 
around the edges of the ventricular septal defect in the left ventricle* 
The defect was situated high in the Interventricular septum immediately 
below the anterior cusp and right cusp of the aortic valve. The diameter 
of the defect was 1.5 cm. and the edges were composed of white fibrous 
tissue. Ventral to the lesion there was a horizontal fibrous band, 4 cm. 
long, on the endocardium of the outflow tract of the left ventricle 
(Figure 53). In the branches of the pulmonary artery in the diaphrag
matic lobe of each lung were several small emboli. Subcutaneous oedema 
was present to a moderate degree and in the abdominal cavity there was 
about 1 litre of serous fluid. ^he liver was grossly enlarged, weighed 
10J599 s# and had the nutmeg appearance of chronic venous congestion. No 
other lesions were detected*

Case No* I896I; year-old Ayrshire, female
This animal was admitted ivith a history of recurrent bacterial 

pneumonia which responded to treatment with antibiotics. The owner com
plained that it had not been thriving.

Clinical examination showed an animal bright in demeanour and in fair 
condition. The mucosae were pihlc and moist and no oedema was present. 
Respiratory rate was 20/rainuta; there was hyperpnoea with a slight increase 
in respiratory sounds, but no adventitious sounds were heard. The pulse 
was 80/minute and of poor volume. There was no obvious Jugular distension.
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On auscultation of the heart two clear heart sounds were heard at 
the 6th intercostal space on the left side, but further forward, under 
the elbow at the 4-th intercostal space, a harsh systolic murmur was * 
detected. A lower-pitched systolic murmur was heard in a similar area 
on the right side of the chest.

Haematological and biochemical examination revealed no abnormality.
The dye-dilution curve of the cardiac output was normal (Figure 59)•
Cardiac catheterisation revealed no abnormality, . During its stay in 

hospital the animal ate normally, gained vjoî it and continued to give 
about a gallon of milk per day, A provisional diagnosis of a mild degree 
of endocarditis was made, which proved to be incorrect on autopsy after 
slau^rber two weeks later.

The heart weighed 2,050 g* The heart weight/body weight ratio was 
0 ,5 2. The right ventricle was 1,4 cm. and the left 2,8 cm. thick. VJhen 
the left ventricle was opened a defect was seen high in the interventricular 

septum in the form of a conical depression situated below the junction of 
the anterior and the right cusps of the aortic valve. The opening of the 
defect was 1,2 cm. broad and the defect narrowed as it penetrated the 
septum to a depth of 0,6 cm. The ventricular septum was not perforated 

by the defect and it was not possible to pass a probe throuf^ the ventri
oular septum into the right ventricle. About 1 cm, ventral to the lesion 
there was a transverse ridge of tissue 2 cm, long on the endocardium of 
the left ventricle. This ridge of tissue was white, firm and projected 

about 2 mm. from tlie endocardium. Histological examination of the left 
ventricle showed focal small areas of fibrosis in the myocardium^
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Scattered in all the lobes of the lungs were a moderate number of 
small lobular areas of consolidation, which histologically were patches 
of necrotizing bronchopneumonia surrounded by a zone of fibroblasts, 
plasma cells and macrophages.

Case No. 17736: 3 month-old Ayrshire, male
‘ This calf was purchased as a healthy newborn animal in a local market.

The calf was thin but bri^t. After a few days of diarrhoea in the 
first two weeks, it gained ml^rb and behaved like a normal calf. There 
was no cyanosis or dyspneoa at rest or on exercise. A gross systolic 
murmur was heard equally loudly on both sides of the thorax, but there was 

no palpable thrill and no evidence of cardiac enlargement on percussion.

The heart rate was normal and the pulse volume was good. The electro
cardiogram showed no evidence of hypertrophy or other deviation from 
normal. The dye-dilution curve showed an early elevation on the dom- 
ward limb, suggestive of a left-right shunt (Figure 4o). Catheterization 
showed a slight elevation of right ventricular pressure but no other 
evidence of abnormality. Haematological and biochemical findings were 
normal.

The calf was slaughtered at three months of age.
Autopsy

The heart weighed 344 g* The heart vreight/body weight ratio was 0.54. 
The right ventricle was 0.8 cm. thick, and the left ventricle was 1.5 cm. 
thick. When the right ventricle was opened, a defect could be seen high 
in the interventricular septum, posterior to the crista supraventricularis.
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The lesion was 0»6 oni, in diameter. In the left ventricle the defect 
could be seen to be immediately below the Junction of the anterior and 
the right cusp of the aortio valve* The edges of the opening were 
formed of muscle tissue on all sides except dorsally, where there was i 
fibrous patch on its edge. No other lesions were found*
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Table 29

Group II; Ventrioular Septal Defects with Pulmonary Stenosis
(Tetralogy of Fallot) 

Case No. Age at Autopsy Sex Ultimate fate 
of animal

18653A 7 months (foetus) Female Mothei» destroyed
20488 3 months Male Destroyed
18921 8 months Female Destroyed
19429 1 year 7 months Female Destroyed

This group consisted of four animals (Table 29) in #iich a ventri
cular septal defect was associated with pulmonary stenosis. These 
anomalies were of the classical Tetralogy of Fallot type, since the 
ventricular septal defect and pulmonary stenosis were accompanied by 
dextroposition of the aorta and right ventricular hypertrophy.

Case No. 1863^/1! 7 month-old Ayrshire foetuŝ  female
The foetus of cow 18633, referred to earlier, was examined postmortem 

and the following was found.

The heart weighed 212 g. The heart weight/body weight ratio was 

1 ,0 6* The right ventricle was 1,2 cm, thick and the left 1*3 cm. thick.
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The foramen ovale was patent but normal for a foetus at this stage of 
development. The right ventrioular wall was slightly more hypertrophied 

than normal. The aorta was dextroposed. There was a moderate degree of 

pulmonary stenosis. High in the intraventricular septum there was a defect

1.6 cm* in diameter, #iich was situated below the aortic and pulmonic 
valves. Ho otlier lesions were found.

Case No, 20488: 3 month old cross-bred Hereford, male
This calf was admitted with a history of a respiratory disturbance 

and a failure to thrive. On inspection the animal was dull, in poor con
dition and had a slight increase in respiratory rate (Ao/minute). The 
mucosae were slightly cyanosed. There was no Jugular oedema. The 
right knee was noticed to be swollen. The pulse voltmie was fair and the 

rate was 80 per minute.
On palpation the apex beat was felt strongly on both sides of the 

chest and there was a precordial thrill at the 4th intercostal space on 

the left. Percussion showed a loss of resonance over the lower half of 
the chest*

On auscultation the respiratory sounds were increased with bronchial 
Inspiration and bronohovesicular expiration. The heart sounds were clear 
at the 5th intercostal space on the right, but a systolic murmur could be 
detected at the 3rd intercostal space. On the left side a systolic murmur 
could be detected all over the cardiac area but this was most intense at 
the 4th intercostal space.
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IVhen the animal was exercised it beoame dyspnoeic and muoh more 

cyanosed, Haematologioal and biochemical eaaminatione indicated an
erythrooythaemia with a packed cell volume of 46 per cent, a haemoglobin 
concentration of 16 g,/lOO ml., an erythrocyte count of 12 mlllion/cu.mm., 
and a plasma protein of 6.6g./l00 ml.

Electrocardiographic examination showed electrical a3.temation 
(Figure 4l). Phonocardiography confirmed the presence of the systolic 
murmur (B'igure 42), Cardiac oatheteriaabion revealed an increased right 
ventricular pressure, but it was not possible to get the catheter into the 
pulmonary artery,

A complex defect of the Fallot type vias diagnosed as a result of the 
clinical and specialized examinations and the animal was slaughtered.

Autopsy
The heart was enlarged, weighing 67O g. The heart weight/body weight 

ratio was 1.6, The right ventricle was 1,5 cm. thick, the left ventricle
1 ,7  cm. thick, VJhen the heart was examined externally, oi’d.ng to the right 
ventricular hypertrophy it appeared to have a double apex. It could also 

be seen that the pulmonary artery was very small and hypoplastic, with a 
thin wall, and that the ascending aorta and aortic arch were dilated.

The change in the pulmonary trunls was present from the level of the pul

monary valve to the point where the vessel was joined by the ductus 
arteriosus, #iioh was patent (B’igure 43) • After the junction of the 
ductus arteriosus and the pulmonary trunk the latter vessel and the right 

and left pulmonary arteries were wider in diameter and had thicker walls
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Figure 42 Heart Sounds (20488)
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than the first part of the pulmonary truhlc* The right atrltun was sli#itly 
hypertrophied and the foramen ovale was patent but funotionally com
petent * There was marked hypertrophy of the ri#it ventricle and the 
lumen of this ventricle extended further to the apex of the heart than is 
normal % Hi#i in the interventricular septum there was a large defect,
2 cm. in diameter, with white fibrous edges (Figure 44), The aortic 

valve was immediately above the defect. The outflow tract of the ri^t 
ventricle to the pulmonary trunlc was stenotic. The stenosis was of the 
infundibular type and had resulted in a channel only 0,5 cm. in diameter 
leading to the pulmonary valve from the right ventricle* There was no 
ring of fibrous tissue at the entrance to the channel and the walls were 
composed of muscle. The pulmonary valve itself was small and only 1,5 
cm. in diameter. It had only two cusps - a large one Wiioh appeared to 
consist of fused right and left anterior cusps, and a normal posterior 

cusp. The right coronary artery opened into the pulmonary trunl̂  above 

the larger cusp. The left atrium and the left ventricle were normal.
The aorta was dextroposed so that the anterior cusp was above the right 
ventricle. The aortic valve was dilated, being 5 cm, in diameter, and 
the cusps were larger than normal (Figure 45). The bronchial arteries 
were slightly enlarged and an extensive plexus of small vessels could be 
seen in the pleura of both lungs around the hilus. In the right carpal 
joint there was a fibrino'*purûlent arthritis.
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Figure 45 Aortic and Pulmonary Valves (20488)
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Case No. 18921 i 8 month-old Friesian, female

This heifer was admitted with a history of dyspnoea when driven out 

to pasture in early summer and whenever chased in the field. After being 
housed for five months, %\hen driven out to pasture the dyspnoea was again 
noticed, and at one stage the animal collapsed and lay gasping.

The animal was in poor condition and appeared sli^tly stunted, VJhen 
examined at rest the respiratory rate was normal but the slightest exercise 

caused a rapid increase in rate to 70 per minute, and an increase in the 
respiratory sounds. Dyspnoea appeared Waen the animal was driven 100 yards 
Slight cyanosis, VMhioh became much more pronounced on exercise, was evident 
in the mucosa of the mouth and vagina. There was sliglit distension of 

the jugular veins, On palpation of the chest the apex beat was felt on 
both sides, but no precordial thrill was detected. Percussion of the 
chest revealed no abnormality.

Auscultation of the heart revealed clear heart sounds all over the 
chest except at the 4th left intercostal space under the point of the 
shoulder, where a systolic murmur was heard. This murmur was obscured 
when the animal was exercised and dyspnoea produced Increased respiratory 
sounds, The pulse volume was good and the rate was lOO/minute.

Haematological and biochemical examination gave evidence of an 

erythrooythaemia with a packed cell volume of go per cent, a haemoglobin 
of 15 g,/lOO ml., an erythrocyte count of 7*2 million/cu.nim,, and a plasma 
protein of 7 g./lOO ml. Electrocardiography revealed no abnormality.



It was not possible to get a catheter Into the right atrium or 
ventricle. Injection of Evans blue into the jugular vein (Figure 46) 
gave a curve suggesting a left to right and a right to left shunt. A 
diagnosis of a complex cardiac anomaly was made taut this was not pursued 
further before slaxighter.
Autopsy

The heart was enlarged and weighed 1,050 g. The heart weight/ 
body weight ratio was 1.77* The right and left ventricles were each 
2 cm. thick. The outline of the heart was altered because of the right 
ventricular hypertrophy vAiich made this side of the heart bulkier than 
normal. The anterior part of the fossa ovalis contained a small circular 

atrial septal defect about 0.4 cm. in diameter. The right ventricle was 
grossly hypertrophied and so was the moderator band (Figure 47). About 
2 cm. below the pulmonary valve, Which was much smaller in diameter than 
normal and whose circumference was only one-third of the circumference of 
the aortic valve, there was a ring of fibrous tissue causing an in
fundibular stenosis in the outflow tract of the right ventricle. A high 
elliptical ventricular septal defect 2,5 cm. x 0.5 cm, dorsoventrally 
was present immediately below the aortic cusps. The aorta was dextro
posed and the free edge of the left aortic cusp was over the ventricular 
septum. The valve was dilated and the cusps were larger than normal.
The ostia of the left coronary artery was slightly displaced dorsally 
and the ostia of the right coronary artery was displaced to a similar 
extent dorsally, but it was also situated to the left of its normal
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position, so that it was above the junction of the left and anterior cusps 
of the aortic va3.ve. The pulmonary trunk was hypoplastic and had a thin 
wall, The ductus arteriosus was patent and also had a moderately thin
wall. The ascending aorta was dilated to the origin of the brachio
cephalic trame. On the pleura around the hilus of the lungs there was 
a plexus of small vessels, probably representing collateral circulation 
developing from the bronchial arteries* No abnormality was detected in 
the other organs.

Case No. 194sp: 19 month-old Friesian, female
The subject was admitted to the Veterinary Hospital at the age of 

9 months with a history of not thriving. It was dull in demeanour, in 
poor condition, weighed 148 kg., and had large subcutaneous abscesses 
behind the left shoulder and upon the left patella. The feet were very 
overgrown. At rest the respiratory rate was 50 a minute and the heart 
rate was 100 a minute. On auscultation, bronchovesioular respiratory 
sounds were heard. Palpation of the chest revealed a precordial thrill 

on the left-hand side and a distinct apex beat on the right-hand side.
On percussion there was an increased area of cardiac dullness on both 
sides of the chest.

The first heart sound was obscured by a gross systolic murmur which 
was most intense at the pulmonic area, that is under the elbow at the 
third intercostal space, about 5 cm, above the level of the olecranon.
The pulse voluiwe was very poor. Cyanosis was detectable at rest on the 

mucous membranes of the eyes, the mouth, and the vulva. When the animal 
was exercised by being run for a distance of 150 yards it became much more 
cyanotic and dyspnoea developed.



Haematologlcal examination showed polyoythaemia with a haemoglobin 
ooncentration of 2 0 .6 g. (normal 9-II g.) and a red blood cell count of 

14,3 million (normal 5-8 million). The white blood cell count and the 
plasma protein concentration were normal.

The animal was kept for 10 months. During this time it showed no 

change in its cardiac condition. Body weight increased from l48 to 
287 kg. when it was slaughtered.

Electrocardiograms The electrocardiogram (Figure 48) showed large 
complexes when compared with normal cattle, suggesting cardiac hypertrophy, 

while the direction of the QRS complexes in limb leads and unipolar leads 
suggested that this hypertrophy was on the right side of the heart#

Pressure Recordings The pressure recordings of the right side of 
the heart (P'igure 49) showed a rise in right atrial pressure, an increased 
right ventricular pressure, and a lowered pulmonary arterial pressure.
The values found are given in Table 30, where they are compared with a 
normal series of pi>essures found by Doyle et al. (I96I). It will be 

observed that the arterial pressure was also below normal and that there 
was a low pulse pressure.

Table 30 on uam (mm.

. Normal Heifer Fallot's Tetralogy
19249

Systolic Diastolic Systolic Diastolic

Right Atrium 3 0 19 5
Eight Ventricle 53 0 93 12
Pulmonary Artery 45 19 23 16

Carotid Artery 180 130 105 88
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Dye Dilution Recordings The dye dilution curves, Milch were ob
tained by plotting the varying o one entrât ions of Evans Blue in plasma 
against the time of their appearance in the brachial artery, are shoim 
in Figure 50a, b and c. The right atriai. and right ventricular in
jections of dye produced curves indicating abnormal mixing of blood within 
the heart. Moreover, the time of first appearance of the dye was in each 
case more rapid than normal, suggesting a right to left shunt. The in
jection of dye into the pulmonary artery produced a dye dilution curve 
which was normal in shape except that the first recirculation was not so 
obvious as in a normal animal. The time of first appearance of dye from 
injection into the pulmonary artery was also normal. The delayed dom- 
stroke of the dye dilution curves suggested that in addition a left to 
right shunt also existed. Therefore, from these curves it was concluded 
that there was a gross abnormality of blood flow through the heart, 
which Included a ri#it to left shunt at the level of the ventricles and 
a left to right shunt at a higher level.

Heart Bound Recordings These recordings, which are illustrated in 
Figure 51> demonstrate the systolic murmur; and this was demonstrable at 
all frequencies.

Diagnosis In arriving at a diagnosis, the, following facts were 
considered significant. In this young animal there was clinical evi
dence of cardiac hypertropliy, a loud systolic murmur most intense at the 
pulmonary area, in combination witli taohypnoea and cyanosis at rest.
These findings, together with electrocardiographic evidence of right ven
tricular hypertrophy, indicated the presence of a major congenital cardiac
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Figure 51 Tetralogy of Fallot In a Friesian Heifer
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anomaly. The dye dilution ourvee demonstrated a defect in the ventri
cular septum v/ith a right to left shunt, mile the pressure recordings 
from the right side of the heart showed the presence of pulmonary stenosis. 
Thus cyanosis, right ventricular hypertrophy, a right to left shunt in 
the ventricles, and pulmonary stenosis led to diagnosis of Tetralogy of 
Fallot.
Autopsy

The heart was enlarged, weighed 1620 g., and when viewed amteriorly 
the apex was rounder than normal, The heart, weight/body weight ratio was 
0 ,5 6. The gross disproportion in sl%e between the hypoplastic pulmonary 
trunk and the dilated ascending aorta was obvious (Figure 5S) ♦ The wall 
of the pulmonaiy trurik was less than half the thickness of the weill of 

the aorta. The ductus arteriosus, which was patent, also had a, thin wall 
and connected with the beginning of the left pulmonary artery (Figure 52) * 
The dilated right atrium was slightly hypertrophied, and the foramen 
ovale, although functionally competent, was anatomically patent#

The wall of the rigjrb ventricle, Miich was grossly hypertrophied 
(Figure 53), was as thick as the left ventricle, and the lumen of the 
ventricle extended ventrally to the apex farblier than normal. High in 
the ventriciilar septum was a large elliptical ventricular septal defect 
3 .5 om, X 1 ,5 cm., with its long axis horizontally situated (Figure 53)* 
Above the ventricular septal defect the aorta was dextroposed so that its 
anterior cusp was on the right side of the ventricular septum when viewed 
from above. In the left ventricle the ventricular septal defect 
appeared below the anterior cusp of the aorta. The aortic arch on 
the left side.



Figure 52 Left lateral view of hsftW.
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Figure 53 View Into right ventricle
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The aortic valve was dilated and had three cusps Milch were larger 

than normal. The bones of the heart were well developed and the 
coronary arteries were normal. üie aorta Itself was dilated to the 
origin of the ductus arteriosus and the proximal part of the brachio
cephalic trunk was also dilated.

The pulmonary valve was less than half the diameter of the aortic 
valve and had only two large cusps (Figure 54) Miich were excessively 
large for the size of the valve and were anterior and posterior in 
position. Below the pulmonary valve there was an infundibular type of 

stenosis which had produced a narrow curving channel 5 om. long, forming 
the outlet from the right ventricle to the pulmonary trunk (Figure 53) * 
There was no ring of fibrous tissue at the proximal opening of the channel 
which had thick muscular walls and was dilated immediately below the pul

monary valve, forming an infundibular chamber.
The left atrium was normal and the wall of the left ventricle was 

not hypertrophied.
A large abscess 23 cm. x 22 cm. x 15 cm., involving the diaphragmatic 

surface of the liver in its dorsal half and the diaphragm itself was found. 
The diaphragmatic lobes of the lungs were adherent to the thoracic sur
face of the diaphragm over the abscess. Scattered throughout the liver 
were several smaller abscesses 2 cm. in dlajîieter, either showing through 
the liver capsule as white circular convex areas or hidden in the liver 
parenchyma. No abscesses were found in the brain. The abscesses behind 
the left shoulder and upon the left patella had healed by the time the
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animal oame to autopsy, and only increased amounts of fibrous connective 
tissue at these sites indicated where the lesions had been#

A few small, pale, wedge-shaped areas were seen in the cortices of 
the kidneys, along with some moderately large haemorrhagic infarcts.
The bone marrow in all of the. vertebrae and stemebrae bodies was bri^it 
red and soft.

Histology Histological examination of the heart showed that al
though there was considerable variation in the width of the fibres in the 
right ventricle, some were vdder than normal. Many fibres had large 
nuclei, and groups of three to four nuclei close together were frequently 
present. In the lungs there were several moderately heavy peribronchial 
accumulations of lymphocytes. Histological exajnination of the liver and 
the kidneys showed the usual changes associated with abscess formation 
and infarction. Ho significant lesions were seen in the other organs.
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Table 31
Group III# Ventricular Septal Defect with Pextx̂ oposed Aorta 

but no Pulmonary Stenosis (Eisonraei’iser Complex’)
Case Ho. Age at Autopsy Sex Ultimate Fate 

of Animal

20127 3 weeks Female
21809 3 months Female
l6o4o 1 year 9 nionths Female 
20536 2 years 6 months Female

hied
Died

Destroyed
Died 

(Late pregnancy)

Four animals were seen in this group, which is rather hetero
geneous anatomically. It is useful to classify them together, however, 
since all of them fit the title Elsenmenger Complex, because they have a 
ventricular septal defect associated with a dextroposed aorta, ri^t

Case NÔT 201Ê7; ""3"̂ week-old Ayrshire., female sî enosis.

Case No. 20127: 3 week-old Ayrshire, female
This calf was admitted with a number of congenital anomalies. In 

addition to the cardiac defects described below, it was small, blind 
because of non-development of the eyes, had a very short tail, and had 
prognathus «

On inspection the animal was in fair condition, with a slight increase 
In the î*espiratory rate to 50 a minute. The pulse rate was rapid (120/mln) 
but the volume was good, Mien the chest was palpated a preeordial thrill
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could be detected on both sides at the 4th intercostal space. Percussion 
revealed no abnormality. Auscultation revealed normal respiratory sounds 
but on both sides of the chest a continuous murmur of the machinery type 
could be heard all over the chest. There was no cyanosis evident in the 
mucosae, Sbceroise produced dyspnoea, but no cyanosis. Electrocardio
graphy revealed no abnormality, Phonocardiograpliy distinguished the 
murmur as occupying the latter part of the diastole and the whole of the 
systole, (Figure 55) «

On the basis of the clinical signs and the character of the murmur 
a diagnosis of a vjidely patent ductus arteriosus was made, such signs in 
other species (dog and man) being pathognomic of this condition (Detweiler 
1959; Wood, 1958).

The calf died after ten days.

The heart was larger than normal and weighed 260 g. The heart weight/ 
body weight ratio was O.87. The right ventricle was 1,2 cm. thick and the 
left ventricle was also 1,2 cm. thick. In the pericardial sac there was 
15 ml. of serous fluid. The right atrium was dilated and in the region of 
the fossa ovalls there was a large atrial septal defect 2 cm, in diameter 
(Figure 56). The posterior edge of the defect was thin and membranous.
The right ventricle was dilated and the wall hypertrophied. Close behind 
the septal cusp of the tricuspid valve there was a circular ventricular 
septal defect 2 cm. in diameter whose edges were formed by muscle tissue 
(Flgiu’e 56). In the position where one would normally expect to find the

(Tyi



Figure 55 Heart souncle. - Case no. 20127

8,MU: Systolio murmur 
A.S.Î Atrial sound
1 s First heart sound
2 : Second heart sound

II: e,o,g. Lead II 
fÎ Low frequency heart sound
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Figure 56 View Into Right Atrium and 
Right Ventriole - 20127
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crista supraventrioularis, the aortic valve opened into the right 
ventricle (Figure 56). The aorta was completely dextroposed and arose 
solely from the rl^t ventricle. The left ventricular wall was not 
hypertrophied and the only outlet for blood from the left ventriole was 

through the ventricular septal defect. The ductus arteriosus was probe- 
patent.

The lungs were heavy and dark red in colour. When the trachea and 
bronchi were opened they were seen to contain a large aiiiount of frothy 

fluid. Owing to the severe pulmonary oedema, cutting the lungs allowed 

a large amount of fluid to exude from the surface.
Histological examination of the lungs confirmed the presence of 

pulmonary congestion and severe oedema with oedema fluid in the bronchi, 
bronchioles, alveolar ducts and alveoli.

There was anophthalmos. The palpebral fissures were small and no 
eyeball could be seen until the orbit was dissected, when a small vestigial 
structure was found on each side. The third eyelids were normal.

Case No, 21809; 3 month-old Ayrshire, female
This calf was submitted dead, thus no ante-mortem examination was 

carried out.

Autopsy
InW, MtMIBI IMhV!,! II II I,*

The heart was enlarged and weighed 740 g. The heart weight/body 

weight ratio was 0,74. The walls of the right and left ventricles measured 

0 ,9 cm. and l.j5 cm, respectively. The pericardium contained 10 ml* of



yellowish fluid. The rlglit atrium was dilated* The right ventricle 

was grossly dilated and hypertrophied, and the moderator band was thicker 

than normal. High in the ventricular septum and posterior to the crista 
supraventricularis there was a large circular defect 2 cm* in diaîïieter 

with muscular edges. Above the defect the aorta was dextroposed. The 
pulmonary valve and the pulmonary trunk were dilated. The left ventricle 
was dilated and hypertrophied. The coronary ostia were dilated and the 
isthmus of the aortic arch was coarcted.

Congestion and oedema were present in the lungs in addition to severe 

pneumonic consolidation which affected the apical cardiac and anterior 
third of the diaphragmatic lobe.

Subcutaneous oedema was found, and the thorax and abdominal cavities 
each contained 1 litre of straw-coloured fluid. The liver was moderately 

enlarged and showed changes of chronic venous congestion.

Case No, I60AO5 1 year 9 month-old Ayrshire, female

This animal was in good bodily condition and weighed 750 lb. It was

eating I8 lb. of hay and 8 lb, of concentrates per day.
At rest its respiratory rate was 70 per minute and its heart rate

90 to 100 per minute, On auscultation a short broncho-vesicular res
piratory sound was heard but there were no adventitious sounds present.

On percussion of the pulmonary area resonance was good. Some degree of 
cyanosis was observed on the mucous membranes of the tongue, oonjunctivae 
and vulva.



The heart sounds were readily audible on auscultation of the cardia,c 
areas on both sides of the ohest and a splitting of the first sound was 

detectable. No murmurs were heard on initial examination, but after 3 

months it was possible to hear a slight diastolic murmur on some occasions 
when ausoultatlïig the left side of the chest just above the elbow. The 

pulse was almost undetectable in the median artery and in the iliac ar
teries it was of very poor volume. When the animal was subjected to the 

exercise of being run on a halter for 400 yards it become much more 
cyanotic and dyspnoea developed.

On haematologidal examination an erythrooytosia was demonstrated with 

an erythrocyte count of 11,000,000 cells per ou.mm. of blood, a packed cell 
volume of 6l per cent and a haemoglobin concentration of 18 grammes per 

100 ml. The plasma protein concentration was 6.4 grammes per 100 ml.

During 3 months in hospital the animales appetite was maintained and
its weight increased by 100 lb. It also remained bright in general

demeanour.
Eleotrocardiograj-ti As illustrated in Figure 57# the electrocardio

gram showed very large QR8 complexes viien compared with those of other 
cattle, suggesting that cardiac hypertrophy was present.

Dye Dilution Curves The curve produced by plotting the concentration 
of Evan^s Blue against the time of its appearance in the brachial artery is 

illustrated in Figure 58. It is obvious that in this animal passage of

all the dye into the systemic circulation from the heart was delayed.

This type of excretion curve in man is associated with gross cardiac 

defects which give rise to mixing of blood from both sides of the
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Figure ̂ 8 I6o4o " Jugular Injection
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circulation within the heart or great vessels (Wood# Swan and Heltïiholz, 
1957)• Furthermore# by selective injections of dye it is possible to 
localise such lesions (Swan and Wood, 1957) • If dye is injected into 
the circulation at a point beyond such a defect, a normal type of dye 
dilution curve is obtained, whereas injections before or at a defect 

give abnormal curves* In the animal under observation injections of 
Evan^ Blue dye were made into the right atrium and right ventricle, by 

means of a polythene catheter (Figures 59 and 60). The excretion curves 

were similar to that produced by injection of dye into the jugular vein 
(Figure 5B), indicating a major ventricular septal defect or a large per

sistent patent ductus arteriosus, or both.
Pressure Recordings Recordings of the pressure in the right atrium, 

the right ventriole and the pulmonary artery were made and these are shovjn 
in Figure 6 1. It can be seen that the right atrial pressure curve was 
normal in shape and that the pressure was not elevated. However, the 

pressure curves recorded from the right ventricle and pulmonary artery 
were abnormal in shape with marked splitting of the systolic pealts, and 
pressures in the right ventricle and the pulmonary artery were also 

elevated.

Diagnosis
In arriving at a diagnosis the following facts were considered to 

be significant. The cyanosis at rest which was readily exaggerated on 
moderate exercise and the dyspnoea produced by this exercise indicated 

that there was a considerable Interference with oxygenation of the blood.
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Figure 6o 16q4o " Right Ventricular Injection
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Tho ery tïirooyt os is during the time the v̂ as %n the
hoapitaX aubstaxitlatad a Xeug-atandlng anoxia, The hypertropl'i;/ suggested 

by oXeotrocardiographio examination was i.n keeping vïlth the pô alblXlty 
of a majoi* eai*dlao defedt. The neXôotive dye injeotione 8hov>%d that 
tills defeat was :ln the vontrloular septu?.̂-, in the persistence of a patent 
cluotus arteriosus or both*

The abnormal shaped pî easin̂ e pulse curves # lo h  we%*e observed each 

time the animal was aathetorlsed were unl:)k:e any pulse ourve observed in  

other o attle  mult foy tfieoe ŝ eaoona, were not oonsidored to be artefaota» 

The elevated idght veiatriouXar pressure aiippo '̂ted the presenoe of a major 

defoet at the vontïdouXar level while tho elevated pulraanaJ,'̂  a rte ria l 

pî essure suggested ‘biiat th is  defect was pi'obabXy of the type that Is  

e lw s lfle d  as an Eisenmen#;er Syndrome (Wood, 1958) »

Autopsy

External examination of the -heart showed that it was enlarged, the 
right ventricle beliig bulkier tlnm %ionnal and the apex rounded* The heart 
might/body weight ratio was 0/fl. In the atrial soptm a small hole,
0#^ orfi* in diameter, was present in the dorsal part of the fossa ovalis*
The wall of the right ventriole was grossly iiypertropliled, being 3*9 cm* 
thick, ajxt the cavity of the right ventriole ex'tended to the apex of the 
heart* The w&ll of the left ventriole was slightly hypertrophied and was 
2.9 om. thick* lu the ventricular septum below the pulmmary valve, there 

wUvS a large elliptical hole, 3 om* Xonŝ  The pulmomry valve and the
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artery were dilated# The valve, virxioh had 3 large ousps, was 9*9 cm. 
in diameter and the artery, which was dilated above the valve, was 15 cm. 
in circumference compared wi'bh a valve dianieter of 4' cm. and a pulmonary 
artery circumference of 10 cm# in a normal animal of similar size#

The aorta was destroposed and opened into the right ventricle in a 
recess opposite the ventricular septal defect. The aortic valve had 
5 cusps and was hypoplastic, measuring only 2.5 cm. in diameter, com» 
paired with a diameter of 4 cm. in the same normal animal as above. The 
left coronary artery passed anterior to the pulmonary artery instead of 
being in its usual position posterior to it.

The ossa cordis were not developed.
Above the aortic valve the ascending aorta was hypoplastic, being 

only 4 cm. in circumference# It was just 7 cm. long and terminated in 

a dilated portion of the brachiocephalic trunl: about 3 om, anterior to 
the point where this vessel had an anomalous origin fiom the pulmonary 

artery. Mien the dilated pulmonary artery was explored, the origin of 
the brachiocephalic trunk was found as a small elliptical opening 2 cm. x 
0*5 cm. This opening was cm. from the pulmonary valve. A pulmonic*- 
aortic window, 5 cm, in circumference, was present a short distance dorsal 
to the opening of the brachiocephalic trunk. This opened into a dilated 
portion of the descending aorta, 10 cm, in circumference, and was the 
only communication between the descending aorta and the heart, since the 
aorta ended blindly proximal to this point.
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The wall of this dilated region opposite the pulmonio-aortic window 
and also the wall of the dilated region of the brachiocephalic trunlc 
opposite its slit-like origin in the pulmonary artery ware rough in 
appearance. These were probably jet lesions #iioh could be attributed 
to blood impinging on the wall of the vessels after being forced through 

the narrow apertures described (Robbins, 1957)* All of these anomalies 
are Illustrated in Figures 62, 69 and 64. then the large vessels were 
trimmed off the heart, it wei^ied 2,427 grammes.

Several small patches of pleurisy with adhesions were present on the 
dorsal borders of the posterior parts of the diaphragmatic lobes of the 
lungs.

On the anterior edge of the spleen, near its ventral tip, there was 

an abscess 2 cm. in diatneter, containing thick yellow pus. Between the 
diaphragm and the liver in its dorsal half, there was another abscess,
4 cm. in diameter, causing an adhesion between the two organs. A third 

abscess, 1 cm. in diameter, was present in a kidney. The bodies of all 
the vertebî ae and the sternum were packed with dark red marrow.

Histological examination of the ri^it ventricle showed that the 
muscle fibres were increased in width, and that some of them had large 
nuclei, while others had groups of 2 to 4 overlapping nuclei. A few 
small accumulations of lyniphooybes were present betvreen the muscle fibres. 
The sections of lung tissue examined showed proliferative changes in the 
walls of the smaller arteries and arterioles adjacent to bronchioles, 
alveolar ducts, and in the septa, with narrovring of the lumina of these



Figure 62 Elsenmenger oomplex. View Into right ventriole
and pulmonary artery
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Figure 63 Elsenmenger oomplex. View into pulmonary
artery
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Figure 64 Elsenmenger complex; Baae of Heart
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ver^sels in proportion to tim thioknoBs of the wall » Theao ohan$o8 a m  
illuBtratQd in Figux’O 6%* There vma alao proliferation of the oMotlhellu?ii 
andji in a few l%%tenoea; thiok©Bins of the intima* The meet marked changes 
in those vessels were seen in the media tmd adventitia where the cells 
had proliferated, resulting in an inoroiised thiokmas mxl inoreasecl 
oellularlty of the vessel walls* There was also proliferation and con- 
dematlon of the perivascular fibraus tissue in a coneentric manner ax̂ ound 
the small vessels* In a fQvi instances, î̂ ê hiplioation of the internal 
elastic IfMina was detected* These changes were present in all the lobes 
of the Peribi'omliial mid peribronchiolar accumulations of lymphoid
cells were also seen. Sections t&%en fwom t&ie jet lesiomi in the aorta 
and braohiocophalic trunk showed that the rough appearanoe was due to the 
thickening of the intima by proliferation of the fibroblasts and the 
formation of many new elastic and collagen fibx̂ es* Below those loaiona 
the inteimal elastic lamina was fragmentod and could be seen to be 
splitting?; longitudinally. The abscesses had fairly, thick fibrous
connective tissue wails Infilti'ated on the inner parts by plasma cells, 
lymphocytes and mononuoleax* cells, Booteried examination of the aW- 
008008 yiGiaed C...iBfQggag3»

Tho Eloenmomger syïtîrGaie nas defined by Wood (1938) ea pnlmowry 
hypertemU.0%% with a reversed ahimt which may occur through an atrial septal 
defect, a vex%triox*l8%* septal defect or through a patent ductus arteriosus.
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Figure 65 Proliferative changes in lung arterloles
due to pulmonary hypertension.

\.
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Tho term Êisorunenger* Complex^ is reserved, for cases in which the shunt 
is through a ventricular septal defect. It was not possible to deter
mine the exact position of the shunt in this animal #ile it was alive 
and so the clinical diagnosis had to remain an Eisnemenger syndrome. 
Postmortem examination, however, revealed that the animal did, in fact, 
have an Elsenmenger Complex,

The pulmonic-aortic window present as an associated anomaly was the 
only route by which blood could pass from the heart to the parts of the 
body supplied by the descending aorta. The atrial septal defect was 
quite small and was regarded as a feature of no functional signifioanoe.

