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1. Inbroduction

The functlon of the cardiovascular system of any gspocles may be
defined as a means of transporiing to the cells of the body essentlal
substbances and of carvying away from them thelr exeretory products. By
means of thils system, the cells of the¢ boudy have access 1o the organs
of absorptilon and exeretion although situated withln the bhody st some
distence from these organs. Because of the continual girculatlion of
intravascular fluid, the continuous exchanges between 1t and exbtra-
cellular fluid, and the regulabting effecta of the organs of absorption
and exeretion, the relatlvely constent envivonment of the cells is
naintained.

The cardiovascular system consists of three separate parts each
of which has conbrolling mechanisms. The three parts are {irgtly the
heart for impelling the intravascular fluid avpund the sesond pavt, the
blood vessgels, which are arvanged In a series of parallel circulis.

The third part consists of the intravascular fluld filling these chamnels,
that 1s the blood.

The regulating mechanisme of these three parts are coordinated so
that changes in one are compensabted by changes in the other two parts.
This coordinating mechanism functlions in health and in disease up to a
limit. When this limit is vesched a state of fallure exists which is
known as circulatory failure.

Domestle cattle as a species have evolved from the wild ruminants

whose safety and gurvival depend in part upon an éfficlent cardiovascular



gystem. Apart from the fighting bulls of Spain the process of selection
in Buropean cattle has not been concerned with safety and survival by
gpeed and an athletic type of ¢lroulatony system. It is poassible that
in the selecilon of cabtle for other characteristics such ag body shape
and mllk yield the clroulatory system may have been neglected. The
selection process has also led to the appearance in Buropean cabtle of
two conditions in which the primary deficiency i@ not within the cardio-
vageular system, and yet the cardiovascular system is implicated,

These two condltlons do not normally ccour in Britain and do not appear
in the studies presented herein, The conditvlons are High Altitude
disease {a right sided heart failure) and Heat stress (the inability

to survive in tropical environments).

Nevertheless, the cardiovasculér system of Buronean cattle 1s
worthy of study in Scotland desplte the Lact that these two comditions
do not ocoour, Little attention has been paid to the nommal cardio-
vasoular system of cattle, wmost physlologleal studies in thils specles
having been concerned with the obvicusly different digestive system.

Yet because of this digestive system, conslsting as it does of large
volumes of fluwid carried within the body, it is poesslble that certain
coardlovasoular adjustments have to be made. Slauvghterhiouse surveys and
experience in the Unlversity Velerinary IHospital suggest that much
agardiovascular dlgease exists in catbtle, so that in studying abnormal-
ities there Is no dearth of material. Finally with a lavge cattle
population, studies both in health and disecase can add to the whole {leld
of coﬁparativa studies. Cattle belng large animals with large organs
and volumes of body L£lulds, lend themselves to analybical procedures

possible with greater difficulty in smaller species.



A study of the cardlovascular system of cattle can involve the
vhole system ln elther health and/or disease, or it cen involve Just
part of the sysbem. The study preosented here evolved from a desire
to ascertsin the funetbional disturbances of diseases and condltions
menifest in cabtle as clreulatory failure. In ovder Lo proceed with
thig study 1t was necessary in the fivst instance to evolve methods of
exominablon, methods of manipulabicon and procurement of samples, modlly
sone analytlcal methods and develop others. Having amethods evolved, 1t
was then necessary to determine and define the normal .

Finelly, abnormel gtates could be and were studled.



he Iiberaturg aoncernine the Candiovaseulor

System of Cabile

A mogs of Literadiure has scoumadated contepning the eavdiovassulay
syaton of cabvle. Tt would sevve Witble puepese o welio a sonolsae
paview of this lltovature, govering sepsvately as it doeos anstony,
aysiology, pathology, wmicrvobiology, wedicine aad suprgery.  Much of
the litersiture about the shneramsliitiesn and diseases of the condlow
vasoulay systes of dattle Res yory Litlle covesctlon wlith the prosong
gtudy, sinee 1t doals with avotomieal aud petholeoglesl degerintion
With no vePorence te the Cunobicand Alstuvbeance.

Tasteord ol suoh o roviaw, within this stuly, whors it hes

valovanee, publlabed work s discussed.



2. Nebhods

A Blood Sammlios from Osbils

In capdlicovasonlar investligabions it s nesessary to obiaig vonous
blood samples yopeny veing, nized vonous saneles snd arterial blood
fﬂééi!ﬂ}!iﬁ'ﬁ .

{1) Poroutaneous vondpuneiuresg

s ususl vagsels Trom vhich blood sasples svo obisined Lrom cablle

are the Jusslor vein and the suboutencovs obdomingd vedn (the mewswcy
vgin)s.  No new technlaues wers evolved in proceduras procuring hlood
samples Prom theose vessels. o onder o ollinlneie the forwabion of
haomatomata, ansll bove veedles (3" op 19 British Wire Gauge) weve
used in prefaronce e the lerger noedles ofien used by others.

() Mined Veneus Samolen

Mixed venous saaples were obtuined frowm the right véntriola ov
pulmgnory avtery by the prooess «f caedies cathobeyisation. Ry weong
of a manopeter tho site of the sathebor Lip wan dpberained from the
examination of bthe oscllliosagpe rgouyd of e pressurg curve from thds
neint .

{111) Vepous Batheterissilon In Cattle

The usual method of catheterisation of the Jundlar veln in catile
involves poveubdueous puncsture with a wide bhowe (U BEG heeaila arrd tho
insertion of a astheter down this nssdle. This teshnlgue bhas obvious
ddaadvantages due Lo the mize of thie needleo.  The produciion of lapue
hagumabona nocurs Dreguently and wove sericgs danege o the veasel amn
take ploce parbtlonlacdy in very young enlves, A sethed of sathieborimation
of the Juzulay vein has been evoelvad, whevaby short catiwebers oF sdadlisp
izmeter o the aabhotors pentioned sbove can hoe insqrtoed after the dow

sartion of & 1% 8o noedle throush the skin into e Jugwles veln.



The methed is adapted from a technigue used in the human subject
for arterial catheterisatlon (Seldingsr, 1957).

The skin over the jugular veln in the upber third of the neck 1z
clivped, sterllised, and infiltralted with a solublon of Xylocalne
hydrochlorlide. The jugular veln is raised by digital pressure below
this point, and a 14 BWG needle is inserted through the skin into the
vein in the aneesthebised area. A nylon rod 1 mm. in dlameter and sbout
A gentimetres longer than the intendeﬁ catheter ls introduced into the
vein through the needle. The needle ls withdrawn leaving the rod partly
in the vein and pertly to the exterior. The exposed rod is then cleaned
with sterile galine to remove any blood, A catheter is then Inserted
over the rod Into the vein and the rod is withdrawm. In this manher a
wide catheter is introduced into the jugular vein through a skin wound
and & wound in the jugnlsr vain both of which are the same diameter as
the external diameter of the catheter. Thus the catheter is held tightly
by the skin and leakage, even with elevated jugular venous pressure, 1s
negligible.

If this catheter 1s used for the injection of substances, a short
length of drainege tubipng and a Leusr lock needle are abtached, the
catheter is filled with heparinised saline and closed with a Mohrs clip
on the drainage tubing. The small length of drainage tubing allowsm
slight movement of the head and neck during any injectlons without elther
involuntary removal or kinking of the catheter. Pilgure 1 illusirates

needle, catheters and nylen yod.



Jugular Catheter

Right Heart Catheter

Figure 1 Catheters, needle and nylon rod for venous catheterisation




{iv) Catheterisation of the right heart and pulmonary ertery

A long catheter (30-40 om) is required to record pressures in the
right heart and pulmonary artery ond to obtaiﬁ blood samples from these
sites. A thinner cabtheber is inserted through the catheter previously
descrihed.

Fopr short catheters In the Jugular vein both nylon and polythene were
found to be saiisf&etory? bul for passage throuph the right heart the use
of nylon catheters was avoilded after two sudden deaths during catheter-
isatlon of calves with sush catheters. These deaths were thought to be
due to ventricular fibyillation as a result of stiff nylon catheters
bombarding the ventricular wall., Ventricular extrasystoles produced by
glmilar bombardment of the ventricular wall with polythene catheters has
never caused death or collapse.

(v} Arterial Puncture in Cattle

Arterial bloed samples have been obtained from cattle in many ways.
Van Leersua {1911) desepribed how in dogs 1t was ivossible by surgilcal
interve;ri}ion, to bring tﬁe garotid arteries into 2 s%perficial position
enclosed in a rell of skin. Recently this procedure has been claimed
to have been successfully adopbed in cattle (Robertehaw, 1963). It has
the dlsadvanbage of being sultable for use in experimental wnimals only,

Radial artery puncture was used by Blackwood and Stirling (1932) to
obtaln arterlal blood bub difficultles arose in unsnacsthetised catile.

Artewrial blood hes also been cbtained from cattle by percutansous
punoture of the brachial ertery in the middle third of the nedk (Sellers

and Hemingwey, 1951). They infiltrated the subcutansous tilssue with



procalne hydrochloride and inserted the needle above the Jugnlar vein
and into the artery. However, when this method was repeated by the
author it was found thal considerable restraint was necessary, and that
slight movements of the neck wlthdrew the needle from the artery.

Swedish workers (Hemmson and Qbel, 1958) have deseribed how they
effected entrance into the abdominal acrts. | They used a special needle
80 em. in length, the lest 8 om. of which was cupved andlof .7 nm. ex-
ternal diametor for actual Iinsertion into the artery, while the remainder
of the shaft wes of 10 mm. dlameter. With the tip of the needle pro-
tected by a rubber finger shield, the needle was inserted into the rectum,
through the abdominal weall inte the aorta. This method was not used In
the present study.

Andther mathod of obiteining arterial blood has been described by
Stowe and Good (1960). Dntrance to the abdominal porte was effected
percutansously in thé lumbar region just behlnd the last vib. Somé
years previcusly a few abhempbs ab using this method on calves in Glaggow
led to a mortality of 25% as a resuit of messive haemorrhage, so that it
was not pursued.

In their cardisc output determinaziéns Doyle, Warren, Patterson and
Detweailer (1960) using local aneesthesia disseacted out the carotid artery
of cattle In order to obltsln earteripl bleod samples. This method has
been used on occasion by the author on very young calves.

A method of obtalning blood from the middle coxygeal artery of
eattle has been described by Sasrinen (1938) and by Campbell, Merilan and
Carshaw (1961). This method has been repeated successfully in Glasgow

(Anderson, 1U62).



Percutaneous puncture of the brachio-cephalic Hrunlk

The methad described below has been in use for a number of years,
It was evolved from the method of percuteneous puncture of the brachial
ertery vhich has been published (Fisher 1556) . It had the advantage of
experlence, repeatabllity and the site was sﬁch that all instruments
used for dye dilution curves and plood pressure recording could be con-
centrated at the head of the animal.

Pereutanecus puncture of the brachiooephalic trunk was effected at
the root of the neck. ‘The animal was tethered by means of a halter so
that 1ts head was held slightly upward and away from the operator. The
hend was placed under the point of the shoulder as shown {fig, 2) and the
brachlal artery wﬁs palpated al the point where 1t crossed the first rib.
In thin cattle the brachlal arterj was easlly found and rolled bhetween
the fingers and the first rib, but in fat, thick-necked animals it was
not possible even Lo feel the pulse at this point.

The proposed puncture slte was inflltrated with a sterile solution
of 5% zylocaine hydrochloride, thls haviﬂé been found superior to 5%
procaine hydrochloride for cubeneous local mneesthesia in cattle. An
eight inch 15 British Wire Gaqge needle was directed into the anlmal at
a point Just medlal to the seocond finger shown in figure 2, at an aongle
of about 15° to the horizontal and 59 from the long axis of the cow.

The needle was inserted to a depth of four o six inches in owxder o
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



it

Figure 2

Site of Percutaneocus Puncture of the

Brachio-cephalic trunk of cattle




being held by the mass of Lissue at the reot of the neck, the needle did
not have to he held wmanually while collection of samples took place and
gonsiderable movements of the cow were possible without disturbing the

needle. Pipure B illustrabes a successful arberial puncturs.

B. 'The determination of the Bovine Haesmatoerit (&) Methods

Definitive standards have not been lald down for the centrifugation
of bovine blood in order ¢ dotermine the haemosbearit. In some in-
vesbigations in vhileh uwse has been madée of whe haematooerit, ne statements
of elther Lime or Fforce of centrifugation hoeve been given (Doyle, Patterson,
Warren and Datweller, 1961; Stowe and Good, 1961). Evidence was ob-
talned by Jenniags, Mulligan and Lauder (1954), that in order to obbtain
packing of bovine ewythrocytes it was necessayy to centrifuge at a force
of 1600g for a period of three hours when determining the haematocrit.

This problam was re-investigated using a high speed microhaemabo-
6rit centrifuge., An evaluatlon was wmade of the accuracy of this
centrifuge and compsrlsons vere made with two standard centryifuges. The
study wos exhended Lo discover other variables affecting the heemato-
crdbs whnich mizht lead Lo errors in the determinablons of caydiasc output,
bleod and plasma volumes if the haematoerit were uszed to convert plasma
volumes and flows Lo bleood volumes and flows.

Blood samples were token from o mumber of healthy lactabing aud
non~Lactating cows.

(i) Analysils of the micro-hacmatoeril centrifuge*

* Havkesley Lid., TLondon, England



13

Figure 3

Successful Entry into the
Brachlo-cephalic Trunk of Cattle




i4

a)  Error of reading the heomabouril of a sinsle blood sample

A btotal of 36 micrchaematocrit tubes were prepared from the same blood
sanple, 12 belng prepared by each of three persons. These tubes were
centrifuges ot an R.C.H. of 12000g for o perlod of six wminutes and all
the haematoerits were read by each of the thres personsg.

b) Effect of time of centrifugation on the microhacmatocrit

Six microhaematocrls tubes were prapared fraom each of four blood
samples and these were centrifuged for a total time of 150 minutes. They
were read at two miruies and then at 20 minute intervals. The experi-
ment was repeated with four other bleed samples; in this the toval time
was 0 minutes and readings were taken at two mlnute intervals,

(ii) Comparison of the microhaenatosrit centrifuge with iwo

standerd centrifuges B & %

S1x hagmaboeyits were prepared from each blood sample for aeasch of
the centrifuges, In the standard centrifuges, centrifugatlon was at an
R.C.F. of 16005 for a total time of 180 minutes., Readings were made atb
20 minute intervals and the tempersiturss within these centrifuges were
rgcoxled. In the microhasmatoerlit centrifuge, centrifugation was at a
forece of 12000g for a total time of ten minutes, readings belas made at
two, three, sizx and ten minutes.

(iii) Effects of Variatlons in sampling technigues and the

nendling of blood samples

a) Vessel sampled

A comparison was made belbween the haematocrits of blood samples baken

at the samz time from the Jugular and mammery veins of individual cous.

¥ M.8.E, minor centrifuges, M.3.HB. Ltd., England
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Tive microhacmatocrits were prepared from each blood sample.

bh) Effect of stasils

Tt 48 wsnal practice to place a choke rope around the neck of a
cow in order to raise the Jugular vein. If thiz rope were left for
some time 1t might, due to transudation above the chioke, affect the
haematoerit. The effect was studied by removing samples Crom five
cous before, after 2 minutes, and after 5 minutes applicatlon of the
choke rope.

e} Effeet of carbon dloxide loss from blood sample on

the haematoerlh

The chloxide shift oxr carbon dioxide loss from erythrogytes would
decyease cell volume and it might have been possible to demonstrate
this,

ffrom five animals bleood samples were colleeted, exposed to alr,
and also collected under a layer of liguld paraffin, The microhaemato~
crits weye determined.

d) Hourly veriations in the haspabocrit

Samples were baken abt hourly intervals from the same vessgel of
Individual oows and the microhacmatoerit was debermined.

e) LEffect of overnight storage of blood on haematoorit

Haemabocrits were determined on a mumber of bHlood samples before

and after storage overnlght in stoppered botbtles in a refrigerator ab

40 L



B. Determinatlion of the Bovine Haanatoerit (h) Results

{1) Analysis of the milervo-haematocrit centrifuge

a) Evror of reading the haematocrit of a single

hlocd sample

Izble 1 The variation in reading the haematoorlt

of a single blood sample

Mean 8.D.