The hypertrophy of the rl^t ventricle was so great that it was 
possible to appreciate an increase in the width of the individual myo
cardial fibres vhen compared with normal fibres ŵithout any measurements 
being made. The presence of large nuclei in hypertrophic cardiac muscle 
has been described previously (Robbins, 1957)»

It is interesting to note that in this case vascular changes were 
present in all the lobes of the lungs. This is similar to the findings of 
Doyle, Goodwin, Harrison and Btelner (1957)# '̂Axo noticed that in man, oases 
of pulmonary hypertension due to congenital heart disease had changes in 
the vascular tree throughout the lungs, whereas in pulmonary hypertension 
due to mitral stenosis the changes did not affect the apical regions of the 
lungs. Abscesses in organs are a common finding in oases of congenital
heart disease in man (Wood, 1958) and it is interesting to note their 
presence in this case.



Talcing into oonsideration the lesions found in this heart and the 
slope of the pressure contours from the right ventricle, the circulation 
through the heart was probably as described below* Systemic venous blood 

entering the right ventricle was ejected into the hypoplastic dextroposed 
aorta mid the pulmonary artery mixed with arterial blood which had passed 

through the ventricular septal defect from the left ventricle- The 
stenotic aortic valve ensured that most of the blood from the left ven

tricle passed into the pulmonary artery, The mixture of blood in the 
pulmonrn’y artery passed to the lungs and through the pulmonic -aoi'tic 
window into the descending aorta to supply the posterior part of the body. 

Mixed blood from the pulmonary artery would also pass into the brachio
cephalic trudî through its small elliptical origin. Blood from the lungs 
returned to the left atrium and thence to the left ventriole, From the 
left ventricle some blood passed up the hypoplastic aorta but more pro

bably passed throû gh the ventricular septal defect into the right ventricle 

and then to the pulmoziary artery, as previously described. The defects in 
this heart were such that gross mixing of blood from both ventricles con
tributed blood to the hypoplastic aorta and to the dilated pulmonary artery. 
This circulation is illustrated in Figure 66, which is a diagrammatic 
version of the heart and the vessels leading from it. The pulmonic-aortic 
window, by providing a oiruulation of oxygenated blood to the descending 
aorta, enabled life to be maintained and growth to talce place vjithin the 

sheltered environment of the hospital, but it is unlikely that such an 
animal would have survived in a commercial dairy herd.
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Case No, 2033̂ ; 2 years six month-old Ayrshire* female
This heifer was approximately five months pregnant %\hen admitted to 

tW Veterinary Hospital as a suspected case of traumatic pericarditis»
She was dead on arrival and the following was found on autopsy.

Msssx
The heart was enlarged and weired 3,028 g. The apex of the 

heart was rounded. The ri^it ventricle was dilated and the wall grossly 
hypertrophied. The pulmonary valve was normal. High in the ventricular 

septum there was a large elliptical ventricular septal defect. The left
ventricle was dilated and the wall was markedly hypertrophied. The
ventricular septal defect was present imnaediateiy below the aortic valve, 
v^ioh was dextroposed, dilated, and hed three large cusps. In the left 
ventricle at the ventral edge of the ventricular septal defect, a band of 
fibrous tissue extended out onto the ventricular surface of the anterior 
cusp of the mitral valve exid formed a ring of fibrous tissue below the 
aortic valve giving rise to subaortic stenosis. The animal had died in 
congestive cardiac failure and there was subcutaneous oedema in tlie 
brisket region. In addition, a considerable amount of straw«coloured 
fluid was found in the thoracic and abdominal cavities, and there was 
oedema in the mesentary adjacent to the coils of the colon* The liver 
was enlarged and showed changes of chronic venous congestion.

Histological examination of the lungs showed proliferative changes 
in the arterioles attributable to pulmonary hypertension (Figure 67).

No abnormalities were found in the foetus.
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Figure 67 Piyllferatlve changes in Lung Arterioles 
and Pulmonary Oedema. (20536).
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b) (11) Malformations of the ventricular septal complex In cattle « 
Discussion

It is Impossible to get the true incidence of congenital lesions in 
cattle from this series* Congenital lesions involving the ventricular 
septum in cattle have been found more frequently than lesions of the atrial 
septum, or of the pulmonary or aortic valves.

The initial detection of all oases seen alive has depended upon the 
use of the stethoscope. The stimulus for its use has been a respiratory 
disturbance. Random stethosoopic examinations of the chest of apparently 
normal calves also led to the detection of two oases. The primary cardiac 
finding was a loud systolic murmur; occasionally a diastolic murmur was also 
detected.

Cyanosis and polycythaemia were not observed in animals in Group I 
but were seen in cases in Groups II and III, being a constant feature in 
the animals whose lesions were classified as Tetralogy of Fallot. From 
the limited number of cases observed in Group III it appeared than when 
there was a dextroposed aorta but no pulmonary stenosis, cyanosis was not 
present early in life. Cyanosis is not a common clinical sign in cattle 
and, apart from congenital lieart eases, has only been observed by us in 
dyspnoeic animals in the terminal stages of pneivnonia.

Speclaliised techniques have aided the diagnosis of these anomalies.
Electrocardiography was often able to predict cardiac hypertropîiy 

but was unable to predict vAich ventricle was involved to the greatest 
extent. Where pericarditis oi' pericardial effusions were present the 
QRS complexes were of normal size or smaller.



Pressure reoordings from the right side of the heart deteoted right 
atrial and right ventrioular hypertension in several oases, and proved the 

existence of pulmonary hypertension in one case and pulmonary hypotension 
due to pulmonary stenosis in another. Because of the size of the animals 

fluoroscopy was not employed, but the pressure records were identified 

from the shape of the pressure curves. As a result of previous experience 
and experiments, the shape of the curves was knomi to indicate that the 
catheter was in a particular site* In some cases, however, bizarre curves 
were obtained which could not be identified accurately. In the one case 
of a successful catheterization of a pulmonary stenosis, the serial dye- 
dilution curves proved that the pressures were from the sites stated*

Dye-dilution curves were used in a qualitative manner only to detect 
abnormal pathways of blood flow. They have demonstrated left to right 

shunts through ventricular septal defects and also right to left shunts 

in animals with complex anomalies. Analysis of the abnormal curves ob

tained from some oases was not always possible before death but correlation 
of the blood flow and the lesion found at autopsy could be made in retro
spect .

Retardation of growth was apparent in all animals with a ventricular 
septal defect associated with other complex anomalies.

Skeletal abnormalities were seen in one animal in Group I, and one 
anima], in Group XII. In addition, in the latter animal there was 
anophthalmos and although it has been shown that vitaanin A deficiency can



cause eye defects and cardiac deformities in experimental animals, there 

was no evidence that the dam of this animal had suffered from a deficiency 

of vitamin A,
Abscesses, which have been described as a frequent complication of 

corns congenital cardiac anomalies of man, were present in two cases at 

several sites, but not in the brains.

Group 1

All of the ventricular septal defects occurred in the outflow tracts 
of the ventricle and involved that part of the heart which is the pars 
membranaoea. In the right ventricle they were posterior to the crista 
supraventricularis and in the left ventriole were found just below the 

junction of the anterior and right cusp of the aortic valve, or extending 
from this site ventrally. In case 18961, however, although the ventricular 

septum was not completely perforated, the deficiency of tissue was in 

exactly the sane situation as in the other animals with complete defects.
The severity of the functional disturbance varied directly with the 

size of the defect, and duration of survival varied inversely.
Associated congenital lesions vAich were probably not functionally 

significant were found in four oases. There were small atrial septal 

defects in two animals, horizontal ridges of fibrous tissue on the endo
cardium of the left ventricle below the defect in two animals, and in one 
animal anomalous origin of the left bi'achial artery from the aortic arch.
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Bacterial endocarditis of the tricuspid valve and the right ventri
cular side of the defect was a major complication in one case, since 
clinically the functional disturbance was of the type usually seen as 
bacterial endocarditis rather than that produced by a ventricular septal 
defect.

In our series> in one instance congenital cardiac lesions were found 
In a heifer and her foetus. It was not possible to demonstrate any other 
familial tendency, but a genetic factor has been suggested in one herd of 
Hereford cattle (Belling, I962),

Group II
The ventricular septal defects were again large and high in the 

interventricular septuiii. The pulmonary valve was abnormal in all eases 
and, as well as being hypoplastic, in two' instances only two cusps were 
present. In oases with Tetralogy of Fallot, pulmonary stenosis may be 

at the level of the pulmonary trunlc, the pulmonary valve, or infundibulum. 
Three of the cases recorded here had infundibular stenosis and in one case 
stenosis was valvular. The ductus arteriosus was patent in all cases, 
but could only be definitely considered abnormal in the three seen alive. 
This is not a coimion feature of Tetralogy of Fallot in man (Edwards, i960), 
and undoubtedly provides a useful collateral channel by which the pulmonary 
flow can be augmented, In addition to patency of the ductus arteriosus 
a small atrial septal defect was found in one animal, and abnormalities of 
the origin of the coronary arteries, in particular of the right coronary 
artery, were found in two cases*



group III
All of the animals in this group had complicating lesions which were 

probably functionally significant. These were in case 2012%, a large 

atrial septal defect> in case 21809, coarctation of the isthmus of the 
aorta; in case l6o40, atresia of part of the aortic arch and the pulmonic- 
aortic window; and in case 205^, subaortio stenosis.

Cyanosis was not present in the calves, but they had marked exercise 
intolerance. If they had survived, cyanosis probably would have 

developed due to changes in lung vessels and subsequent pulmonary hyî er-- 

tension.
Although a functionally significant atrial septal defect was seen 

only once, small atrial septal defects in the fossa ovalis due to over- 
resorption of the septum priraum were seen in four cases. Foramina ovales 

#iich are anatomically patent but functionally competent can be considered 

normal in cattle.
In the two animals vÆiich had survived for over l8 months, histological 

examination of the limgs showed proliferative changes in the pulmonary 
vasculature viiich were due to pulmonary hypertension.



o) (1) Traumatic Pericarditis in cattle - Case Reports

Metallic foreign bodies ingested by cattle tend to collect in the 
most anterior of the four stomachs, the retlculim. Thin, sharp objects 
such as nails or pieces of wire may be forced through the wall by con

tractions of this organ and an infective focus established. Figure 68 
illustrates some of these objects. This focus may be in the peri
toneal cavity, the liver, the lung, the pericardial sac and in rare eases 
may lead to a subcutaneous abscess perforating to the exterior. Because 
of the close proximity of the pericardial sac to the reticulum traumatic 

pericarditis occurs not infrequently (Figure 69)•

Traumatic pericarditis is a well-recognised condition of cattle, which 
has been the subject of many clinical and pathological reports (Arthur, 

G.H., 1947, Blair,VJ.H. I909, Holmes,J.R, I96O, SchIeiter,H. 1958, and 
Stephens, T.K. 1944). One group of authors (Stowe,C.M. and Good, A.L., 
1961) has reported on some physiological changes of one case of peri

carditis in a cow.
Detailed studies were made of I5 cases.

Clinical Ex£miinations
The clinical examinations of the animals in this study showed three 

distinct syndromes5

(i) Tir̂ piô l Traumatic Pericarditis which is well recognised.
Subcutaneous oedema is usually a feature.
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Figure 68 Objects removed from pericardium. 
mediastinum and reticulum of cattle.
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Figur© 69 Sagittal section of bovine thorax 
arid anterior abdomen

trachea

RUMEN
LA.

LV.RV.
Ireticulum

a,v,o, « Anterior vena cava
P.A. » Pulmonaxy artery
L.A. Left atrium
R.V. « Right ventricle
L*V, « Left ventricle

12, 13 = ribs

P*V.C. =3 Posterior vena cava



(il) Traumatic Pericarditis as a 3.ons-standing condition without 
oedema.

(ill) Traumatic Pericarditis manifest as an acute condition v/ithout 
oedema.

(i) Typical Traumatic Pericarditis

In the majority of cases the history indicated that the onset of 
clinical signs had begun about 12-14 clays previously. The first sign 
noted was loss of j, or the development of a capricious appetite, Following 
this there appeared the clinical signs described below.

The animals were dull, in poor bodily condition, standing with elbows 
abducted, and were unwilling to move. The jugular veins were visibly 
distended up to the mandible and there vjas a variable amount of oedema 
present in the submandibular space and brisket mid, rarely, in the limbs.
A slight pyrexia was usually present.

The respiratory rates were slightly increased from nomal, with 
h;/perpnoeio inspirations and often a double expiratory effort,

The pulse rate in all cases was increased from the normal of (72±10) 
per minute and the volume was fair or poor. On percussion of the chest 
there was a loss of resonance over the lower one third to a half. Aus
cultation of the thorax, in addition to indicating the abnormal respiratory 
movements described, demonstrated tachycardia, a muffling of heart sounds 
and occasionally the adventitious sounds described as ’tinkles’ or splashing. 
Figure 70 illustrates the phonocardiographic record of a tinkling sound.
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Figure 70 Heart sounds showing 
"tinkle" (22619)
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In addition to the olinical signs directly aittributable to the 

cardiovascular system, six out of the nine anijnals examined had diarrhoeic 
faeces.
(ii) Traumatic Pericarditis as a long-standing condition without

oedema
The two animals in this group showed different clinical signs from 

the previous nine cases.

There was a history of loss of condition. Appetite and thirst 

were normal, and there was no pyrexia. Tachycardia was present in 

one and both had poor pulse volumes. The respiratory rate was normal in 

one and increased in the other, and there was no loss of resonance on 
percussion of the chests.

The heart sounds were not muffled and in addition adventitious sounds 
occurred. In one the adventitious sound took the form of a systolic 
murmur, in the other a slapping sound was heard in phase with inspiration. 
Oedema was not present in either of the animals. The jugular veins were 
undistended in one and slightly distended in the second.

(ill) Atypical pericarditis manifest as an acute condition without 
oedema

The onset of illness was sudden. One animal was first observed re- 

Gimibent, grunting and appeared to be in pain. The other was standing 
with elbows abducted, back arched and was very dull.

Tachycardia and poor pulse volumes were present in both. Slight



muffling of heart sounds was present in both and in addition a splashing 
sound obscured the second heart sound in one of the animals. Jugular veins 
were distended in one animal but not in the other. Subcutaneous oedema 
was not present in either animal. Both animals survived a short time only.

Haematologlcal Observations
The significant haemological observations are given in Table 3̂ » 

together with normal values for cattle blood. The results are grouped 
under the clinical classifications i> il, and iii described.

Table ^ Haem'atologioal Data - Traumatic Pericarditis

PCV
fo

R.B.C.
mill/cu.rnin.

Hb W.B.O. 
gra/lOO ml thou/ou.mm.

neutro
phils
%

Lympho
cytes 

. fo

Eosino
phils

Baso
phils

Mono'
cytej

Normal 50±5 5 “8 9-11 8-12 25-35 60-70 0-1 0-1 0 .5

Group i
18959 28 5 .7 5 9 .4 18 86.5 21 .5 0 .5
19206 “ 14.4 59 40.5 0 .5
19276 27 4.06 8 .5 15.75 85 .5 16 0 .5
19562 29 5 .2 9 .5 15.75 71 .5 28 .5 0 .5
19959 28 •* 9 .4 6 .56 41 58 1
21555 54 5 .9 10.8 20.05 91 8 .5 0 .5
22619 28 4.6 8 .7 2 7 .9 88 .5 11.5
25959 24 5.84 7 .2 14.00 84 16
24586 20.5 5.82 6 .9 12 68.8 5 1 .2

Group ii
19557 24.5“ 4.2 7 .9 8.05 45 41.5 15.5
22084 51.5“ 4.86 9 .6 9 .8 55 55 9 5 5

Group iii
22958 26 5 .5 9 .1 17 .8 81.5 18 0 .5
24289 28 .5 5 .1 9 9 .6 1 5 ,5 70 .5 29 0 .5



Group 1
In this group the majority (5 cases) showed some evidence of haemo- 

dilution with lowered packed cell volumes. It has been stated that a 
leuoooytosis occurs in traumatic pericarditis and that this is a useful 
diagnostic feature (Arthur, G.H. 1946). The values obtained in all the 
typical cases except two confirmed this statement. One of these two 
cases was at the upper limit of normal. The reversal of the neutrophil- 
leucocyte ratio also agrees with published findings (Arthur, G.H. 194-? 
and Holmes, J.R, i960).

Group 11
Ml,HI. It ,,' "uh A  iWw & # 'f-mu#,

One of this group showed low packed cell volumes and low haemoglobin 
concentrations, suggesting haemodilution or some degree of anaemia since 
in this case there was no oedema. There was in one of these animals no 
evidence of a leuoooytosis, but in the other, with low packed cell volumes, 
there was a reversal of "the neutrophil leucocyte ratio.

group iii
A leuoooytosis was present in both animals with a reversal of the 

neutrophil-leucocyte ratio.

Biochemical Examinations
In Table 55 ure given the significant biochemical determinations 

carried out in these cases.
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Group 1
111 some of tiie animals in this group lowered sodium and potassium 

oonoentratioï^ suggested some dilution of eleotrolytee by the fluid 
retention of heart failure.

All animals had higii plasma globulins suggesting antibody reaction 
to infection. The low plasma albumin may have been due to haemodilution.

The high serum glutamic oxalic transaminase (SGOT) values were talcen 
to indicate tissue damage. The fact that the other two enzymes, alkaline 
phosphatase mid serum glutamic pterlc transaminase (SGPT) were not elevated 
suggested that there was little biochemical evidence of liver damage,

Group ii
In this group, the distinctive biochemical difference was that there 

was no evidence of uraemia and water retention.

Of these two animals, one showed uraemia and high urine urea, while 
the other animal did not. Both showed elevated serum glutamic oxalic 
transaminase values.

Blood and Plasma Volume Determinations
The values for the blood and plasma volumes are given in Table 54,



Table 54-

Cow No.

Normal

Blood and Plasma Volume Determinations

Weight Blood Volume Plasma Volume
Kg litre s  ml/kg litre s  ml/kg

Subcutaneous
Oedema

Mean of 30 4o8 2 5 .7 65f8 20.4 50+8 Nil
Group 1

18938 4-75 29 60 21 44
19206 508 24 78 17 55
19276 580 5 5 .5 86 27 70 +44-
19562 586 45 111 58 99 +-k
19959 4.50 2 5 .6 55 17 57 Nil
21333 445 --- Not Determined- ++
22619 564 5 2 .4 89 24,8 68 +
23939 579 2 9 .0 77 22 58 +++
24386 610 42 69 55 54 +

Group 11
19557 585 19 50 15 59 Nil
22084 46o 25 54 1 9 .5 42 Nil

Group iii
22958 560 18 52 15 37 Nil
24289 575 20 54 18 47 Nil

Group 1 In the majority of these cases even vhen there was oedema it was 

possible to demonstrate hypervolaemia and increased plasma volume.

Group ii No subcutaneous oedema was present and there was no evidence 
of hypervolaemia.

Group ill This group likevd.se showed neither oedema or hypervolaemia.



Blood Pressure and Intraoardlao Pressure Determinations
The values found for firterial and right heart pressures are given in 

Table 35-

Group i
In the typical cases there was a marked elevation of the end diastolic 

pressures of the riaht side of the heart leading to venous engorgement of 

the proximate veins including the jugular. In addition, general venous 
engorgement as evidenced by the hypervolaemia (Table 34) aided the jugular 
and mEuiimary distension. Evidence from the animals in which pressures 

were obtained within the pericardial sacs (Table 36) appeared to show that 
the fluid within them limited diastolic filling and determined diastolic 
pressure. Figures 71 and "f2 illustrate pressure curves from two cows.
In an attempt to maintain cardiac output, the systolic pressure was raised 
in the right ventricle. However, there was a reduction in the ventri
cular pulse pressure and in systemic arterial pressure.

Group ii
In the two cases there was slight elevation of the right sided 

pressures of the heart.

Group iii
In this group the aliglit elevations of right sided pressures were 

consistent v/ith the slight degree of jugular distension.
In all groups tii© clinical quality of the pulse was generally in 

accordance with the magnitude of the pulse pressure measured, poor pulse 

volumes coinciding with small arterial pulse pressures and good pulse 
volumes coinciding with large arterial pulse pressures.
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Table 56'
PUS PRESSURE-PERICARDIAL SAC COMPARED WITH END-DIASTOLIC

PRESSURES /INx RIGHT VENTRICLE

Animal Pus/Pressure Mean Pus/Pressure End-diastolic Pressure
P<Hg. mm .Hg *

24386 28/8 18 10

19276 46/30 37 32

22619 26/20 23 24

23939 44/30 37 4o



o «J

Figure 71 19276, Pressure Records
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Figure 72 22619, Pressure Curves Right Heart and
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Eleotrocardiographic Examinations

In Table 37 are given the parameters of the electrocardiograms of 
the animals in this study.
Group 1

In this group the electrocardiograms showed very low complexes.
With such complexes, somatic tremor often made interpretation very 
difficult. The low complexes obtained appeared to be due to the ex
cess fluid present between the heart and the recording electrodes. 
Figures 73# 74 and 75 illustrate 3 such records.
Group ii and Group iii

Complexes in these groups tended to be of normal size.

All groups eichibited tachycardia and a shortening of the T-P 
interval, with the exception of one animal in Group ii.

In the majority of cases the P-R intervals were prolonged at the 

heart rates measured, suggesting some interference in conduction between 
atria and ventricles.

Cardiac Output Determinations
The values obtained from the cardiac outputs are given in Table 38.
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Figure 73 E.C.G. Typical Perioardltls
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Figure 74 E.C.G. Typical Perloardltis
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Figure 75 E.C.G, Typical Pericarditis
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Table 38

Cow No.

CARDIAC OUTPUT DETERMINATIONS
Body
Weight

Cardiac Output 
litres/mlu. ml/ÎCg foody vrt/rain#

Normal

Group i 
189:58 
19206 
19276 
19362(a) 
19562(b) 
19959 
21333 
22519
2393924386

Group ii
19337
22084

Group iii 
22958 
24289

K̂)8

473
308
380
386
386
447
446
364
374
608

383
460

350
375

46

28
27
23
29 .4
25
30
33
23
32
51

33
57

42
47

II3&II

60 
89
61 
76 
64 
67 
74 
63 86 
84

86
120

120
125



1 u &

group 1

All the typical oases with muffled heart sounds showed decreases 
In cardiac output from the normal values previously determined* The 
use of body weight to obtain a comparison between animals may be argued 
as invalid, since in oedematous animals there is an increased extra-» 
cellular fluid * However, since this fluid depends upon sodium 
retention and sodium is freely diffusible in extracellular'' fluid, this 
fluid must play a part in the dynamics of 'the circulation, thus its 
weight could be taken into account vjhen considering the output of the 
heart *

group ii
The decrease in cardiac output in case 19337 may have been due 

to a decreased blood volume.

These two animals showed no decrease in cardiac output and this 
suggested that the clinical signs observed were not primarily due to a 
decrease in cardiac activity.

Dye dilution curves from 7 typical, 1 atypical long-standing and 

1 acute case are illustrated in Figures 76, 77  ̂78* 79, 8o, 81, 82, 83 

and 84.
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Figure 85
X93̂ Ts A'̂ ypiûal Chronic Perioardltls

20
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7 secs. time for one circulation =20secs.

time in seconds



Figure 84
22958; Atypical Aoute PeriaQrditls

20-
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pathology - Group (1)
The abnormal amounts of interstitial fluid which were visible at 

postmortem are shown in Table 39 below.

Table 39

Number

Distribution O f  Excessive Amounts of Interstitial Fluid

Mesenteric
Oedema

Subcutaneous
Oedema

in Animals in Group (i)
Thoracic Pericardial Ascitic 
fluid fluid fluid 
(litres) (litres) (litres)

Abomasal
Oedema

18938 6 ,0 2 .0 27.0 + + + + + +

19206 10.0 6,0 10.0 + + + +

19276 + 4 4 - 7 .0 5 .0 —— —
19562 3 .0 4,0 4*0 *1" +

19959 30.0 15.0 10,0 —— —
21333 -M- — — 5 .0

226X9 + 7 .0 6,0
23939 + + + 4 .5 7 .0 0 ,3 —

24386 + 0 .5 11.5 —— —— — --

VJhen subcutaneous oedema occurred the yellowish oedema fluid was present in 

one or all of the following sites: below the mandible» In the ventral 
aspect of the neck, in the brisket and along the abdomen* extending to the 
udder.



A, V  w

Animals with severe oedema also had fluid subcutaneously on the sides of 
the thorax as hi^ as the oostoohondral junctions, in the forelegs from 
the shoulder joints to the carpus and in the inner aspect of the hind 
legs doiim to the hocks. The thoracic fluid vms either serous or reddish 
brown and foul smelling, depending on the presence or absence of active 
pleurisy. This fluid usually contained a large amount of fibrin, and 
was bilateral in all oases. When ascites was present, the fluid was 
serous in type, and contained moderate sunounts of fibrin. Oedema in 
the mesentery was always most prominent around the coils of the colon 
(Figure 85) and in the abomasum it was found either subserosally on the 
greater curvature, or in the folds of the body of the organ. Occasionally 
oedema fluid was present in small amounts along the lesser cur*vature of 
the abomasum.

Pericardium and Heart! The pericardial sac was grossly distended 
(Figure 86 a and b) and the wall was thickened by white fibrous tissue.
The cavity contained from 2-15 litres of fluid whose appearance usually 
took one of two forms. It was either very thin liquid, which was 
reddish brovjn, grey or yellow, and foul smelling, or thick yellow pus 
xtiich also had a foul smell and in which many bright yellow soft clots 
of coagulated fibrin and pus could be found. This coagulated material 
sometimes encased the heart completely in a layer about 1 cm, thick, which 
could easily be stripped off. Gas was present in all cases but was 
unusually abundant in case 22619, in which probably about 6 litres of 
gas had accumulated. Prior to opening, the pericardium had been very
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Figure 85 Mesenteric oedema adjacent to the 
coils of the colon



Figure 86(a) Lateral view of perioardial sac

%
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Figure 86(b)
Dorsal-ventral view of periGardled sac

a

j



W  V

tympanitic in this animal. The cavity containing fluid and gas did not 
always encircle the heart completely. In four cases the heart was 
suspended in the cavity by the great vessels, and the atria and ven

tricles hung free. In one of the five other oases, the posterior border
of the heart was adherent to the adjacent region of the pericardium 
(Figure 87) and in the remaining four, the cavity was mostly present on 
the anterior and right sides of the heart. The remainder of the peri
cardial cavity in these animals was obliterated by fusion between the 
visceral and parietal layers of the perioardiuni, although In case 18938 

the apex and 7 cm. of the %mll of the left ventricle were not involved 
in any inflaimnatory process and the heart at this point was covered by 
normal epicaï̂ iuiTi. In cases with yellow pus in the pericardial cavity,
the outer layers of the epicardium also had a bright yellow colour,
whereas in the other cases it was usually a brownish yellow, dirty 
colour and had a bosselated appearance due to variations in the thick
ness of a layer of spongy, brownish-yellow fibrin and pus on top of the 
white fibrous connective tissue. The epicardium was grossly thickened 
in all cases over the ventricles and the atria by the fibrous connective 
tissue, which varied in different cases from 0*7 cm. to I .5 cm, thick 
(Figure 88), Most of the epicardial thickening was due to this 
glistening white fibrous tissue with only a thin layer of necrotic 
material on the outer surface. The parietal pericardium was usually 
about the same thickness as the epicardium and had a similar appearance 

and colour.



Plgur# 87
Iteart adhar#nt to the pericardium posteriorly



Figure 88 Fibrous Conneotlve Tissue Thiokenlng of Epicardium
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Mediastinum! The mediastinal tissues were grossly thickened, white 
and firm. In this tissue, particularly posterior to the heart, many 
tracts could be found which contained thick yellow pus. In two cases 
pieces of wire, 4,0 cm. and 6*5 cm. long respectively were found in those 
tracts, while in a third a large nail 6 cm. long was found with its 
point sticking into the perioardial sac. The tracts were in all 
directions in the mediastinum and some were even found in the anterior 
mediastinum. The mediastinal lymph nodes were enlarged and oedematous, 

Lungs: In all cases the lobes of the lungs were adherent to them
selves, to the thoracic wall and the mediastinum, either diffusely or 
at localised areas. In three animals this was due to the formation 
of organised fibrous bands which were not easily broken down, but in the 
six others it was due to fibrinous or fibrinopurulent pleurisy. In 

cases 19959# 23939 24386 the pleurisy was coïîfined to the right
pleural cavity. The lungs were displaced dorsally to varying degrees 
by the enlarged pericardial sac in each case and the ventral parts of the 
apical cardiac and diaphragmatic lobes of each lung were sometimes 
collapsed as a result of the thoracic fluid. A thrombus was found in 
a small branch of the pulmonary artery in case I8938 and pul.monary abs
cesses were found in case 24;̂ 6,

Reticulum: A mass of organised adhesions was present in every
animal between the anterior serosal surface of the reticulum, the dia
phragm and the ventral border of the liver. These adhesions wore



composed of dense fibrous connective tissue and when they were dissected 
away, in four oases a strong fibrous cord was revealed joining the 
reticulum to the diaphragm (Figure 89), This cord vjas 8 cm, long x 
about 1 cm. in diameter in one animal. The centre of the anterior 
part of the coixi contained a narrow lumen lined by yellow necrotic 
tissue Miich communicated with the tracts in the posterior mediastinum 
in some animals. ; In one instance when this cord was cut, fluid from 
the pericardium leaked along it. Adjacent to the reticulum, hoviever, the 
cord was completely fibrosed and had no lumen. At the periphery of the 
diffuse adhesions, small thick-walled abscesses were found in four anim
als. Scarring of the mucous membrane of the reticulum was found only 
twice and foreign bodies were found in the reticulum lying free or 
sticking into the wall, or even perforating the wall in four cases.
These were not the animals in which foreign bodies had been found in the 
mediastinum. The foreign bodies in the reticulum were sharp pieces of 
wire from 6 cm. to 11 cm, long, usually sharp at both ends, and in one 
case a nail also was found.

Livers The liver showed obvious changes of long-standing passive 
venous congestion in all but one animal, case 19276, In this animal 
the liver was slightly enlarged, the out surface pouted from the cap

sule and a large amount of blood exuded from the organ. There was 
slight dilatation of centrllobular veins. In the other oases, however, 
the livers were enlarged and had a mottled appearance through the capsule.



Pigur# 89 Fibrous cord Joining retloulum to diaphragm



When a cut surface was examined, the centrliobular veins could be seen 
to be considerably dilated and were more prominent by being encircled by 
yellow lines of fatty change in the adjacent cells (Figure 90). The 
overall effect was the typical ’‘nutmeg liver of chronic venous con
gestion, In some cases idie lobulation of the liver had become obscured 

the out surface was mottled red and yellow. This was most notice
able in case I8938, in Waioh paradoxical lobulation could be seen grossly. 
The liver enlargement was very great in two cases and in one there were 
two hepatic abscesses.

Adrenals? The adrenals were very soft and friable in all animals 
and were larger than normal in the five Miose adrenal glands v;ere weired. 

Spleen? The spleens were not enlarged, but #ien cut large amounts 
of blood ooBod from them and the red pulp had a soft, jelly-like appearance. 

There were no significant lesions in the other organs.
Two animals were pregnant at postmortem and a living oa3,f was re

moved from a third by hysterectomy immediately after the animal had been 
destroyed in extremis, A fourth case aborted a 6-7 month foetus shortly 
before it died.! this calf had subcutaneous oedema, moderate hydrothorax 

and ascites *

Group (3d)
Gases 19337 and 22084 were essentially similar pathologically,
There was no subcutaneous oedema or excessive amounts of fluid in 

the pleural, perioardial or peritoneal cavities. The pericardium was



Figure 90 C.V.G. Liver
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only moderately thickened and was adherent to the epicardium by a large 
number of fibrous bands, so that it could be moved over the surface of 
the heart but could not be easily detached from it. At points idiere 
groups of these adhesions occurred together, the epicardium was thicker 
than in other places. The anterior surface of the reticulum was ad
herent to the diaphragm and in 19337 & wire was found in the reticulum.
In the reticular adhesions of 22084 there were several small abscesses 
and a cicatrix was present in the reticular mucous membrane. Moderately 
extensive areas of consolidation were found in the apical, cardiac, and 
anteroventral parts of the lungs in 22084 mvl there v;as bronchiectasis.

Group (ill)
In case 22^8 a diffuse fibrinopurulent pleurisy involved the right 

pleural cavity which contained 16 litres of dirty, foul-smelling fluid 

and the right lung was partially collapsed. The pericardium was slightly 
thickened and the cavity was dilated, although it only contained 0.5 
litres of fluid similar to that on the riglit side of the thorax. A 
hole in the ventral part of -the perioardial wall communicated with the 
right pleural cavity and it appeared as if much of the perioardial fluid 
had escaped into this site. The heart was free within the perioardial 
cavity and the epicardium, which was only moderately thickened, was 
covered by a diî ty yellow exudate. On the posterior border of the wall 

of the left ventricle, the epicardium was ruptured aiid there was a 
depression in the wall of the left ventricle which led to a yellow
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necrotic tract within the musculature of the ventricle. This tract,
2 cm. lon̂ ;, almost ooimmmicated witli the lumen of the left ventricle, and 
there was a small mural thrombus where it approached the endocardium.
Tile lesion was obviously due to a wire penetrating the ventricular wall.
The posterior mediastinum was thickened in its ventral half by fibrous 
tissue proliferation. A small amount of fluid, 0.2 litre, was present 
in the peritoneal cavity £uid there were organised adhesions joining the 
anterior surface of the reticulum to the diaphragm and the ventral border 
of the liver. A band of adhesions was also present between the reticulum 
and the abomasum. Within the reticulum, a wire 5 cm. long was found sticking 
into the anterior wall of the organ and there was slight oedema along the 
greater curvature of the abomasum. The liver showed dilated vascular 
spaces in its dorsal part and in one lobule of the left kidney there was 
a red inf arret. The adrenal glands were enlarged and friable.

The pericardium of case 24289 showed moderate fibrous thickening and 
was closely adherent to the heart over the ventricles. Over the atria 
the pericardium was distended and contained approximately 250 ml. of foul, 
yellow-grey fluid. A piece of bent wire was found in the reticulum, 
piercing the anterior wall and extending along a fibrous tract througli 
the diaphragm and passing into the musculature of the posterior wall of the 
left ventricle. The muscle around the wire tract was necrotic and there 
was a region of endocaidltis with mural thrombus formation vrlthin the 
ventricle (Figure 91)«



Figure 91 Mural thrombua within ventricle
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Small, yellow, purulent foci viere scattered in the myocardium* Extensive 
fibrous adhesions between tlae reticulum, abomasum, rumen, diaphragm, liver 
and spleen were found. Several abscesses were present at the root of the 
mesentery and there was a severe embolic nephritis with renal infarction 
particularly in the left kidney* There were extensive areas of collapse 
in the left lung. The adrenal glands were moderately eifLurged.

Blocks of tissue for histopathological examination were taken from 
all of the animals, from the heart, pericardium, mediastinum, mediastinal 
lymph nodes, lungs, liver, spleen, adrenals, kidneys, abomasum and small 
intestine* The tissues were fixed in corrosive formol and 10^ formalin 
and stained by haeniatoxylin and eosln* Selected sections were also stained 
with piero-Mallory, Van Giesen, phosphotungstic aoid^ haematoxylin and —  ̂

Sudan IV.

SÏStoE@gwloa__2.aE2mJil
Heart The lesion is an organising fibrinopurulent pericarditis (Figure 92).
The exudate on the heart showed an outer layer consisting of a mixture of 
structureless eosinophilic material, interlacing fibrin strands and colonies 
of bacteria, which was usually heavily infiltrated by polymorphonuclear 
leulcocytes. Below this were many new capillaries and young fibroblasts 
with prominent oliptloal nuclei and basophilic cytoplasm. Between the 
capillaries and fibroblasts wore large numbers of plasma cells, macrophages 
and some lymphocytes. These layers were separated from the myocardium by 
a mass of dense fibrous connective tissue vhich was responsible for most of



Figure 92 Organising flbrinopurulent pericarditis



the increased thickening of the epicardim. This fibrous connective tissue 
was composed of many intei’laoing bands of mature collagen fibres and 
mature fibroblasts. Occasionally, foci of plasma cells, lymphocytes £ind 
polymorphonuclear leulcocybes could be seen in the depth of this layer. 
Running through the fibrous connective tissue from the myocardium were many 
long, narrow blood vessels, many of which were arteries with well-developed 
muscular tunica media. Scattered along the, course of these vessels were 
moderate numbers of plasma cells. The myocardial fibres at the peri
phery of the heart were separated from each other rather more than is 
normal, by proliferation of the connective tissue stroma. A mild diffuse 
infiltration of the interstitium of the heart by small numbers of plasma 
cells and occasionally polymorphonuclear leukocytes, was seen in one animal. 
In three other animals sarcooysts were seen within Purklnje fibres in the 
myocardium.