Irndividual A (36 haematocrits) Fl.1 0.6
Tndividual B {36 haematocriis) 30,8 $0.5
Individual ¢ (36 haematoorits) 3.2 0.5
Total (108 readings) 5.1 0.5

bh) Effect of time of centrifugation on the micro-haematocrit

Table 2 Readines at 2 and then %0 minute intervals
Time(Min) Sample A Sample B Sample ¢ Senple D
2 27.2 16.2 %1.7 25.6
=0 26.7 16.1 3.1 25 .0
60 26.7 16.1 5.1 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 3.3 25.0



Table 3 Readings at 2 minubte intervals for %0 minutes

Time(min) Somple B Sample B Bample G Semple H
2 29.7 B2 26,7 a22.5
) 23.5 56.6 20.1 22.2
6 28.2 36.3 26.1 22,1
8 28.2 36.2 26.0 22,0

10 28.1 6.2 26.0 22.0
12 28,1, 36.2 26,0 21.9
L 28,1 36,8 26.0 21.9
16 28,1 26.2 26.0 21.9
18 28.1 36.2 26.0 21,9
20 28.1 3.2 26,0 21.9
22 28,1 6.2 26.0 21.9
24 28,1 36,2 25.0 21.9
P6 28.1 32 26.0 21.9
28 28,1 36,2 26.0 21.9
0 28,1 36.2 260 21.9

(i1) Comparison of the microhasmatosrit centrifuge with two standard
centrifuges, B & €
Tahle 4% Compardison of Centrifuses

Times of Readings (mimites)
2 > 6 10 20 G0 50 120 180 180

MieTO— 31&{} :50.5 30&3 :'X)ol
haematocrlt 40 gs 40,79 22,87 +2.82

Centrifuge B FH.b BB F2HE ER,1L FR.LOB2,1
Temp. HC 2334 £%.05 £3.05 £3.05 £25.05 £3.05
Contrifuge C 2.8 32,0 3L.7 3.6 3L.5 31,5

Temp. 20°0 3,00 +2,85 22.85 £2.76 22.74 2,74



(i1i) Effects of Varliabtions in sampling techniques and Lthe handling

of blood samples

(a) Vessel sanpled

Table 5 Dilfference bebween mammary and Jjugular veln

haematoorits (non-lactating cows)

Cow Mamyary Jugular Difference
14949 3.9 3.9 4.0
12910 28 L 1.3
14711 B 375 1.2
Ubmost .8 3,0 ko
Wood 0.8 2.0 1.2
Risk 3.7 32.9Q 1,2
Sheppy 29.5 32.0 ‘ 2.5
Vi, 32.3 3343 1.0
NN, 30,8 2.7 1:9
Mean 5.8 5%.8 2.0
S.D. +1.95 .76 *1.22

Table 6 Difference beitween mammary and Jjusular vein

haematoerits {lactating cows)

Cow Manmary Jugulayp Difference
Harebell 31,0 . hel 2,1
Fanny .7 ho s T4 4.0
Jersey 55.5 375 4.0
Rosa 28.1 0.0 2.0
Stella 25.0 2340 0.0
Rantam 0.5 a8 9.5'
Daisy 33,2 7.8 5.6
Asta 3%5.6 Bo.T 7.1
Dora #8.5 oL 5.8
Megan 0.7 33.9 3.2
Mean A1.5 BT k.2

S.D, 12.15 £35.7H 2.8



b) The effect of stasis on the haematocrit

Table 7 The effect of stasls on the haesmatoerit

of Jugular bLlood

Cow Before Choke 2 min Choke 5 min Choke
J 18.5 19.5 19.5

K .0 29.8 0.2

L =8.8 39.8 5.3

M 207 22.8 23.6

N 2325 19:5 ' 21.5
Mean: 5.5 26,3 27.2

3.D. 18.65 £3.65 +8.82

e¢) The effect of cavbon dioxide loss on the haematocrit

Table & Difference between aerobic and anaeroble samples

{collectad from the maamary vein)

Cow Aerohlc Anaevobic
W 35.20 33,16

X 3950 HL.33

¥ 53,16 B33

pA 32400 22.50

v 22.90 23,60
Mean 32.0L 33400

SuD‘ :tB -93 iG‘Z)B



d) Hourly variatlon in the hagmatoerit

Table O Variations in the haematoerit of blood samplesg

taken from indlvidual cows

at hourly iantervals

Time 11.00 12.00 13.00 14,00
a. Heifers i. 26.5 6.7 27.5 26.73
2. 32.0 0.5 B5.3 3L.0
3. 0.0 285 0.0 2743
4, B7.3 7.0 28.7 28.0
5. 26.0 26.0 - 27.5 27.0
b. Lactating 1. 31.3 3.0 BB 35,5
Gows 2. 33.0 330 363 335
3. 3.0 4.0 33.7 347
h, 3k.5 33,7 5.0 BT
5. 3%.2 35,8 33T 2.8
¢. Dry Cous 1. 32.0 33.0 3.7 35.5
2, 28.3 27.2  26.0 27.0
5, 20.3 26.8 26.6 275
koo B0 00 3RS F.0 0 BT
e) Effect of storage of blood overnight
Table 10
Samnle A B C D B r
4 P.M, D 37,3 2.6 .6 1”5 28,0
10 AM. .4 3.0 2.6 32.5 5.6 28.2

15.00

28.0
5 ORS
26.5
28.%

27-7

4.5
5.0
375
4.0
33.2
3.0
27.2
27.8
25 .4

G
Bhae
24.5

16.00

27.0
3.0
28.0
26.0 -
a27.3

34,0
s T8
32.5
34.0
2,0

5%5.0
28,0
a7.5
34,2

0
29.3
29.6



P
IS

The deteraipation of the Bovine Heematoorit (o) Discussion

It was ohvicus from the vesulis in Teble 1 that the mia?p}wam&’onm’%
gonsrifuge geve regults for the hovine havwmaloepii comparable in yepaat-~
ahility with the best resulis obtained For the human haommtocrid with '
shandard contrifuces, thet is, o variation of 0.5 mu. ({regercon, 1G5L).
v&.t*iaticm in the different individuels preparing and reading these nlero-
hoomatorrdts wero of little congequence despite the foeb thoeit two of the
lelividunds had very llttle exporience In these tecimigues. Hiigat
dicforenees vhich were observad In the hore in the crplllavy tuwhes mode
no Alfference o vhe hasmabeorlit rending.

The resulia given in Table U confivmed the observaiions of Jommings
et ol, (1954) that centrifugation of catile blood at 1,600 g for %0
ginutos was nob suffleient i‘k} abéadn adeguate packing of the rod oglla.
Tho mlerohaematoerdt centrifuge alfter ton minutes pave bLebver packing
than alther of the twe standard centvifages ofber thires howrs. The
differences bhetween eich of the standard cendriiuses were prouably due o
ailferences o the temperatures of the senteifuzation vemrltiay in evapey-
abion in eonteifuze ¥, which regulexly overlisabed due to old bearings.
There was ne zigaificent difference batueon the hoenatoerits vhen vend
afper % hours in the gtenderd cenbrlfuges and aftbey ten mimttes in the
microhaenxboorit seantrifuge.

The algnlflosntly higher jusulor haematoerdits (p<K0.08) shown in
Woble 5 may have Indicated a loss of £iwid to the sallva. The highly
significant elevation of Jugular haematooRits in lactobing cows (Table §)
(p=0.001), may have indlcated an even grester loss of flnld due to

increased sallvatdon os o resulid of ivoveased food inteke duping
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lactobion. This shenomgnom eon by Tusther caphasised by wouparing thoe
goan Jugulor hadmatoordts of lootablng and pon-lootaling coun where 1%

can he shown thad the samplas feom laokabing aouws are sisgnificanily higher
{(p0.02)y There ven ne sipniiicent Adifopencd betveen monmpry veln
haemabonrits off lackaldos oand poa-dactabing cots.

Pae difleronees due vo ohwiking and o oolleation with corbon
dioxide loss were not significant (Table 9).

No ezplanatlon could be found Yoy the houwrly variationg 14 hsenae
toopit ohoerved (Pable 10). It wes pot oconsldeved 4o be duo Lo yarlas
vlons éf the regereedy funetion of the mpisen Yor red cells, as hed been
ghown to ooouy in sheep by Turner end Hodgotbs (1958).

ALY the woardatlons observed and damonatrated sorved (o onpbasise
in thisz study the ovrove posGiblo in the uwse of the hagaaboorit to convers
plogna flow to blooed flow, pavevicularly 1f Juguler blood wove used to ob-
tedin this besmatoeyit. Further erpors alse ardse i¥ feotors allowing for
tropped plasma st included in the caloulations.  Pheng Paotors ope
ebvicusly depondent on the degiree of cell pocking and ln the Litorabure,
values for bovine brappod plagume vary bebwesn & mindmam oF ﬁ;aﬁ {Feymings

ab sl 2854); ond o nasdmam of T8 (Melsin and Ruhe, 19%0).



C. Plasma RElectrolytes (a) Methods

Standard blochemlcal methods were used to defline the normal para-
mebers of the more important plasme elechrolytes of healthy adult cattle
and calves,

Sediwn and Potassium

Flame photometry was utged for the determination of the concentratlons
of these electrolytes. Mixed standards of 120 m.eq/Litre Sodium and
3 m.eq/litre Potassium, 140 m.eq/litre Scdium and 4 m.éq/litre Potassiwn,
180 m.eq/litre Sedlum and 5 m.eq/litre Potassium were made uwp inte 1 in
100 dilutions, as were plasma samples, and divect comparisons were made.
Each plasma dilution was brackelbed between two standards.

Plasma caleiun was determined by the methed of Clark and Collip
(1925).

Magneslum

Plasma magnesium was determined by the Pitan Yellow Mathod as
modified by Neely and Neil (1956).

Chloride

Plasma chloride was determined by the method of Schales and Schales

(1941).



Plasma Electrolytes (b) Results

The following results were obialined for the concentyration of

plesma electrolytes (Fisher, 1060)}.

Table 11 The concentratlon of electrolytes In the plasma
of cattle
Constituent No. Concentration No. Coneenbration
m.eq/litre ' meeq/litre
Sedium ol th,E&Q.O 65 141.8+3%.5
Potagsium o2 4,0%0.3 59 5.150.4
Caleiwn oh 5.0%0.6 p2 4,940 .2
Meznesium 57 1. 4630 .4 29 1.1420.3
Chloride 130 103,.35.0 30 100.3%%.5

These wesulbs were used as a reférenoe stendand for plasma
electrolyte concentrations.

There wos o slgnlflicant difference belbween the chloride and
potassium concentrations of cows and calves (p<0.03). There was a
highly signifiocant difference hetwoen magnesium concentrations of the
plasma of cows and calves (p<0.01).

In Table 12 ave given the nermal concentrations of plasma and
serum constituents which were obtained by other authors.



Summery of the results of other authors for the concentrations in m~equiv./l. of

R

Table 12

- gome of the inorganie constituents in the plasme of cattle

Reference

Anderson, (Gayley & Pratt

(1920)
Prown (1946)
Cralge {1947}

Craige, Johason & Blaok-

burn (1949)

(three cows studled aver

parturlition)

Dale, Goherdhan & Brody

(1954)
Dukes (1947}

huncan, Huflmen & Tobin

(1929)

Evans & Paillipson (1957)
Godden & Alleroft (1932)

Lengemann, Aines & Smith

(1952)

MaSherry & Grinyer (1954)
Elghty-six adults

Twenty calves
Reihart (1939)

Sampson & Hayden (19%5)

Sellers & Roepke
(19513:13)

Spector (1958)

Ward, Blosser, Adams &

crilly (1953)

o1” Nat

108s -

Q9s
(90~109)

108-89p
104 -96p
100-85p

H

- 162p

- -

Q7. %p -
(93-105) -

~ 140p
(129-144)

9= -
(85~98)

1011‘1 ap -
(96.6-110)

103.7+3,.58 L4245 .05
1035.042.58 142+4.0s

- 155s
(151-165)

103p 1440
{130-146)

104s 142s
(97-111) (33R-152)

98s -

{90-107)

K* Catt

1

6.38
(5-8)

“w -

1

)'I‘ 153
(3.6-5.1)

5.1p 7.5p

- 4.5-68
- 5.3p
- (4.7-5.9)
h.5p -
(%.2-%.6

- 5.0s8
(4.0-5.8)

St

4,.8520.47s 5.42%0.34s
5.2520.54s  5.08:0.22s

6,758 5.7s
(6.1-6.4) (5.5-5.8)
- 5.08
(4!!6"“‘6:2)
4.0p 4.9p
(5.9-4.4)
4.88 5‘£FS
(3.9-5.8) (4.7-6.1)
~ 2.7s
(3'8"5 -5)

ME++

Se2p

(106"3-1)

-

[

l.6s
{(1,5~1.8)

-

L.Sp

2.08
(0.8-2.%)

Total
catlion

1

177.8

154.7

154.2

5 = gerun
p = plasma
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B. The detarmination of the Cardiac Outout of Cattle by the
Injectien Method (a) Methods

- The determination of the cardiac output gives a direct indication of
vhe sbility of the heart to maintain the clroulation. A nwmber of methods
have begen devised to mske this orlitical determinatlon, some, such as the
phermostromuhr and the cardiometer, heing applicable to experimental animals
only, while others have been devised for use on the intact unanaesthetised
subject. These labter methods inelude the use of X~rays and the measure-
‘meﬁt of heart size In systole and diastole, ballistocardiography, the ek
Method and the Injection method. Of all these methods only the Fick Method
and the Injection method have baen used Iin cattle.

The Fick method, whereby the cardise ocutput ils determined from the amount
of oxysen absorbed or carbon dioxide excreted by ﬁhe Jungs per unlt time, re-
quires the measurement of ventllation rate and the measurement of the con-
centration of oxygen oy cavbon dioxide 1n arberial and in mixed venous blood
at the time that the ventilation rate is bhelng mensured. This method is
unsuitable for use in adult catitle If face mesks are used to measure ventiw
letion rate. A mumber of animals would rssent e conbinued application of
face masks, thus invalidating as normal thelr cavdlac outputs 1f they were
reacting 4o the restraint. PFurbthermars, Doughefﬁy (1860} demonstraived that
ruminant snimals nay inhale eructated rumen gases and absorbk them in the
luanzs. Thus measwrements with a lace mask would be In error, transfers from
the rumen to the lungs via the pharynd being unrecorded._ The difficulty
gan be overcoms by bracheotomizing and recordlng ventilaﬁion through a
tracheotomy tube, bubt this procedure would limit the number of anlmals on

which studies could be made.



The Injection method on the other hend regquires only the lnjection off
a sultable, non diffusible intravascular indicator into the venous
clrveulation and the collection of serial arterial blood samples for a
shorlt period afterwards in order to follow the passage of the indicator
throvwsh the heart,

The cardiaec output ig caleulated from the eguation:

Cardiae Qubput = 60 x T

at
Vhere T = amount of dye injected
¢ = mean ooneentration of dye
t = time for one passamge of dye through the heart

Derlvation of Equatlon

Consider water flowing from a pipe at a constanlt rave. To £ind the
rate of {low it is necessary to collect and measure the outflow for a time

Flow per mlmute = Volume of oubflow x 60
t seconds

If no accurete methed i& avallable for weasuring this volume {v) it is
possible to determineg It by adding to it a known amount (I) of a substance
which will mix completely with. this voluwe of wateyr, and, after they have
miied, finding the concentration of this substance. ‘the wvolume can then

he deternined from the equation:

Vv = I
(8]
Vhere V = volume
T = amount of substance added

¢ = concenbration of substance in velums v
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Subatitutling in the flow equation:

Flow per minute = I x 60

orirmrv——

at

Consldering the pipe again, if a known awmount of an indicator iz in~
Jected inte the flow and the passage of the indiaatar (I) ls followed ab
asome point distal to the injection site by the vewoval of serial samples,
then 4% w:Lli he found thalt the mean concentration passing this point
will be the some as the mean concentration in the collected volume (V).