Pericardium and Mediastinum. Sections from the pericardium and across 
fibrous tracts in the posterior mediastinum showed essentially the same 
changes as seen on the surface of the heart, that is adjacent to the cavity 
containing pus or fluid there was a layer of necrotic tissue densely in
filtrated by polyrnorphonuolear leulsooytes. This tissue was surrounded 

by fibroblasts, plasma cells, macrophages and endothelial cells and outside 
this layer there was mature, dense, fibrous connective tissue.
Mediastinal Lymph Nodes. The sinuses of the lymph nodes were distended and 
the reticulum cells were increased in number. The sinuses contained large 
numbers of different cell types, including macrophages, polymorphonuclear



lauîcooytes, plasma cells, lymphocytes and occasionally eosinophils. The 
medullary cords were packed with masses of plasma cells and their pre
cursors, and occasionally focal aggregates of lymphocytes and lymphoblasts. 
The cortical tissue of the node had usually lost its follicular pattern 
and consisted of masses of small lymphocytes and a few lymphoblasts and 
occasionally eosinophils. The perinodal tissue was oedematous. 
lungs. Histological examination of the lungs confiimed the presence of 
the collapse seen macroscopioally and in animals with fibrinous pleurisy 
there was a layer of fibrin on the pleura vhloh was invaded by polymorpho
nuclear levîkooytes, macrophages, fibroblasts and endothelial cells, forming 
new capillaries. Considerable numbers of plasma cells were also present. 
Pleural lymphatics and adjacent septal lymphatics were distended and 
sometimes contained plugs of fibrin. Case 19276 showed in addition to 
the fibrinous pleurisy, severe pulmonary oedema with congestion of al
veolar walls and oedema fluid containing fibrinous bands in the alveoli, 
bronchioles and bronchi. There was also haemorrhage into some of the 

alveoli.
Reticular fÆiesions. The cord-like adhesion between the reticulum and 
diaphragm showed the same features as the tracts in the posterior media

stinum.
Liver. In all cases except I9276 there was well-established chronic 
venous congestion. In 19276, however, the centrilobular veins and 
sinusoids were only slightly dilated, and there was minimal fatty change 
in the liver cells in the centrilobular area. The other animals showed



dilatation of the centrilobular veins and sinusoids, marked fatty change 
extending from the centrilobular position sometimes to involve the whole 
lobule. In addition there was necrosis of liver cells In the centri
lobular area and accumulation of red blood corpuscles in the spaces which 
had become vacant after the liver cells had disintegrated completely.
In case 189^  this process was very advanced, the haemorrhagic zones pro
duced subsequent to the disappearance of liver cells and idnusoidal 
dilatation had linlced up adjacent centrilobular areas to produce para
doxical lobulation. The portal areas were surrounded by a ring of liver 
cells, most of which showed fatty change and the liver cells themselves 
were surrounded by a zone of haemorrhage. This animal also had hepatic 
fibrosis with fibrous tissue proliferation near the centre of the classical 
liver lobule. All of the animals examined had considerable nunbors of 
plasma cells in their portal areas.
Spleen. The Malpighian corpuscles were often reduced in size and surrounded 
by a halo of cells which contained a high proportion of polymorphonuclear 
leukocytes and red blood corpuscles. There were few germinal centres to 
be seen in the Malpighian corpuscles and those which could be found were 
sparsely populated by widely separated reticulum cells. The red pulp 
contained large emiounts of haemosiderin in retlculo-endothelial cells and 
a great number of plasma cells (Figure 9̂ )*



Figure 95 Haemosiderin filled R.E. cells
In spleen (H & E x 400)



% % Y

Adrenals Accumulations of plasma cells were sometimes found in the 
adrenal cortex an,d there was separation of the cells of the zona glomerulosa 
from each other with a similar change to a lesser degree in the deeper 
parts of the zona fasciculata.

Kidneys Moderate fatty change was present in the collecting tubules and 
some of the medullary portions of the nephrons in some animals. Inter
stitial accumulations of plasma cells were also seen*

Group (ii)
In both cases histological examination of the material on the outer 

surface of the heart and the adhesions between the heart and the peri
cardium showed that it consisted of a loose type of connective tissue with 
a high proportion of intercellular amorphous ground substances to collagen 
fibres. The adhesions tended to have a villous appearance in seccion and 
on the outer surface there were accumulations of macrophages, plasma cells 
and lymphocytes (Figure 94). There were no significant findings in the 
other organs except the lungs of 22084, in which there was chronic 

pneumonia with bronchiectasis.
Group (iii)
Case 22958 Material from the heart showed a superficial, eosinophilic mass 
containing fibrin strands, large numbers of polymorphonuclear leukocytes 
below which there were macrophages, proliferating endothelial cells, young 
fibroblasts, plasma cells and some lymphocytes. There was little new 

collagen fibre production. The necrotic tract in the wall of the left 
ventricle showed a central area of cellular debris with masses of poly
morphonuclear leulcooytes, macrophages and plasma cells around the



Figure 94 "Violin String” adhésions of
adhesive pericarditis (H & E x 150)
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eosinophilic remains of necrotic myocardial fibres. In between the 
adjacent normal fibres there was fibroblast proliferation.

On the lungs there was a severe fibrinous pleurisy, The liver 
showed areas in many lobules where there was loss of liver cells and 
pooling of blood. These areas sometimes occurred eccentrically in the 
liver lobule, and there was little evidence of centrilobular fatty change. 
There was not an excessive amount of haemosiderin in the spleen but there 
were many plasma cells in the red pulp. Histological examination of the 
kidney confirmed the presence of the inirarction seen at autopsy and many 
plasma cells were scattered along the connective tissue of the inter
lobular arteries.

The histology of the heart in 24289 was similar to the previous 
case except that there was more collagen formation in the epicardium and, 
in addition to the perioar'ditls, there was a focal embolic suppurative 
myocarditis, Focal embolio suppurative nephritis and infarction were 
confirmed in the kidney and pulmonary collapse with small patches of 
bronohopnemionia were seen in the left lung.

The adrenal glands from both animals showed moderate accumulations 
of plasma cells in their cortices.
c) (11) Traumatic Pericarditis in cattle - Discussion

Traumatic pericarditis is a useful term applied to a disease which 
may present itself clinically in several different ways and be associated
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with a variety of lesions which are related to each other In that they 
are all consequences of penetration of the thorax by a sharp foreign body.
It is likely that in some cases the pericardium itself is not penetrated 
and Infection spreads to it througli lymphatics from a lesion In the posterior 
mediastinum. The thoracic lesion which usually develops around the heart 
is quite complex even although there is no associated pleurisy or pulmonary 
abscess formation. There are organising flbrinopurulent tracts in the 
mediastinum resulting in strong fibrous connections between the diaphragm, 
the sternum and the pericardium, and the heart itself if the pericardium is 
adherent to the epicardium at any point. This type of lesion is really 
a mediastinopericarditis. In man cardiac hypertrophy occurs in this con
dition, but the opinion is also held that the hypertrophy may result from 
co-existing valvular disease (Saphir I96O). Cardiac hypertropliy was not 
present in any of the animals in this series or in those of Holmes (196O) 
but has been described in some cases in cattle (Jubb and Kennedy 1963) •

It is likely that the effects on the heart differ from those occurring 
in mediastinopericarditis in man because the adlaesions do not involve so 
many completely rigid structures such as costal cartilages, ribs, and 
vertebral column, since the shape of the thorax is different and the 
relationship between these structures and the heart is not the same. 

Constrictive pericarditis is a form of mediastinopericarditis or 
pericarditis in which mediastinal adhesions or thickening and rigidity of 
the pericardium and endocardium interfere with cardiac filling.



a JL

The lesion in advanced oases of traumatic pericarditis such as 
those in Group i belonged to this type in which it is conceivable that 
the gross eplcardial thickening by fibrous tissue, particularly around 
the insertions of the venae oavae into the right atria, and over the 
right atria, and the right ventricle, may obstruct diastolic filling. By 
comparison of the specialised findings of pressure recordings and cardiac 
output determinations in groups 1, ii and iii it appeared that the large 
amounts of fluid, pus and gas present wichin the rigid pericardium in 
Group i resulted in increased Intrapericardial pressure which limited 
diastolic filling and this was probably the most significant factor in 
the development of congestive cardiac failure. In constrictive peri
carditis the heart does not become hypertrophied and may even become 
atrophic in long-standing oases (Saphir I96O). This was not seen in 
any of the oases described here, nor did calcification of the pericardium 
or epicardium occur.

The pericardial lesion itself was essentially an organising fibrino- 
purulent pericarditis in all of the animals seen except those in Group ii 
which represent a distinct phase in the pathogenesis of treiumatic peri
carditis . In Group iii the lesion was seen before it had had time to 
become constrictive and there was a communication between the pericardium 
and the right pleural cavity. The short clinical course in these animals 
could be attributed to the early development of severe complicating 
lesions, namely acute flbrinopurulent pleurisy and embolic suppurative 
nephritis and myocarditis.



The animals in Group ii had an cidhesive pericarditis. In this con
dition the pericardium and epicardium were not excessively thickened but 
were held together by many delicate "violin string" bands. There was 
little or no effect on cardiac function and in these cases there was no 
muffling of heart sounds although adventitious sounds did occur. The 
lesion probably resulted from organisation of an acute fibrinous peri
carditis caused by foreign body penetration of the thorax which did not 
establish large numbers of pyogenic organisms in the pericardial sac.

VJhen attempting to drain the pericardium It would appear to be better 
to do this anteriorly on the right side of the chest, since adhesions 
between the epicardium and pericardium occurred more frequently on the 
left and the anterior and right aspects of the heart are more likely to 
be free, as occurred in this series and in Holme‘̂~*( i960). Complete 
evacuation of the pericardium would be very difficult even when enzymes 
such as streptokinase and tryî sin are used because of the la.rge quantity 
of thick pus and the numerous very large clots or sheets of flbrinopurulent 
material which are present in many cases.

The changes found in the organs other than the heart, mediastinum 
and reticulum in the animals In Group i were either a consequence of the 
onset of congestive cardiac failure or a response to the presence of a 
large septic focus in the animal. Into the latter category could be 
put the accumulation of large nunbers of plasma cells in the red pulp of 
the spleen and the changes in the mediastinal lymph nodes. These cells
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were presumably producing antibody and were responsible for the high 
globulin levels. The groups of plasma cells in the portal areas of the 
liver, ■ the adrenal cortex and the kidneys may also have been contributing 
to antibody production,'to antigens diffusing Into the general circulation 
from the pericardium, since it has been shown that plasma cells develop 
in the spleen, lyiîiph nodes, liver and other organs during hyperimmunisation 
experiments with pneumococcal antigens (Bjorneboc, Gomisen and Lundquist,' 
1947). Most of the adrenal gland enlargement was probably associated 
with the stress of a large focus of active inflammation, and these animals 
were in what has been described as the period of "traumatic inflammation" 
(Cuthbertson, 1942) during which there is a marked Increase in protein 
catabolism mediated by the hormones of the adrenal cortex (Born, 1954),
The breakdown of protein may be a contributing factor to the low plasma 

albumen, the loss of weight and the high blood urea in these cases, al
though these factors would also be affected by haemodilution, loss of 
appetite, and decreased renal blood flow respectively.. Arthur (1946) 
demonstrated eosinopaenia in some cases of traumatic pericarditis in 
cattle and this may also have been due to increased adrenal cortical 
activity. No eosinophils were found in blood smears from 6 cases in 
Group i and from 1 in Group iii.

The adrenal cortex may also have been playing a part in the pro
duction of oedema in congestive cardiac failure by secreting aldosterone. 
The chaiiges in the liver resulting from passive congestion had resulted 
in marked hepatic fibrosis in case 189]̂  and it is interesting to note
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that this animal had the largest amiount of ascitic fluid. The 
diarrhoea idiioh occurred in 6 animals in Group i v̂ as possibly associated 
with inability to absorb fluid from the alimentary tract althouglT. 
macroscopic oedema could not be demonstrated in every case mid other 
lesions responsible for diarrhoea in cattle were not found. This 
particular clinical observation has been described in the human subject 
with congestive cardiac failure (Wood 1958) and also in cattle with con
gestive cardiac failure due to high mountain disease (Alexander, Will, 
Grover and Reeves, i960), Although haemosiderin may be found in the 
spleens of cattle vd-th a variety of lesions the gross amounts present 
in the red pulp in the animals in Group i was pi'obably a "function of 
the coïsgestive cardiac failure and due to slowing of the blood flow 
through the oargans.

In man high levels of S.G.O.T. in the absence of increased 8 .G.P.T, 
levels are usually taken to indicate myocardial damage. In this series, 
however, only the animals in Group iii had lesions producing myocardial 
necrosis. It is likely that the quantitative distribution of these 
enzymes in the cow differs from man- In 2 cases of cor pulmonale seen 
in calves in congestive cardiac failure with no focus of tissue necrosis 
due to infection and high S.G.O.T. levels these were presumed to come 
from the liver (Fisher and Plrie, 1964). The presence of very large 
purulent foci in these animals complicates the picture and it may be



that these are also sources of S.G.O.To In addition the renal lesions 
seen in a few cases cannot be overlooked as possible contributing sites. 
Even although in some animals there weî e severe changes v&thin the liver 
due to congestive cardiac failure, in no case was the serum aDcaline 
phosphatase raised, and only in a few cases was the 8.G.P.T, raised.
It appears that in cattle the estimation of these three ensynes is of 
little value in the assessment of liver dysfunction.



(d) Death in Neonatal Calf Diarrhoea
Death In diarrhoea in very young calves usually occurs in one of 

three stages of the disease. Death in the first stage appears to be 
due to septicaemia (Gay, 1962) and at this stage there may be no evi
dence of body fluid disturbance and no diarrhoea. At the next, so- 
called enterotoxaemic, stage there is no diarrhoea and death is attri
buted to endotoxins released within the gut (Gay, I962), In the third 
stage diarrhoea is evident and a progressive dehydration baltes place.
At this stage there is evidence of hyponatramia, hypoohloraemla (Dalton, 

Fisher and McIntyre, I965), and a loss of body water (Dalton 1964). It 
has been suggested that hyperkalaemla may depress cardian function and 
cause death (Roy, Shillam, Hawkins, Lang and Ingram, 1959)•

Further experiments to those previously reported (Dalton et al.
1965) were carried out in attempts to determine in the diax’rhoeic phase 
the parameters of body fluids, the alteration of '̂jhich was associated 
with death, and to attempt to find out the exact cause of death.
Materials and Methods

Calves were pux’Chased locally and managed as previously described 
(Dalton, Fisher and McIntyre, I960), but no antibiotics were administered. 

In the first series of experiments measurements were made of plasma 
sodium, potassium, chloride concentrations, and measurements were also 
made of plasma volumes during diarrhoea. Plasma volume was measured 
as the critical volume compartment since it was assumed that in de
hydration this fluid compartment would be maintained longest.



In the other experiments plasma pH and plasma bicarbonate concen
tration wsi’e measured for evidence of metabolic acidosis.

Numerous ê -ectrocardiograms of the calves were taken during the 
experiments, and in the dying calves attempts were made to obtain these 
as near as possible to death.

The various paranieters were measured in each individual on several 
days until death from diarrhoea took place or there vjas obvious recoverjr*

Results
1) The differences in plasma concentrations of sodium, chloride and

potassium, the plasma volumes end the blood ureas of dying diarrhoeic 
calves and surviving diarrhoeic calves
Numerous determinations of plasma sodium, potassium chloride con

centrations, of plasma volunes and blood ureas of calves with neonatal 
diarrhoea were made. Previous experiments (Dalton, Fisher and McIntyre, 
1965) had demonstrated the plasma sodium concentration fell in diarrhoea, 
chloride concentration fell and blood urea concentration rose. It was 
also expected that plasma volume would fall. In o3?der to compare 
results the diarrhoeic calves were divided into surviving and dying calves 
and the results tabulated. For each calf the lowest sodiun and 
chloride concentrations and plasma volumes determined were talten, to
gether with the highest potassium and blood urea concentrations, A 

mean end standard deviation was found for each parameter. Table K̂) 
gives these results, compared with results from normal non-diarrhoeio 
calves. Table .40a gives the statistically significant differences.



Table 4o

Mean values of lowest sodium and chloride concentrations, 
plasma volumes and highest potassium and blood ureas of 

surviving and dying diarrhoeic calves

Parameter

Na meg/litre
K meg/litre
Cl meq/litre
Plasma volume 
ml/[{g. b\ft..
Urea nig/lOOml 
blood

Normal Calves Diarrhoeic Calves
Surviving

No* Mean No,L Mean No. Mean
65 l4l.8±3'5 51 129.4*4 .0 25 128.9±6
59 5.110,4 31 5.12*0.4 25 6 .11±1.5
59 1 0 0 .3 *5 .5 31 9 2 ,5 *4 .0 21 9 4 .0 *5 .4

65 6 6 .0 *8 .7 28 5 9.1*7 .5 21 5 6 .5 *1 0 .5

60 16.0*8.0 31 41.2*9 .8 23 9 1 .0 5 *7 1 .3

Table 40a

Parameter
Nat
Kt
Cl”
Plasma voltune 
Urea

.Significance - Students 't' test
Normal/Survlvir^ Surviving/Dying 

Surviving lower p<,001 No significant difference 
No significant difference Dying higher p<,001 
Surviving lower pC.Ol No significant difference
Surviving lower pC.OOl No significant difference
Surviving higher p<*001 Dying higher pC.OOl



Sodium
There was no significant difference between the plasma sodium con

centrations of surviving diarrhoeic and dying diarrhoeic calves* Both 

wore significantly lower than the plasma concentrations of normal non» 
diarrhoeic calves, confirming previous observations (Dalton et al. 1965)* 
Potassium

There was no significant difference between plasma potassium con
centrations of surviving diarrhoeic calves and normal calves, the values 
for i±iich were determined previously (Fisher i960). The plasma 
potassium concentrations of dying calves were significantly higher than 
both normal and diarrhoeic surviving calves.

Chloride concentrations
Both the surviving diarrhoeic calves and the dying diarrhoeic calves 

had plasma chloride concentrations significantly lower than nomal non™ 

diarrhoeic calves but there was no significant difference between the 
chloride concentrations of dying and surviving calves.
Plasma volvmies

The plasma volumes of both dying and surviving diarrhoeic calves were 
Significantly lower than the plasma volumes of normal non-diarrhoeic 

calves. There was no significant difference between the plasma volutBes 
of diarrhoeic surviving and diarrhoeic dying calyes.
Blood urea

There was a significant difference between the blood ureas of normal 
non-diarrhoeio calves and diarrhoeic calves Welch survived* The blood 
ureas of dying calves were significantly higher than the blood ureas of 

both normal and diarrhoeic calves.
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Serial electz’ooardiograms of two groups of calves during their first 

l4 days in the Veterinary Hospital demonstrated no significant abnormalities 
in the majority of calves. In these groups bradycardia was demonstrated 
in two diarrhoeic calves which survived and in three diarrhoeic calves 
which died. Of all calves examined no arrhytlimlas were detected in 31 

diarrhoeic calves which survived, but arrhythmias were detected in 8 out 
of 25 calves which died. The arrhythmias varied in form, sometimes com
plete P.QpK.S.Tc complexes were present, but the hearb rate was slow and 
irregular, sometimes varying degrees of A-v block were present and in one 
instance a complete heart block was recorded. Figures 95, 96, 97a and b, 
98, 99> 100 illustrate some arrhythmias observed,

It was considered Initially that the arrhythmias were related to 
high plasma potassium concentrations but evidence was obtained of high 
plasma potassium concentrations (above 6 .5 m.eq/litre) with no arrhythmias 
and lower potassium concentrations with arrhythmias. It was considered 
that the 8 m.eq/litre plasma potassium concentration by infusion at which 
Bergman and Sellers (1933) obtained functional disturbances had no 
relationship to the present study. Death always occurred before their 
fatal concentration of 12.7 m.eq/Lltre. Peaked T waves described as 
evidence of potassium toxicity in other species (Winkler, Hoff and Smith 

19,58) were found in many healthy non̂ -dlarrhoeio calves and so could not 
be talcen as evidence of such in calves (Figure 101).



Figure 95 Electrocardiogram of a dying oalf 
demonstrating a complete heart block
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Figure 96 Calf No. 17725.
B.C.G. record at death
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Figure 97(a) Calf No. 17476
SerieJ. E.C.G. records 18-11 hours 

before death.
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Figure 97(b) Calf No. 17476
E.C.G. reooixl at death.
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Figure $8 Calf Ho* 3.7̂ 73 at death
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Figure 99 Calf No. I6968

Lead III one hour before death.
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Figure 100 O a lf^ :J g D Z
Death possibly imasaoGiated with hyperkalaornla
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Figure 101 B.C.G, rsoords of normal calves
lilth hi^ T waves

Nou 139 hr\.ec[.̂ t 

K 4 2 " "
•^r — 5C _̂u.T*

- H - y i L

(
I -- ̂

x:̂

Ng 136 

K 4 6

Ng 136 

K 4 -8  “ ■
lt

Ng 136 m ê.jt 
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pH and Bicarbonate conoenti*atlon3
Anaerobic blood samples were talcen without stasis from the jugular 

veins of a number of normal non-diarrhoeic calves, from calves vÆiioh had 
diarrhoea and iMhich subsequently recovered, and from calves dying from 
diarrhoea, and the pH and plasma bicarbonate concentrations were de
termined» The mean results are given in Table 4l, together with the 
standard deviations.
Table 4l

pH and plasma bicarbonate of calves 
Calves Number pH HCÔ ? m. mole/l itre

Normal 9 7.p8±0,04 28.8±2,4
p<.001 p<»001

9 7.2910,07 21.6±2.5
p<.001 pC.OOl

5 6.8510.1̂ 4 S.9±2.7

Diarrhoeic
recovery

Diarrhoeic
dying

There was a significant difference between the plasma pH of normaT 
and diarrhoeic calves. There was a highly significant difference between 
the pH of diarrhoeic surviving and diarrhoeic dying calves.

The plasma bicarbonate concentrations were significantly different 
between non "diarrhoeic, diarrhoeic surviving and diarrhoeic dying calves.
No calf with a venous blood pH below 7 was observed to survive. The value 
of pH of 7 for blood is given by many authors as the lowest possible con
sistent with life, but lower values with subsequent recovery have been re
corded for short periods in anaesthetic respiratory acidosis in sheep 
(Fisher, 3-962).



PlSQUsgion
In the oaXf diarrhoeas studied in this series of experiments it was 

confirmed that there was a lowering of plasma sodium and chloride con
centrations and an elevation of blood urea concentration. In addition 
a, lowering of plasma volume and the development of a metabolic acidosis 
were demonstrated.

In the comparison of the parameters in surviving and dying diarrhoeic 
calves, those which were significantly different were plasma potassium, 
plasma pH and bicarbonate and blood urea. In addition, brMyoardias were 
observed only in the dying calves.

Death in most diseases is due to circulatory failure and death in
calf diarrhoea can be considered to be no exception to this. Of the 
three components of the circulation, the heart, the containing vessels 
and the circulating fluid, it was concluded that in these experiments the 
primary failure was of the heart. No postmortem evidence of an increase 
in capacitance of blood vessels in calf diarrhoea was found, while plasma
volume and plasma sodium, although below normal, were not different in
dying and surviving diarrhoeic calves. Thus, neither blood vessel capacity 
nor circulating volume was the critical deficiency.

Evidence was obtained of a primary interference with the function of 
the conducting tissue of the heart which appeared to cause death. This 
interference was apparently brought about by the electrolyte disturbance 
and the severe metabolic acidosis. Hyperkalaemia was not always impli
cated, Histological examination of hearts of very young calves dying of 
diarrhoea showed no abnormality.



Some evidence supporting ttiis conclusion was obtajẑ ed previously, in 
that haemoG one entrât ion and a rise of packed cell volume were not con
sistent features of diarrhoea in calves (Dalton et al, 1963)* Further
more, the clinical observation that heart sounds in dying diarrhoeic calves 
are much fainter than noimial could be explained on this basis.

The more severe metabolic acidosis of dying calves may have stimulated 
increased reabsorption of potassium by the kidney in exchange for hydrogen 
ions. The higher plasma potassium and blood urea in dying calves could 
result from failure of the kidney to excrete. This renal failure could 
be due to a deficient renal blood flow as a result of a primary decrease 
in cardiac output and not from a deficient circulating volume.

It must be emphasised that in these experiments the milk intalce 
was maintained and calves were observed often to drlnlc within hours of 
death. The disturbance of body fluids if milk is withheld may be 
entirely different.
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5 . Discussion of the Investigations into cardiac abnormalities
In the initial investigations of the additional normal parameters, 

utilised in addition in the fourth part of the whole study, the findings 
of other authors were confirmed. The only original observations made 
were those on heart sounds in cattle where splitting of first and second 
sounds was found in normal cattle and where thiî d and fourth heart 
sounds were not detected. This finding on third and fourth heart 
sounds is in contrast to the horse (Detweiler 1958) and is probably due 
to the fact that the heart rate in normal cattle is nearly twice that of 
normal resting horses.

The study of the commonest congenital cardiac anomalies in cattle 
suggested that ventricular septal defect was more common in this species 
than in the dog or the human subject. The clinical signs varied with 
the size of the defect and clinically detection has been dependent on 
the use of the stethoscope, usually as a result of a respiratory dis
turbance. The differential diagnosis is considered of importance in the 
early recognition of an untreatable yet salvageable condition. The 
possibility of the early detection and utilisation of these animals for
experimental surgery has been considered, but the problems Involved

Cin the provision of extrâ rporeal circulation and possibly hypothermia 
may limit their use. The possible genetic basis of these defects should 
be borne in mind primarily in the designing of breeding policies.
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but also for the provision of animals for experimental surgery.
Survival of cases of Tetralogy of Fallot in cattle apîeaz'S to be

due to the persistence of a patent ductus arteriosus. However, this
survival would obviously be conditioned by the exercise demands placed 
upon the animal. Conditions within the sheltered environment of the 
Veterinary Hospital where the anomaly has been detected on examination
and vdiere, as a result of such detection, exercise stress has been pro
hibited, are entirely different from farm conditions for the young 
animal. Thus our impression cou3.d be entirely false.

Discussion of the last group of congenital cardiac anomalies is 
difficult as a group since they differed anatomically and almost certainly 
in the vascular flows through the heart. The one animal in whieli a 
complete exasiiination enabled a diagnosis to be made antemortem, when 
alive, was similar to the cases of Tetralogy of Fallot except that the 
systolic murmur was neither constant nor gross. This suggested that in 
the Tetralogy the systolic murmur is primarily due to the pulmonic stenosis 
It was possible in this animal to arrive at an antemortem diagnosis of 
Eisenrnenger syndrome, but it was not possible to detail the complete 
anatomic anomaly.

The typical oases of traumatic pericarditis in cattle with their 
obvious subcutaneous oedema and distended jugular veins presented the 
features of chronic congestive cardiac failure in cattle clinically.



physiologically and pathologically, Such large animals would he use-
I "ful subjects for quantitative studies of this condition, with particular ,

(\\ \\reference to quantitation of aldosterone. In those oases where the /'
a 'pressure of the pus in the pericardial sac was measured, it was demons-/

trated that this pus limited diastolic filling. The author ascribes "I
to neither the so-called 'backward* nor 'forward* failure theofies'of 
heart failure, but in these cases the marked jugular distension, oedema 
and liver involvement suggest a damming back in the veins most proximate 
to the heart after fluid has been retained* Thus the possibility of 
liver dysfunction in its inability to detoxify aldosterone may foe 
important.

The biochemical determinations, in conjunction with the pathological 
examinations, demonstrated that elevations of the three enzymes measured 
in the Veterinary Hospital as evidence of liver damage were not of value. 
The fact that the serum glutamic oxalic transaminase was elevated could 
be interpreted as due to tissue damage, Further biochemical tests 
such as the bromsulpthalein excretion would need to be Investigated in 
this condition. Liver biopsy which is a practical procedure in cattle 
may be a more logical approach. The fact that these animals constitute 
a complete loss led to the consideration of the possibility of surgical 
intervention. Success was achieved on3.y once out of five oases and 
this animal took about one year for complete healing (Jennings and 
Fisher i960). Further investigations of surgical intervention would 
be necessary before any cone3.usions were made.

C i1 ("V'/
Ü



The long-standing cases of pericarditis illustrated that a recovery 
from the acute condition could talce place, giving rise to animals with 
clinical signs referable to the heart but not very specific of peri
carditis. These animals constitute a proportion of chronically wasting 
cattle.

The acute cases illustrated that death could occur as a result of 
the penetration of the pericardium with a foreign body before the develop
ment of congestive cardiac failure. The cause of death can only be 
suggested as being due to toxaemia, without defining toxaemia*

The studies on neonatal diarrhoea arose from the studies in the first 
part, which suggested that plasma volume decrease was less significant 
than had been assumed. The significant number of arrhythmias in dying 
calves implicated some Interference with cardiac function and it is 
possible that hyponatraemia may cause myasthenia of cardiac muscle* The è

severe acidosis was considered to be important in the production of 
arrhythmias, but how and by what constituents the acidosis is caused re
quires further detailed study. Studies must also be made on the possible 
effects of acidosis depleting intracellular potassium in the calf heart, 
thus interfering with polarisation and depolarisation. However, it must 
be emphasised that the studies presented were on very young calves, fed 
whilst diarrhoeic, which in all probability are physiologically different 
from a calf of even six weeks of age. MoGanoe mid Widdowson (1Ŝ 7) have 
shovai physiological differences in the young of some species. Less 
detailed studies carried out by the author on calves 3-̂  months of age



with the diarrhoea of Ostertaglasis have failed to demonstrate suoh 
marked biochemical abnormalities as have appeared in these very young 
calves,

In conclusion it may be stated that this study has demonstrated 
that the cardiovasculai» system of cattle is worthy of Investigation,
The many questions and problems that have arisen and have not been 
answered constitute a field for much further investigation, particularly 
if such investigation involves as many disciplines as possible.
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T“ ACÎCHOWIEDGBÿWrS

I would lllçe to aoknowXedge the assistance given to this study
by:
1) Professor W.I.M, Molntyre, In particular for providing the 

faolllties idiioh enabled this study to be made,
■ 2) Hugh M- Pirie for the pathological studies,
3) Miss Helena Stewart, Mrs, Helen MacLeod and Mrs. Robina Williamson

for technical assistance,
4) The Agricultural Research Council for providing most of the

equipment used in this study.,
3) Various general veterinary practitioners in Scotland who pro

vided many of the abnormal oases*
6) James Murphy, the postmortem room attendant, for the very careful

preparation of the autopsy material,
7) Mrs* Horma Gllmour for the final typing and Miss Irene Douglas for

the rough draft typing,
8) Other members of the staff of the Veterinary Hospital for referring

cases, providing services and otherwise assisting.



8. Major Publications^ I I I H I »  I I , # # ,  I i n . i i i f i n r i i l p w *

The major publications upon whloh this thesis Is based are detailed 
below in chronological order,

1. Arterial Ptmoture in Cattle
Fisher, E.W. (1956) Vet.Rec, §8j 691

2. The G one entrât ion of some of the inorganic constituents in the 
plasma of healthy Ayrshire cattle

Fisher, E.W. (I96O) Brit.J.Nutr. l4s 9
3. Determination of the Cardiac Output of Cattle and Horses by the 

Injection Method
Fisher, E.W, and Dalton, R.G. (196I) Brit.Vet.j. 143

4. An Eisenrnenger Complex In an Ayrshire Heifer
Fisher, E.W., Pirie, H.M, and Hector, A. (1962)
Vet.Rec. 74; 447

5 . Observations on the Bovine Haomatocrit
Fisher, E.W. (I962) Brit.Vet.J. II8: 513

6. Tetralogy of Fallot in a Friesian Heifer
Fisher, E.W* and Pirie, H.M, (1964) Brit, Heart J. 26; 97

7. Malformations of the Ventricular Complex in Cattle
Fisher, E.W. and Pirie, H.M. (1964) Brit.Vet.J. 120; 253

8. Death in Neonatal Calf Diarrhoea
Fisher, B.W. (1965) Ibid Igl; 132

9. Traumatic Pericarditis in Cattle; A Clinical, Physiological and 
Pathological Study

Fisher, E.W. and Pirie, H.M. Ibid m ;  552

Reprints of these papers are given in the Appendix,



Appendice I

Colleoted Reprints of Major PublioationB



Reprinted from The Veterinary Record. 68. 6 q i. October 6th, 1956.

Arterial Puncture in Cattle
B Y

E. W. F IS H E R  
University of Glasgow Veterinary School

Ar t e r i a l  Wood samples m ay be required from  
cattle fo r plasma p H  estimations fo r electrolyte 
and blood gas analyses; fo r estimations of cardiac 

output b y  direct P ick o r dye d ilu tion  techniques; and 
fo r metabolic investigations where artcrio-venous 
differences may give im portan t inform ation.

A rteria l blood may be obtained in several ways. 
The use of exteriorised carotid arteries is lim ited to 
experimental animals (Van Leersum, 1911). D irect

punciure of the le ft ventricle is possible bu t this is 
not w ithout risk to the animal. Sellers & Hemingway 
(1951 ) have carried out carotid arteria l puncture in 
the m iddle th ird  o f the neck, going below the 
ventral border of the jugu la r vein, bu t we have found

this method more d ifficu lt, unreliable, and disturbing 
to the cow than the method described below.

The fo llow ing approach enables arterial samples 
to be obtained from  any bovine animal including 
clinical cases on farms.

The cow is tethered by means of a halter so that 
her head is held s ligh tly upwards and to one side. 
Samples are collected from  the brachial a rtery at the 
loot of the neck where it crosses the firs t rib . Five 
m l. of 5 per cent. Procaine + Hyaluronidase are 
in tillra ted  subcutaneously at the proposed site of the 
puncture. The hand is .placed under the point of 
the shoulder as shown. In  th in  cows the brachial 
artery can be palpated and rolled between the 
second finger and the first rib . In  fa t, thick-necked 
animals it may not be possible to feel the pulse but 
arterial blood m ay be obtained by b lind puncture at 
the indicated site. A  4-inch, 18-gauge, long-pointed 
needle is directed in to  the cow just medial to the 
second finger, parallel to  the long axis of the cow 
and at about 15° to the horizontal. The needle has 
to penetrate to a depth of i  to  3 inches. Sometimes 
venous blood is obtained but this is obvious both from  
the colour and the flow rate; slight w ithdraw al and 
redirection of the needle upward is then necessary. 
A sterile needle is used fo r each puncture. A fte r use 
each needle is resharpened on a fine carborundum 
stone.

The technique described has been used routine ly 
and in  herd sampling to obtain about 150 arterial 
blood samples from  cattle of a ll ages, including very 
young calves. As m any as 10 cows have been bled 
in 45 minutes. As yet there has been no subsequent 
complication in any animal, and in the herd samplings 
no marked drop in m ilk  y ie ld . A  few animals have 
been bled da ily  fo r up to seven days. There is less 
disturbance to the animal than in  many cases of 
jugu la r puncture.

References
Sellers & Hemingway (1951). Am. J. Vet. Res. 12-90. 
Van Leersum (1911). Pflug Arch ges Physiol. 142-377.
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The concentration of som e of the inorganic constituents in the 
plasm a of healthy Ayrshire cattle

By E. W. fisher 
Veterinary School, University of Glasgow

{Received 23 April 1939-— Revised 16 September  1959)

The abnormal cannot be detected before the normal is known. The study of nutrition 
and of disease demands a yardstick which we call normal. Definitive standards have 
still to be achieved for the normal concentrations of some of the inorganic constituents 
of bovine plasma.
Since the work of Little & Wright (1925) on hypocalcaemia and of Sjollema & 

Seekles (1929) on hypomagnesaemia much information has been gathered about the 
normal concentrations of calcium, magnesium and phosphorus in the serum of dairy 
cattle. There is also in the literature information on the concentration of some of the 
other inorganic constituents of the plasma or serum of cattle. These values are 
summarized in Table i. For comparison the concentrations of calcium and mag
nesium given in many of the papers cited have been converted from mg/100 ml into 
ra-equiv./l.
It will be observed from the table that few authors have made determinations of the 

concentrations of sodium, potassium, calcium, magnesium and chloride of plasma.
This paper gives the results of the analysis of the plasma of healthy Ayrshire dairy 

cattle and calves for sodium, potassium, magnesium, calcium and chloride.