Furthermore, the time taken for the indlcator (I) to pass this pbint
will be the same as the time taken to'fill the volume (V) sontaining the
indicator ab concentration (¢). By constructing a graph of serial in-
dicator concentrations agai.ﬂs;c time on semi-logarithmic paper it is
possible to find the wean concentration ¢ end the time t Ffor the passage
-of the ludicator. Thus by seriel sampling it is possible to find V from
I and, therefore, flow from

C
Po= Iz €0

Araria

&t

Within the clreulation it 18 not possible to measure the volume of
outflow from the heart direoitly, bub the passage of an indicator can be
followed by adoptlng a procedure anslogous to the pipe desceribed above by
talting sevial arterial samples, studying the time course of the passage of
indicator past the sampling peolnt and from thls finding the mean conocen=-
tration 'e' and the time 't' for one circulatlon of the indicater through
the heart. I the amount of intra-vascular indicator is known, the cardlac
output per minute can be caleulated:

Caxdiaa Qubput = GOI
ot



Many Intravascular indicators have been used for the determination
of cardiac output by the injectilon method including sodium éhloride,
fluoras%ééé} cardlo-green, EBvang blue and albumin labelled with (Ilﬁl)q
Bvans B}ue has been used to a grealer exitent than others, bﬁt in the ﬁuman
subjeot suffers from the dlsadventage of "blueing" the patient. In recent
years, too, many dye dilutlon recorders have heen developed to facilitate
the determination of cardlac output, and, in the human‘subjeet; earplece
oximetors have heen used to eliminate arterlal puncture.

flowever, there are divided opinions on the value of various dye
dilution recorders end ear plece oximeters (Dow 1956). iIn the study
reported, Bvang Blue (1 1824) was used as the lntravascular indicator for the
determination of the ocardlac output of vattle. Dye dilutlon recorders
and ear picce oximeters were not uwsed, partly because of the controversy
surrounding them and partly because it would have been necessary to carry
oul, additlonel development procedures in owder to use them in catils.

Cabtle have been a neglected species in the determination of their
cardiae outputs. Thia sthudy reported here was one of the first to anpesr
(Fisher and Dalton 1959). 8ince that tlme more investigators have raported
cardiac output determinatlons in catvtle (Doyle, Patterson, Warren and
Detweller 1961, Stowe and Good 1961, Reeves, (rover, Alexander & Will, 1962,
Kuide, Brown, Lenge end Hecht, 1961).

This study reported 1s the only one in whioch determinations were made
on & large maper of animels.

Procadure Adopted

All thesge normal animals had as far as eould be asecertained clinically
and electrocardiographically no abnormalitles of their cardlovascular
systems, or diseases lilable to caure alterations in cardiac output. The

'body welghts varied between 100Kg and G00Kg and thelr ages {rom 9 months
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to adult dalry cows over % years.

It was realised that 1t was not possible to carry out the de-
terminations in cattle under the same basal conditions deseribed for
such determinabtlons in the hunan subject. However, a standerd pro-
cadure was adopbed so thab the enimal was as close to the resting con-
aitlon as possible. Aninals which were brought 4o the Veterinary
Hospltal for cardiac ocutput determinations were allowsd to settle down
after their journey for at Lsast 24 hours and often for two to three
days. Deberminations were carried out in a quilel room with as few
persons a8 possible present. Fach animel was in stocks while the in-
Jections and collections of sevial arterial samples took place, but these
gtocks mevely px‘even'hed. ex.ceséive baskward, f‘prward and sidaways movement.
The animals were haltered and the halter was held by a quiet and ex-
perlenced attendant, Any animal which was disturhed by these minimel
restraints was vejacted as wnsuitable,

In order Lo facilitate the injection of Tvans Blue, the Jugular vein
was catheterised as described previcusly. The subocuteneous tissues through
which entrance te the brachlo-cephalilc tyunk was ¢ffected was inTiltrated
with Xylocaine Hydrochloride et this time. The animal was left un-
digturbed for about an hour.

Just prior Yo the injection of Evans Blue entranee te the brachlo-
sophalic trunk was effected as described earliey. Abtbtached to the needle
was o 70 em length of flexible vinyl tubing. The purpose of this btubing

was to lead the blecd from the needle o the serlal collector. RFlexibility



of this tuﬁing allowed sllight movenents of the animal and tended to iron
out the pulsations in the bleood flow. About 4060 millilitres of bhlood
was collecited for the preparation of dye-blood and dye plasma stondards.
The Bvans Blue solubion was of a concentration of 20 mg/ml in normal
physiologlical sallne. The amount Injected varied with the hody weight but
was of the order ﬁf 1 ml/50Ke body weight. ‘The amount of dye was accurately
determined by welghing the syringe containing it imwediately before and
af'ter injection. The dye was injected into the Jugular vein through the
nylon catheter and the catheter was cleared with normal physlolopical
saline so that sll the dye entered the circeulatlon. This doubhle injection
procedure wags carvicd out in less than four seconds using a spaclal ¥
plece with Leuer-Look conuestlons and minimal desd space, Checks on this
¥ plece showed that alter the injsetion of dye and the succeeding wash
through with geline, less than 0.1 mg of dye remained in the Y plece.
Collection of e serlal arterisl samples wes started lomediately
after the dye was injected. These samples were cgollected into a wumber
of heparinised centrifuge tubes which were arvanged round the rim of a
6 inch dlameter kymograph drum. The speed of the kymograph was regulated
go that each centrifugze tube collected hlood for one second. Such a
gollection is 1llusirated (fig. 4), After all the tubes had collected
blood, the arterial flow was stopped and the needle was remeved from the
artery. Pressure was often spplied to the point of removal of.the
arterial needle by means of a pack and hand pressure to minimlse possible

haematoma formation.



Figure 4

Collection of Serial Arterial Samples




During injection and collection, the pulse rate was recorded. About
half an hour after injechbion and collecton the animal was taken haek to
its loose box or stall.

The serial arterial blood samples were mumberad, cemtrifuged and the
plasma was separated, From the blood collectad prior Lo injection, 20
millilitre volumes were accurately measured and to each volume wag addad
by means of a micrometer syringe or by microsyringe suffisient of the 20
mg/ml Byvans Blue solution in order to make standavds in which the dye
goncentratlon was 20 mg per litre of blood. These were then mixed
thoroughly, centrlfuvged and the plasma ssparated.

Such standards made from hlood callected immediately vrior to in-
Jection and collection would thus be of bloed of the same cell/plasma ratio
as in the serial arterial sawples. By meking & standard in this hlood,
The Bvans Blue would distribute in the same relative volume of plasma as
in the serial samples. Thus it wes wmecessary to determine haematocrlis
to convert plasma flow to bloed flow. Tie time of the first.appearance
of the dye in the arterial bhlocd was noted.

Comparisons were made between the readings of the plasma of the serial
arterial samples and the plasme of the standards using an B.R.L,. photo-
glectric colorimeter with a No. 807 Ilford Pilter. A graph was plotted on
gaemi-logarithmic paper of the eolorimeter resadings of the serial arterial
blood samples against time. The descendine limb of the dye dilution curve

s0 obtained was extrapolated to the base line as shown in figure 3.



Figure 5
Dye Dilution Curve from a Normel Cow
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Tt hag been shouwn that the curve so produced 1ls what would be
expacted 1 there vere no reclrculation of dye ag ccceurred in the body
and whilch produced the seaoﬁdary rize shoun.

From this extrapeolated curve was found the time Lor one complete
clronlation of the dye and the mean concentvation of the dye. The

cardlac output was caleculated from the equation:

Q0T

Cardiac Output = ot

Where I = amount of dye injected
¢ = uean concénbration of dye

t = time for one clroulation

The Determination of the Cardiac Output of Cattle (bh) Results

The results of thirty cardiac output determlnailons on twenty Tour
cows and helfers in Glaggow, and three determinatlons esrried out on
three cows in Philedelphia, U.8.A., are glven in Table 13.

The caleulations arve given as litres per minubte and slso as willi-~
litres per lkilogram hody weight., Some duplicate determinatiouns were
separated by considerable lutervals, so that merked differences were

ohsarved iun body waight.