E X P E R I M E N T A L

Animals and sampling

The adult animals from which the blood samples were taken were all normal 
members of the University herd. They were either dry cows or cows in various stages 
of lactation. The lactating cows were sampled immediately after their morning milking. 
Dry cows present in the byre were sampled at the same time. The milking cows were 
out at grass during the spring and summer and received a production ration of 
a mixture of oats, beans and a proprietary cattle cake. During the winter, when they 
were housed, they received silage, roots, a small quantity of hay and the same produc
tion ration. Mineral licks were provided in the byre. At all times the cows had free 
access to water.
The calves were bled after their morning feed. They were normal animals separated 

from their mothers within the ist week of life. Thereafter they were housed in indivi
dual pens and bucket-fed with Ostermilk (Glaxo Laboratories Ltd) (i lb/gal water), 
the ration being 3-4 pints twice daily. At 3 weeks of age the calves were given hay 
to pick at, and at 4 weeks the Ostermilk was decreased and calf-weaner nuts were
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introduced. By the time the calves were 5 weeks old they were completely weaned 
and on a diet of calf-weaner nuts, hay and water a d  lib, A variety of antibiotic supple
ments was given prophylactically. Diarrhoea occurred in some calves but no values for 
plasma samples from diarrhoeic animals have been included.

Table i .  S u m m a r y  of the results of other authors for the concentrations in m-equiv.jl. of 
some of the inorganic constituents in the plasma of cattle

To ta l
Reference c r Na+ K + Mg^+ cation

Anderson, Gayley &  Pratt
(1930)

— — — 6*3 J 
(5- 8)

— —

Brown (1946) 108 5 ■—- — — —
Craige (1947) 99 s 

(90-109)
---- 4*5 f  

(3*6 -5-1)
—

Craige, Jolinson &  Black 108-89 p — — — — —
burn (1949) 104-96^ — — — — —
(three cows studied over 100-95 p — — — — —
parturition)

Dale, Goberdhan &  Brody — 163 p 5‘ i p 7*5 P 3-3 p 177-8
(1954)

Dukes (1947) — — — 4 *5-6  jf ---- —
Duncan, Huffm an &  T ob in

(1939)
97*3 p

(93-105)
5*3 P 

(4*7- 5'9)
3-4 P 

( l -6-3-1)
Evans &  Phillipson (1957) 140 p  

(139-144)
4 ‘SP

(4 -3- 4 *6)
Godden &  A llcroft (1932) 93 f  

(85-98)
5*0 J

(4-0-5 *8)
Lengemann, Aines &  Sm ith

(1952)
104-2 p  

(96-6-110)
M cS herry &  G rinyer (1954)

Eighty-six adults io 3'7 ± 3‘S s 143 ±  5-0 J 4*85 ±  0*47 ^ 5-43 ± 0 -3 4  J — —
T w enty  calves 103-0 +  3*5 s 143 +  4-0 s 5*25 ± 0*54 Î 5-08 +  0-22 Ï — —

Reihart (1939) I 5S f 
(151-165)

6*3 5 
(6-1-6-4)

5*7  ̂
(S*S-5‘8)

1-6 r
( i -5 - i* 8 )

Sampson &  Hayden (1935) 5*6 s 
(4 -6 -6 ‘2)

Sellers &  Roepke (1951 ti, 6) 103 p 144 p 
(139-146)

4-op
(3-9-4-4)

4*9 P i-8 p 154*7

Spector (1958) 104 J 
(97-111)

143 Î  
(132-153)

4-8 s 
(3‘9-S*8)

5*4  ̂
(4 -7 -6 -1)

3-0 J
(o -8-2*4)

154*2

W ard, Blosser, Adams &  
C rilly  (1953)

98 f  
(90-107)

4*7 Ï  
(3"8- 5'3)

s, serum ; p , plasma.

The blood samples were obtained by direct puncture of the brachial artery at the 
root of the neck (Fisher, 1956). This method of obtaining blood samples from cattle 
has been found to cause less excitement than the conventional puncture of the jugular 
or mammary vein. Arterial blood is more consistent in composition than venous 
blood, which may differ between different areas of the body. The blood samples were 
collected under mineral oil in heparinized centrifuge tubes, which were then sealed 
with soft rubber bungs. The samples were centrifuged as soon as possible at room 
temperature and the plasma was separated immediately and placed in clean Pyrex 
tubes for subsequent analysis.
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Biochemical methods

Plasma sodium and plasma potassium were determined with an EEL flame photo
meter. Plasma calcium was determined by the method of Clark & Collip (1925), 
plasma magnesium by the titan yellow method as modified by Neely & Neill (1956), 
and plasma chloride by the method of Schales & Schales (1941).

R E S U L T S

The results obtained are given in Tables 2 and 3. In Table 2 the figures given for 
total cation were obtained by addition of the mean values of the individual cations.

Table 2. M e a n  values with standard deviatiotis and the standard error of the difference 
between adult a nd calf 7neaiis of some of the inorganic constituents in the plasma of 
Ayrshire cattle

CalvesA dult animals

Concentration Concentration
Difference

between
means

Constituent N o. m -equiv./l. m g/100 m l No. m -equiv./l. m g/100 m l (m -equiv./l.)
Sodium 94 142-2 ± 2 -0 327 65 141-8 ±3 *5 326 0-4 + 0 -5
Potassium 92 4*4 ± 0*3 17-2 59 5*1 ± 0-4 1 9 9 0-7 + 0 -2
Calcium 94 5-0 ± 0 -6 10 22 4-9 + 0 -2 9-8 O'I ± 0 -0 7
Magnesium 57 1-46 +  0-4 1*75 29 1-14 +  0-3 1*37 0-32 +  0-07
T ota l cation 153 152*9
Chloride 140 103-3 ± 5 *0 367 59 100-3 ±3 *5 356 3*0 ± 0 -4

Table 3. M e a n  values with standard deviations for the magnesium concentration in the 
plasma of pregnant, non-pregnant, lactatmg and dry Ayrshire cows a nd of calves

Cows

Lactating: Non-pregnant 
Pregnant

D ry : Non-pregnant 
Pregnant

Calves

No. of 
animals

28 25
None

4

29

M ean magnesium 
concentration 
(m -equiv./l.)

1-34
1*57

1*59
I-I4

Standard
deviation

± 0*33

D I S C U S S I O N

A strict comparison of values in Tables i and 2 is not possible, since the results in 
Table i are for samples obtained from venous blood, whereas those in Table 2 are for 
samples obtained from arterial blood. Moreover, few authors state how the blood was 
obtained or what precautions were taken to prevent autolysis or diffusion from the red 
cells into plasma of anions and cations or diffusion from plasma into the cells. How
ever, with the exception of sodium concentrations given by some authors, the results in 
this investigation are similar to those found by others (Table i).
It will be observed from Table 2 that significant differences exist between the potas

sium and chloride concentrations of cows and calves. It will be observed from Tables 2
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and 3 that a highly significant difference exists between the magnesium concentration 
in the plasma of cows and calves. Significant differences were not detected for any 
other constituent in the plasma of lactating compared with dry cows or of pregnant 
compared with non-pregnant cows with the exception of magnesium for which 
a highly significant difference was found between the concentration in the plasma of 
pregnant lactating cows and in that of non-pregnant lactating cows. There was, 
however, no significant difference between the magnesium concentration in the 
plasma of pregnant lactating and of pregnant dry cows.

S U M M A R Y

1. Plasma derived from arterial blood of Ayrshire cows and calves was analyzed for 
sodium, potassium, calcium, magnesium and chloride.
2. The mean concentrations in the plasma of adult cows were: sodium 142*2, 

potassium 4*4, calcium 5*0, magnesium 1*46 and chloride 103*3 m-equiv./l.
3. The plasma of the calves showed a significantly higher concentration of potas

sium, 5*1 m-equiv./l., a significantly lower concentration of chloride, 100*3 m-equiv./l., 
and a significantly lower concentration of magnesium, 1*14 m-equiv./l., than that of 
the cows.
4. Significant differences were not detected for any constituent in the plasma of 

lactating compared with dry cows or of pregnant compared with non-pregnant cows, 
with the exception of magnesium, for which a highly significant difference was found 
between the concentration in the plasma of pregnant lactating cows and in that of non
pregnant lactating cows.
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DETERMINATION OF THE CARDIAC 
OUTPUT OF CATTLE AND HORSES 

BY THE INJECTION METHOD

B y  E. W. F i s h e r  a n d  R .  G. D a l t o n

D epartm ent o f M ed ic ine , U n ivers ity  o f Glasgow V e te rin a ry  School

The determination of the cardiac output gives a direct indication of the ability 
of the heart to maintain the circulation. A number of methods have been 
devised to make this critical determination, some, such as the thermostromuhr 
and the cardiometer, being applicable to experimental animals only, while 
others have been devised for use on the intact, unanaesthetized subject. These 
latter methods include the use of X-rays and measurement of heart size in 
systole and diastole, ballistocardiography, the Pick method, and the injection 
method. Of all these methods only the Pick method and the injection method 
have been used in the larger domestic animals.
The Pick method, by which the cardiac output is determined from the 

amount of oxygen absorbed or carbon dioxide excreted by the lungs per 
minute, requires the measurement of both ventilation rate and the concentra
tion of oxygen or carbon dioxide in arterial and true mixed venous blood at 
the time that the ventilation rate is being measured. This method is unsuitable 
for use in adult cattle and horses if face masks are used for the measurement 
of ventilation rate. It has been shown in ruminants (Dougherty, i960) that 
eructated rumen gases are inhaled and reabsorbed in the lung; thus ventilation 
measurements made with a face mask would be in error, transfers from rumen 
to lung via the pharynx being unrecorded. The use of face masks in horses 
would decrease the number of animals on which determinations could be made 
since few horses will tolerate face masks for the length of time (one minute at 
least) required for accurate measurement of ventilation rate (Fisher, 1961) 
without becoming excited. This would invalidate the normality of any deter
mination of cardiac output made under these conditions. This difficulty can be 
overcome in both species by tracheotomizing and recording ventilation through 
a tracheotomy tube, but this procedure would limit the number of animals 
available on which determinations could be made.
The injection method on the other hand requires only the injection of a 

suitable non-diffusible intravascular indicator into the venous circulation 
and the collection of serial arterial blood samples for a short period afterwards 
in order to follow the passage of the indicator through the heart. The cardiac 
output is calculated from the equation :
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Cardiac output = ^
ct

where I =  amount of dye injected;
c — mean concentration of dye; 
t = time for one passage of dye through the heart.

Derivation of Equation
Consider, for example, water flowing from a pipe at a constant rate. To find
the rate of flow it is necessary to collect and measure the outflow for a specific
time.

™   ̂ Volume of outflow X  60Flow per minute = ----------------
t seconds

If there is no accurate method available of measuring this volume it is 
possible to determine it by adding to it a known amount (/) of a substance 
which will mix completely with this volume of water and, after,, they have 
mixed, finding the concentration of this substance. The volume can then be 
found from the equation :

Subsequently in the flow equation:
Flow per minute /x6o

ct

To consider the example of the pipe again— if a known amount of an indicator 
is injected into the flow and the passage of the indicator I is followed at some 
point distal to the injection site by the removal of serial samples, then it will 
be found that the mean concentration passing this point will be the same as 
the mean concentration of the collected volume. Furthermore, the time taken 
to pass this point will be the same as the time taken to fill the volume V contain
ing the indicator at concentration c. By constructing a graph of serial indicator 
concentrations against time on semi-logarithmic paper as illustrated in Fig. i 
it is possible to find the mean concentration c and the time t for the passage
of the indicator. Thus by serial sampling it is possible to find V from F = — and

c
/x6oalso flow from F
ct

The volume of outflow from the heart within the circulation cannot be 
measured directly, but the passage of indicator can be followed by adopting 
a procedure analogous to that described above by taking serial arterial samples, 
studying the time course of the passage of indicator past the sampling point 
and from this finding the mean concentration c and the time t for one circulation 
of the indicator through the heart.
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Cardiac output =
The cardiac output can then be calculated from the equation :

60/ 
ct

Many iiitravascular indicators have been used for the determination of 
cardiac output by the injection method, including I]albumin, sodium 
chloride. Fox green and Evans blue. Evans blue has been used to a greater 
extent than others but suflFers from the disadvantage in the human of “blueing” 
the subject. In recent years, too, many dye-dilution recorders have been 
developed to facilitate the determination of cardiac output, and in the human 
subject ear-pierce oximeters have been used to eliminate arterial puncture. 
However, opinions are divided on the value of the various dye-dilution recorders 
and ear-pierce oximeters (Dow, 1956).
Techniques had been developed for obtaining, by percutaneous puncture, 

arterial blood samples from cattle (Fisher, 1956) and horses (Fisher, 1959). 
Both of these techniques have been used on many subjects with very little 
disturbance of the animal and have been shown, by means of subsequent post
mortem examinations, to cause no internal damage.
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Determinations were made of the cardiac output of a number of adult cattle 
and horses using Evans blue as the intravascular indicator. Dye-dilution 
recorders and ear-pierce oximeters were not used, partly because of the contro
versy surrounding them and partly because it would have been necessary to 
carry out additional development procedures in order to use them in horses 
and cattle.

M A T E R I A L  A N D  M E T H O D S

All animals used in this study, so far as could be ascertained clinically and 
electrocardiographically, had no abnormalities of their cardiovascular systems. 
The cattle varied in weights from about 100 kg. to Goo kg. and in age from 
about nine months to adult dairy cows. The latter were in various stages of 
lactation and pregnancy.
The horses used were mainly heavy draught horses but determinations 

were also carried out on one garron, one hunter and some thoroughbreds.
It was realized that it was not possible to have either horses or cattle in the 

basal conditions prescribed for the determination of the cardiac output of 
the normal resting human subject. However, standard conditions were adopted 
so that the animal was as close to the resting condition as possible. All animals 
were allowed to settle down after their journey for a period of at least 20 hours 
and frequently for two or three days. Determinations were carried out in a 
quiet room with as few persons present as possible. Each animal was within 
stocks while the determination was being made, but these particular stocks 
merely prevented excessive backward, forward and sideways movement. The 
animals were haltered and the halter was held by an experienced and quiet 
attendant.
In order to facilitate the injection of Evans blue a nylon catheter about 

15 cm. in length was inserted into the jugular vein. An area over the jugular 
furrow was clipped, sterilized with Getavlon solution (Imperial Chemical 
Industries Ltd., Wilmslow, Cheshire) and then infiltrated with a 5 per cent 
solution of procaine hydrochloride. After waiting a few moments for the 
local anaesthetic to act, venipuncture was effected using a 2 in. No. 12 
B.W.G. needle. Once the vein had been entered a 20 cm. length of i -5 mm. 
diameter nylon rod was put into the vein through the needle and the needle 
was removed. A 15 cm. length of 4 Gauge Portex nylon rod (Portex Tubing—  
Portland Plastics Ltd., Hythe, Kent) was then inserted. In this manner it was 
possible to place in the vein a catheter of similar diameter to the venipuncture 
needle and to obviate the use of a very large needle. The skin then fitted tightly 
around the catheter. A 5 cm. length of flexible rubber tubing was connected 
to the nylon catheter. The rubber tubing and nylon catheter were filled with 
heparinized saline and then closed with a Mohrs clip. A cow with such a 
catheter in situ is shown in Fig. 2.
At the same time the area at the root of the neck through which percutaneous 

puncture of the brachial artery was later effected was also clipped, sterilized 
and infiltrated with about 10 ml. of 5 per cent procaine hydrochloride using
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FiR. 4. Ciollertion of serial arteria l blood samples.
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a No. 19 B.W.G. needle 2 in. in length in order to anaesthetize deeper tissues. 
The animal was then left undisturbed for about one hour.
Just prior to the actual injection of Evans blue, puncture of the brachial 

artery was effected at the sites shown in Fig. 3. About 40-60 ml. of blood was 
collected for the preparation of dye-blood and dye-plasma standards.
The Evans blue solution injected was of a concentration of 20 mg./ml. in 

normal physiological saline. The volume injected varied with the body weight 
and was of the order of i mh/50 kg. body weight. The amount of dye was 
accurately determined by weighing the syringe containing it immediately 
before and after injection.
The dye was injected into the jugular vein through the nylon catheter and 

the catheter was cleared with normal physiological saline so that all the dye 
entered the circulation. This double injection procedure was carried out in 
less than four seconds by means of a special Y piece with Leuer-lock connections 
and minimal dead-space. Checks on this Y piece showed that after the injection 
of dye and the succeeding wash with saline less than o -1 mg. of dye remained 
in the Y piece.
Collection of the serial arterial blood samples was started immediately after 

the dye was injected. The serial arterial samples were collected in a number of 
heparinized centrifuge tubes which were arranged around the rim of a 6 in. 
diameter kymograph drum. The speed of the kymograph was regulated so 
that each tube collected blood for a specific time. The time per tube for cattle 
was one second and for horses two seconds. Such a collection is illustrated in 
Fig. 4. After all the tubes had collected blood the arterial collection was 
stopped and the needle in the artery removed.
During injection and collection, the pulse rate was counted by auscultation 

or more often by using a single-lead eleetrocardiogram. On many occasions, 
10 minutes after injection of Evans blue a blood sample was taken from the 
brachial artery where possible, or from the opposite jugular vein to the one 
through which the dye was injected for the determination of plasma and 
blood volume. About half an hour after injection and collection the animal 
was taken back to its loose-box or stall.
The serial arterial blood samples were numbered, and centrifuged and the 

plasma was separated. From the blood collected prior to injection 20 ml. 
volumes were accurately measured and to each volume was added sufficient 
of the 20 mg./ml. Evans blue solution to make standards in which the dye 
concentration was either 10 mg. or 20 mg. per litre of blood. These were then 
mixed, thoroughly centrifuged and the plasma separated.
Comparisons were made between the readings of the plasma of the serial 

arterial blood samples and the plasma of the standards using an E.E.L. photo
electric colorimeter with a No. 607 Ilford Filter (Evans Electroselenium Ltd., 
Harlow, Essex). A graph was plotted on semi-logarithmic paper of the colori
meter readings of the serial arterial blood samples against time. The descending 
limb of the dye-dilution curved so obtained was extrapolated to the base line 
as shown in Fig. 5. It has been shown that the curve so produced is what would 
be expected if there were no circulation of dye such as occurred in the body
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and which produced the secondary rise shown. From this curve was found 
the time for one complete circulation of the dye and the mean concentration 
of the dve.

(OO

10

A DYE C O N C E N T R A T IO N  CURVE. 

47-5

W E /G H T m  KG M .

I  l824.=5 6 -0 0  A.MGM.

C A R D IA C  O UTPU T-^  12-3 L. 

10.3 111. m L.jKG M . / m /N .

COW AIQ- 1155

r / M E  !N  S E C O N D S .

Fig . 5. D ye -d ilu tio n  curve, norm al cow.

The cardiac output was calculated from the equation : 

Q Q _ 60 X  amount of dye injected
mean concentration X  time for one circulation

60/
ct

R E S U L T S

Thirty cardiac output determinations were made on 20 eows and heifers 
in Glasgow and three determinations were carried out on three adult cows 
in Philadelphia, U.S.A.
Twenty determinations were made on ten adult horses in Glasgow, these 

animals being mainly of the heavy draught type, and four determinations 
were made on thoroughbred horses in Philadelphia.
Calculations were made of the cardiac outputs as litres per minute and also 

as millilitres per kilogram body weight per minute. These results are given in 
Table I for cattle and Table II for horses.
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TABLE I
CARDIAC OUTPUT DETERMINATIONS IN CATTLE

Expt, No. Cow No. Body weight 
(% )

Cardiac Output

[l.lm in.) {ml.jkg.body 
weight jm in.)

I 11155 111 12*3 111
a 11123 201 22-0 110
3 11123 201 2 6 0 129
4 A 209 25-0 121
5 12234 3 :4 32*0 102
9 12284 330 4 0 0 121
6 12248 342 39*0 114
7 11693 344 42 0 122
8 12284 350 37-0 106

10 10987 360 48*0 133
11 10985 361 34*0 94
12 12317 365 43*0 115
13 P.P.P. 371 40-0 108
14 12701 380 44*0 116
15 12450 387 37*0 96
16 J.G. 392 48 0 122
17 G .I. 404 48 0 119
18 T . ig 420 56-0 133
19 11523 424 52*0 123
20 ” 523 433 48 0 III
21 B.22. 472 48 0 102
22 12282 482 33*0 n o
23 12282 482 6 0 0 124
24 T .I4 . 486 62-0 128
25 S.7. 495 58-0 117

3 P.3. 500 60-o 120
26 s.I. 505 51-0 101

2 P.2. 514 54*0 105
27 E .io 515 49*0 95
28 77057 528 55*0 104
29 S.4. 534 67 0 125
30 S.8. 595 58-0 97I P .i. 650 65-0 100

M ean 407-7 45*8 113

S.D. ± 11*33
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TABLE II
CARDIAC OUTPUT DETERMINATIONS IN HORSES

Breed

Identifica
tion no. o f 

horse

Weight
(% )

Cardiac output

{I.jm in.) {ml.jkg.body
weightjmin.

24 64
Garron I 373 25 67
Thoroughbred Ph. 3. 384 30 78
Thoroughbred PI1.4. 465 41 88
Thoroughbred Ph.2. 466 35 75
Thoroughbred P h .i. 500 40 80

36 71
A iab  X  hunter 2 509 40 79

40 75
Clydesdale 3 534 37 69

39 69
Clydesdale 4 562 42 73

35 62
Clydesdale 5 568 38 67

60 94
Clydesdale 7 636 57 90

47 69
Clydesdale 8 683 56 82

55 71
Clydesdale X 9 760 51 67

70 89
Clydesdale 10 786 . 56 71
M ean 560 43*7 75

S.D. ± 8 -6 6 8

D I S C U S S I O N

The results of the determination of the cardiac output of cattle are similar 
to those obtained by Doyle, Patterson, Warren & Detweiler (i960) for the 
cardiac output of six adult cows and are also similar to the results for the cardiac 
output of calves reported by Stowe & Good (i960).
The results for the resting horses were similar to those reported by Zuntz 

& Hagemann (1898). No significant difference was found between the cardiac 
outputs of draught horses and the other types of horse. When the various 
species of domestic animals on which determinations of cardiac output have 
been made are compared on a body weight basis, similar values are found in 
sheep (Schambye, 1952), goats (Bareroft, Boycott, Dunn & Peters, 1919) and 
cattle. Horses have a much lower cardiac output when at rest and so has man 
in the basal state (Cournand, Ranges & Riley, 1942), although non-basal 
values for man are somewhat higher (Wood, 1958). Values reported for the 
cardiac output of dogs are also much higher (Marshall, 1926). These species 
differences in cardiac output are given in Table III.
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• COMPARISON
TABLE III 

OF CARDIAC OUTPUT OF DIFFERENT SPECIES

Species
Outputs 

{ml.fkg. body weightlmin.) Authors

Cattle
Cattle
Calves

113
99

123

Present study 
Doyle ei at., i960  
Stowe &  Good, i960

Sheep
Sheep

113ICO Schambye, 1952
Cross, Dawes &  M ott, 1958

Goats 120 Barcroft et al., 1919

Horses
Horses

75
75

Present study
Zuntz &  Hagemann, 1898

H um an (basal) 
Hum an (non-basal)

85
122

Cournand cl a/., 1942 
Wood, 1958

Dogs 138 Marshall, 1926

S U M M A R Y

The technique of the determination, by the injection method, of cardiac output 
of adult cattle and horses is described. A mean value of 113 ml./kg. body 
weight/min. was found for the cardiac output of 29 cattle and a mean value 
of 75 ml./kg. body weight/min. was found for the cardiac output of 14 horses. 
Comparisons are made with similar determinations carried out by other 
authors in the same species and with determinations carried out in other 
species of domestic animals and the human subject.
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An Eisenmenger Complex in an Ayrshire Heifer
BY

E D W A R D  W. F ISH E R  and H U G H  M . P IR IE  
University o f Glasgow Veterinary Scliooi 

AND 
A . HECTO R 

Annan, Dumfriesshire

SUMMARY.— A case of congenital heart disease 
in an iY>~inonih-old Ayrshire heifer is described.
The important features found during clinical and 

specialised examinations were: tachycardia with clear 
heart sounds, tachypnoea, dyspnoea on exercise, 
cyanosis, erythrocytosis, cardiac hypertrophy, pul
monary hypertension and gross mixing of blood from 
the right and left sides of the heart. Loud cardiac 
murmurs were not heard.
At post-mortem examination these clinical findings 

were found to be due to an Eisenmenger Complex 
associated with atresia of the aortic arch and a 
pulmonic-aortic window.
Histological examination of the lungs showed pro

liferative changes attributable to pulmonary hyper
tension in the small arteries and arterioles of all the 
lobes.

CONGENITAL cardiac lesions have been 
observed in many species but only in the human, 
subject (Wood, 1958) and in the dog (Detweiler, 

1959) has an estimate been made of their incidence. 
An extensive bibliography of cardiac diseases in many 
species has been compiled in the Comparative 
Cardiovascular Studies Unit of the University of 
Pennsylvania and this includes 51 published refer
ences to congenital cardiac anomalies in cattle 
(Cushmore, 1961).
The case described below is that of an 18-month- 

old Ayrshire heifer.
Methods o f Examination

. In addition to detailed clinical and pathological 
examinations the following specialised examinations 
wore carried out.
Electrocardiograms 
Electrocardiograms were taken using the standard 

limb leads of Einthoven with the right arm electrode 
attached to the right foreleg, the left arm electrode 
attached to the left foreleg, the left leg electrode 
attached to the left hind leg and the right leg 
electrode attached to the right hind leg. The electro
cardiograph used was a single-channel direct writing 
recorder.*
Cardiac Output 
Using a long polythene catheter inserted into the 

jugular vein it was possible to inject volumes of 
Evans’ Blue Dye into the jugular vein, the right 
atrium and the right ventricle. The appearance of 
the dye in the brachial artery was followed by remov
ing arterial blood samples at intervals of 1 second 
and measuring the concentration of dye in these

samples. The application of this “Dye Dilution 
Metnod to cattle has already been fully described 
(Fisher & Dalton, 1961).
Blood Pressures
Pressure recordings were made from the jugular 

vein and the heart in the following manner. A long 
polythene catheter was inserted into the jugular vein 
and then connected to a sensitive inductance electro
manometer, f The output of this manometer was 
fed into a galvanometer and a photographic recorder̂  
from which permanent records could be obtained. 
The output was also fed into a cathode ray oscillo
scope so that pressure variations could be visualised 
without recording. The exact position of the catheter 
when recording was known from observation of the 
pressure pulse curves shown on the oscilloscope since 
characteristic pulse curves are obtained from different 
parts of the circulation of cattle (Doyle, Patterson, 
Warren & Detweiler, 1960).
Autopsy
The heart was examined by making incisions which 

followed the flow of blood (Robbin, 1957). The 
thickness of the right ventricle was measured at a 
point on the line of the second incision, in the right 
ventricle, half-way between the start of the incision 
and the pulmonary valve. The first incision into the 
left ventricle was made between the anterior and 
posterior papillary muscles and the thickness of the 
wall measured at a point on the line of incision half
way between the apex of tlie heart and the coronary 
groove. For histological examination blocks of tissue 
were taken from the heart, aorta, the brachiocephalic 
trunk, each lobe of the lungs, the liver and the 
kidneys. After fixation in corrosive formal these 
tissues were stained by haematoxylin and eosin, 
Mallory’s trichrome method. Van Giesen’s connective 
tissue stain, Weigart’s elastic stain, periodic acid- 
Schiff and phosphotiingstic and haematoxylin.

Case Report 
Clinical Examination
The case was an 18-month-old Ayrshire heifer 

which was in good bodily condition and weighed 
750 lb. ̂ It was eating 18 lb. of hay and 8 lb. of 
concentrates per day.
At rest its respiratory rate was 70 per minute and 

its heart rate 90 to 100 per minute. On auscultation 
a short broncho-vesicular respiratory sound was heard

* Cambridge Instrum ent Com pany L td .. London, England, 
t  Elem a Lim ited, Stockholm, Sweden, 
i  N ew  Electronic Products Ltd ., London, England.



but there were no adventitious sounds present. On 
percussion of the pulmonary area resonance was 
good. Some degree of cyanosis was observed on 
the mucous membranes of the tongue, conjunctivae 
and vulva.
The heart sounds were readily audible on ausculta

tion of the cardiac areas on both sides of the chest 
and a splitting of the first sound was detectable. No 
murmurs were heard on initial examination but after 
3 months it was possible to hear a slight diastolic 
murmur on some occasions when auscultating the 
left side of the chest just above the elbow. The pulse 
was almost undetectable in the median arteiy and 
in the iliac arteries it was of very poor volume. When 
the animal was subjected to the exercise of being run 
on a halter for 400 yards it became much more 
cyanotic and dyspnoea developed.
On haematological examination an erythrocytosis 

was demonstrated with an erythrocyte count of 
11,000,000 cells per cu, mm. of blood, a packed cell 
volume of 61 per cent, and a haemoglobin concentra
tion of 18 grampies per 100 ml. The plasma protein 
concentration was 6.4 grammes per 100 ml.
During 3 months in hospital the animal’s appetite 

was maintained and its weigjit increased by 100 lb. 
It also remained bright in general demeanour.
Electrocardiogram
As illustrated in Fig. 1, the electrocardiogram 

showed very large QRS complexes when compared
Standardisation Lead

Lead 3

F ig. -Electrocardiogram of H e ife r 16040.

to those of other cattle suggesting that cardiac hyper
trophy was present.
Dye Dilution Curves 
The curve produced by plotting the_ concentration 

of Evans’ Blue against the time of its appearance in 
the brachial artery is illustrated in Fig. 2a . For 
comparison a I^e Dilution curve obtained from a 
normal cow is illustrated in Fig. 2b. It is obvious 
that in the abnormal animal passage of all the dye

DYE D I L U T I O N  CURVE.

E I S E N M E N G E R  S Y N D R O M E

OP<cd
z
uzou

F i g . 2 a .

DYE D ILUTION CURVE.

n o r m a l  c o w .

TIME.
F ig . 2b .

into the systemic circulation from the heart was 
delayed. This type of excretion curve in man is 
associated with gross cardiac defects which give rise 
to mixing of blood from both sides of the circulation 
within the heart or great vessels (Wood, Swan & 
Helmholz, 1957), Furthermore, by selective injec
tions of dye it is possible to localise such lesions 
(Swan & Wood, 1957). If dye is injected into the 
circulation at a point beyond such a defect, a normal 
type of Dye Dilution curve is obtained whereas injec
tions before or at a defect give abnormal curves. In 
the animal under observation injections of Evans’ 
Blue Dye were made into the right atrium and right 
ventricle, by means of a polythene catheter. The 
excretion curves were similar to that produced by 
injection of dye into the jugular vein (Fig. 2 a ) indi
cating a major ventricular septal defect or a large 
persistent patent ductus arteriosus or both.
Pressure Recordings
Recordings of the pressure in the right atrium, the 

right ventricle and the pulmonary artery were made



and these are shown in Fig. 3. It can be seen that 
the right atrial pressure curve was normal in shape 
and that the pressure was not elevated. However, 
the pressure curves recorded from the right ventricle 
and pulmonary artery were abnormal in shape with 
marked splitting of the systolic peaks and pressure 
in the right ventricle; the pulmonary artery was also 
elevated.
Diagnosis
Jn arriving at a diagnosis the following facts were 

considered to be significant. The cyanosis at rest 
which was readily exaggerated on moderate exercise 
and the dyspnoea produced by this exercise indicated 
that there was a considerable interference with

left ventricle was slightly hypertrophied and was 
2.5 cm. thick. In the ventricular septum below the 
pulmonary valve, there was a large elliptical hole, 
3 cm. long. The pulmonary valve and the pulmonary 
artery were dilated. The valve which had 3 large 
cusps was 5.5 cm, in diameter and the artery which 
was dilated above the valve was 15 cm. in circum
ference compared with a valve diameter of 4 cm. and 
a pulmonary artery circumference of 10 cm, in a 
normal animal of similar size.
The aorta was dextraposed and opened into the 

right ventricle in a recess opposite the ventricular 
septal defect. The aortic valve had 3 cusps and was 
hypoplastic, measuring only 2.5 cm. in diameter, 
compared with a diameter of 4 cm. in the same
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oxygenation of the blood. The erythrocytosis which 
persisted during the time the animal was in the 
hospital substantiated a long-standing anoxia. The 
hypertrophy suggested by electrocardiographic 
examination was in keeping with the possibility of a 
major cardiac defect. The selective dye injections 
showed that this defect was in the ventricular septum, 
in the persistence of a patent ductus arteriosus or 
both.
The abnormal shaped pressure pulse curves which 

were observed each time the animal was catheterised 
were unlike any pulse curves observed in other cattle 
and, for these reasons, were not considered to be 
artifacts, and the elevated right ventricular pressure 
supported the presence of a major defect at the 
ventricular level while the elevated pulmonary arterial 
pressure suggested that this defect was probably of 
the type that is classified as an Eisenmenger Syndrome 
(Wood, 1958).
Autopsy
External examination of the heart showed that it 

was enlarged, the right ventricle being bulkier than 
normal and the apex rounded. In the atrial septum 
a small hole, 0.5 cm. in diameter, was present in 
the dorsal part of the fossa ovalis. The wall of the 
right ventricle was grossly hypertrophied, being 2.5 
cm. thick, and the cavity of the right ventricle 
extended to the apex of the heart. The wall of the

normal animal as above. The left coronary artery 
passed anterior to the pulmonary artery instead of 
being in its usual position posterior to it.
The ossa cordis were not developed.
Above the aortic valve the ascending aorta was 

hypoplastic, being only 4 cm, in circumference. It 
was just 7 cm. long and terminated in a dilated 
portion of the brachiocephalic trunk, about 3 cm, 
anterior to the point where this vessel had an 
anomalous origin from the pulmonary artery. When 
the dilated pulmonary artery was explored, the origin 
of the brachiocephalic trunk was found as a small 
elliptical opening 2 cm. X 0.5 cm. This evening 
was 7.5 cm. from the pulmonary valve. A pulmonic- 
aortic window, 5 cm. in circumference, was present 
a short distance dorsal to the opening of the 
brachiocephalic trunk. This opened into a dilated 
portion of the descending aorta, 10 cm. in circum
ference, and was the only communication between 
the descending aorta and the heart, since the aorta 
ended blindly proximal to this point.
The wall of this dilated region opposite the 

pulmonic-aortic window and also the wall of the 
dilated region of the brachiocephalic trunk opposite 
its slit-like origin in the pulmonary artery were rough 
in appearance. These were probably jet lesions 
which could be attributed to blood impinging on 
the wall of the vessels after being forced through the 
narrow apertures described (Robbins, 1957). All of



these anomalies are illustrated in Figs. 4, 5 and 6. 
When the large vessels were trim m ed o il the heart, 
it weighed 2,427 grammes.

Several small patches o f pleurisy w ith  adhesions 
were present on the dorsal borders o f the posterior 
parts o f the d iaphragm atic lobes o f the lungs.

On the anterior edge o f the spleen, near its ventral 
tip , there was an abscess 2 cm. in diameter, conta in
ing th ick ye llow  pus. Between the diaphragm and 
the live r in its dorsal half, there was another abscess.

the cells had pro liferated resulting in  an increased 
thickness and increased ce llu la rity  o f the vessel walls. 
There was also p ro life ra tion  and condensation o f the 
perivascular fibrous tissue in a concentric manner 
around the small vessels. In  a few instances, redup li
cation o f the internal elastic lam ina was detected. 
These changes were present in  a ll the lobes o f the 
lungs. Peribronchial and peribronchio lar accumula
tions o f lym phoid cells were also seen. Sections taken 
from  the jet lesions in the aorta and brachiocephalic

Origin of aort:i

Hypertrophied right ventricular wall

%
Dilated pulmonary artery and pulmonary valve

Ventricular septal defect

Fit:. 4. Eisenmenger complex. View into right ventricle and pulmonary artery.
4 cm. in diameter, causing an adhesion between the 
two organs. A  th ird  abscess, I cm. in diameter, was 
present in a kidney^ T he  bodies o f a ll the vertebrae 
and the sternum were packed w ith  dark red marrow.

H istological exam ination o f the right ventricle 
showed that the muscle fibres were increased in  w id th , 
and that some o f them had large nuclei w hile  others 
had groups o f 2 to 4 overlapping nuclei. A  few 
small accumulations o f lymphocytes were present 
between the muscle fibres. The sections o f lung 
tissue examined showed p ro life ra tive  changes in the 
walls o f the smaller arteries and arterioles adjacent 
to  bronchioles, a lveolar ducts, and in the septa, w ith  
narrow ing o f the lum ina of these vessels in  p ropor
tion to the thickness o f the w all. These changes are 
illustrated in Fig. 7. There was also pro life ration  
o f the endothelium  and. in a few instances, th ickening 
o f the intim a. The most marked changes in these 
vessels were seen in  the media and adventitia where

trunk showed that the rough appearance was due to 
the th ickening o f the in tim a  by p ro life ra tion  o f the 
fibroblasts and the fo rm ation  of many new elastic 
and collagen fibres. Below these lesions the internal 
elastic lam ina was fragmented and could be seen 
to be sp litting  long itud ina lly . The abscesses had 
fa ir ly  th ick fibrous connective tissue walls in filtra ted  
on the inner parts by plasma cells, lymphocytes and 
mononuclear cells.

Bacteriological exam ination o f the abscesses 
yielded C. pyogenes.

Discussion
The Eisenmenger Syndrome was defined by Wood 

(1958) as pulm onary hypertension w ith  a reversed 
shunt which may occur through an a tria l septal 
defect, a ventricu la r septal defect or through a 
patent ductus arteriosus. The term “  Eisenmenger 
Complex ”  is reserved fo r  cases in  which the shunt
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Descending aorta

Pulmonic-aortic window

ontinuation of pulmonary artery
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Fig. 5. Eisenmenger complex. View into pulmonary artery.

Aberrent left coronary artery

Dilated pulmonary artery

Mitral valve

Dextraposed hypoplastic aorta

Tricuspid valve

Fig. 6 — Eisenmenger complex. Base of heart.



is through a ventricu lar septal defect. I t  was not 
possible to determine the exact position o f the shunt 
in this animal while it was alive and so the c lin ica l 
diagnosis had to remain an Eisenmenger Syndrome. 
Post-mortem  exam ination, however, revealed that the

• ' V

F i g .  7.—Proliferative changes in lung arterioles due to pulmonary hypertension.
animal d id , in fact, have an Eisenmenger Complex.

Most cardiac ventricu lar septal defects are seen 
as a single entity or in association w ith  anomalies 
in position and development o f the aorta and pu l
monary artery. In  the la tter category 2 main types 
o f defect are recognised. These are (i) the Tetra logy 
o f Fa llo t in which the aorta is dextraposed w ith  
hypoplasia and stenosis o f the pulm onary artery, 
and (ii)  Eisenmenger’s Complex in which the aorta is 
dextraposed w ithout any hypoplasia or stenosis o f the 
pulmonary artery (A bbo tt, 1936; Eisenmenger. 1897).

The resemblance between Eisenmenger's Complex 
and the Tetra logy o f Fa llo t in man has been d is
cussed and attention drawn to the fact that stenosis 
o f the pulm onary artery is always present in the 
Tetra logy but not in the Eisenmenger Syndrome 
(Capped, 1958: Robbins, 1959; Anderson, 1957). 
These authors make no mention o f stenosis or hypo
plasia o f the aorta occurring in cases o f Eisen- 
menger's Syndrome. In  a human case reported in  
1933 by Stewart, C raw ford and Baxter, the aorta, 
although dextraposed was otherwise normal. A bbo tt 
(1936), however, described another human case as 
having “  a somewhat hypoplastic dextraposed aorta.”  
The fact that the hypoplasia o f aorta in this bovine 
case was more severe than that recorded in s im ilar 
cases in man does not affect its classification as an 
example o f an Eisenmenger Complex.

The pulm onic-aortic w indow  present as an 
associated anomaly was the only route by which 
blood could pass from  the heart to  the parts o f the 
body supplied by the descending aorta. The a tria l 
septal defect was quite small and was regarded as 
a feature o f no functiona l significance.

The hypertrophy o f the r ig h t ventric le was so 
great that it was possible to  appreciate an increase 
in the w idth  o f the ind iv idua l m yocardial fibres when 
compared w ith  normal fibres w itho u t any measure
ments being made. The presence o f large nuclei 
in  hypertrophic cardiac muscle has been described 
previously (Robbins, 1957).

It  is interesting to note that in this case vascular 
changes were present in a ll the lobes of the lungs. 
This is s im ila r to the finding o f Doyle, Goodw in. 
H arrison and Steiner (1957), who noticed that in 
man, cases o f pulm onary hypertension due to con
genital heart disease had changes in the vascular 
tree throughout the lungs whereas in pulm onary 
hypertension due to m itra l stenosis the changes did 
not affect the apical regions o f the lungs. Abscesses 
in organs are a common finding in cases o f congenital 
heart disease in man (W ood, 1958) and it is interest
ing to note their presence in th is case.

Taking  in to  consideration the lesions found in 
this heart and the slope o f the pressure contours 
from  the right ventricle the c ircu la tion  through the 
heart was probably as described below. Systemic 
venous blood entering the right ventricle was ejected 
into the hypoplastic dextraposed aorta and the pu l
monary artery mixed w ith  arteria l blood which had 
passed through the ventricu la r septal defect from  
the left ventricle. The stenotic aortic valve ensured 
that most o f the blood from  the le ft ventricle passed 
in to  the pulm onary artery. The m ixture  o f blood 
in the pulmonary artery passed to the lungs and 
through the pulm onic-aortic w indow  in to  the 
descending aorta to supply the posterior part o f the 
body. M ixed blood from  the pulm onary artery 
would also pass into the brachiocephalic trunk 
through its small e llip tica l o rig in . Blood from  the 
lungs returned to the le ft a trium  and thence to the 
le ft ventricle. From  the left ventricle some blood 
passed up the hypoplastic aorta but more probably 
passed through the ventricu la r septal defect in to  the 
righ t ventricle and then to the pulm onary artery, 
as previously described. The defects in  this heart 
were such that gross m ix ing  o f blood from  both 
ventricles took place so that both right and left 
ventricles contributed blood to the hypoplastic aorta 
and to the dilated pulm onary artery. This c ircu la 
tion is illustrated in Fig. 8, which is a diagramm atic

Descending A orta

Brachiocephalic T-unk

Ascending A orta Pulm onary A rte ry

Left A triumRight A triu m

R ight Ventric le Left Ventric le

B lood Flow

Fig. 8.- Diagrammatic representation of circulation.



version of the heart and the vessels leading from it. 
The pulmonic aortic window, by providing a circula
tion of oxygenated blood to the descending aorta, 
enabled life to be maintained and growth to take 
place within the sheltered environment of the 
hospital, but it is unlikely that such an animal would 
have survived in a commercial dairy herd.
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OBSERVATIONS ON THE BOVINE 
HAEMATOCRIT

B y  E. W. F i s h e r
D e p a rtm e n t o f V e te rin ary  M ed ic in e , U n ivers ity  o f Glasgow

For the determination of the haematocrit of human blood it was suggested 
by Gregerson (1951) that centrifugation at a force of 1,600 g for a period of 
30 minutes gave adequate packing of the erythrocytes. Dacie (1956) considered 
it advisable to centrifuge at 1,600 g for 60 minutes, whereas Wintrobe (1951) 
centrifuged at a force of 2,300 g for 30 minutes.
Definitive standards have not been laid down for the centrifugation of 

bovine blood in order to determine the haematocrit. In some investigations 
in which use was made of the haematocrit no statements of either time or 
force of centrifugation have been given (Doyle, Patterson, Warren & Detweiler, 
i960; Stowe & Good, i960). Evidence was obtained by Jennings, 
Mulligan & Lauder (1954) that in order to obtain packing of bovine 
erythrocytes it was necessary to centrifuge at a force of 1,600 g for a period 
of three hours when determining the haematocrit. They also found that with 
a force of centrifugation of 1,600 g for a period of 30 minutes the volume of 
trapped plasma was in the region of 12 per cent of the packed cell volume. 
They later found that by centrifugation at 1,500 g for three hours the trapped 
plasma of 28 cattle varied between 3-2 and 7*8 per cent (Jennings, 
Mulligan & Lauder, 1956). Reynolds (1953) by a different method found 
the trapped plasma to be 6 per cent in bovine blood and McLain & Ruhe 
(1949) found it to be 7 per cent in defibrinated blood.
In the study described below an evaluation was carried out of the accuracy 

of a microhaematocrit centrifuge and the time necessary for maximal packing 
of the erythrocytes. A comparison was made of haematocrits obtained on the 
same blood samples with this centrifuge and with two standard centrifuges. 
Using the results obtained from the microhaematocrit centrifuge and values 
determined with Evans’ Blue, trapped plasma was calculated.
The effects on the haematocrit of some variations of blood sampling 

techniques were also studied. Blood samples from different blood vessels were 
compared. Haematocrits of blood obtained from the same vessel at different 
times during the day were measured, as was the effect of stasis in a blood 
vessel. Other variables examined were carbon dioxide loss and overnight 
storage.

M E T H O D S

Heparinized blood samples were taken from healthy adult cows of the Ayrshire 
breed in the dairy herd of the Department of Animal Husbandry, University 
of Glasgow, and in the Veterinary Hospital.
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For the comparison of the three centrifuges, six haematocrits were prepared 
from each blood sample for each centrifuge. The centrifuges used in this study 
were (a) a microhaematocrit centrifuge"̂ , (b) a standard haematocrit centrifuge, 
the M.S.E. Minorf, and (c) another standard centrifuge with special buckets 
for spinning haematocrit tubes, the M.S.E. Super Medium j.
For centrifuges (b) and (c) Wintrobe haematocrit tubes were used and 

these were centrifuged unsealed. For the microhaematocrit centrifuge (a) 
capillary haematocrits were prepared.
To determine the haematocrit indirectly large volumes of blood were 

collected. A part of each sample was centrifuged and the plasma separated 
from it. From both this plasma and from the whole blood, 5 X  20 ml. volumes 
were measured. To each 20 ml. volume was added 0 2 mg. of Evans’ Blue, 
whereupon thorough mixing was carried out by repeated inversion. The plasma 
of the 20 ml. volumes of whole blood was then separated by centrifugation. 
Thus, for each original blood sample there were 5 X  20 ml. volumes of plasma, 
each containing 0-2 mg. of Evans’ Blue and 5 (20 ml.— x ml.) volumes of 
plasma containing the same amount of Evans’ Blue where x ml. was the red 
cell volume. Using a photoelectric colorimeter a known concentration of 
Evans’ Blue (0-2 mg. in 20 ml. of plasma) was compared with the unknown 
concentration (0*2 mg.— x ml. of plasma) and thus x was calculated. The 
haematocrit was five times %.

R E S U L T S

I, Evaluation of the microhaematocnt centrifuge and the comparison with the standard
centrifuges

(a) Analysis of the microhaematocrit centnfuge
(i) Error of reading the haematocrit of a single blood sample. A total of 36 micro

haematocrit tubes were prepared from the same blood sample, 12 being 
prepared by each of three persons. These tubes were centrifuged at an R.G.F. 
of 12,000 g for a period of six minutes and all the haematocrits were read by 
each of the three persons. The results (Table I) show that the variation obtained 
was rh 0*5. This compares with the best results obtained with standard 
centrifuges (Gregerson, 1951).

TABLE I
VARIATIONS OF READING THE HAEMATOCRIT OF A SINGLE BLOOD SAMPLE

Mean s.D.

Individual— A (36 haematocrits) 31*1 diO-6

Individual— B (36 haematocrits) 30*8 ± o *5

Individual— G (36 haematocrits) 31*3 ± 0 '5

Total— (108 readings) 31-1 ± 0 ‘5

*  Haw kesley &  Sons, L im ite d , London, Eng land , 
t  M easuring  &  Scientific E q u ip m e n t L im ite d , London, England.



O B S E R V A TIO N S  O N  B O V IN E  H A E M A T O C R IT  515

(ii) Effect of time of centrifugation on the microhaematocrit. Six microhaematocrit 
tubes were prepared from each of four blood samples and these were 
centrifuged at 12,000 g for a total time of 150 minutes. They were read at two 
minutes and then at 30-minute intervals. In Tables Ila and h each value given 
represents a mean of six microhaematocrits. These indicated that complete 
packing of bovine erythrocytes took place in this centrifuge at this speed of 
centrifugation in ten minutes.

T A B L E  l l f l

EFFECT OF T IM E  OF C E N T R IF U G A T IO N  ON M IC R O H A E M A T O C R IT

Time Sample A Sample B Sample C Sample D
{min.)

2 27-2 i 6 ‘2 3 1 7 25-6

30 26-7 iG 'i 3 IM 25-0

60 26-7 iG 'i 31-0 25-0

90 26 7 i 6 * i 31-0 25-0

120 26-7 i6 * i 31-0 25-0

150 26-7 16 I 31-0 25-0

T A B L E  l ib

E EFFECT OF T IM E  OF C E N T R IF U G A T IO N  ON MIG ROHABMATOGB

Time Sample E Sample F Sample G Sample H
{min.)

2 29-7 38*2 26*7 22-5
4 28-5 36-6 26*1 22-2
6 28*2 36-3 26*1 2 2 -I
8 28-2 36-2 26 0 22 '0

10 28-1 36-2 26-0 22*0
12 28*1 36-2 26*0 2 2 0
14 28*1 36-2 26*0 21-9
16 28*1 36-2 26-0 21-9
18 28*1 36-2 26*0 21-9
20 28*1 36-2 26*0 21 '9
22 28-1 36-2 26-0 21-9
24 2 8 -I s6 ’ 2 26-0 21 '9
26 28-1 36-2 26*0 21-9
28 28-1 36-2 26-0 2 I '9
30 28-1 36-2 26-0 21*9

(b) Comparison of the three centrifuges
Six haematocrits were prepared from each blood sample for each of the 
centrifuges. In the standard centrifuges, centrifugation was at an R.G.F. of 
1,600 g for a total time of three hours. Readings were made at 30-minute 
intervals and temperatures within these centrifuges were recorded. In the 
microhaematocrit centrifuge (a), centrifugation was at a force of 12,000 g for 
a total time of ten minutes, readings being made at 2, 3, 6 and 10 minutes. 
Each value in Table III is a mean of six haematocrit estimations made on 
each of 20 blood samples. These confirm the results of Jennings et al. (1954)
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that centrifugation of cattle blood at 1,600 g for 30 minutes was not sufficient 
to ensure adequate packing of the erythrocytes. The microhaematocrit 
centrifuge gave better packing after ten minutes than either of the standard 
centrifuges gave in three hours.

TABLE 111
COMPARISON OF STANDARD AND MICROHAEMATOCRIT CENTRIFUGES

Titties o f  Readings {tniti.)

2 3 6 10 30 60 90 120 150 180

31*0 30-5 30-3 30-1 — — — — — . —

±2*82 ± 2-79 ± 2 -8 7 ± 2 -8 2 ------ — — — — —

— — — — 35*6 33*4 32*4 32*1 32-1 32*1
— — — — ± 3*34 ±3*05 ±3*05 ± 3*05 ±3 *0 5 ±3 *0 5

— — — — 32-8 32-1 31*7 3 I-6 31*5 31*5
— — — — ± 3*04 ± 2 '8 5 ± 2 -8 3 ±2*76 ± 2-74 ± 2-74

(a) Centrifuge

(b) Tem p. 35°c

(c) Tem p. 26°c

II. The determination of trapped plasma a?id the centrifuged haematocrit

The trapped plasma was determined in blood samples from the mammary 
veins of 20 cows in the university dairy herd. For each sample the indirect 
haematocrit, Vc, was calculated as explained above, the centrifuged haematocrit 
(Vo) was determined on the microhaematocrit centrifuge and the trapped 
plasma calculated as a percentage of the centrifuged haematocrit. In Table IV

TABLE IV
VALUES FOR INDIRECT HAEMATOCRIT,CENTRIFUGED HAEMATOCRIT AND TRAPPED PLASMA (cows FROM DAIRY HERD)

Cow
Indirect

haematocrit
Vc

Centrifuged
haematocrit

Vo

Trapped plasma 
Vo— Vc

Vo

Arden 26*6 30-1 11'6
Asta 30-7 34*1 9*9
Bantam 30-5 35*1 13*1
Gypsy 26-9 30-1 10-6
M atilda 24 I 28-5 15*4
Risk 25*2 30*5 17-4
Thora 27*9 31*2 10-6
Tina 28*4 30-8 7-8
Vesta 29*9 34*1 12-3
Ursula 22-9 25*6 10*5
Virtue 28 I 30*4 7-6
M eg 25*1 26-7 6-0
W ilm a 23*3 26*5 I2-I
Sorrel 30*5 32*8 7-0
Vera 23*2 25*9 10-4
Urdu 25*3 26'9 5*9
Harebell 27*2 29*8 8-7
Passion 27*7 30‘0 7*7
Helen 27'I 31*2 13*1
Kate 28-9 32*9 I2-I
Means.D. 26-9 ±2'49

30*1±2-82
10-5

±3*05
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each value given is a means of five values. The results show a mean for the 
trapped plasma of 10-5 per cent with a standard deviation of ±3*05 per cent. 
The mean value for the centrifuged haematocrit of these samples determined 
with the microhaematocrit was found to be 30 t  per cent with a standard 
deviation of ±2-8 per cent.

IIL Effects of variations in sampling technique and the handling of blood samples
(a) Table Va shows the differences in the haematocrits of blood samples 
obtained at the same time from the jugular and mammary veins of nine 
non-lactating cows. Each value given in Table Va is a mean of five 
determinations.
This experiment was repeated on ten lactating cows. Each value given in 

Table Vè is again a mean of five determinations. There is no significant 
difference between the haematocrit of blood samples from the mammary 
veins of lactating and non-lactating cows. The jugular samples of the non- 
lactating cows have a significantly higher haematocrit (P<o-02) than the 
mammary samples. The difference between the mammary and the jugular 
samples from lactating cows is highly significant (P<o-ooi). Moreover, 
the jugular samples from the lactating cows show a significantly higher 
(P<o*02) haematocrit than jugular samples from non-lactating cows.

T A B L E  VÛ

D IFFERENCE B ET W EE N  M A M M AR Y  AND 
J U G U LA R  V E IN  H AEM ATO C R ITS 

( N O N -L A C T A T IN G  COWS)

T A B L E  V b

DIFFERENCE B ETW EE N  M A M M A R Y  AND 
JU G U LA R  V E IN  H AEM ATO CR ITS

( l a c t a t i n g  c o w s )

Cow A'latmnary Jugular Difference Cow Mammary Jugular Difference

14948 30-9 34*9 4-0 Harebell 31-0 33-1 2-1
12916 32-8 34‘ i 1-3 Fanny 32-7 36-7 4-0
14711 36 3 37*5 I '2 Jersey 33-5 37 "5 4-0
Utmost 30*8 34*9 4-1 Rosabelle 28 -I 30-1 2-0
Wood 30-8 32-0 1-2 Stella 33-0 33‘o 0-0
Risk 31-7 32*9 1-2 Bantam 30-3 39-8 9-5
Sheppy 29-5 32-0 2-5 Daisy 33’2 37*8 5-6
V.12 32-3 33‘3 I -o Asta 33-6 40-7 7-1
N .N . 30-8 3 2 7 1-9 Dora 28-5 34‘3 5-8

Megan 30-7 33*9 3-2

M ean 31-8 33*8 2-0 M ean 31 5 35*7 4-2

s.D. d = i‘95 ± 1 7 6 dz I-22 s.D. ± 2 -1 5 ± 3-35 ± 2 -8 o

(b) The effect of stasis on the haematocrit
Samples were taken from the jugular veins of five cows without stasis, from the 
same cows after the application of a choke rope to the jugular vein for two 
minutes, and after the application of a choke rope for five minutes. The 
results obtained (Table VI) showed that the application of the choke rope 
produced no significant difference in haematocrits.
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TABLE VI

T H E  E F F E C T  OF  STASI S  ON 
T H E  H A E M A T O O R I T  O F  J U G U L A R  B L O O D

Cow Before choke 2 min. choke 5 min. choke

J 18-5 1 9 - 5 1 9 - 5

K 29-0 29-8 30-2

L 38-8 39 8 41 3

M 20-7 22-8 23-6

N 1 9 * 3 Ï 9-5 21-6

M ean and s.D. 25’3 ±  8-65 26-3 ±  8 65 27-2 db 8 82

(c) The effect of the loss of carbon dioxide from blood on the haematocrit 
From five animals blood samples were taken while exposed to the air and 
also under a layer of liquid paraffin to prevent loss of carbon dioxide. Each 
value given in Table VII is a mean of five determinations. It will be observed 
that there is no significant difference between aerobic and anaerobic samples.

T A B L E  V I I

D I F F E R E N C E  B E T W E E N  A E R O B I C  A N D  A N A E R O B I C  
S A M P L E S  C O L L E C T E D  F R O M  M A M M A R Y  V E I N

Aerobic Anaerobic
Cow {heparin only) {w ith liquid paraffin)

W 35'20 33-16

X 39-50 41-33

Y 33 16 34'33

Z 32-00 32-50

V 22-go 23-60

and s.D, 32-01 ±  5 93 33’0 ±  6-35

(d) The effect on the haematocrit of blood samples being stored overnight in a refrigerator 
Haematocrits were determined on a number of blood samples in the afternoon 
and then again on the same samples at 10 a.m. the next morning after these 
samples had been stored overnight in stoppered bottles in a refrigerator at 4°c. 
The results, which are given in Table VIII, indicated that this type of storage 
produced no difference in the haematocrit.

T A B L E  V I I I

T H E  E F F E C T  O F  O V E R N I G H T  S T O R A G E  ON H A E M A T O C R I T S

Sample A B C D E F G H  

4 p.m. 35-33 37-8 32-5 32-6 15 5 28-0 34-2 29-3

10 a.m. 35 8 38-0 32-6 32-5 15-6 28-2 34-5 29-6
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(e) Hourly variations in the haematocrit
Haematocrits were determined on blood samples taken every hour from five 
maiden heifers, four dry cows and five milking cows. The results (Table IX) 
showed that variations occurred in the individual animal from hour to hour. 
No consistent change was found at any particular hour in any of the groups. 
However, some of the individual variations were well outside the range obtained 
when repeated estimates were made on a single sample, as described earlier.

T A B L E  IX

V A R IA T IO N S  IN  H A E M A T O C R IT  OF BLOOD SAMPLES
FROM IN D IV ID U A L cow s AT H O U R LY IN TE R V A LS

Time 11.00 12.00 13.00 14.00 15.00 16.00

(a) Heifers I 26-5 26-7 27-5 26-3 28 0 27-0
2 32-0 30-5 33-3 31’0 30 0 30-0
3 30-0 28-5 30-0 27-3 26 5 28 0
4 27-3 27-0 28-7 28 0 28 3 26-0
5 26*0 26*0 27-5 27-0 27-7 27-3

(b) Lactating cows I 31-3 34-0 35-3 33-5 34*5 34-0
2 33-0 33-0 36-3 33-5 25-0 35-3
3 34-0 34-0 33-7 34-7 37*5 32-3
4 34-5 33-7 35-0 34-7 34-0 34-0
5 34-2 36-8 33-7 32-8 33-2 32 0

(c) Non-lactating cows I 32-0 33-0 34-7 33-5 33-0 33-0
2 28-3 27-2 26-0 27 0 27'2 28 0
3 29*3 26-8 26-6 27-5 27-8 27-5
4 32-0 32-5 32-0 32-7 35*4 34-2

D I S C U S S I O N

From the results given in Table I it is obvious that the high-speed micro
haematocrit centrifuge used gives results for the bovine haematocrit comparable 
in repeatability with the best results obtained for the human haematocrit with 
standard centrifuges (Gregerson, 1951). It was obvious that variations in the 
different people reading the haematocrit were of little importance despite the 
fact that two of them had little experience of preparing and reading these 
microhaematocrits. The slight differences which were observed in capillary 
bore in the capillary tubes made no difference to the haematocrit reading.
The results given in Table III of the comparison of the three centrifuges 

confirmed the observations of Jennings et al. (1954) that centrifugation of 
cattle blood at 1,600 g for 30 minutes was not suflBeient to obtain adequate 
packing of the red cells. The microhaematocrit centrifuge gave better packing 
after ten minutes than either of the standard centrifuges after three hours. 
The differences between each of the standard centrifuges were probably due 
to differences in the temperatures of the centrifugation resulting in evaporation 
taking place from the open-ended Wintrobe tubes in centrifuge (c) which 
regularly overheated due to old bearings.
There is no significant difference between the mean haematocrit of the 20
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samples when read after three hours in the standard centrifuges and after 
ten minutes in the microhaematocrit centrifuge.
The mean value given for the trapped plasma in Table IV is higher than 

the values given by Jennings et al. (1956) and by Reynolds (1953), who used 
only four adult Guernsey cows to obtain this value, and by McLain & Ruhe 
(1949), whose values varied between 4 and 18 per cent with a mean value 
of 7 per cent. The high value obtained may be due to an inherent error in the 
method since Vasquez, Newerly, Yalow & Berson {1951) have produced 
theoretical reasons for errors in the method. However, Leeson & Reeve (1951) 
using human blood got comparable results with this method and the method 
used by Jennings et al. (1954).
The significantly higher jugular haematocrits shown in Table Va may 

indicate a loss of fluid to the saliva. The highly significant elevations of jugular 
haematocrits in lactating cows, as compared with non-lactating cows, may 
similarly indicate an even greater loss of fluid due to the increased food intake 
during lactation.
Turner & Hodgetts (1959) have shown that in sheep fluctuations in the 

jugular haematocrit as a result of soothing, isolation, visual and auditory 
stimuli, pentobarbitone anaesthesia, excitement, exercise and adrenahne could 
be attributed to changes talcing place in the spleen as it retained or put out 
erythrocytes.
It is very doubtful if a comparison can be made between adult dairy cows 

used to handling and used to being tethered and sheep who react on most 
occasions to restraint with an obvious circulatory disturbance. Nevertheless, 
dynamic changes in the spleen may explain the hourly variations noted in 
mammaiy vein samples. They could not explain the differences between 
jugular and mammary haematocrits of dry cows and millcing cows.
It is of practical importance that heparinized blood samples can be left for 

some hours when stoppered and kept at 4°c and suffer no change in the 
haematocrit.
The variations observed in sampling techniques, choice of vessel, and 

centrifugation clearly demonstrate the need for standardization in determining 
the bovine haematocrit. Once this is established some variation may still be 
expected from hour to hour in the individual cow.

S U M M A R Y

Investigations of a microhaematocrit centrifuge showed that this centrifuge 
gave better packing of bovine red cells in a very much shorter time than 
conventional centrifuges. Variations in the haematocrit were observed winch 
were due to differences in sampling techniques, the choice of vessel, and the 
hour of examination.
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Only three cases of tetralogy of Fallot in cattle have been described (Hahn, 1908; Jasper, 1948; 
Cordy and Ribelin, 1950). None of these reports has included detailed descriptions of the clinical 
and physiological disturbances associated with this anomaly. The following case is reported since 
for the first time in cattle it was possible, using specialized techniques, to establish the diagnosis in 
life with reasonable certainty.

M e t h o d s  o f  E x a m in a t io n

In  addition to clinical and pathological examinations the following examinations were carried out.
Electrocardiograms. Electrocardiograms were taken using the standard limb leads o f Einthoven and 

unipolar limb leads w ith  the right arm electrode attached to the right foreleg, the left arm electrode to the 
left foreleg, the left leg electrode attached to the left hind leg, and the right leg electrode attached to the right 
hind leg. The cardiograph used was a Siemens Cardirex 6.*

Heart Soimd Recordings. Using the Cardirex 6, graphic records were taken o f the heart sounds at five 
different frequency bands, together w ith a lead I I  electrocardiogram for timing.

Dye Dilution Curves, By means o f a long polythene catheter inserted into the jugular vein it was possible 
to inject volumes o f Evans Blue dye into the right atrium, right ventricle, and pulmonary artery. The appear
ance o f the dye in  the arterial circulation was followed by removing arterial samples at one second intervals 
and measuring the concentration o f dye in these samples.

Blood Pressures. Pressure recordings were made from the right side o f the heart by inserting a polythene 
catheter down the jugular vein. The catheter was connected to a sensitive inductance manometer,f the 
output o f which was fed into the Cardirex 6 for graphic recording.

C a s e  R e p o r t

The subject. No. 19429, was admitted to the Veterinary Hospital at the age o f 9 months with a history of 
not thriving. I t  was dull in  demeanour, in  poor condition, weighed 148 kg., and had large subcutaneous 
abcesses behind the left shoulder and upon the left patella. The feet were very overgrown. A t rest the 
respiratory rate was 50 a minute and the heart rate was 100 a minute. On auscultation, bronchovesicular 
respiratory sounds were heard. Palpation o f the chest revealed a præcordial th rill on the left-hand side 
and a distinct apex beat on the right-hand side. On percussion there was an increased area o f cardiac 
dullness on both sides of the chest.

The first heart sound was obscured by a gross systolic murmur which was most intense at the pulmonic 
area, that is under the elbow at the third intercostal space, about 5 cm. above the level o f the oleeranon. 
The pulse volume was very poor. Cyanosis was detectable at rest on the mucous membrane o f the eye, the 
mouth, and the vulva. When the animal was exercised by being run for a distance o f 150 yards it became 
much more cyanotic and dyspnoea developed.

Hæmatological examination showed polycythæmia with a hæmoglobin concentration o f 20-6 g, (normal 
9-11 g.) and a red blood cell count o f 14 3 m illion (normal 5-8 million). The white blood cell count and the 
plasma protein were normal.

*  Supplied by Sierex Limited, London.
t  Elcma Schonander Limited, Stockholm, Sweden.
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2 SiemensTcardirx 1

Fk;. I.— FlectrtK'ardiogram of 19429 (speed 50mm./sec.). aVR = unipolar limb lead, right fore; aVL = unipolar limblead, left fore; aVF=unipolar limb lead, left hind.
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I ici. 2.— Pressure curves right heart, 19429.
The animal was kept for 10 months. During this time it showed no change in its cardiac conditon. 

Body weight increased from 148 to 287 kg. when it was slaughtered.
Electrocardiograms. The cardiogram (Fig. 1) showed large complexes when compared with normal 

cattle, suggesting cardiac hypertrophy, while the direction o f the QRS complexes in limb leads and unipolar 
leads suggested that this hypertrophy was on the right side o f the heart. Negative P waves present in leads 
1, II. and aVL are not usually seen in cattle, but their significance is unknown.

Pressure Recordings. The pressure recordings o f the right side o f the heart (Fig. 2) showed a rise in
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T A B L E  I  
C atheterization D a t a  (mm. H g )

Norm al heifer Fallot's tetralogy

Systolic Diastolic Systolic Diastolic

R ight atrium 5 0 19 5
Right ventricle 53 0 93 12
Pultnonary artery 45 19 23 16
Carotid artery 180 130 105 88

19429 Right V entricu la r In je c tion19 4 2 9 .3 0
3 0

20 20

tim e in seconds. lim e  in seconds.
oppeoranceappearance.

19429 Pulmonary Artery In je c tio n
3 0

20

0  2 4 6 8 lO  12 14 16 15 2 0

Is! tim e in seconds.
appearance

N orm al C o w6 0

40

20

O 2 4 6 8 lO 12 14 16 18 20  22 24
[stl time in seconds,

appearonce

D

Fig . 3.— (A ) Dye dilution curve, 19429. Right atrial injection. (B) Dye dilution curve, 19429. R ight ventricular 
injection. (C ) Dye dilution curve, 19429. Pulmonary artery injection. (D ) Dye dilution curve, nortnal cow.
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right atrial pressure, an increased right ventricular pressure, and a lowered pulmonary arterial pressure. 
Tire values found are given in  Table I, where they are compared w ith a normal series o f pressures found by 
Doyle et al. (1960). I t  w ill be observed that the arterial pressure was also below normal and that there was a 
low pulse pressure.

In  cattle of this size it  is not possible to localize the catheter tip by fluoroscopy. The position o f catheters 
is known from  experiments whereby catheters were fixed at sites from which particular pulse curves were 
obtained. These catheter positions were then determined at autopsy. On the basis o f this previous ex
perience the pressures obtained from  this animal were known to be valid for the sites stated.

In  addition, dye dilution curves obtained by the injection o f Evans Blue at these sites and the first appear
ance times o f the dye in  the brachial artery gave further evidence o f the positions o f the catheter tips in this 
animal.

Dye Dilation Recordings'. The dye dilution curves, which were obtained by plotting the varying con
centrations o f Evans Blue in plasma against the time o f their appearances in the brachial artery, are shown in 
Fig. 3A, B, and C. A  curve from  a normal cow is also illustrated (Fig. 3D). The right atrial and right 
ventricular injections o f dye produced curves indicating abnormal mixing o f blood w ith in the heart. More
over, the time o f first appearance o f the dye was in each case more rapid than normal, suggesting a right-to- 
left shunt. The injection o f dye into the pulmonary artery produced a dye dilution curve which was normal 
in shape except that the first recirculation was not so obvious as in a normal animal. The time o f first 
appearance o f dye from  injection into the pulmonary artery was also normal. The delayed downstroke of 
the dye dilution curves 3A, B, and C suggested that in addition a left-to-right shunt existed. Therefore 
from these curves it  was concluded that there was a gross abnormality o f blood flow through the heart, 
which included a right-to-left shunt at the level o f the ventricles and a left-to-right shunt at a higher level.

Heart Sound Recordings. These recordings, which are illustrated in Fig. 4, demonstrate the systolic 
murmur ; and this was demonstrable at all frequencies. The pulmonary component o f the second heart 
sound was not recorded. This abnormality is noted in  Fallot’s tetralogy in man (Wood, 1956).

Diagnosis. In  arriving at a diagnosis, the following facts were considered significant. In  this young 
animal there was clinical evidence o f cardiac hypertrophy, a loud systolic murmur most intense at the pul
monary area, in combination w ith tachypnœa and cyanosis at rest. These findings, together w ith  electro
cardiographic evidence o f right ventricular hypertrophy, indicated the presence o f a major congenital cardiac 
anomaly. The dye dilution curves demonstrated a defect in the ventricular septum with a right-to-left 
shunt, while the pressure recordings from  the right side o f the heart showed the presence o f pulmonary 
stenosis. Thus cyanosis, right ventricular hypertrophy, a right-to-left shunt in the ventricles, and pulmonary 
stenosis led to diagnosis of the tetralogy of Fallot.

Autopsy. The heart was enlarged, weighed 1620 g., and when viewed anteriorly the apex was rounder 
than normal. The gross disproportion in size between the hypoplastic pulmonary trunk and the dilated 
ascending aorta was obvious (Fig. 5). The wall o f the pulmonary trunk was less than half the thickness of 
the wall o f the aorta. The ductus arteriosus, which was patent, also had a thin wall and connected w ith  the 
beginning o f the left pulmonary artery (Fig. 5). The dilated right atrium was slightly hypertrophied, and 
the foramen ovale, although functionally competent, was anatomically patent.

The wall o f the right ventricle, which was grossly hypertrophied (Fig. 6), was as thick as the left ventricle, 
and the lumen o f the ventricle extended ventrally to the apex farther than normal. H igh in  the ventricular 
septum was a large elliptical ventricular septal defect 3 - 5 x 1 5  cm. w ith  its long axis horizontally situated 
(Fig. 6). Above the ventricular septal defect the aorta was dextroposed so that its anterior cusp was on the 
right side o f the ventricular septum when viewed from above. In  the left ventricle the ventricular septal 
defect appeared below the anterior cusp o f the aorta. The aortic arch was on the left side.

The aortic valve was dilated and had three cusps which were larger than normal. The bones o f the heart 
were well developed and the coronary arteries were normal. The aorta itself was dilated to the origin o f the 
ductus arteriosus and the proximal part o f the brachiocephalic trunk was also dilated.

The pulmonary valve was less than half the diameter o f the aortic valve and had only two large cusps 
(Fig. 7) which were excessively large for the size o f the valve and were anterior and posterior in position. 
Below the pulmonary valve there was an infundibular type o f stenosis which had produced a narrow curving 
channel 5 cm. long, forming the outlet from  the right ventricle to the pulmonary trunk (Fig. 6). There was 
no ring o f fibrous tissue at the proximal opening o f the channel which had thick muscular walls and was 
dilated immediately below the pulmonary valve, forming an infundibular chamber.
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F i g .  4.— Heart sound records, 19429. Top row. electrocardiogram, lead I I ; second row, f, low frequency heartsound; ml, medium frequency first heart sound; m2, medium frequency second heart; h. high frequency sound;g. stethoscopic heart sound; and sm, systolic murmur.
The left atrium was normal and the wall o f the left ventricle was not hypertrophied.
A large abscess 22 x  22 x 15 cm. involving the diaphragmatic surface o f the liver in its dorsal half and the 

diaphragm itself was found. The diaphragmatic lobes of the lungs were adherent to the thoracic surface 
o f the diaphragm over the abscess. Scattered throughout the liver were several smaller abscesses 2 cm. in 
diameter, either showing through the liver capsule as white circular convex areas or hidden in the liver 
parenchyma. No abscesses were found in the brain. The abscesses behind the left shoulder and upon the 
left patella had healed by the time the animal came to autopsy, and only increased amounts o f fibrous 
connective tissue at these sites indicated where the lesions had been.

A few small pale wedge-shaped areas were seen in the cortices o f the kidneys, along with some moderately 
large hæmorrhagic infarcts. The bone marrow in all o f the vertebra: and stcrnebrae bodies was bright red 
and soft.