Table 13

Cardise Outpyt Peterminatlons in Catvle

Cardilao Gubput

Bipt. No. {Zow No. Body weipht Litresfnin ntBe body wolghtuin
5

3 1 11{/ 2.3 111
2 5 2 201 220 110
b 2 201 £6.0 180
3 > 200 &0 121
4 % B, 3240 302
5 a 5 350 50,0 w21
b 5 250 BT 106
6 6 e 29.0 11d
7 7 HHR 42.0 182
& & 360 48.0 L35
9 2 561 B0 ol
10 10 B 45,0 115
11 14 I 1.0 108
12 18 0 40 116
13 i3 87 740 g6
14 4 e 48,0 iee

15 1% hoh 48.05 g
kL) 16 420 56.0 LD
17 s 17 424 5240 a3
B 17 45% 48,0 11k
18 18 2 45.0 02
19 & L 48z 330 1310
b 19 Lg2 60.0 124
20 20 455 62.0 128
21 21 455 58,0 117
22 & 2 505 510 101
b 2R 515 49.0 o5
25 g 23 520 5%.0 0%
h 25 575 6740 125
24 24 595 58,0 g7
25 P, 650 5.0 100
26 Po H1h 54,0 108
a7 B3 500 60.¢ 120
Mean 07,7 45,8 113

11,33
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The results obtained In this study are compared in Table 14 below

with the results of other workenrs.

Table 14 Comparison of Cardise OQubputs of Cattle

Authors Cattle No. Mathod Cardisc Oubpui
ml/ kg body wi/min.

Doyle, Patiersoa,

Cows 5 Dye Dilution 99
Warren & Detweiler, 1961
Stowe & Good, 1960 calves 15 Dye Dilution 123
Kuida, Brown, Lange calves 15 Dye Dilution 12
& Hecht, 1961
Reeves, (Qrover, Will steers 10 Piek 117
& Alexander, 1962
— heifers 4
Present study Dye Dilution 1l3+11
COWB 25

There is a close correlation in all the studiles made except those of Kulda
et al. (1961)., Thelr high value for the cardlac output may be explalned
by the fact that they used trangquillizers and then restrained anlmals in
lateral recumbency. They quoted a mean heart rate of 100 beals per minute,
which susgesbed some excitement and thus a high cardlac outpuwbt. ALl the
other workers carried out determinations with thelr subjecls standing.
Reeves et al. (1962) compared cardiac outputs in cattle before and after
tranquilliization with chlorpromazine hydrochlorids. Although ths mean
value reported was higher after tranquillization, the dirference between

this and the values determined before btravngquillizatlon was not significant.



If compaylsons are mnade on a bodywelght basis between cattle, other
species of domestlc anlmels, and the lnwwen subdect, it is noted that
cattle, sheep, goabts and humens In a non bagal state have similar cardilac
ocutputs, horses have lower cardilac oubtpubtz and dogs have higher cardiac
outputa. No reasony have been sugpgested for these dlfferences. Furthen
comparative astudlies would be neoessary to explain these differences. In

Table 15 a comparison is given of cardlac outpubs of the different species,

Table 15 Species Differences in Cardiac Qubtput

Specles Cardiac Qubtput Authors
mlKe body wb/min

Cattle 11% % 11 Present Study
Sheep 113 Schambye, 1952
100 Croes, Dawes &
Mott, 1958
Goats 120 Bararoft, Boycobt,
Dunn & Peters, 1919
Horses 75 Fisher & Dalton, 1961
5 Zuwnbz & Hagemann, 1898
Human a2 YWood, 1958

(resting non-basal)

Dogs 158 Marshall, 1926

D. (o) Vardations Iln cardiae output of cattle

Before correlated studies were wade of catile with sardiac disease
a mwber of cardlac oubput determinations were made upon gabtle elther
suffering from cardinc disease or affected with ocondlitions liable Lo cause

alterations in cavdiac output.,
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(2) Excitement

Fear and exeltement increase heart rate and cardlac output due o
sympathetio dlschayma, A comparlison was made of & normal curve and an
oxoitement curve from the same young animal (Fimure G6). While excited

the pulse rate inorsased and there was a 509 increase in cardiac oubput.

(h) Ansemla
Ansemis has been stated to cause, in the human sublect, an Increase
in cardlac output (Wood, 1658) and this would be an expected rezction of
the heart in onder to punp the same quanbity of oxygen to the bLissues.
Below is ﬁ.llu.s‘bra'ted a dye dilution curve of an sneemic cow {Figure T).
The hoematological data 1z glven in Table 16. The cardisc oubput

iz above normal at 148 ml/ kg body weight.

Table 16 Haematologloal Data 12416
Normal 12416
Packed Cell Volume o I aa %
Haemoglobin 9~ 11 5.9 gus /100 mi
Erythrcoytes 5 «- 8 2.13 millions per ou.mm.

(e¢) Anaesthesls
Halothane enaesthesia has been shown to cause a decrease in cardiac
output in dogs (Raventos, 1956) and in man (Kubota and Vendam, 1962).
This decerease in cardlac output was denonstrated in a cow. Below
are 1llustrated dilulion curves from the same normal cow hefore and
during Halothane ansesthesla {Figure 8), A 14.067 decrease wos demons-

trated.,
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() Pneunonia

Due to interference with oxygen upteke and carbon dioxide excretlon
an. incresse in cardlec output mlght be expected 1n the early sbages of
pneumonia. At a later stage the decrease in myocecaprdial oxygenatlon would
cause a decrease in cardiac output.

Physiological studies of parasitic pucumenia and the/a%fects of’ -£.
anoxia in catble have suggested that the inltlal stimulus to respiration
from pneumonie may be from the lung (Fisher 1962). As a result of
pneumonia, pulmonary ventilation 1s increased to a greater extent than
in experimental anoxia. Thus at the early stagus of pneumonla a marked
inerease in cardilac outpul due to anoxia is wnllkely, and wmeasurements of
cardiec output in cattle In the early stages of' pneumonla falled to show
a siggifieant departure from normality. However, tho determlnation of
cardlac outpubt in a moribund pneumonic animal i1llustrated in Figure 9

demonatrated a mariked decrease in cavdiac outpul.

{e) Cirpulatory failure due to dehydration

A cause of death in cattle ds cireculatory fallure as a reguli of the
dehydration caused by the chronic diarrhoea of Johne's dlsease. The
decrease in cardlae output was demonstrated in two cases. In one case it
was possible to follow the animel from before the developwent of cip-
culatory fallure {Figure 10), after the development of cireulatory follure
(Figure 11), end finally when the cardlac output was about one half normal
(Figure 12). A few mlinutes after the deberminatlon the cow collapsed and

dled. Dye dilution curves from these animals are lilustrated below.
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2234 2.12.58. Johnes Disease.
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In addltion, in Table 17 ave given the blood and plasma volumes of
the animal on which determinations were made wp bo the polnt of death.
There was o decrease in hoth ag the clreulatory failure progressed. i
expressed on a body weipht basis the values are not markedly sbnormal
gince in this chronic condltion it Is atbempted to maintain cireulating
volume vhlle body tissues are dlsappearing. Therefore welght loss is
greater than circulatiog volume loss. Studles presented later on neo-
natal dlarrhoes in calves suggest thebt the primary fallure in diarrhoea
way be of the heart. Detalled Liochemical and electrovardiosraphic
evidence of such a fallure in Johne's disease may indlcate simllan
findings but in these cases herelin presented such évidence was not sought.

figure 13 1llustrates the caydlac oubtput decrease in another cow

with Johme's disease.

Table 17 122%% -~ Changes of capdiac owtput and

eirculating volume with dehydration

Date Walght Cardiac Outpub Blood Volune Plasma Volume
Ke, litres/min M1/kg/uin Litres nml/kg  litres ml/kg
26/11 o1 R 32 102 27.5 87.6 20.1 64
1/12 299 24 80 20 66.9 13 43
2/12 205 16 54 15 50.8 11 37

o

Sy sy Arrp——-

Normal Cow 113811 63518 50%7

s D antace



Figura 13

(4083 Johnes Disease.
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(f) Chronic Congestive Cardiac Failure

Many cardiac conditions cause chronic congestive cardiae fallure in
cabile. In this part of the study determinations were made on four
cattle which exhibited elinical and pathological evidence ol chronle
congestive cardiac failure.