Histology. Histological examination o f the heart showed that although there was considerable variation 
in the width o f the fibres in the right ventricle, some were wider than normal. Many fibres had large nuclei, 
and groups of three to four nuclei close together were frequently present. In the lungs there were several 
moderately heavy peribronchial accumulations o f lymphocytes. Histological examination o f the liver and 
the kidneys showed the usual changes associated with abscess formation and infarction. No significant 
lesions were seen in the other organs.

D is c u s s io n

Fallo t's  tetralogy has been described in cattle by Hahn (1908), .lasper (1948), C ordy and 
R ibelin (1950); in dogs by M eredith  and C larkson (1959), G lazier and Kealy (I960), Detweiler,
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F ig. 6.— View into right ventricle.
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Hubben. and Patterson (1960); in a horse by 
W ensvoort (1959); and in pigs by Van Nie (1961).
O n ly  in  human subjects have extensive studies 
been made o f the c lin ica l and functiona l dis
turbances. Cardiac catheterization has been 
attempted in the dog (M ered ith  and C larkson,
1959), but even w ith  fluoroscopic m on ito ring  o f 
the catheter tip  it could not be passed through 
the pulm onary stenosis. Three liv ing  cases o f 
tetralogy o f Fa llo t in cattle have been studied by 
us, but only in  this case was it possible to 
catheterize the pulm onary trunk.

In cattle the disease is s im ilar to that described 
in the human patient, c lin ica lly , physiologica lly, 
and pathologica lly. C lin ica lly  there is cyanosis, 
tachycardia, a loud systolic m urm ur, tachypnœa 
w ith  dyspnœa on exertion, and a poor volume 
pulse. Physiological exam ination o f this case 
revealed right ventricu la r hypertrophy, right ven
tricu la r hypertension, pu lm onary hypotension and 
the presence o f a righ t-to -le ft shunt at the level o f 
the ventricle. Pathologically the fo u r features o f 
the anomaly were found. In  add ition, in  four
cases observed by us and in the case described by Jasper (1948), the ductus arteriosus was patent.

It has not been possible to  find evidence o f  tetralogy o f F a llo t w ith  persistent righ t aortic  arch 
in cattle, although persistent righ t aortic arch as a single entity has been described (Roberts, 
Kennedy, and Delehanty, 1953).

It is o f interest to  speculate whether the peculiar overgrow ing o f the feet observed in this animal 
was analogous to the c lubbing o f the fingers seen in  cyanotic forms o f congenital heart disease in 
man.

A lthough  the anim al survived and gained weight in the sheltered environm ent o f  the Veterinary 
Hospital, the weight gain was sligh tly less than norm al, and it is doubtfu l i f  survival w ould have been 
possible under norm al farm  conditions.

Fig. 7.— Bicuspid pulmonary valve.

Summary
.A case o f Fallot's  tetralogy in a Friesian heifer is described. I t  was possible, fo r the firs t time 

in a species other than man, to arrive at the diagnosis w ith  reasonable certa inty in life, by means o f 
cardiac catheterization, and selective injections o f Evans Blue dye.

We would like to acknowledge the technical assistance of Mr. J. Murphy, M.S.I.S., and of Mrs. Helen McLeod. The photographs were taken by Mr. A. Finnie, the Veterinary School photographer, to whom we also owe thanks.
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MALFORMATIONS OF THE VENTRICULAR SEPTAL 
COMPLEX IN CATTLE

By E d w a r d  W . F i s h e r  and H u g h  M . P i r i e

U n ive rs ity  o f  Glasgow V e te rina ry  H osp ita l, Glasgow

In  a study o f cardiovascular disease in  cattle, several congenita l cardiac 
anomalies have been observed. A  h igh  p ropo rtion  o f these have invo lved  the 
ven tricu la r septum. In  the hum an subject, the te rm  “ ve n tr icu la r septal 
com plex”  was used to  classify congenita l cardiac anomalies in  w h ich  a ven
tr ic u la r septal defect was present e ither alone or associated w ith  o ther cardiac 
anomalies (Edwards, 1960). Such anomalies have been described in  m any 
species. Figures fo r the incidence in  m an ind icate th a t 25 per cent o f cases o f 
congenita l heart disease have defects o f the ve n tricu la r septum (W ood, 1958), 
and in  the dog 15 per cent o f cases o f congenital heart disease have shown in 
vo lvem ent o f the ve n tricu la r septum (Detweiler, Patterson, H ubben  &  Botts,
1961). In  a survey o f 3,000 ca lf hearts tw o defects o f the ve n tr icu la r septum 
were discovered (R uppertz, 1961). O the r investigators have reported find ing  
15 cases out o f 4,500 cattle  necropsies (Olafson, 1939) and six cases out o f 
2,000 cattle  necropsies (C ordy &  R ibe lin , 1950). M a n y  in d iv id u a l cases have 
been reported (Blood &  Steel, 1946; Blood, i96 0 ; D ison, 1958; H ahn , 1908; 
Lilleengeen, 1934; M isdorp , N o o rd ijk  &  Roek, 1959; M o n ti, 1954; Sheather, 
1911). In  the present series 16 anomalies out o f a to ta l o f 19 have invo lved  the 
ve n tr icu la r septum. The  cattle  were o f the com m on breeds found in  the West o f 
Scotland, a ll under three years o f age and inc lu d ing  apparen tly  hea lthy animals 
as w e ll as those obviously diseased.

These cases have been classified in to  three groups on the basis o f th e ir pa tho
log ica l anatom y. These are: G roup I,  ven tricu la r septal defects; G roup I I ,  
ve n tricu la r septal defects w ith  pu lm onary  stenosis (te tra logy o f F a llo t) ; G roup 
H I ,  ve n tr icu la r septal defects w ith  dextroposed aorta b u t no pu lm onary 
stenosis (Eisenmenger com plex).

M E T H O D S  O F  E X A M I N A T I O N

In  add ition  to c lin ica l, b iochem ical and haem atological exam inations, the 
fo llow ing  ante-m ortem  exam inations were carried ou t when possible.

E lectrocardiogram s were taken using the standard lim b  leads o f E inthoven 
and u n ip o la r lim b  leads w ith  the r ig h t arm  electrode attached to  the r ig h t fore
leg, the le ft a rm  electrode to  the le ft foreleg, the le ft leg electrode to the le ft 
h ind  leg and the r ig h t leg electrode to the r ig h t h ind  leg. T he  electrocardiograph 
used was a Siemens C ard irex 6 (supplied by Sierex L im ite d , London), w ith  
w h ich  g rap liic  records were taken o f the heart sounds at five d iffe ren t frequency 
bands, together w ith  a lead I I  e lectrocardiogram  fo r tim ing .
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By means o f a long  polythene catheter inserted in to  the ju g u la r  ve in  i t  was 
possible to  in jec t Evans B lue dye in to  the r ig h t a triu m , the r ig h t ven tric le  and 
the pu lm o na ry  a rtery. W hen the dye appeared in  the a rte ria l c ircu la tion , 
a rte ria l samples were removed at one-second in terva ls and the concentra tion  
o f dye in  these samples was measured.

Pressure recordings were made fro m  the r ig h t side o f the  heart b y  inserting  a 
polythene catheter dow n the ju g u la r  vein. The catheter was connected to  a 
sensitive inductance m anom eter (E lem a Schonander L im ite d , S tockholm , 
Sweden), the o u tp u t o f w h ich  was fed in to  the C ard irex 6 fo r g raph ic  record ing.

Autopsy
The hearts were weighed after they had been opened, em ptied o f b lood, and the 
m a jo r vessels tr im m e d  off. F o r the veins th is  was done a t th e ir  ju n c tio n  w ith  the 
a tria , and fo r the arteries at the level o f the sem ilunar valves. N o  a ttem p t was 
made to  remove ep icard ia l fa t.

The  tliickness o f the  r ig h t ven tric le  was measured at a p o in t on the w a ll 
adjacent to  the insertion  o f the m oderator band. T he  thickness o f the  le ft 
ven tric le  was measured at the level o f the insertion  o f the chordae tendlneae 
in to  the p a p illa ry  muscles, on the lin e  o f an inc is ion made so th a t i t  w ou ld  pass 
between the an te rio r and posterior p a p illa ry  muscles, b u t n o t invo lve  e ither 
o f them .

In  th is series the weights o f the  hearts and the ve n tr icu la r thicknesses were 
recorded fo r each case, b u t in  th is paper, unless i t  is stated otherwise, they were 
regarded as n o rm a l fo r  an an im a l o f th a t age, sex and breed.

Blocks o f tissue fo r liis to log ica l exam ination  were taken fro m  the  heart, 
lungs, live r, spleen and k idney o f  each an im a l. The  tissues were fixed in  corrosive 
fo rm o l o r 10 per cent fo rm a lm , and after dehydra tion  and em bedding they  were 
stained w ith  haem atoxy lin  and eosin, p ic ro -M a llo ry , van Gieson and W e ig e rt’s 
Elastica.

G R O U P  I

E ig h t anim als w h ich  had ve n tr icu la r septal defects as the p r im a ry  lesion were 
seen in  th is g roup (T ab le  I ) .  T he  size o f  the  defect varied  and, using the c ir 
cumference o f the  aorta  as a standard, the  defects were classified as large, 
m edium  and small.

Case jVb. 19738: ^-week-old cross-bred Aberdeen Angus, female 
Th is  c a lf was adm itted  to  the  V e te rin a ry  H o sp ita l w ith  a gross card iac m u rm u r 
and resp ira to ry  disturbance. T he  an im a l was d u ll, in  fa ir  cond ition , and on 
inspection had an increased resp ira to ry  ra te  o f  60/m inute. P a lpa tion  o f the 
chest revealed a p reco rd ia l th r i l l  a t the  4 th  in tercosta l space on b o th  sides. 
Percussion o f the chest gave an increased area o f card iac dullness. A uscu lta tion  
o f the  lungs revealed b ro n c liia l in sp ira tio n  and bronchovesicu lar exp ira tion . 
W hen the heart was auscultated at the 6 th  in tercosta l space, the heart sounds 
were detected, b u t they were p a rt ia lly  obscured by a gross m u rm u r. T h is
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Case JVo.

T A B L E  I

G R O U P  I : v e n t r i c u l a r  s e p t a l  d e f e c t s

V.S.D.\

Age at autopsy Sex
Aortic
circum

ference
Qiialitative
assessment

Ultimate 
fate of 
animal

19738 6 weeks F e m a l e I-1 Large Die d
20510 3 weeks M a l e 0-9 Large Destroyed
21342 4  weeks M a l e 0-8 Large Die d
20123 6 weeks F e m a l e o 63 M e d i u m Destroyed

(moribund)
18633 2 years 6 m o u t h s F e m a l e 0-59 M e d i u m Destroyed
19151 2 years 6 m o n t h s F e m a l e 0-36 Small Destroyed
18961* 2 years 6 m o n t h s F e m a l e 0-31 Small Destroyed
17736 3 m o n t h s M a l e 0-25 Small Destroyed

*— S e p t u m  not perforated, f— Ventricular septal defect.

m u rm u r was best heard at the 3rd intercosta l space on the le ft side, a t a po in t 
5 cm. above the elbow. In  character i t  was continuous and o f  the m achinery 
type, the systolic p o rtio n  ending in  a d is tinc t squeak. T he  heart ra te  was 120/ 
m inu te  and the pulse vo lum e was fa ir. The  ju g u la r  veins were distended r ig h t 
up  to the m andib le .

N o cyanosis was evident a t rest o r on exercising. H aem ato log ica l exam ina
tio n  ind ica ted  no po lycythaem ia. E lectrocard iograph ic exam ina tion  showed no 
d is tinc tive  abno rm a lity . X -ra y  o f the chest showed a m uch enlarged cardiac 
shadow, p a rtic u la r ly  o f the le ft ventric le , and the trachea was displaced up 
wards. There  was rad iograph ic  evidence o f pu lm onary  oedema.

In  v iew  o f the m ach inery m u rm u r, the cardiac enlargem ent— p a rtic u la r ly  
o f the le ft ven tric le— and the resp ira tory disturbance, a diagnosis was made 
o f a p r im a r ily  left-sided heart fa ilu re , p robab ly  due to  a large le ft to  r ig h t 
shunt th rou gh  a paten t ductus arteriosus.

The an im a l survived on ly three days.

Autopsy. There  was a m oderate ly severe fibrinous pericard itis  and the p e ri
ca rd ia l sac contained 100 m l. o f serosanguinous flu id . T he  heart was grossly 
enlarged and weighed 660 g. The  r ig h t ventric le  was i  cm. and the le ft i  -i cm, 
th ick . E x te rna l exam ination  o f the heart showed th a t the apex was rounded. 
In  the ante roven tra l p a rt o f the fossa ovalis there was a sm all a tr ia l septal defect, 
0*8 cm. in  diam eter. T he  r ig h t ventric le , w h ich  was grossly d ila ted , had a 
hypertroph ied  w a ll, and the pu lm o na ry  a rte ry  and valve were s ligh tly  d ila ted. 
T he  le ft a tr iu m  was d ila ted  and the w a ll was hypertroph ied. A  large ve n tr icu la r 
septal defect w h ich  was tr ia n g u la r in  outline , w ith  rounded corners, was found. 
T he  tria ng le  measured 3 cm. x 2.5 cm. x 2.5 cm. and when viewed from  the 
le ft ven tric le  the lesion was h igh  in  the in te rve n tr icu la r septum w ith  the apex 
o f the tr iang le  between the  an te rio r and r ig h t cusps o f the ao rtic  valve. In  the 
r ig h t ven tric le  the defect appeared posterior to the crista supraventricu laris 
and extended s ligh tly  behind the septal cusp o f the tricusp id  valve, posterior 
to  its most a n te rio rly  situated chorda tendinea.
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There  was s ligh t subcutaneous oedema along the flo o r o f the  abdomen 
and the tho rax  contained 300 m l. o f serosanguinous flu id . The  trachea and 
large b ronch i were fu l l o f  fro th y  oedema flu id , w h ile  the lungs were da rk  red 
and heavy, due to  pu lm on a ry  oedema; when the lobes were sectioned, oedema 
flu id  exuded free ly fro m  the cut surface. The live r was pale ye llow , and had a 
nu tm eg appearance. H is to log ica l exam ination  confirm ed the presence o f early 
chron ic venous congestion.

Case Jfo, 20510: ^-week-old Ayrshire, male
Th is  c a lf was adm itted  as a possible case o f a cardiac defect, since a gross 
systolic m u rm u r had been detected on auscultation o f the chest.

W hen  exam ined the c a lf was b r ig h t and in  good cond ition . T he  pulse rate 
was 120/m inute and o f good volum e. O n  pa lpa tion  o f the chest a p record ia l 
th r i l l  cou ld be fe lt a t the 3rd in tercosta l space on the le ft, where i t  was most 
intense, and at the 5 th  intercosta l space on the righ t. Percussion o f the chest 
revealed a loss o f resonance over the low er th ird . A uscu lta tion  o f  the chest 
confirm ed the presence o f the gross systolic m u rm u r w h ich  was most intense a t 
the 3rd in tercosta l space on the le ft and the 6th in tercosta l space on the righ t. 
There  was no resp ira to ry  d isturbance and no cyanosis or o ther evidence o f 
heart fa ilu re .

H aem ato log ica l and b iochem ica l exam inations revealed no abnorm alities.
T he  e lectrocard iogram  suggested le ft ve n tricu la r h yp e rtro p h y  (F ig. i )  and 

the phonocard iogram  dem onstrated the systolic m u rm u r (F ig. 2).
T he  c a lf was then slaughtered.
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Fig. I. Electrocardiogram. Case No. 20510
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W

SM— SYSTOLIC MURMUR
1— FIRST HEART SOUND.

2— SECOND HEART SOUND

ii— EGG LEAD II 
t— LOW  FREQUENCY HEART SOUND

Fig. 2. Hea r t  sounds. Case N o .  20510

Autopsy. The  heart was enlarged and weighed 598 g. The r ig h t ven tric le  was 
1 .3 cm. and the le ft r .5 cm. th ick . The  pe ricard ia l cav ity  contained 30 m l. o f 
serous flu id . The foram en ovale was patent b u t p robab ly  had been fu n c tio n a lly  
com petent. T he  r ig h t ven tric le  was d ila ted  and hypertroph ied. A  tr ia n g u la r
shaped ve n tricu la r septal defect w ith  sides 2 cm. X 2 cm. x 2 cm. was present 
h igh  in  the in te rve n tr icu la r septum w ith  the apex o f  the triang le  dorsally. In  
the r ig h t ven tric le  i t  was posterior to  the crista supraventricu laris ; in  the le ft 
ventric le , whose w a ll was no t hypertroph ied, the apex o f the triang le  lay 
im m ed ia te ly  below  the an te rio r cusp and the r ig h t cusp o f the ao rtic  valve. 
The  edges o f the defect were rounded, th ick  and composed o f  muscle tissue. 
T he  ductus arteriosus was probe-patent. N o other lesions were found.

Case No. 21342: ^.-week-old Friesian, male
This c a lf was adm itted  w ith  a h is to ry  o f n o t th rhdng. W hen  exam ined i t  was 
d u ll and in  poor cond ition , and i t  was noticed th a t the neck was very  sKort. 
The  resp ira to ry  rate was 30/m inute  and there were no adventitious sounds. A  
precord ia l th r i l l  could be fe lt on the le ft side o f the chest b u t no t on the r ig h t, 
a lthough the apex beat was fe lt on the righ t. O n  ausculta tion an a tr ia l 4 th  
heart sound was heard, fo llowed by a gross systolic m u rm u r. Th is  m u rm u r 
was heard a ll over the chest b u t was most intense at the 5 th  in tercosta l space 
on the le ft and the 4Ü1 intercosta l space on the r ig h t. The  pulse rate was 100/ 
m inu te  and the vo lum e was good. Cyanosis was no t evident, ne ithe r was 
ju g u la r  distension. The cond ition  o f the c a lf d id  no t change u n t il about ten 
days had elapsed. T he  an im a l was then found collapsed, w ith  a subnorm al 
tem perature, and auscultation revealed a m arked cardiac a rrhy thm ia . The 
ca lf d ied three hours later.

There  were no b iochem ica l o r haem atological abnorm alities in it ia lly . The 
electrocard iogram  suggested cardiac hypertrophy, w h ile  the phonocard iogram  
dem onstrated the a tr ia l sound and the systolic m urm ur.

W hen the c a lf was found collapsed the e lectrocardiogram  dem onstrated the 
presence o f  a com plete heart block. A t  this tim e  the packed cell vo lum e was 
46 per cent, w h ich  suggested some dehydration. Th is  a rrh y th m ia  was though t 
to be due to hyperka laem ia and i  l itre  o f glucose saline was therefore ad
m inistered, together w ith  40 m l. o f 40 per cent ca lc ium  borogluconate solution. 
T he  effect o f these in jections was to  abolish the a rrhy thm ia , b u t m arked
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abnorm alities were produced in  the T  waves o f the e lectrocard iogram .
B iochem ica l co n firm a tion  o f  the hyperkalaem ia was obta ined when a 

plasma potassium concentra tion  o f  7.6 m .-equ iv ./L  was found. T he  ca lc ium  
in jections produced a hypercalcaem ia and thus the abnorm alities in  the T  
waves.

A n  in it ia l diagnosis o f a ve n tr icu la r septal defect was made. N o  exp lana tion 
could be found  fo r the hyperka laem ia since the ca lf was n o t d ia rrhoe ic  o r 
m arked ly  dehydrated and had refused tw o meals only.

Autopsy, The  heart was la rge r than  no rm a l and weighed 378 g. T he  walls o f 
the r ig h t and le ft ventricles measured respectively i .5 cm. and i  .7 cm. T h e  
r ig h t a tr iu m  was d ila ted  and a lthough the foram en ovale was pa ten t i t  appeared 
to  have been fu n c tio n a lly  com petent. As a result o f d ila ta tion , the lum en o f the 
r ig h t ven tric le  extended fu rth e r to  the apex o f  the heart tha n  no rm a l, and in  
ad d ition  the w a ll was grossly hypertroph ied . H ig h  in  the v e n tr icu la r septum  
there was an elongated tr ia n g u la r defect w ith  rounded corners whose apex 
was situated ve n tra lly  (F ig. 3a). T he  w id th  at the dorsal p a rt was 1.5 cm., 
ve n tra lly  i t  was o .5 cm ., and i t  was 3 cm. long. In  the r ig h t ven tric le  the lesions 
appeared posterior to  the crista supraventricu laris  and in  the le ft be low  the 
an te rio r and r ig h t cusps o f  the ao rtic  valve in  the ou tflow  tra c t o f the  ven tric le  
(F ig. 3 b ). T he  m odera to r band was displaced ve n tra lly  and to  the le ft o f  the 
apex o f the defect. T he  pu lm o na ry  va lve and the pu lm onary  tru n k  were d ila ted. 
T he  le ft a tr iu m  was d ila ted  and the le ft ven tric le  was also d ila ted  and h yp e r
troph ied.

In  the trachea and b ronch i there was a large am ount o f pale ye llo w  foam  
and flu id . The  lungs, w h ich  were oedematous and congested, were heavy and 
da rk  red, and when they were cu t the surface exuded copious am ounts o f flu id .

There were 11 thorac ic  vertebrae, 11 r ig h t ribs and 12 le ft ribs. T he  e ighth 
thoracic vertebra, w h ich  was wedge-shaped, a rticu la ted  w ith  three ribs on its 
le ft side. In  add ition , a lthough the ve rteb ra l arches were norm al, the  bodies o f 
the sixth  and seventh cervica l and the firs t and second thorac ic  vertebrae were 
sm aller than  norm al, d istorted, and fused together, there being no proper 
in te rve rtéb ra l disc fo rm ation . T he  body o f the 4 th  cervical vertebra  was also 
shortened.

Case No. 20123: ^-week-old Ayrshire, female
Th is  c a lf was adm itted  to  the V e te rin a ry  H osp ita l because a systolic m u rm u r 
had been detected and the c a lf was no t th riv in g .

O n  c lin ica l exam ination , the c a lf was in  poor cond ition  w ith  a m arked ly  
pendulous abdomen. T he  resp ira tory ra te  was 60 per m inu te  and on ausculta
tio n  b ronch ia l in sp ira tio n  and bronchovesicular exp ira tion  were heard. There  
was no loss o f resonance on percussion o f the chest, b u t on p a lp a tio n  a p re 
co rd ia l th r i l l  could  be detected on the le ft at the 4 th  in tercosta l space and on the 
r ig h t a t the 3rd in tercosta l space. T he  th r i l l  on the r ig h t was ve ry  pronounced.

A uscu lta tion  revealed a gross systolic m u rm ur, most intense at the 4 th  
in tercosta l space on the le ft and a t the 3rd intercosta l space on the r ig h t side 
o f the chest. Pulse vo lum e was good and the rate was 90/m inute.



r i . A i K  I

'■.vT̂  V

>

£ o 2
I oe >

I'is lu T  &  l* ir ir . H r i t .  vel. J . ,  la o , (j



tJ X  tJ

P I , A I K  II

8 0 ]

b O t

19151 |2 b l.

^  Very prolonged excretion because o f le ft to  r ig h t shunt 
•  •  •  ^  and congestive cardiac failure

20, Endocard tis t  Ventricular Septal Defect

Cardiac O utpu t ca lculated as 23 litres mm
59 ml kg body wt mm

U t oppeoronce 
I 2 secs

0  2 4 6  8 lO 12 14 lb  18 2 0  22 24 2b  28 3 0  32 34 3b 38 4 0

TIME IN SECONDS 

V\^. -,a.

A O R T A

y E N T R l C U L  

S E P T A L  

d e f e c t
I B R O

TiSSVf

A. C.— ANTERIOR CUSP OF AORTIC VALVE 
R. C. RIGHT CUSP OF AORTIC VALVE

I'i^ . -)b. \ 'ie w  into outllou tiac i of'it-ft s rr ilr ir ie  (19151

K ishn &  P ir ie . / i n t .  vet. mao, 6



DEFECTS O F T H E  V E N T R IC U L A R  S E P T U M  IN  C A T T LE 2 5 9

SM— SYSTOLIC MURMUR,. 
R— RESPIRATORY SOUND  
I— FIRST HEART SOUND

2— SECOND HEART SOUND  
II— EGG LEAD II 

t — LOW  FREQUENCY HEART SOUNDS

Fig. 4. H eart sounds. Case N o .  20123

There  was iro obvious ju g u la r  distension and no oedema. T h e  mucosae were 
pale p in k , and showed no evidence o f cyanosis.

H aem ato log ica l and b iochem ica l exam inations revealed no abnorm a lity . 
E lectrocard iog raph ic  exam ina tion  likewise revealed no a bn o rm a lity . Phono- 
ca rd iograph ic  recordings taken at the 4 th  le ft in tercosta l space dem onstrated 
the pan-systolic m u rm u r (F ig. 4).

Autopsy. The  heart was s ligh tly  enlarged, w e igh ing 479 g. T he  r ig h t ven tric le  
was 0.6 cm. th ic k  and the le ft 1.4 cm. th ick . T he  r ig h t ven tric le  was d ila ted  and 
the w a ll was s ligh tly  hypertroph ied . H ig h  in  the in te rv e n tr icu la r septum a 
c ircu la r defect 1.2 cm. in  d iam eter opened in to  the r ig h t ven tric le  posterior 
to  the crista supraventricu laris. T h is  defect appeared in  the le ft ven tric le  
im m ed ia te ly  below  the ju n c tio n  o f  the an te rio r cusp and the r ig h t cusp o f the 
ao rtic  valve. T he  edges o f the  lesion were composed o f w h ite  fibrous tissue. 
Instead o f the usual brachiocephalic tru n k  arising fro m  the ao rtic  arch there 
was a brach iocephalic a rte ry  0.9 cm. in  d iam eter, and ju s t dorsal to  this, 
aris ing independently  fro m  the aortic  arch, was the le ft b rach ia l a rtery, 0.7 cm. 
in  d iam eter.

I n  the ap ica l lobe o f the r ig h t lu ng  there was a greyish-ye llow  patch o f 
consolida tion w h ich  proved on h isto log ica l exam ination  to  be “ cu ffing ”  
pneum onia.

Case No. 18633; 'i^-yoar-old Ayrshire^ female
Th is  cow was adm itted  to  the  hospita l suffering fro m  hydrops amnii. N o  cardiac 
exam ina tion  was carried  ou t and in  life  she suffered from  no apparen t cardiac 
dysfunction.

Autopsy: T he  heart weighed 1,850 g. The r ig h t ven tric le  was i  cm. th ic k  and 
the le ft ven tric le  was 2. r cm. th ick . A fte r the r ig h t ven tric le  was opened a 
c ire u la r ve n tr ic u la r septal defect 2.2 cm. in  d iam eter w ith  f irm  w h ite  fibrous 
edges was seen h igh  in  the in te rve n tr icu la r septum behind the crista supra
ven tricu la ris  and an te rio r to  the an te rio r cusp o f the tr icusp id  valve. W hen  the 
defeet was examined fro m  the le ft ven tric le  its dorsal edge was seen to  lie  
0.8 cm. ve n tra l to  the r ig h t h a lf  o f the an te rio r cusp o f the aorta. T he  other 
lesions found  in  this an im a l were those associated w ith  hydram nios.
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Case No. 19151: 2\~year-old Ayrshire^ female
This an im a l was b r ig h t in  demeanour, in  poor b o d ily  cond ition  and had a 
reduced food and w ater in take. C lin ica l exam ination  showed th a t a ll mucosae 
were pale w ith  a ye llow ish tinge. There  was subcutaneous oedema present ju s t 
in  fro n t o f the udder and under the ja w . The live r could be palpated behind 
the last r ib  on the r ig h t side. A  p record ia l th r i l l  could be palpated on both  
sides o f the tho rax  at the 5th intercosta l space.

T he  pulse was irre g u la r b u t o f good volum e.

O n  auscultation, the resp ira tory ra te  was no t elevated at 30 respirations per 
m inute, b u t there was slight hyperpnoea and a s light increase in  no rm a l 
resp ira tory sounds. Percussion o f the tho rax  revealed no loss o f resonance. 
A uscu lta tion  o f the heart confirm ed the irre g u la r ity  o f the heart rh y th m , w h ich  
took the fo rm  o f single sounds and pauses suggestive o f  extra  systoles. A  gross 
systolic m u rm u r could be detected on b o th  sides o f the thorax.

Both ju g u la r veins were distended the w hole w ay up  the neck b u t no  m arked 
pulsations were detected. A  pulse was palpated in  the m am m ary vein.

H aem ato log ica l exam ination  ind ica ted  some anaemia or haem od ilu tion , 
w ith  a packed cell vo lum e o f 25 per eent and a haem oglobin o f 8 g. There  was 
no leucytosis, the w h ite  cell count being 7,400/cu. m m ., b u t there were 74 per 
cent neutroph ils  and 25 per cent lymphocytes. The  b iochem ica l abnorm alities 
detected were elevated serum transaminases and increased u rine  urea on ly.

E lectrocard iograph ic exam ination  confirm ed the presence o f extra systoles 
and suggested a r ig h t ve n tricu la r hypertrophy. C ardiac o u tp u t de te rm ina tion  
gave a subnorm al card iac ou tpu t w ith  a m uch prolonged clearance tim e  o f dye 
(Fig. 5a). C ard iac catheteriza tion  showed some elevation o f r ig h t a tr ia l and 
r ig h t ve n tr icu la r pressure bu t no rm a l pu lm onary  and b ra ch ia l a rte ria l 
pressures. The  fin a l ante-m ortem  diagnosis was o f a bacte ria l endocard itis 
w ith  reservations in  th a t the dye -d ilu tio n  curve showed a degree o f fa ilu re  n o t 
m anifest in  the an im a l c lin ica lly .

Autopsy. T he  heart weighed 2,690 g. The  r ig h t ven tric le  was i  .5 cm. th ick  
and the le ft ven tric le  was 2.5 cm. th ick . The  valve o f the foram en ovale had 
n o t been closed com plete ly and in  the an te rio r p a rt o f the fossa ovalis there 
’was a sm all defect, 0.4 cm. in  diam eter. A  large mass o f ye llow  vegetation w ith  
an irre g u la r surface blocked the an te rio r p a rt o f the tricusp id  valve, reducing 
its effective orifice  by  about half. The  vegetation was almost com plete ly 
organized and when cut in to  i t  could be seen th a t f irm  w h ite  fibrous connective 
tissue occupied most o f the mass. Several small, ye llow , p u ru le n t foc i were 
present in  the fibrous connective tissue. The vegetation extended round  the 
crista supraventricu laris  in to  the conns arteriosus o f the r ig h t ven tric le . Th is  
pa rt o f the vegetation was m ostly composed o f the throm bus m a te ria l w h ich  had 
no t organized. A  sm all am ount o f vegetation was present on the pu lm onary  
valve and a few  s im ila r lesions were found on the endocard ium  o f the conns 
arteriosus. T he  m a in  mass o f the vegetation was dissected by several long, deep 
fissures w in ch  converged at a p o in t posterior to  the crista supraventricu laris
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where there was a v e n tr ic u la r septal defect. T he  defect was most easily seen 
from  the le ft ven tric le  (F ig. 5b). No vegetation was present around the edges 
o f the ve n tr icu la r septal defect in  the le ft ven tric le . The  defect was situated h igh  
in  the in te rv e n tr ic u la r septum im m ed ia te ly  below the an te rio r cusp and the 
r ig h t cusp o f the aortic  valve. The  diam eter o f the defect was i  .5 cm. and the 
edges were composed o f w h ite  fibrous tissue. V e n tra l to  the lesion there was a 
ho rizon ta l fibrous band, 4 cm. long, on the endocard ium  o f the o u tflow  tra c t 
o f the le ft ven tric le  (F ig. 5b). In  the branches o f the pu lm onary  a rte ry  in  the 
d iaphragm atic  lobe o f each lung  were several sm all em boli. Subcutaneous 
oedema was present to a m oderate degree and in  the abdom ina l cav ity  there 
was about i litre  o f serous flu id . T he  live r was grossly enlarged, weighed 
10,399 had the nutm eg appearance o f chronic venous congestion. No
other lesions were detected.

Case J\fo. 18961: 2.\-year-old Ayrshire, female
Th is  an im a l was adm itted  w ith  a h is to ry  o f recu rren t bacte ria l pneum on ia  
w h ich  cleared up w e ll on antib io tics. T he  owner com plained th a t i t  had no t 
been th r iv in g .

C lin ica l exam ina tion  showed an an im a l b r ig h t in  dem eanour and in  fa ir  
cond ition . T h e  mucosae were p ink  and m oist and no oedema was present. 
R esp ira to ry  ra te  was 20 /m inu te ; there was hyperpnoea w ith  a s ligh t increase in  
resp ira to ry sounds, b u t no adventitious sounds were heard. T he  pulse was 
80/m inu te  and o f poor volum e. There was no obvious ju g u la r  distension.

O n  ausculta tion o f the heart tw o  clear heart sounds were heard a t the  6th 
in tercosta l space on the le ft side b u t fu rth e r fo rw ard  under the e lbow  at the 
4 th  in tercosta l space a harsh systolic m u rm u r was detected. A  low er-p itched
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Fig. 6. Dye dilution curve. Case No. i8g6i
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systolic m u rm u r was heard in  a s im ila r area 011 the r ig h t side o f the chest.
H aem ato log ica l and b iochem ica l exam ination  revealed no abno rm a lity . 

T he  d ye -d ilu tio n  curve o f the card iac o u tp u t was n o rm a l (F ig. 6). Card iac 
ca the te riza tion  revealed no abno rm a lity . D u rin g  its stay in  hosp ita l the  an im a l 
ate n o rm a lly , gained w e igh t and continued to  give about a ga llon  o f  m ilk  per 
day. A  p rov is iona l diagnosis o f a m ild  degree o f endocard itis was made w h ich  
proved to  be inco rrec t on autopsy after slaughter tw o  weeks la ter.

Autopsy. T he  heart weighed 2,030 g. T he  r ig h t ven tric le  was i  .4 cm. and the 
le ft 2.8 cm. th ick . W hen  the le ft ven tric le  was opened a defect was seen h igh  
in  the in te rv e n tr ic u la r septum in  the fo rm  o f a conical depression situated below  
the ju n c tio n  o f the an te rio r and the r ig h t cusps o f the ao rtic  valve. T he  opening 
o f  the  defect was i  .2 cm. broad and the defect narrow ed as i t  penetrated the 
septum to  a dep th  o f  o .6 cm. T h e  ve n tr icu la r septum was no t perforated by the 
defect and i t  was no t possible to  pass a probe th rough  the v e n tr ic u la r septum 
in to  the r ig h t ven tric le . A b o u t i  cm. ve n tra l to  the lesion there was a transverse 
ridge  o f  tissue 2 cm. long on the endocard ium  o f the le ft ven tric le . T h is  ridge 
o f  tissue was w h ite , firm , and pro jected about 2 m m . fro m  the endocard ium . 
H is to log ica l exam ina tion  o f  the  le ft ven tric le  showed foca l sm all areas o f 
fibrosis in  the m yocard ium .

Scattered in  a ll the lobes o f the lungs were a m oderate num b e r o f sm all 
lo b u la r areas o f  consolidation, w h ich  h isto log ica lly  were patches o f  necro tiz ing  
b ronchopneum onia  surrounded by  a zone o f fibroblasts, plasma cells and 
macrophages.

Case Mo. 17736.* ‘̂ -month-old Ayrshire, male
T h is  c a lf was purchased as a hea lthy an im a l in  a local m arket.

T he  c a lf was th in  b u t b rig h t. A fte r  a few days o f d iarrhoea in  the  firs t tw o
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Fig. 7. Dye dilution curve. Case No. 17736



D EFECTS O F T H E  V E N T R IC U L A R  S E P T U M  IN  C A T T L E  263

weeks, i t  gained w e igh t and behaved like  a no rm a l calf. There  was no cyanosis 
o r dyspnoea at rest or on exercise. A  gross systolic m u rm u r was heard equa lly  
lo u d ly  on bo th  sides o f the tho rax , b u t there was no pa lpab le  th r i l l  and no 
evidence o f cardiac enlargem ent on percussion. T he  heart ra te  was n o rm a l and 
the pulse vo lum e was good. The  e lectrocardiogram  showed no evidence o f 
hype rtrophy  o r o ther dev ia tion  fro m  norm al. The  d ye -d ilu tion  curve showed 
an early elevation on the dow nw ard lim b , suggestive o f a deh -righ t shunt 
(F ig. 7). C athe teriza tion  showed a s ligh t e levation o f r ig h t ve n tr icu la r pressure 
bu t no o ther evidence o f abnorm a lity . H aem ato log ica l and b iochem ical findings 
were norm al.

T he  ca lf was slaughtered a t three m onths o f  age.

Autopsy. The  heart weighed 344 g. The  r ig h t ven tric le  was 0.8 cm, th ick , and 
the le ft ven tric le  was 1.5 cm, th ick . W hen the r ig h t ven tric le  was opened, a 
defect could be seen h igh  in  the in te rve n tr icu la r septum, posterior to the crista 
supraventricu laris. T he  lesion was 0.6 cm. in  diam eter. In  the le ft ven tric le  the 
defect could be seen to be im m ed ia te ly  below the ju n c tio n  o f the an te rio r and 
the r ig h t cusp o f the ao rtic  valve. The  edges o f the opening were fo rm ed o f 
muscle tissue on a ll sides except dorsally, where there was a fibrous pa tch  on 
its edge. N o o ther lesions were found.

G R O U P  I I

Th is  group consisted o f fo u r anim als (Tab le  I I )  in  w h ich  a v e n tr icu la r septal 
defect was associated w ith  pu lm onary  stenosis. These anomalies were o f  the 
classical te tra logy  o f F a llo t type, since the ve n tricu la r septal defect and p u l
m onary stenosis were accompanied by  dextroposition  o f the  aorta  and r ig h t 
ve n tr icu la r hype rtrophy.

T A B L E  I I

G R O U P  I I  : V E N T R I C U L A R  S E P T A L  D E F E C T S  W I T H  P U L M O N A R Y  S T E N O S I S  
( t e t r a l o g y  o f  F A L L O T )

Ultimate fate
Case No, Age at autopsy Sex o f animal

18633/1 7 m o n t h s  (foetus) F e m a l e  M o t h e r  destroyed
2 0488 3 m o n t h s  M a l e  Destroyed
18921 8 m o n t h s  F e m a l e  Destroyed
1942g I year 7 m o n t h s  F e m a l e  Destroyed

Case Mo. 18633/1 ; -month-old female Ayrshire foetus
T he foetus o f cow 18633, referred to  earlier, was examined post mortem and the 
fo llo w in g  was found.

Autopsy. T he  heart weighed 212 g. The  r ig h t ven tric le  was 1.2 cm. and the 
le ft 1.3 cm. th ick . T he  foram en ovale was pa ten t b u t no rm a l fo r a foetus a t this 
stage o f  developm ent. T he  r ig h t ve n tr icu la r w a ll was s ligh tly  m ore hype rtro - 
p liie d  than  norm a l. T he  aorta was dextroposed. There was a m oderate degree 
o f pu lm ona ry  stenosis. H ig h  in  the  in tra v e n tr ic u la r septum there was a defect 
1.6 cm. in  d iam eter, w h ich  was situated be low  the aortic  and p u lm on ic  valves. 
N o other lesions were found.
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Case No. 20488 ; •^-month-old cross-bred Hereford, male
Th is  c a lf was adm itted  w ith  a h is to ry  o f a resp ira tory d isturbance and a 
fa ilu re  to  th rive . O n  inspection the an im a l was d u ll, in  poor cond ition  and had 
a s light increase in  resp ira tory ra te (40/m inute). The  mucosae were s ligh tly  
cyaiiosed. There  was no ju g u la r  oedema. T he  r ig h t knee was noticed to  be 
swollen. The  pulse vo lum e was fa ir  and the rate was 80 per m inute .

O n  pa lpa tion  the apex beat was fe lt strongly on both  sides o f the chest and 
there was a p record ia l th r i l l  at the 4 th  in tercosta l space on the left. Percussion 
showed a loss o f resonance over the lower h a lf o f the chest.

O n  auscultation the resp ira tory sounds were increased w ith  b ronch ia l 
insp ira tion  and bronchovesicular exp ira tion . The  heart sounds were clear at 
the 5 th  in tercosta l space on the r ig h t b u t a systolic m u rm u r could be detected 
a t the 3rd intercosta l space. O n  the le ft side a systolic m u rm u r could be detected 
a ll over the cardiac area bu t this was most intense at the 4 th  intercosta l space.

W hen the an im a l was exercised i t  became dyspnoeic and m uch more 
cyanosed. H aem ato log ica l and biochem ical exam inations ind ica ted  an ery- 
th rocythaem ia  w ith  a packed cell vo lum e o f 46 per cent, a haem oglobin 
concentration o f 16 g ./ io o  m l., an erythrocyte count o f 12 m illio n /cu , m m ., 
and a plasma p ro te in  o f 6.6 g ./ io o  m l.

E lectrocard iog raph ic exam ination  showed electrica l a lte rna tion  and sug
gested le ft ven tricu la r hype rtrophy  (Fig. 8). Phonocardiography confirm ed the 
presence o f the systolic m u rm u r. Card iac catheterization revealed an increased 
r ig h t ve n tr icu la r pressure, b u t i t  was no t possible to get the catheter in to  the 
pu lm onary  artery.
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Fig. 8. Electrocardiogram, Case No. 90488

A  com plex cardiac defect o f the F a llo t type was diagnosed as a result o f the 
c lin ica l and specialized exam inations and the an im a l was slaughtered.
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Autopsy. T he  heart was enlarged, w eigh ing 670 g. T he  r ig h t ven tric le  was 
1.5 cm. th ick , the le ft ven tric le  1.7 cm. th ick . W hen the heart was examined 
externa lly , ow ing to  the r ig h t ve n tricu la r hypertrophy i t  appeared to  have a 
double apex. I t  could also be seen tha t the pu lm onary  a rte ry  was very  sm all and 
hypoplastic, w ith  a th in  w a ll, and th a t the ascending aorta and ao rtic  arch were 
d ila ted. T he  change in  the pu lm o na ry  tru n k  was present fro m  the level o f the 
pu lm onary  valve to  the p o in t where the vessel was jo in e d  by  the ductus a rte rio 
sus, w h ich  was patent (F ig. 9). A fte r the ju n c tio n  o f  the ductus arteriosus and 
the pu lm o na ry  tru n k  the la tte r vessel and the r ig h t and le ft pu lm onary  arteries 
were w ide r in  d iam eter and had th icke r walls than  the firs t p a rt o f  the p u l
m onary tru n k . T he  r ig h t a tr iu m  was s ligh tly  hypertroph ied  and the foram en 
ovale was patent b u t fu n c tio n a lly  competent. There was m arked hypertrophy 
o f  the r ig h t ven tric le  and the lum en o f this ven tric le  extended fu rth e r to  the 
apex o f the heart than  is norm a l. H ig h  in  the in te rve n tricu la r septum  there was 
a large defect, 2 cm. in  diam eter, w ith  w h ite  fibrous edges (Fig. 10). T he  aortic 
valve was im m ed ia te ly  above the defect. T he  ou tflow  tra c t o f the r ig h t ven
tr ic le  to the pu lm onary  tru n k  was stenotic. The  stenosis was o f the in fu n d ib u la r 
type and had resulted in  a channel on ly 0.5 cm. in  d iam eter lead ing to  the 
pu lm onary  valve fro m  the r ig h t ventric le . There was no r in g  o f fibrous tissue 
at the entrance to  the channel and the walls were composed o f muscle. The 
pu lm onary  valve itse lf was sm all and on ly  1.3 cm. in  d iam eter. I t  had on ly 
tw o  cusps—a large one w h ich  appeared to  consist o f fused r ig h t and le ft an te rio r 
cusps, and a no rm a l posterior cusp. The r ig h t coronary a rte ry  opened in to  the 
pu lm onary  tru n k  above the la rger cusp. The le ft a tr iu m  and the le ft ventric le  
were norm al. The  aorta  was dextroposed so th a t the an te rio r cusp was above 
the r ig h t ventric le . The  aortic  valve was d ila ted, being 3 cm. in  d iam eter, and 
the cusps were la rger than  no rm a l (F ig. n ) . The  b ronch ia l arteries were s ligh tly  
enlarged and an extensive plexus o f sm all vessels could be seen in  the p leura  o f 
bo th  lungs around the hilus. In  the r ig h t carpal jo in t  there was a h b rin o -pu ru - 
len t a rth ritis .

Case No. 18921; ^-month-old Friesian, female
Th is  he ifer was adm itted  w ith  a h is to ry  o f dyspnoea when d riven  ou t to  pasture 
in  early summer and whenever chased in  the held. A fte r being housed fo r hve 
months, when d riven  out to  pasture the dyspnoea was again noticed, and at 
one stage the an im a l collapsed and lay  gasping.

T he  an im a l was in  poor cond ition  and appeared s ligh tly  stunted. W hen 
examined at rest the resp ira to ry  rate was no rm a l b u t the slightest exercise 
caused a ra p id  increase in  rate to 70 per m inute, and an increase in  the res
p ira to ry  sounds. Dyspnoea appeared when the an im a l was d riven  100 yards. 
S ligh t cyanosis, w h ich  became m uch m ore pronounced on  exercise, was 
evident in  the mucosa o f the m ou th  and vagina. There  was s ligh t distension 
o f  the ju g u la r  veins. O n  pa lpa tion  o f the chest the apex beat was fe lt on both 
sides, b u t no p record ia l th r i l l  was detected. Percussion o f the chest revealed 
no abnorm a lity .

A uscu lta tion  o f the heart revealed clear heart sounds a ll over the chest
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except at the 4 th  le ft in tercosta l space under the p o in t o f the shoulder, where 
a systolic m u rm u r was heard. Th is  m u rm u r was obscured when the an im a l was 
exercised and dyspnoea produced increased respira tory sounds. T h e  pulse 
volum e was good and the rate was 100/m inute.

H aem ato log ica l and biochem ical exam ination gave evidence o f an erythro- 
cythaem ia w ith  a packed cell vo lum e o f 50 per cent, a haem oglobin o f 15 
g ./ io o  m l., an erythrocyte count o f 7.2 m illion /cu . m m ., and a plasma pro te in  
o f 7 g ./ io o  m l. E lectrocard iog raphy revealed no abnorm a lity . A  diagnosis o f 
a com plex cardiac anom aly was made bu t this was no t fo llow ed up before 
slaughter.

Autopsy. T he  heart was enlarged and weighed 1,050 g. The  r ig h t and le ft 
ventricles were each 2 cm. th ick . The  ou tline  o f the heart was altered because 
o f the r ig h t ve n tricu la r hype rtrophy w h ich  made th is side o f  the heart bu lk ie r 
than  norm al. T he  an te rio r p a rt o f  the fossa ovalis contained a sm all c ircu la r 
a tr ia l septal defect about 0.4 cm. in  diam eter. The  r ig h t ven tric le  was grossly 
hypertroph ied  and so was the m oderator band (Fig. 12). A b o u t 2 cm. below  the 
pu lm onary  valve, w h ich  was m uch sm aller in  d iam eter than  n o rm a l and whose 
circum ference was on ly  one-th ird  o f the circumference o f  the ao rtic  valve, there 
was a r in g  o f fibrous tissue causing an in fu n d ib u la r stenosis in  the ou tfio w  trac t 
o f the r ig h t ven tric le . A  h igh  e llip tica l ve n tricu la r septal defect 2 5 cm. long  X  

0.5 cm. dorsoventra lly was present im m edia te ly below  the aortic  cusps. The 
aorta  was dextroposed and the free edge o f the le ft aortic  cusp was over the 
ve n tricu la r septum. The valve was d ila ted  and the cusps were la rge r than  n o r
m al. T he  ostia o f the le ft coronary a rte ry  was s ligh tly  displaced dorsa lly and 
the ostia o f the r ig h t coronary a rte ry  was displaced to  a s im ila r extent dorsally, 
b u t i t  was also situated to  the le ft o f its norm a l position, so th a t i t  was above 
the ju n c tio n  o f the le ft and an te rio r cusps o f the aortic  valve. T he  pu lm onary  
tru n k  was hypoplastic and had a th in  w a ll. The  ductus arteriosus was patent 
and also had a m oderate ly th in  w a ll. T he  ascending aorta  was d ila ted  to  the 
o rig in  o f the  brachiocephalic tru n k . O n  the p leura  around the h ilus o f the 
lungs there was a plexus o f sm all vessels, p robab ly  representing co lla te ra l 
c ircu la tion  developing fro m  the b ro n c liia l arteries. N o ab no rm a lity  was detected 
in  the  o ther organs.

Case No. 19429; (^-month-old Friesian heifer
A  deta iled descrip tion o f  th is case has been published (Fisher &  P irie , 1964).

C lin ica l exam ination  showed poor bo d ily  cond ition  w ith  large subcutaneous 
abscesses beh ind the  le ft e lbow and over the le ft pa te lla . There  was an in 
creased area o f cardiac dullness, a precord ia l th r i l l  and a gross systolic m urm ur. 
Tachycard ia  and cyanosis were present at rest and the pulse vo lum e was poor.

E lectrocard iog raphy suggested r ig h t ve n tricu la r hypertrophy. Cardiac 
catheterization ind ica ted  a pu lm onary  stenosis, w h ile  dye -d ilu tio n  curves gave 
evidence o f a ve n tr icu la r septal defect. A  diagnosis was made o f te tra logy o f 
Fa llo t.
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Autopsy. The  heart was enlarged and weighed 1,620 g., w ith  a r ig h t ventric le  
2 .5 cm. th ick  and a le ft ven tric le  2 -3 cm. th ick .

There was gross r ig h t ven tricu la r hypertrophy and an e llip tica l ven tricu la r 
septal defect 3.5 cm. x 1.5 cm. h igh  in  the in te rve n tricu la r septum. D ex tro 
position o f the aorta was present along w ith  stenosis o f the pu lm onary  trac t at 
the in fu n d ib u la r level. The pu lm onary valve had on ly  two cusps and the 
ductus arteriosus was patent.

There  were m any abscesses in  the live r and one large post-d iaphragm atic 
abscess.

G R O U P  I I I

F our animals were seen in  this group, w h ich  is ra the r heterogeneous anatom i
cally. I t  is useful to classify them  together, however, since a ll o f them  f i t  the 
t it le  Eisenmenger complex, because they have a ve n tr icu la r septal defect 
associated w ith  a dextroposed aorta, r ig h t ve n tricu la r hypertrophy, b u t no 
pu lm onary  stenosis.

T A B L E  I I I

G R O U P  I I I :  V E N T R I C U L A R  S E P T A L  D E F E C T  W I T H  D E X T R O P O S E D  A O R T A  B U T  N O  
P U L M O N A R Y  S T E N O S I S  ( e I S E N M E N G E R  C O M P L E x )

UUimate fate
Case No. Age at autopsy Sex of animal

20127
21809
16040
20536

3 weeks 
3 m o n t h s

1 year 9 m o n t h s
2 years 6 m o n t h s

F e m a l e
F e m a l e
F emale
Female

D i e d  
D i e d  

Destroyed 
D i e d  

{Late pregnancy)

Case Mo. 20127/ ‘̂ -week-old Ayrshire^ female
This c a lf was adm itted w ith  a num ber o f congenital anomalies. In  ad d ition  to 
the cardiac defects described below, i t  was small, b lin d  because o f non-develop
m ent o f the eyes, had a very  short ta il and had prognathus.

O n inspection the an im a l was in  fa ir  cond ition  w ith  a s ligh t increase in  the 
resp ira tory rate to  50/m inute. The  pulse rate was rap id  (120/m in.) b u t the 
vo lum e was good. W hen the chest was palpated a p record ia l th r i l l  could be 
detected on both  sides at the 4 th  intercostal space. Percussion revealed no 
abno rm a lity . A uscu lta tion  revealed norm al resp ira tory sounds b u t on both  
sides o f the chest a continuous m u rm u r o f the m achinery type could be heard 
a ll over the chest. There  was no cyanosis evident in  the mucosae. Exercise

Fig. 13. II L e a d  II Electrocardiogram. A.S. Atrial sound, t L o w  frequency heart sound record. 
S . M .  Systolic m u r m u r ,  i ist heart sound. 2 2 n d  heart sound.
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produced dyspnoea, b u t no cyanosis. E lectrocard iography revealed no abnor
m a lity . Phonocard iography distinguished the m u rm u r as occupying the la tte r 
p a rt o f the diastole and the whole o f the systole (F ig. 13).

O n  the basis o f the c lin ica l signs and the character o f the m u rm u r a diagnosis 
o f a w ide ly  pa ten t ductus arteriosus was made, such signs in  o ther species (dog 
and m an) being pathognom ic o f this cond ition  (D etw eile r, 1959; W ood, 1958).

T he  c a lf died after ten days.

Autopsy. T h e  heart was la rger th an  norm al and weighed 260 g. T he  r ig h t 
ven tric le  was i  .2 cm. th ick  and the le ft ven tric le  was also i  ,2 cm, th ick . In  the 
pe rica rd ia l sac there was 15 m l. o f serous flu id . The  r ig h t a tr iu m  was d ila ted  and 
i l l  the reg ion o f the fossa ovalis there was a large a tr ia l septal defect 2 cm, in  
d iam eter (F ig. 14). The  posterior edge o f the defect was th in  and membranous. 
T he  r ig h t ven tric le  was d ila ted  and the w a ll hypertroph ied . Close behind the 
septal cusp o f the tr icusp id  valve there was a c ircu la r ve n tr icu la r septal defect 
2 cm. in  d iam eter whose edges were form ed by muscle tissue (F ig. 14). In  the 
position where one w ou ld  n o rm a lly  expect to  find  the crista supraventricu laris, 
the aortic  valve opened in to  the r ig h t ven tric le  (F ig. 14). T h e  aorta  was com 
p le te ly  dextroposed and arose solely from  the r ig h t ven tric le . T h e  le ft ve n tricu la r 
w a ll was no t hypertroph ied  and the on ly  ou tle t fo r blood fro m  the le ft ven tric le  
was th rough  the ve n tr icu la r septal defect. The  ductus arteriosus was probe- 
patent.

The  lungs were heavy and dark  red in  colour. W hen the trachea and bronch i 
were opened they were seen to  con ta in  a large am ount o f fro th y  flu id . O w ing  
to  the severe pu lm on a ry  oedema, cu ttin g  the lungs a llowed a large am ount o f 
f lu id  to  exude fro m  the surface.

H is to log ica l exam ination  o f the lungs confirm ed the presence o f pu lm onary  
congestion and severe oedema w ith  oedema flu id  in  the bronch i, bronchioles, 
a lveolar ducts and alveoli.

There  was anophthalm os. T he  pa lpebra l fissures were sm all and no eyeball 
could be seen u n t il the o rb it was dissected, when a sm all vestig ia l structure  was 
found on each side. T he  th ird  eyelids were norm al.

Case No. 21809; ^-month-old Ayrshire^ female
Th is  c a lf was subm itted dead, thus no ante-m ortem  exam ination  was carried 
out.

Autopsy. T he  heart was enlarged and weighed 740 g. T he  walls o f the r ig h t 
and le ft ventricles measured 0-9 cm. and i -3 cm. respectively. T he  pe rica rd ium  
contained 10 m l. o f  yellow ish flu id . The  r ig h t a tr iu m  was d ila ted . The  r ig h t 
ven tric le  was grossly d ila ted  and hypertroph ied, and the m odera to r band was 
tliic k e r tha n  norm al. H ig h  in  the ven tricu la r septum and posterior to  the 
crista supraventricu laris there was a large c ircu la r defect 2 cm. in  d iam eter w ith  
m uscular edges. Above the defect the aorta was dextroposed. T he  pu lm onary  
valve and the pu lm onary  tru n k  were d ila ted. The  le ft ven tric le  was d ila ted  and 
hypertroph ied. T he  coronary ostia were d ila ted and the isthmus o f the aortic 
arch was coarcted.
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Congestion and oedema were present in  the lungs in  a d d itio n  to  severe 
pneum onic consolidation w h ich  affected the apica l cardiac and an te rio r th ird  
o f the d iaphragm atic  lobe.

Subcutaneous oedema was found, and the tho rax  and abdom ina l cavities 
each contained i litre  o f straw-coloured flu id . The  liv e r was m oderate ly 
enlarged and showed changes o f chronic venous congestion.

Case No. 16040; ï year 9 month-old Ayrshire heifer
Th is  A yrsh ire  heifer has a lready been fu lly  described (Fisher, P irie  &  H ector,
1962). T o  sum m arize the c lin ica l findings, there was cyanosis at rest, m arked 
exercise into lerance, b u t no gross cardiac m urm urs. The  card iac anom aly was 
detected ante mortem and confirm ed post mortem.

Autopsy. T he  heart was la rger than  no rm a l and weighed 2,427 g. Both the 
r ig h t and le ft v e n tr icu la r walls were 2.5 cm. th ick.

A  large ve n tr icu la r septal defect ŵ as found and the aorta  was bo th  dextro 
posed and hypoplastic, w h ile  the pu lm onary valve and pu lm on a ry  tru n k  were 
d ila ted . T he  r ig h t ven tric le  was grossly hypertroph ied. Associated w ith  these 
anomalies was a pu lm on ic  aortic  w indow , atresia o f p a rt o f the ao rtic  arch, a 
sm all a tr ia l septal defect, and the course o f the le ft coronary a rte ry  was abnor
m al. Abscesses were found posterior to  the d iaphragm , in  the spleen and in  one 
kidney.

H is to log ica l exam ination  o f the lungs showed p ro life ra tive  changes in  the 
arterioles due to pu lm onary  hypertension.

Case No. 20536; 2 years six month-old Ayrshire^ female
Th is  heifer was approx im ate ly  five months pregnant when adm itted  to the 
V e te rin a ry  H osp ita l as a suspected case o f traum atic  pericard itis . She was 
dead on a rr iv a l and the fo llo w ing  was found on autopsy.

Autopsy. T he  heart was enlarged and weighed 3,028 g. T h e  apex o f the heart 
was rounded. T he  r ig h t ven tric le  was d ila ted and the w a ll grossly h ype rtro 
phied. T he  pu lm o na ry  valve was norm al. H ig h  in  the ve n tricu la r septum there 
was a large e llip tica l ve n tricu la r septal defect. T he  le ft ven tric le  was d ila ted 
and the w a ll was m arked ly  hypertroph ied. T he  ve n tr icu la r septal defect was 
present im m ed ia te ly  below  the aortic valve, w h ich  was dextroposed, d ila ted, 
and had three large cusps. In  the le ft ventric le  at the ve n tra l edge o f the ven
tr ic u la r  septal defect, a band o f fibrous tissue extended out onto the ven tricu la r 
surface o f the an te rio r cusp o f the m itra l valve and form ed a r in g  o f fibrous 
tissue below the aortic  valve g iv ing  rise to subaortic stenosis. T he  an im a l had 
died in  congestive cardiac fa ilu re  and there was subcutaneous oedema in  the 
brisket region. In  add ition , a considerable am ount o f straw -coloured f lu id  was 
found in  the thoracic and abdom ina l cavities, and there was oedema in  the 
mesentery adjacent to  the coils o f the colon. The liv e r was enlarged and showed 
changes o f  chron ic venous congestion.

H is to log ica l exam ination  o f the lungs showed p ro life ra tive  changes in  the 
arterioles a ttr ib u ta b le  to pu lm onary  hypertension (Fig. 15).

N o  abnorm alities were found in  the foetus.



270 B R IT IS H  V E T E R IN A R Y  J O U R N A I., 120, 6

D I S C U S S I O N

I t  is impossible to  get the true  incidence o f congenita l card iac lesions in  
ca ttle  fro m  th is series. In  ou r experience, however, congen ita l lesions in vo lv in g  
the ve n tr icu la r septum in  ca ttle  are m ore frequen tly  found than  lesions o f  the 
a tr ia l septum, or o f the pu lm on a ry  o r aortic  valves. The  three cases referred to  
earlie r w h ich  could no t be classified in  th is series were tw o  cases o f ectopia 
cordis and one case o f com plete transposition o f the great vessels.

T he  in it ia l detection o f a ll cases seen alive has depended upon the use o f the 
stethoscope. T he  stim ulus fo r its use has been a resp ira tory disturbance. R an 
dom  stethoscopic exam inations o f  the chest o f apparen tly  n o rm a l calves also 
led to  the detection o f tw o cases. T he  p r im a ry  card iac fin d in g  was a loud 
systolic m u rm u r; occasionally a d iasto lic m u rm u r was also detected.

Cyanosis and po lycythaem ia  were no t observed in  anim als in  g roup I  bu t 
were seen in  cases in  groups I I  and I I I ,  being a constant feature in  the anim als 
whose lesions were classified as te tra logy o f Fa llo t. F rom  the lim ite d  num ber o f 
cases observed in  group I I I  i t  appeared th a t when there was a dextroposed 
aorta  b u t no pu lm o na ry  stenosis, cyanosis was n o t present early in  life . Cyanosis 
is n o t a com m on c lin ica l sign in  cattle  and, apart fro m  congenita l hea rt cases, 
has on ly  been observed by us in  m o ribu nd  dyspnoeic anim als in  the te rm ina l 
stages o f pneum onia.

Specialized techniques have aided the diagnosis o f these anomalies.
E lectrocard iog raphy was often able to p red ic t cardiac h ype rtrop h y  b u t was 

unable to p re d ic t w h ich  ven tric le  was invo lved to the greatest extent. W here 
pe rica rd itis  o r pe rica rd ia l effusions were present the Q R S complexes were o f 
no rm a l size o r smaller.

Pressure recordings from  the r ig h t side o f the heart detected r ig h t a tr ia l and 
r ig h t ve n tr icu la r hypertension in  several cases, and proved the existence o f 
pu lm onary  hypertension in  one case and pu lm onary  hypotension due to  p u l
m onary stenosis in  another. Because o f the size o f the anim als fluoroscopy was 
no t em ployed, b u t the pressure records were iden tified  fro m  the shape o f the 
pressure curves. As a result o f previous experience and experim ents, the shape 
o f  the curves was known to ind ica te  th a t the catheter was in  a p a rtic u la r  site. 
I n  some cases, however, b izarre  curves were obta ined w h ich  cou ld  n o t be 
id en tified  accurately. I n  the one case o f a successful ca the te riza tion  o f a 
p u lm on a ry  stenosis, the serial d ye -d ilu tio n  curves proved th a t the pressures 
were fro m  the sites stated.

D y e -d ilu tio n  curves were used in  a q u a lita tive  m anner o n ly  to detect 
abnorm al pathways o f b lood flow . T hey  have dem onstrated le ft to  r ig h t shunts 
th ro ugh  ve n tr icu la r septal defects and also r ig h t to  le ft shunts in  anim als w ith  
com plex anomalies. Analysis o f  the abnorm al curves obta ined fro m  some cases 
was n o t always possible before death b u t corre la tion  o f the b lood flo w  and the 
lesion found  at autopsy could be m ade in  retrospect.

R e ta rda tion  o f g row th  was apparent in  a ll animals w ith  a v e n tr ic u la r septal 
defect associated w ith  o ther com plex anomalies.

Skeletal abnorm alities were seen in  one an im a l in  group I ,  and one an im a l
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in  group I I I .  I n  add ition , in  the la tte r an im a l there was anophthalm os and 
a lthough i t  has been shown th a t v ita m in  A  deficiency can cause eye defects and 
cardiac deform ities in  experim enta l animals, there was no evidence th a t the 
dam  o f this an im a l had suffered fro m  a deficiency o f v ita m in  A .

Abscesses, w h ich  have been described as a frequent com plica tion  o f some 
congen ita l cardiac anomalies o f man, were present in  tw o cases at several sites, 
b u t no t in  the brains.

Group I
A ll  o f the ve n tricu la r septal defects occurred in  the outfio^v tracts o f the ven
tr ic le  and invo lved  th a t p a rt o f the heart w h ich  is the pars membranacea. In  
the r ig h t ven tric le  they were posterior to  the crista supraventricu laris and in  the 
le ft ven tric le  were found ju s t below the ju n c tio n  o f the an te rio r and r ig h t cusp 
o f the aortic  valve or extending fro m  this site ven tra lly . In  case 18961, however, 
a lthough the ve n tricu la r septum was no t com pletely perforated, the deficiency 
o f tissue was in  exactly the same s itua tion  as in  the other animals w ith  complete 
defects.

T he  severity o f the func tiona l d isturbance varied d irec tly  w ith  the size o f the 
defect, and du ra tio n  o f surv iva l varied inversely.

Associated congenita l lesions w h ich  were probab ly no t fu n c tio n a lly  s ign ifi
cant were found in  fou r cases. There were small a tr ia l septal defects in  two 
animals, ho rizon ta l ridges o f fibrous tissue on the endocard ium  o f the le ft 
ven tric le  below  the defect in  tw o animals, and in  one an im al anomalous o rig in  
o f the le ft b rach ia l a rte ry  from  the aortic  arch.

Bacteria l endocard itis o f the tricusp id  valve and the r ig h t ve n tricu la r side o f 
the defect was a m a jo r com plica tion  in  one case, since c lin ica lly  the functiona l 
d isturbance was o f the type usually seen as bacteria l endocarditis ra the r than 
tha t produced by a ve n tricu la r septal defect.

In  our series, in  one instance congenital cardiac lesions were found in  a 
heifer and her foetus. I t  was no t possible to demonstrate any other fa m ilia l 
tendency b u t a genetic facto r has been suggested in  one herd o f H ere ford  cattle  
(Belling, 1962).

Group I I
The ve n tricu la r septal defects were again large and h igh  in  the in te rve n tr icu la r 
septum. T he  pu lm onary  valve was abnorm al in  a ll cases and, as w e ll as being 
hypoplastic, in  tw o  instances on ly tw o cusps were present. In  cases w ith  
te tra logy o f F a llo t pu lm onary  stenosis m ay be at the level o f the pu lm onary  
tru n k , the pu lm onary  valve, o r in fun d ib u h im . Three o f the cases recorded here 
had in fu n d ib u la r stenosis and in  one case stenosis was va lvu la r. T he  ductus 
arteriosus was paten t in  a ll cases b u t could on ly  be de fin ite ly  considered 
abnorm al in  the three seen alive. Th is  is no t a com m on feature o f te tra logy o f 
F a llo t in  m an (Edwards, i960 ), and undoubted ly provides a useful colla tera l 
channel by w h ich  the pu lm onary  flow  can be augmented. I n  a d d itio n  to 
patency o f the ductus arteriosus a sm all a tr ia l septal defect was found in  one 
anim al, and abnorm alities o f the o rig in  o f the coronary arteries, in  p a rticu la r 
o f the r ig h t coronary artery, were found in  tw o cases.
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Group I I I
A ll  o f the anim als in  th is group had com plica ting  lesions w h ich  were p robab ly  
fu n c tio n a lly  s ign ificant. These were in  case 20127, a large a tr ia l septal defect; 
in  case 21809, coarcta tion  o f the isthmus o f the aorta ; in  case 16040, atresia o f 
p a rt o f the ao rtic  arch and the pu lm on ic  aortic  w indow  ; and in  case 20536, 
subaortic stenosis.

Cyanosis was n o t present in  the calves, b u t they had m arked exercise in 
tolerance. I f  they had survived, cyanosis p robab ly  w ou ld  have developed due 
to  changes in  lu n g  vessels and subsequent p u lm onary  hypertension.

A lth o u g h  a fu n c tio n a lly  s ign ificant a tr ia l septal defect was seen on ly  once, 
sm all a tr ia l septal defects in  the fossa ovalis due to over-resorption o f the septum 
p r im u n i were seen in  fo u r cases. Foram ina  ovales w h ich  are ana tom ica lly  
pa ten t b u t fu n c tio n a lly  com petent can be considered n o rm a l in  cattle . W e have 
observed this con d itio n  in  six ou t o f 31 animals over one year o f  age w ith  no 
cardiac disease, and in  fo u r ou t o f 30 animals w ith  card iac disease, w h ich  is 
com parable w ith  the find ings in  the hum an subject (Edwards, i96 0 ).

In  the tw o anim als w h ich  had survived fo r over 18 months, h isto log ica l 
exam ination  o f the lungs showed p ro life ra tive  changes in  the pu lm onary  
vasculature w h ich  were due to pu lm o na ry  hypertension.
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DEATH IN NEONATAL CALF DIARRHOEA 

By E. W . F i s h e r

Department o f Veterinary Medicine, University o f Glasgow

S U M M A R Y

In  experiments com paring dy ing  and surv iv ing  d iarrhoe ic calves i t  was found 
th a t when the m ilk  in take was m a in ta ined  d u rin g  d iarrhoea death was associa
ted w ith  s ign ificant rises in  plasma potassium and blood urea and sign ificant 
falls in  plasma p H  and bicarbonate.

In  the dy in g  calves brachycard ia  was observed to  a greater extent than  in  
surv iv ing  calves and in  add itio n  cardiac arrhythm ias were recorded in  go per 
cent o f the dy ing  calves. I t  is postulated th a t under the conditions o f the 
experiments, d iarrhoea produced a p r im a ry  cardiac fa ilure.

I N T R O D U C T I O N

D eath d u rin g  d iarrhoea in  very  young calves occurs in  one o f three phases o f the 
disease. D eath in  the firs t phase appears to  be due to  septicaemia and at this 
stage there m ay be no evidence o f m arked body flu id  d isturbance and no 
d iarrhoea. A t  the next, so-called enterotoxaemic, phase there is no d iarrhoea 
and death is a ttr ibu ted  to  endotoxins released w ith in  the gu t (Gay, 1962). In  
the th ird  phase d iarrhoea is evident and a progressive dehydra tion  takes place. 
A t  th is stage there is evidence o f hyponatraem ia, hypochloraem ia (D a lton , 
Fisher &  M c In ty re , 1964), and a loss o f body water (D a lton , 1964). I t  has 
been suggested th a t hyperka laem ia m ay depress cardiac func tion  and cause 
death (Roy, S hillam , H aw kins, Lang  &  Ing ram , 1959).

Fu rthe r experiments to  those previously reported (D a lton  et al., 1964) were 
carried ou t to  determ ine in  the d iarrhoe ic phase the exact param eter o f body 
flu ids the a lte ra tion  o f w h ich  was associated w ith  death, and to  a ttem pt to  fin d  
out the exact cause o f death.

M A T E R I A L S  A N D  M E T H O D S

Calves were purchased loca lly  and managed as previously described (D a lton , 
Fisher &  M c In ty re , i960) b u t no antib io tics were administered.

In  the firs t series o f experiments measurements were made o f plasma sodium, 
potassium and ch loride  concentrations and also o f plasma volumes d u rin g  
d iarrhoea. Plasma vo lum e was measured as the c r itic a l vo lum e com partm ent 
since i t  was assumed th a t in  dehydra tion  this flu id  com partm ent w ou ld  be 
m a in ta ined longest.

In  the other experiments plasma p H  and plasma bicarbonate concentration 
were measured fo r evidence o f  m etabolic acidosis.
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Numerous electrocardiograms of tlie calves were taken during the experi
ments, and in the dying calves attempts were made to obtain these as near as 
possible to death.
The various parameters were measured in each individual on several days 

until death from diarrhoea took place or until there was obvious recovery.

R E S U L T S

(i) Differences in plasma concentrations of sodium, chloride, and potassium, and in 
plasma volumes and blood ureas of dying and surviving diarrhoeic calves 
Numerous determinations of plasma sodium and potassium chloride concen
trations, and of plasma volumes and blood ureas of calves with diarrhoea were 
made. Previous experiments (Dalton, Fisher & McIntyre, 1964) had demon
strated that the plasma sodium concentrations fell in diarrhoea, chloride 
concentration fell and blood urea concentration rose. It was also expected that 
plasma volume would fall. In order to compare results the diarrhoeic calves were 
divided into surviving and dying calves and the results tabulated. For each calf 
the lowest sodium and chloride concentrations and plasma volumes determined 
were taken, together with the highest potassium and blood urea concentrations. 
A mean and standard deviation was found for each parameter. Table I gives 
these results, compared with results from normal non-diarrhoeic calves. Table 
1(a) gives the statistically significant differences.

M EA N  V A L U E S  OF L O W E S T  SODIUM A N D  C H L O R I D E  C O N C E N T R A T IO N S ,  PLA SM A  V OLUM ES AND 
H I G H E S T  POTASSIU M AND B L O O D  U REA S  OF S U R V IV IN G  A N D  D Y IN G  D I A R R H O E I C  C A LV ES

Diarrhoeic calves

Parameter Surviving Dying N orm al calves

J\fo. M ean JIo. M ean jVb. A'lean

Na, m-equiv./litre 31 i 29'4 ± 4’0 25 128-9 ± 6 65 i 4i-8± 3-5*
K, m-equiv./litre 31 5-i2±o-4 25 6 - i i±  1-5 .59 5-1 ±0-4*
Cl, m-equiv./Iitre 
Plasma volume,

31 92-3 ±4-0 21 94-0 ±  5-4 59 100-3T3-5*

ml./kg. body wt. 28 59-1 ± 7-5 21 56-5 ±10-3 65 664=8-7**
Urea, mg,/100 ml. blood 31 41-2 ±9-8  

*—Fisher, igfii.