(1) Perm., I

In“the correlated part of the study later, no cpporbunity arose to
carry oub fully correlated studies of” cablle with lymphosarcoma,

It was possible for the authior to determine, whilst in Philadelphia,
the cardiac output of a cow with chronic congestive cardiac fallure due Lo
lymphoid infiliration of the cardlac muscle. The elinical signs in this
animal werelthose of congestive cardiac fallure. There was oedama of
brisket and limbs, distenslon of jugwlar and mammary veins and a faét,
weak pulée.

The dye dilution curve ls illustrated below (Figure 14). This
indicated a slowing of the olrculation with & delayed first-appearance
time of the dye and prolonged clreulation.

The cardiac output was reduced.

(i1) 12084

Determlnations were carried out on thils animal before the development
of congestive cardlac falluve.

As the curves (Figures 15, 16, 17) below illustrate, with the pro-
gression of the condition and decrease of cardlac output the flrst ap-

pearance time 1s increased and eirveulation time 1s prolonged.



2t
%9
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28.660. Lymphosarcoma cow. Philadelphia. (655 kg)
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Figure 15

12284, 2.12. Before development of CVC.
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Figure 16
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(111) 12784
Determinations were caryied out on this animal in a gimilar mapmer,
The findings were essentially similap. The dye 4llution curved are
illustrated below (Bigures 18, 19, 20).
(1v) 12084 | h
whén first studied this animal was already in ohronic congestive
cardiac fallure with very marked subcubansous cedeme« The dye dilution
curves illustrated below indicated thet eventuslly it was impdssible (el
determine the cardlac output because of the prolonged circulation time

(Figures 21 and 228).

{g) Possible High Output Fallure N

No extensive opportunities arose to study high outpub falilure in
cattle but two cases presented themselves vhich suggested that this could
oooUY. .

Both cases were of Hydrops Amnil, that is there were excessive
quantities of foetal flulds. Cardiac output determinations on both
anlmals Indicated that the hearts were malntalning a normal outpuh 1f this
excessive foetal fluld was included in thelr fluld dynemlces., Thus, this
flnid was causing an additional load upon the heart and could therefore
cause a high oulput failure.

In one of these animals a Caesarian sectlion was performed, after which
a cardiac output determination was made. The decrease in cardiac output
at this time illustrated the effect of the removal of a large viscus from
the aplanchnlic .area upon the circulation, A detevmination of cardiac oubputb
made four days later demonstrated the recovery of the circulation as evi-

denced by e normal cardiac output.
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Pigure 18

27.10.59. Pericarditis.
12784.
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Flgure 19
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12784 10.3.59.
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Figure 2L

12084 Congestive Failure.
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The dye dilution surves from these animals are illustrated below

(Figures 2% and 24a, b and c).

D. {d) Variatlions in Cardlac Oubtput in Cattle - Discussion

The study of these variations in cardiae cutput demonstrated thet the
method as used was able to illlustrate the alterations in cilveulatory
dynamles by the changes in shape of the dye dilutlon curves. Marked in-
creases In cardise outpult and the Increased speed of aireulation was
menifest by a shortening of the first appearance time to three or four
seconds., Decreases in the gpeed of eirculation assoclated with a lower-
ing of cardiac output showed a lengthening of the filrst appearance time of
the dye.

The limb of rising concentration of the dye dilution curve was
staepest Iln bthose cases with an inereased from normal cardiac output and
flabtest in those cases vwhoge cardiac oulput was below normal.

The limbs of falling concentratlion of the dye dilutlon curves showad
gimilar differences in shape as the limbs of vising concentration, but the
differences vers much more marked. ‘Those animals with marked evidence of
congestbive cardiac fallure showed' very prolonged limbs of falling con-
centration.

From the dye dilution ocuvves it was possible Lo calculate the actual
inereases and decreases in cardiac oubput.

In other specles 1t is considered thet a 50% decrease in cardisc ouk-
put is ineompatible with life (Guyton 1961) and it is of lnterest that the

two animals in which such valuwes were obtained dled very shorily afterwards.
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12733 20.2.59 Hydrops Cow.
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FPigure 24a

12.2. Hydrops Amnii. (480 kq)
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Figure 24h

14.2.59.  Hydrops Amnii immediately after caesarian section. {380 kq)
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Pleure 24c

1812 Hydrops Amnii recovered. (380kgq)
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From this serles of anladls it vas congluded thet candiane gudpuy
determinations warge 2 volid method of meacwsing cawtlae funetion v &

maksee of gondibions.

¥.  Dabospination of bleod end plosme volumes of cavble (o) Hethods

Blood gud plosuws volumag of cobile hove bhoon for more estensively
sYudscd thean oo e cardine outpub. The reswulits obtolned and the
webhods vged hy dirferent workers ave given in Pable 18.

One of the veasons Lo tho continied use of Bvoags Blue as the intro~
vasoulor indleator in this gstudy vos the Loa0h thet its alow exeretion
Lrom the ajzeuladtion weant that the quantiiy of Qys injeowa. oy o eardiac
outpnt doternlnmtion could be then woed Lo doterming bleod and plasmoe
volunes  Pho optim tlme to romevé e single bBlood samply for tho do-
terninatlon of plasma And blood voluwe had Loon show 4o be 10 minuton
in eattlo (Dalton end Fisher 196L) and in the human subject ( Céz=eg;e1?5&2§;
551),  This vas ozeln cheoksd dn heslthy cows and Pigwrs 85 1llustyatos

o axeratdon arwe 1n g oo,

Botomaination of hlood and plesma voluws fpom the quantlty of

Bvans Blug dnjected fop o asydiac oubput detormlnatlon

Afsor an lnberval of 10 stwtes from the dobomsination of candiss oube-
pub @ blood swmaelo vay yomoved rowm & suboubancouws aixlowmingl vein, from the

oppoaite dugalar voin o that theeough vivieh Vvens Mlue wes injooted into

the sivauledbion or fron the beeahloceehalic teunk.  Thiy sanole was
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Plasma and Bleod Volumes in Catitls

Table 18
Reference Method

Turner & Vital red
Heyman
(1971)

Milier Vital ved
(1932)

Hansard Erythrocytes
Butler labelled with
Comay & phosphorug-
Hobbs 7R
(1953)

Reynolds T.1824
(1953a)

Reynolds 7, 1824
(1953b)

Dale, Burge T.1824
& Brody
(1956)

Bianca T,1824
(1957)

Mixzner & Bromosulph-
Robertson ophthalein
(1957)

Andmals

54 growing dailry cows
2% non-lacteting cows
41 lacteting cows

19 animals

81 detemninations
Welght renge
200~1,200 Lb.

Hereford Catitls

2 2-6 weeks old

1 3 weeks old

% 2-3 months old
5 6-8 months old
% 14-15 months old
4} 8«12 years old

Guernsey Catitle

11 determinations on
10 non~pregaant and
non~lactating animals
20 pregnant enimals

T lactating aninals

3 dry Jerseys
3 lactabing Jerseys
3 lactating Holsteins

18 determinations
on & Ayrshire calves
aged 4 months

Holstein cattle

5 lactablng cows

9 bull calves

Mean welght 48.7 kg.

Plagms Blood
{ml Sz, ) {ml./ ke )
35-0 58!1
37.8 63.8
49.2 81:1

597
120
85
62
58
57
57
36.910,8  52.131.h
38.8%1.4 57.442,1
38.5%1.8 59.242,8
B, 181 .7 64.142.7
36.6%3.7 62.015,0
b7 1wl T 68.8£7 .0
54,545 .6 84.4+9.8
47,520.8 65 . 4411
B.1x6.5 57.229.6

68.2416,0 115.0%30.%
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Pigure 25
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centrifuged. Using the E.E.L. colovimeter the concenbtration of dye
In this sample was found by comparison with the blood standard plasma
prepared for cavdiac oubpult determination. This gave the concentrabion
of dye in bleod (C‘b) « AU bthe samne time e eox?qpaz*iﬁon was slso made
agalnst a shanderd made from plasma obtalned bhefore dye Injestlon, to
whilch had been added sufficlent Bvans Blue to produce a concentratlon of
20 mg per litre of plasma. ‘This gave the concentratlion of dye in plasma
((’Jp) .