23 gi-03± 7i -3 (io 164=8-0***

**—Dalton & Fisher, 1961.
* * *—Dalton, Fisher & McIntyre, 1964.

Parameter

T A B L E  i ( a )

S IG N IF IC A N C E  S TU DENTS ‘t ’ TEST

N o rm a lj surviving Surviving! dying

Na+K+01—
Plasma volume 
Urea

Surviving lower p < 0 ‘00i 
No significant difference 
Surviving lower p<o-oi 
Surviving lower pco-ooi 
Surviving higher p<0'00i

No significant difference 
Dying higher p<0'00i 
No significant difference 
No significant difference 
Dying higher p<o-ooi
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Sodium. There was no significant difference between the plasma sodium con
centrations of surviving and dying diarrhoeic calves. Values in both were 
significantly, lower than the plasma concentrations of normal non-diarrhoeic 
calves, confirming previous observations (Dalton et aL, 1964).
Potassium. There was no significant difference between plasma potassium 

concentrations of surviving diarrhoeic calves and normal non-diarrhoeic 
calves, the values for which were determined previously (Fisher, i960). The 
plasma potassium concentrations of dying calves were significantly higher than 
those of both normal and diarrhoeic surviving calves.
Chloride concentrations. Both the surviving and the dying diarrhoeic calves had 

plasma chloride concentrations significantly lower than normal non-diarrhoeic 
calves but there was no significant difference between the chloride concentra
tions of dying and surviving calves.
Plasma volumes. The plasma volumes of both dying and diarrhoeic calves were 

significantly lower than the plasma volumes of normal non-diarrhoeic calves. 
There was no significant difference between the plasma volumes of diarrhoeic 
surviving and diarrhoeic dying calves.
Blood urea. There was a significant difference between the blood ureas of 

normal non-diarrhoeic calves and diarrhoeic calves which survived. The blood 
ureas of dying calves were significantly higher than the blood ureas of both 
normal and diarrhoeic calves.

(2) Electrocardiography
Serial electrocardiograms of two groups of calves during their first 14 days in

liJl L

Fig, I .  Record showing complete heart block.
Na = 130  m-equiv,/l. K =  7*2 m-equiv./l.
pH  — 6 '8o HG O 3 =  7 m-mole/1.
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the Veterinary Hospital demonstrated no significant abnormalities in the 
majority of calves. In these groups bradycardia was demonstrated in two diar
rhoeic calves which survived and in three diarrhoeic calves which died. Of all 
calves examined no arrhythmias were detected in 31 diarrhoeic calves which 
survived, but arrhythmias were detected in 8 out of 25 calves which died. The 
arrhythmias varied in form, sometimes complete P.Q.R.S.T. complexes were 
present, but the heart rate was slow and irregular; sometimes varying degrees 
of A-V block were present and in one instance a complete heart block was 
recorded (Fig. i).
It was considered initially that the arrhythmias were related to high plasma 

potassium concentrations but evidence was obtained of high plasma potassium 
concentrations (above 6-5 m-equiv./litre) with no arrhythmias (Fig. 2) and 
lower potassium concentrations with arrhythmia (Fig. 3). It was considered 
that the 8 m-cquiv./litre plasma potassium concentration by infusion at which 
Bergman & Sellers (1953) obtained functional disturbances bore no relation
ship to the present study since death always occurred before their fatal concen-

4 30 RM.
N a =  1 m-equiv./l. 

K  =  7-4 m-equiv./l.

N a -= 124 m-equiv./l. 
K  =  7 8 m-equiv./l.

Na =  124 m-equiv./l. 
K  =  7-8 m-equiv./l.

Na =  126 m-equiv./l. 
K  =  7 6 m-equiv./l.

5 30 RM.

800RM,

ll-OORM.

HYPERAESTHESIA AND 
SOMATIC TREMOR.

Fig. 2. Hyperkalaemia without arrhythmia.

tration of 12-7 m-equiv./litre. Peaked T waves described as evidence of 
potassium toxicity in human subjects (Winkler, Hoff & Smith, 1938) were 
found in many healthy non-diarrhoeic calves and so could not be taken as 
evidence of such in calves (Fig. 4).
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(3) pH and bicarbonate concentrations
Anaerobic blood samples were taken without stasis from the jugular veins of a 
number of normal non-diarrhoeic calves, from calves which had diarrhoea and 
subsequently recovered and from calves dying from diarrhoea, and the pH and

r.

r .  r .

Fig. 3. Arrhythm ia without hyperkalaemia.
N a =  138 m-equiv./l. K  =  5-9 m-equiv./l.

N a =  13g m-cquiv./l. 
K  =  4'2 m-equiv./l.

N a =  136 m-cquiv./l. 
K  =  4-6 m-cquiv./l.

N a — 136 m-equiv./l. 
K  — 4 8 m-equiv./l.

N a -  136 m-equiv./l.
K  =  5-2 m-equiv./l. • ' I • ' I  ̂ '

Na =  139 m-equiv./l. 
K  =  4 4 m-equiv./l.

Fig. 4. Ecg records of normal calves with high T  waves.
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plasma bicarbonate concentrations were determined. The mean results are 
given in Table II, together with the standard deviations.
There was a significant difference between the plasma pH of normal and 

diarrhoeic calves and between the pH of diarrhoeic surviving and diarrhoeic 
dying calves.

pH A ND  P LASM A B I C A R B O N A T E  OF C A LV ES

Calves JViiinber p H H C O i m-molejlitre

Normal 9 7-38±o-o4 28-8±2'4
p<o-ooi p<0'001

Diarrhoeic recovery 9 7-29±o-o7 2I-6±2*5
p<o-ooi p<o-ooi

Diarrhoeic dying 5 6 '8 5 ± o-i 4 8-g ± 2-7

The plasma bicarbonate concentrations were significantly different between 
non-diarrhoeic, diarrhoeic surviving and diarrhoeic dying calves. No calf with 
a venous blood pH below 7 was observed to survive. The value of pH 7 for blood 
is given by many authors as the lowest possible consistent with life, but lower 
values with subsequent recovery have been recorded for short periods in 
anaesthetic respiratory acidosis in sheep (Fisher, 1961).

D I S C U S S I O N

In the calf diarrhoeas studied in this series of experiments it was confirmed that 
there was a lowering of plasma sodium and chloride and an elevation of blood 
urea. In addition a lowering of plasma volume and the development of a 
metabolic acidosis were demonstrated.
In the comparison of the parameters in surviving and dying diarrhoeic 

calves, those which were significantly different were plasma potassium, plasma 
pH and bicarbonate and blood urea. In addition, bradycardias were observed 
to a greater extent in the dying calves and arrhythmias were observed only in 
the dying calves.
Death in most diseases is due to circulatory failure and death in calf diarrhoea 

can be considered to be no exception to this. Of the three components of the 
circulation, the heart, the containing vessels and the circulating fluid, it was 
concluded that in these experiments the primary failure was of the heart. No 
post-mortem evidence of an increase in capacitance of blood vessels in calf 
diarrhoea was found, while plasma volume and plasma sodium, although 
below normal, were not different in dying and surviving diarrhoeic calves. Thus 
neither blood vessel capacity nor circulating volume was the critical deficiency.
Evidence was obtained of a primary interference with the function of the 

conducting tissue of the heart which appeared to cause death. This interference 
was apparently brought about by the electrolyte disturbance and the severe 
metabolic acidosis. Hyperkalaemia was not always implicated.
Some evidence supporting this conclusion was obtained previously in that 

haemoconcentration and a rise of packed cell volume were not consistent 
features of diarrhoea in calves (Dalton et al., 1964). Furthermore the clinical
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observation that heart sounds in dying diarrhoeic calves are much fainter than 
normal could be explained on this basis.
The more severe metabolic acidosis of dying calves may have stimulated 

increased reabsorption of potassium by the kidney in exchange for hydrogen 
ions.
The higher plasma potassium and blood urea in dying calves could result 

from failure of the kidney to excrete. This renal failure could be due to a 
deficient renal blood flow as a result of a primary decrease in cardiac output 
and not from a deficient circulating volume.
It must be emphasized that in these experiments the milk intake was main

tained and calves were observed often to drink within hours of death. The 
disturbance of body fluids if milk is withheld may be entirely different.
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T R A U M A T IC  PERICARD ITIS IN  CATTLE; A C LIN IC A L, 
PH YSIO LOG ICAL AND PATHO LO G ICAL STUDY

By E. W. F i s h e r  and H. M. P i r i e  

University of Glasgow Veterinary School

S U M M A R Y

Detailed investigations of 13 cows with traumatic pericarditis showed that 
the nine cases recognized as clinically typical had all the physiological, bio
chemical and pathological features of chronic congestive cardiac failure. 
Of the other four, two were long-standing chronic cases with none of these 
features, while two were acute. The two acute deaths could be attributed 
to factors other than the traumatic pericarditis producing heart failure.

I N T R O D U C T I O N

Metallic foreign bodies ingested by cattle collect in the most anterior of the 
four stomachs, the reticulum. Thin, sharp objects such as nails or pieces of 
wire may be forced through the wall by contractions of the organ and there
after a localized infective focus established which may be in the peritoneal 
cavity, the hver, the lung, or the pericardial sac, and, rarely, may lead to a 
subcutaneous abscess perforating to the exterior. Because of the proximity 
of the pericardial sac to the reticulum, traumatic pericarditis occurs frequently.
Traumatic pericarditis is a well-recognized condition of cattle, and has been 

a topic of many clinical and pathological reports {Arthur, 1947; Blair, 1905; 
Holmes, i960; Schleiter, 1958; Stephens, 1944). Stowe & Good (1961) re
ported on some physiological changes of one case in a cow. Studies were 
made by us on 13 cases, reported below.

C L I N I C A L  O B S E R V A T I O N S

There were three distinct syndromes:
(A) The classical type of traumatic pericarditis with subcutaneous oedema 

as a usual clinical feature (nine cases).
(B) Traumatic pericarditis as a long-standing condition without oedema 

(two cases).
(C) Traumatic pericarditis manifest as an acute condition without oedema 

(two cases).

A. Typical Traumatic Pericarditis
In most cases the onset of clinical signs had been 12-14 days previously. The 
first sign was either the loss or the development of a capricious appetite.



553 T R A U M A T IC  P E R IC A R D IT IS  IN  C A TTLE

Following- this the animals became dull, lost condition, stood with elbows 
abducted and were unwilling to move. The jugular veins were visibly dis
tended as far as the mandible and there was variable oedema in the sub
mandibular space and the brisket, but rarely in the limbs. Slight pyrexia was 
usually present. The respiratory rates were slightly increased with hyperpnoeic 
inspirations and often a double expiratory effort. The pulse rate was increased 
from the normal (72 + 10 per minute) and the volume was fair or poor. On 
percussion of the chest, there was loss of resonance over the lower one-third 
to a half. Auscultation of the thorax, in addition to indicating the abnormal 
respiratory movements, revealed tachycardia, a muffling of heart sounds and 
occasionally the adventitious sounds described as “tinkles” or splashing. 
Fig. I is the phonocardiograpliic record of a tinkling sound. Six of the nine 
animals had diarrhoea.
B. Traumatic Pericarditis as a Long-standing Condition Without Oedema 
There was loss of condition. Appetite and thirst were normal. There was 
no pyrexia. Tachycardia was present in one animal and both had poor pulse 
volumes. The respiratory rate was normal in one and increased in the other, 
and there was no loss of resonance on percussion. The heart sounds were 
not muffled but adventitious sounds occurred. In one case the adventitious 
sound was a systolic murmur, in the other a slapping sound was heard in 
phase with inspiration. Oedema was not present in either animal. The jugular 
veins were undistended in one and slightly distended in the other cow.
G. Atypical Pericarditis Matiifested as an Acute Condition Without Oedema 
The onset of illness was sudden. One animal was first observed recumbent 
and grunting, and appeared to be in pain. The other was standing with 
elbows abducted and back arched, and was very dull. Tachycardia and poor 
pulse volumes, and slight muffling of heart sounds were present in both. A 
splashing sound obscured the second heart sound in one of the animals. Jugular 
veins were distended in one animal but not the other. Subcutaneous oedema 
was not apparent. Both animals survived a short time.

H A E M A T O L O G I C A L  O B S E R V A T I O N S  ( T A B L E  I )

Group A
Five cases showed evidence of haemodilution with lowered packed-cell volumes 
(PCV). Leucocytosis occurs in traumatic pericarditis and according to Arthur 
(1946) is a useful diagnostic feature. The values obtained in all except two 
cases confirmed his observation and one of these had a figure at the upper 
limit of normal. The reversal of the neutrophil-leucocyte ratio agrees with 
the observations of Arthur (1947) and Holmes (i960).
Group B
One case showed low packed-cell volumes and haemoglobin concentrations, 
suggesting haemodilution, or some anaemia, since there was no oedema. 
In one animal no leucocytosis was found, but in the other, with low packed
cell volumes, there was a reversal of the neutrophil-leucocyte ratio.
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Group C
Leucocytosis occurred in both animals with a reversal of the neutrophil ratio. 

B I O C H E M I C A L  O B S E R V A T I O N S  ( T A B L E  I I )

Group A
In some animals lowered sodium and potassium concentrations suggested 
dilution of electrolytes by the fluid retention of heart failure. All animals had 
high plasma globulins, perhaps due to antibody reaction to infection, and the 
low plasma albumin may have been due to haemodilution. The high serum 
glutamic oxalic transaminase (SGOT) values might indicate tissue damage. 
The other two enzymes, alkaline phosphatase and serum glutamic pyruvate 
transaminase (SGPT), were not elevated, suggesting little biochemical evidence 
of liver damage.

Group B
The distinctive sign was absence of uraemia or occurrence of water retention. 

Group C
One cow had uraemia and high urine urea, and the other did not, but both 
had elevated serum glutamic oxalic transaminase values.

T A B L E  III

B LO O D  A ND  P LASM A V O L U M E D E T E R M IN A T IO N S

Cow W eight Blood volume Plasma volume Subcutaneous
M o. i k - ) [1.) (m l./kg .) ( I . )  {m l.jkg .) oedema

Normal
(mean of 30) 408 25-7 63 ± 8 20-4 50 ± 8 Nil

Group A
18938 473 29 60 21 44 +  +  +
19206 308 24 78 17 55 +  +  +
19276 380 33-5 86 27 70 +  +  +
19562 386 43 ^ 111 38. 99 +  +
19959 450 23-6 53 17 37 Nil
21333 445 Not Determined Not Determined +  +
2261g 364 32-4 89 24-8 68 +
23939 379 29-0 77 22 58 +  T  +
24386 610 42 69 33 54 +

Group B
19337 383 19 50 15 39 Nil
22084 460 25 54 19-3 42 Nil

Group G
2295O 360 18 52 13 37 Nil
24289 375 20 54 18 47 Nil

B L O O D  A N D P L A S M A  V O L U M E  D E T E R M I N A T I O N S  ( T A B L E  I I I )

Group A
In most cases, even with oedema, there was hypervolaemia and increased 
plasma volume.
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Group B
No subcutaneous oedema or hypervolaemia was present.
Group C
No animal showed oedema or hypervolaemia.

B L O O D  P R E S S U R E  A N D  I N T R A G A R D I A C  P R E S S U R E  D E T E R M I N A T I O N S
( t a b l e  i v a )

Group A
In typical cases there was marked elevation of the end-diastolic pressures of 
the right side of the heart leading to venous engorgement of the proximate 
veins including the jugular. General venous engorgement was demonstrated 
by the hypervolaemia (Table III) which complemented the jugular and 
mammary distension. In animals in which pressures were obtained within 
the pericardial sacs (Table IVb), the fluid within had limited diastolic filling 
and determined diastolic pressure. In an attempt to maintain cardiac output 
the systolic pressure was raised in the right ventricle, but there was a reduction 
in the ventricular pulse pressure and in systemic arterial pressure.

T A B L E  i v b

P R E S S U R E  OF P U S  IN  P E R I C A R D I A L  S A C  C O M P A R E D  W I T H  E N D - D I A S T O L I C  P R E S S U R E S  IN
R I G H T  V E N T R I C L E

Pus pressure M ean  pus pressure End-diastolic pressure
A nim al {mm. H g ) {mm. H g ) {mm. H g )

24386 28/8 18 ID
19276 46/30 37 322261g 26/20 23 24
23939 44/30 37 40
Group B
There was a slight elevation of right-sided pressures of the heart.
Group C
The slight elevations of right-sided pressures were consistent with the slight 
degree of jugular distension.
In all groups, the clinical quality of the pulse was, generally, in accordance 

with the magnitude of the pulse pressure measured ; poor pulse volumes 
coincided with small arterial pulse pressures and good pulse volumes with 
large arterial pulse pressures.

e l e c t r o c a r d i o g r a p h i c  E X A M I N A T I O N S  ( T A B L E  v )

Group A
The records showed very low complexes ; somatic tremor often made inter
pretation very difficult. The low complexes appeared to be due to the excess 
fluid present between the heart and the recording electrodes (see Fig. 2).
Group B and Group C
Complexes in these groups tended to be of normal size.
All groups exhibited tachycardia and a shortening of the T-P interval,
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with the exception of one animal in Group B. In most cases the P-R intervals 
were prolonged at the heart rates measured, which suggested some inter
ference in conduction between atria and ventricles.

C A R D I A C  O U T P U T  D E T E R M I N A T I O N S  ( T A B L E  V l )

Group A
All typical cases, with muffled heart sounds, showed decreases in cardiac 
output from normal values. The body weight, for a comparison between 
animals, may be argued to be invalid, since in oedematous animals there is 
increased extracellular fluid. Since this fluid is dependent on sodium retention, 
and sodium is freely diffusible in extracellular fluid, this must play a part 
in the circulatory dynamics and its weight could be considered when cardiac 
output is reviewed.

T A B L E  VI 

C A R D I A C  O U T P U T  D E T E R M IN A T IO N S

Cow
Body

wt.
Cardiac output

m l.jkg . body wt,N o . {kg-) l.Im in .

Normal 408 46 i i 3± i i

Group A

18938 473 28 60
19206 308 27 89
19276 380 23 61
19562 (i) 386 29-4 76
19562 (ii) 386 25 64
19959 447 30 67
21333 446 33 74
2261g 364 23 63
23939 374 32 86
24.386 608 51 84

Group B

19337 383 33 86
22084 460 57 120

Group C
22958 350 42 120
24289 375 47 125

Group B
The decrease in cardiac output (case 19337) bave been due to a decreased 
blood volume.

Group C
The two animals showed no decrease in cardiac output, which indicated that 
the clinical signs were not due to a primary decrease in cardiac activity.

P A T H O L O G Y

Technique
Blocks of tissue for pathological examination were taken from all the animals, 
from the heart, pericardium, mediastinum, mediastinal lymph nodes, lungs.
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liver, spleen, adrenal glands, kidneys, abomasum and small intestine. The 
tissues were fixed in corrosive formol and lo per cent formalin and stained 
by haematoxylin and eosin, picro-Mallory, Van Gieson, phosphotungstic acid 
haematoxylin, and Sudan IV.

Group A
Macroscopic
The abnormal amounts of interstitial fluid which were visible at post-mortem 
are shown in Table VII. Subcutaneous oedema occurred below the mandible, 
in the ventral aspect of the neck, in the brisket, along the abdomen, and 
extended to the udder. Animals with severe oedema had fluid on the sides 
of the thorax as high as the costochondral junctions, in the forelegs from the 
shoulder joints to the carpus and in the inner aspect of the hind legs down 
to the hocks. The fluid in the pleural cavity was bilateral. Oedema in the 
mesentery was most prominent around the coils of the colon and in the abo
masum it was subserosal on the greater curvature or submucosal in the folds 
of the body of the organ.

T A B L E  V I I

D I S T R I B U T I O N  O F  E X C E S S I V E  A M O U N T S  O F  I N T E R S T I T I A L  F L U I D  IN  A N I M A L S  IN  G R O U P  A

Thoracic Pericardial Ascitic
Subcutaneous jlu td jlu id flu id Abomasal Mesenteric

N o . oedema (/.) ( I . ) (/.) oedema oedema

18938 +  +  + 6-0 2-0 27-0 - f - I 4- 4- 4- 4-
19206 4- 4- 4- 10-0 6-0 10-0 4- 4- 4- 4-
19276 4- 4- 4- 7-0 5-0 —
19562 4- 4- 3-0 4-0 4-0 4- 4-
19959 — 30-0 15-0 lO-O — —
21333 4” -f — 5-0 — 4- —
22619 4- 7-0 6-0 '— — —
23939 4- 4- - f 4-5 7-0 0-3 — —

24386 4- 0-5 11-5 — — —

Pericardium and Heart. The pericardial sac was grossly distended (Fig. 3), 
and contained 2-15 Utres of fluid, whose appearance took one of two forms: 
it was a very thin liquid, reddish-brown, grey or yellow, and foul-smelling, 
or a thick yellow foul pus, in which there were many bright yellow soft clots 
of coagulated fibrin and pus. The coagulated material sometimes completely 
encased the heart in a layer about i cm. thick, which could be stripped off 
easily. Gas was present in all cases, but was unusually abundant in case 22619, 
in which about 6 1. had accumulated. The cavity containing fluid and gas 
did not always encircle the heart completely. In four cases, the heart was 
suspended in the cavity by the great vessels, and the atria and ventricles 
hung free. In one case, the caudal border of the heart was adherent to the 
adjacent pericardium (Fig. 4), and in four cases the cavity was mostly evident 
on the anterior and right sides of the heart. The remainder of the pericardial 
cavity was obliterated by fusion between the visceral and parietal layers of 
the pericardium. The epicardium was in all cases grossly thickened over the 
ventricles and the atria by fibrous connective tissue, 0*7 cm. to 1-5 cm. thick
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(Fig. 5). Most of the epicardial thickening consisted of glistening white fibrous 
tissue, with only a thin layer of necrotic material on the outer surface. The 
parietal pericardium was about the same thickness as the epicardium and 
had a similar appearance and colour.
Mediastinum, The mediastinal tissues were grossly thickened by fibrosis, and 

many tracks containing thick yellow pus were found, particularly posterior 
to the heart. In two cases, pieces of wire, 4-0 cm. and 6-5 cm. long, were 
found in these tracks, and in a third case, a large nail (6 cm.) was found 
peneti’ating the pericardial sac. The tracks travelled in all directions in the 
mediastinum and some were even found in the anterior mediastinum. The 
mediastinal lymph nodes were enlarged and oedematous.
Lungs, In all cases, the lobes of the lungs were adherent to each other, to 

the thoracic wall and to the mediastinum, either diffusely or at many localized 
areas. In three animals this was an adhesive pleurisy, but in the six others 
it was a fibrinous or fibrinopurulent pleurisy, confined to the right side in 
three animals. The lungs were displaced dorsally to varying degrees by the 
enlarged pericardial sac, and the ventral parts of the apical, cardiac and 
diaphragmatic lobes of each lung were collapsed as a result of the fluid in 
the pleural cavities.
Reticulum.. A mass of organized adhesions was present in every animal 

between the anterior serosal surface of the reticulum, the diaphragm and the 
ventral border of the liver. Within the diffuse adhesions in four cases a strong 
fibrous cord held the reticulum to the diaphragm (Fig. 6). In one case, when 
the cord was cut, fluid from the pericardium leaked out; but usually, adjacent 
to the reticulum, the cord was fibrosed and had no lumen. In four animals, 
at the periphery of the diffuse adhesions there were small thick-walled abscesses. 
Scarring of the mucous membrane of the reticulum occurred twice. The 
foreign bodies which were found in four cases in the reticulum were pieces 
of wire, 6 cm. to 11 cm. long, and in one case a nail also was found.
Liver. The organ showed obvious changes of chronic passive venous con

gestion in all but one animal (case 19276), In the latter the liver was slightly 
enlarged, due to venous congestion, but it did not have the "nutmeg” appear
ance of the others. Paradoxical lobulation could be seen grossly in case 18938. 
The liver enlargement was very great in two cases and in one there were 
two hepatic abscesses.
Adrenal glands. The adrenal glands were soft and friable in all animals, and 

were larger than normal in the five whose adrenal glands were weighed.
Spleen. The spleens were not enlarged in any case.
There were no significant lesions in the other organs.
Two animals were pregnant at death. A living calf was removed from a 

third cow by hysterectomy immediately after it had been killed in extremis. A 
fourth case aborted a six-seven month foetus shortly before it died; the



563 T R A U M A T IC  P E R IC A R D IT IS  IN  C A TTLE

foetus had subcutaneous oedema, moderate hydrothorax and ascites. 

Microscopic
Heart. The lesion was an organizing fibrinopurulent pericarditis (Fig. 7). 

The outer layers of exudate on the heart were separated from the myocardium 
by dense fibrous tissue which was responsible for most of the epicardial 
thickening.
Running through the fibrous tissue from the myocardium were long, narrow 

arteries with well-developed muscular tunica media., and scattered along the 
vessels were moderate numbers of plasma cells. In three animals sarcocysts 
were present in Purkinje fibres.
Pericardium., mediastinimi and reticular adhesions. These showed changes essen

tially similar to those on the epicardium. Adjacent to the cavity with pus 
or fluid there was a layer of necrotic tissue densely infiltrated by polymorpho
nuclear leucocytes. This tissue was surrounded by fibroblasts, plasma cells, 
macrophages, capillaries and endothelial cells, and at the periphery there 
was dense fibrous connective tissue.
Mediastinal lymph nodes. The sinuses contained large numbers of macro

phages, polymorphonuclear leucocytes, plasma cells (Fig. 8), lymphocytes 
and occasionally eosinophils. The medullary cords were packed with plasma 
cells and focal aggregates of lymphocytes and lymphoblasts. The cortical 
tissue of the node had lost its follicular pattern. The perinodai tissue was 
oedematous.
Lungs. Histological examination confirmed the presence of the collapse 

and pleurisy seen macroscopically. Case 19276 also had severe pulmonary 
oedema.
Liver. All cases (except 19276) showed changes of well-established chronic 

venous congestion. In 19276, the centrilobular veins and sinusoids were only 
slightly dilated, and there was minimal fatty change in the hepatic cells in 
the centrilobular area. In case 18938 the changes resulting from passive 
venous congestion were very advanced, paradoxical lobulation had occurred 
and there was hepatic fibrosis with proliferation of fibrous tissue near the 
centre of the liver lobule. Many plasma cells were seen in the portal areas 
of every liver.
Spleen. Two significant changes were seen in the red pulp of the spleen. 

There were (i) numerous plasma cells and (ii) many reticuloendothelial cells 
full of haemosiderin (Fig. 9).
Adrenals. Accumulations of plasma cells were sometimes found in the 

adrenal cortex and there was separation of the cells of the zona glomerulosa.

Kidneys. Interstitial groups of plasma cells and moderate hydropic degenera
tion in the collecting tubules were seen.
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Group B
Macroscopic
Gases 19337 22084 were essentially similar pathologically. There was
no subcutaneous oedema or excess fluid in the pleural, pericardial or peritoneal 
cavities. The pericardium was only moderately thickened and it adhered to 
the epicardium by a large number of thin fibrous bands, "violin string” 
adhesions, so that it could be moved over the surface of the heart but could 
not be easily detached from it. The cranial surface of the reticulum adhered 
to the diaphragm and in case 19337 a wire was found in the reticulum. In 
the reticular adhesions of 22084 there were small abscesses and a cicatrix was 
present in the reticular mucous membrane. Moderately extensive areas of 
consolidation and bronchiectasis were found in the apical, cardiac, and ante- 
roventral parts of the lungs in 22084.

Microscopic
In both cases the pericardial thickening and adhesions consisted of loose 
connective tissue. The adhesions had a villous appearance in sections and 
on the outer surface there were accumulations of macrophages, plasma cells 
and lymphocytes (Fig. 10). There were no significant findings in the other 
organs except chronic pneumonia and bronchiectasis in case 22084.

Group C
Macroscopic
Case 22958. A diffuse fibrinopurulent pleurisy affected the right pleural 

cavity, which contained 16 1. of foul-smelling fluid, and the right lung was 
partially collapsed. The pericardium was slightly thickened and contained 
0*5 1. of fluid similar in appearance to that in the right thorax. A hole in the 
ventral part of the pericardial wall communicated with the right pleural 
cavity and much of the pericardial fluid had obviously escaped. The heart 
was free within the pericardial cavity and the moderately thickened epicardium 
was covered by a yellow exudate. On the posterior border of the left ventricular 
wall the epicardium was ruptured over a necrotic track within the cardiac 
musculature, which almost communicated witli the lumen of the left ventricle. 
A small thrombus was present on the endocardium above the lesion. The 
posterior mediastinum was thickened ventrally by fibrous tissue, and a little 
fluid was present in the peritoneal cavity. Fibrous adhesions joined the anterior 
surface of the reticulum to the diaphragm and the ventral border of the liver, 
and there was a band of adhesions between the reticulum and the abomasum. A 
wire (5 cm. long) was found in the anterior wall of the reticulum and slight 
oedema was seen along the greater curvature of the abomasum. The liver 
had dilated vascular spaces in its dorsal part and the left kidney had a recent 
infarct. The adrenals were enlarged and friable.

Case 24289. The pericardium had moderate fibrous thickening and adhered 
closely to the heart over the ventricles. Over the atria, the pericardium was 
distended and contained 250 ml. of foul, yellow-grey fluid, A bent wire ex-
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tended from the reticulum, along a fibrous track through the diaphragm, and 
into the posterior wall of the left ventricle. The muscle around the wire was 
necrotic and there was a thrombus within the ventricle (Fig. 11). Small, 
purulent foci were scattered in the myocardium. Extensive fibrous adhesions 
had developed between the reticulum, abomasum, rumen, diaphragm, liver 
and spleen. Several abscesses were found at the root of the mesentery and 
there was severe embolic nephritis, with renal infarction, particularly in the 
left kidney. There were extensive areas of collapse in the left lung and the 
adrenal glands were moderately enlarged.
Microscopic
Case 22958. Sections from the heart showed fibrinopurulent pericarditis 

with only early organization. The liver had areas with loss of hepatic cells 
and pooling of blood eccentrically within lobules, but there was little evidence 
of centrilobular fatty change.
In case 24289 the epicardial fibrosis was more extensive and there was a 

focal embolic suppurative myocarditis. Focal embolic suppurative nephritis 
and infarction were found in the kidneys, and pulmonary collapse, with small 
areas of bronchopneumonia, was seen in the left lung.

D I S C U S S I O N

Traumatic pericarditis is a useful term to apply to a disease which is present 
as a clinical complex and can be associated with a variety of lesions, related 
one to the other in that they are all a consequence of penetration of the thorax 
by a foreign body. In some cases the pericardium itself may not be penetrated 
and infection spreads to the pericardium via lymphatics from a lesion in the 
posterior mediastinum.
The lesion is usually a mediastinopericarditis. An aetiologically different 

form of mediastinopericarditis occurs in man and may be associated with 
cardiac hypertrophy (Saphir, i960). Cardiac hypertrophy was not present 
in any of the animals in this series or in those of Holmes (i960), but has been 
described in some cattle (Jubb and Kennedy, 1963).
The functional effects on the bovine heart probably differ from those of 

mediastinopericarditis of man, because the adhesions in man often affect 
completely rigid structures such as costal cartilages, ribs and vertebral column, 
whereas the shape of the thorax is different in the cow and the relationship 
between these structures and the heart is not the same.
Constrictive pericarditis is one form of mediastinopericarditis, or peri

carditis, in which mediastinal adhesions or thickening and rigidity of the 
pericardium and epicardium interfere with cardiac filling. This type of lesion 
occurs in advanced cases of traumatic pericarditis, as in Group A. When 
pressure recordings and cardiac output determinations in Groups A, B and C 
were compared, the large amounts of fluid, pus and gas present in the rigid 
pericardium in Group A were seen to result in increased intrapericardial 
pressure which limited diastolie filling. This was probably the most significant 
factor in the development of congestive cardiac failure.
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The pericardial lesion in Groups A and G was essentially an organizing 
fibrinopurulent pericarditis. In Group G the lesion was seen presumably 
before sufficient time had elapsed for it to become constrictive, and there 
could be no significant build-up of intrapericardial pressure, in one case 
because the amount of fluid was small and in the other because there was 
a communication between the pericardium and the right pleural cavity. The 
short clinical course in these animals could be attributed to the early develop
ment of severe complicating lesions.
The animals in Group B had adhesive pericarditis. There was little or no 

effect on cardiac function, and there was no muffling of heart sounds although 
adventitious sounds did occur. The lesion resulted, probably, from the organiza
tion of an early acute fibrinous pericarditis caused by a foreign body which 
did not establish large numbers of pyogenic organisms in the pericardial sac.
In attempts to drain the pericardium, it might be better for the surgeon 

to approach it anteriorly on the right side of the thorax, since adhesions 
between the epicardium and pericardium occur more frequently on the left, 
and the anterior and right aspects of the heart are more likely to be more 
free (this series; and Holmes, i960). Gomplete evacuation of the pericardium 
in those cases where the contents are not liquid would be very difficult, even 
when enzymes (streptokinase and trypsin) are used, because of the quantity 
of thick pus and the numerous large clots of fibrinopurulent material.
The changes found in organs other than the heart, mediastinum and reti

culum in the animals in Group A were a consequence of the onset of congestive 
cardiac failure, or a reaction to the presence of a large septic focus in the 
animal. In the latter category and associated with the high level of serum 
globulin are the accumulations of large numbers of plasma cells in the red 
pulp of the spleen and the mediastinal lymph nodes. The plasma cells in the 
liver, adrenals and kidneys may also have been contributing to this reaction 
and it is interesting to compare these changes with those occurring during 
hyperimmunization experiments with pneumococcal antigens in which plasma 
cells develop in the spleen, lymph nodes, liver and other organs (Bjorneboe, 
Gormsen & Lundquist, 1947).
The diarrhoea which occurred in six cases in Group A was probably due 

to circulatory deficiency or alimentary fluid imbalance since other lesions 
responsible for diarrhoea in cattle were not found.
This particular clinical observation has been described in the human 

subject with congestive cardiac failure (Wood, 1958) and also in cattle with 
congestive cardiac failure due to high mountain disease (Alexander, Will, 
Grover & Reeves, i960).
In man, high levels of SGOT in the absence of increased SGPT levels are 

usually taken to indicate myocardial damage. In this series, however, only 
the animals in Group G had lesions producing myocardial necrosis. It is 
likely that the quantitative distribution of these enzymes in the cow differs 
from that in man, and in two cases of cor pulmonale, seen in calves in congestive 
cardiac failure with no focus of tissue necrosis due to infection, the high SGOT 
levels were presumed to come from the liver (Fisher & Pirie, 1965). The
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presence of very large purulent foci in these animals complicates the picture 
and it may be that these are also sources of SGOT. In addition, the renal 
lesions seen in a few cases cannot be overlooked as possible contributing sites. 
Even though some animals showed severe changes within the liver which 
were due to congestive cardiac failure, in no case was the serum alkaline
phosphatase raised, and only in a few cases was the SGPT raised.
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Fig. Gross epicardial thickening due to fibrous connective 
tissue.
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Appendix II
Arteidal Funotuï’ô in Large Afrioan Game Animals

The method of arterial punctvire described was attempted in Intact, 
vmanaesthetised yet immobilised game animals in East Africa* Success 
was achieved in four out of the five species in #iich it was attempted. 
Arterial pressure records were talcen in Zebra (Equus burohelli). 
Wildebeests (Gorgon taurinus). Giraffe (Giraffa oamelo pardalis) and 
Bland (Taurotragus oryx).

Figure 108 illustrates arterial pressure recording in a female 
Eland.

Figure 103 illustrates the pressure records obtained from Zebra, 
Wlldebeeste and Eland. These records were talcen in -li%e bush at a 
distance from a laboratory. The transducer and manometer were those 
used previouslŷ , the recorder was a pen reoorder̂ -t especially adapted. 
Electric power was supplied by an alternator fitted to a Land Rover.

Too few records were taiœn to draw any conclusions, but the success 
of the method demonstrated ‘the possibilities of functional cardio
vascular studies on these gmm animals.

The one species in \̂ ioh the method was not successful was the 
Rhinoceros. (Dioeros bicornis). In this species it was considered that 
the thickness of the neck wou3.d require a much longer needle than the 8’* 
length available in Africa at that time.

T ElemanSchonander Ltd., Sweden 
tt Cambridge Instrument Co., England



Figure 102 A preaaure reoordlng in 
a young female Bland
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Arterial Preaaure ReooMs of
Large East Afrlean Garae Animals

Zebra

'VWv Systolic 160 ranÆlg 
Diastolic 120 mnfïg

Wildebeeste

Eland
TT-

Systolic 120 mniHg

Systolic 170 mni-Ig 
Diastolic lj50 mmRg