IF Y was the amouwat of dye inlacted:

Blood Volumeo = I in mg

Plasma Volwse

: j&

i
o)
[
(=]
=
32

Method used in neonzial culves

In experlmenbs studying w':.he. dehydrating offects of diavrhoea in
newborn calves, cardiag outpuin deberminabtions were not performed. To
obtalin blood and plaswa volumes an aceurately welghed smownt of Evans bhlue was
Injectod into one Jugulay veln and after 10 mimytes equllibration a hlood
gample was withdramn from the opposite jugular vein. Blood samples for
waking stondords were taken Trom the {iest venlpweture prior to the dye
injectlon. These samples were hondled as previously, that ls a standard
was proparved and compared with the 10 minute sample. Siunce theae calves
were on a milk diet and weve not rumineting it was coonsidered that such
Jugular blood samples would accurately reflect changes without the effects
of salivation which would he likely ia older ruminaling animals.

A mupber of determinatlons were made on nommal cows and calves.




B. Deteralnation of blood and plusma volumes (bh) Resulls

These results are glven in Table 19 as millilitres per kilogram

body welisht.

Table 19 Bleod and Plasme Volumes
in Healbhy Cows and Neonatal Calves
Animals No. of - Blood volwne  Plasma volume
Animals ml /e mlk/kp
Neonatal Calves 10 106%11
5 . S W,
25 - 45 Ke 20 68 =5
Adult Cows 18 G2t 5
300 - 600 Kg 15 50 545

These results are similar to the vesults of other workers (Table 18),
differences probably being duc te the various lubravascular indlcalblonsg
wged, The values in Table 19 ave not significently dlfferent Prom
previously published results (Dalton and Fisher 3.9615 v  These resulig
indicate that calves have silgaiflecantly highevr (p<0,.01) blood and plasma
volumes than adult cows. Simllar findings ave reported in the human axe

subject (Wiggers, 1049).

8. (o) Variations in blood and plasme volume of cabile

In sone of the cases where changes in caprdiac oubpulb were studied
blood and plasma volumes were also measured. The resulis obtalued are

given in Table 20.
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Mable 20

m.m:»_:l volunss of anlmals wlth a@.ta:;‘aﬁias}ga i.t},

iy capdise ouloud

Ha,,

1168 Contyol
yiuothano daasatlwals

AL2%  Conbrol

e

Iralionend

R0 JohneTs Disease

1E0TL

Bydsops Amall

1268 Chrvonic Covgestive Cardiae

Palluve

19884 Ghyouls Conmostive Cawdion
Fellure

LaTBL  Chronle Consestlve Cardiae

Fellivee

Anpeinis

2iood yolyue
ditwen misks

AR

Rionaneieg

g7 &
a8.3 68
0.9 50
ol 65
87,5
20 £5.9
A% 50.8

Proprossive

dehydrasion

Refore Cessavieyn Sootlon
Trnadintaly aftoe oporablon

B degs post opovation

Before Tallure



As part of anobther exporimant plasng volunos were sbesured in yowwy
calvos befora and during the dstiydeailion caused by pocnebal dinvrbhoes.
The resulis obboined fn ten ocalves age given helow in Tebhle 3L to

4 .

1llustrace the ochaages tokins place.

e

Gable 23

AN Hefore dlorrloos After 3 deys

gedorato  dlarpioeen

Dody Wi Ploaswe Yol. Body Ve Plogma Yols

Keye FERR T ey Ko Litwos il /e
LFLET 5.6 2.0 G0 8% .8 186 5855
LTA67 2.7 2.06 &35 00 1.82 E0.7
LFIsG ks oy 2,41 6h,a Hhal 3.95 GR.1
17150 Bl 2,15 ol AN 1,89 B o
WFLSL H3a0 2.3 53,5 556 L7 555
17482 H3e0 R &4, 340 2,13 Gi2al,
Lrhal 36.8 1,087 51,.9 5.5 1.83 BT
LFHED 333 235 65,6 Bho 192 Gl.1
NS 23.% KRN 36,5 21 1182 .5
ENZHST 1.9 557 0,0 138 4.0

Moo & S3.0, F3.9022.58 2,030,287 50.826.04% L2809 L.7LE0.57  s4,8:7.0

With the dehydvebion of dlurphoes thors was g dogzoage in hody wolght amd
a deoraast Yun masms veluws. There was no sigaliloot difdevence bebucen

plagas volumes Lbefore and aftter J days anderate diavehoas.

Be  {d) Vardauions in blood end plosimo volumey of eabktls - Riscwssiea

Yhese determinations of blood and plagma volumes were suocessinl in
ilivsteatdng doorenscs as & @esult of dehydveblon, but the fow detemine
e
ations & :n'tifmzpt;ari in congestive qardiec Tallurve Talled to Alluveltrsie hypopy-

volasnla. Byldense of hypevvolaguin I8 proseatod later in he nore

goteiled swudles of the hoart Pallurc due to treavmetie poviveyditls.

¢
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3. Digscussicn on the Methods

This initial part of the study has 1llustrated the feasibllibty of
the utilisation of mony teckmiques as part of o routlne cardio-vascular
examination of catile when intact and unanaesthetised.

The determinations carrvied oul demonstrated that cattle rre
similar to most other speécias with reference to thelr cardio-vasoular
paraemeters. The most noteworthy axceptlon was in the haesmatocrii,
waleh was found in adult catile to be lower than in other species, This
in itself is not an original observabtion, neither was the observation
that varistions in the heematoerit occur from vessel to vessel. It was
of preat interesl to observe higher jugular then mmmmary haemetocrits
in both lactating end non~lactating cows. The losa of fluid to saliva
could be predicted in caltlile, as could 'the greaver loss in lactating
castle who are eabing more. A further interestlng extenslon of this
part of the studyémhich was no? at this time pursued, would be a com-
parison between housed lactating catile in winter and simllar cattle in
summer, particularly if the cablle weve not heing fed concentrates in
SWINer .

A vessel with the name 'mammary' might be expected to play a large
parlt in the drainage of the mammary glend. The evidernce of haematocerits
would suggest the contrary, since ne significant differences could he
found between lactabing and dry cows, This particular aspect of the

mammary sland of cattle would be worthy of further investipations,
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although outwith the interest of the study herein presemted, Sone
avidence on mamnary blood flow has confirmed these observations
(Reynolds 1963).

The variation in venous haemabocrits emphasised the fallacy of the
utilisstion of periphepral venous sanplas lun the determinaition of the
. concensration of cartaln bloed constltuents. A further observatlon
which reinforced the above chservation was made when long venous cathe-
ebers have been used Lo obbaln mixed venous blood samples. Tt ls usual
to insert vhese blind, without mondtoring the pfassure at the catheter
tip, Ot meny ocecasions in calves, dlffioulty has been encountered in
enbering the risht ventricle, which fact was known only Ly pressure ra-
cording. Slaughter of some calves with catheters in situ pevealed that
the cotheter tips were in the liver, not the right ventricle.

The use of Bvan®s'Blue as the intvavasculsr indicator enabled the
same dye Injection to be used for blood volume, plasma volume and cardiac
output determination. "Bluelng" was not a problem in cattle bub the
persilstance of dye in lymwph glands, liver and kidney meant that after
injection of Evans Blue at least one week had to elapse bhefore slaughter
1f salvage of the carcase was reauired.

The préparation of both plasma and blood standards avolded cel-
culations using a trépped plasma factor. It alse svolded the errors
if suelh caleulationé were made from resuwlts of haematocrits from peri-
pheral velns. This was considered of cruelal importance in the da-
termination on dié?%sed anlmals. A slide determination often made and
which was usuelly within 1 or 2 millimeters of the centrifuged haematoerit

was the calenlation of haemaboerit from the plasma and blood volumes found.




The use of this caleulation acted as a check to a limited extent on
the validity of the 10 minute sample, but more on the acouracy of the
standards made 1in blood and plasma.

The variations in cardlac oubtpul were not unexpected but served o
illustrate graphically the changes in the funstional ability of the
heart as a result of various conditions, These vardatlions are often
quoted in textbooks ut are seldom illustrated or piven cuantitatively.

OFf the grestest interest were the very fow observations mede on the
catltle with hydrops amnli, suggesting as they 4id high oubput failure
ag a posgible cause ¢of death in thisg disease. It Iz unfortunate that
due to the gradiual development of the many methods utillsed over the
vhole éf Lhis pregant study, some were nob svallable when the variations
in cerdiac output wera studlied. Iater studies on abnormal animals were
linited to conditions availeble in the greatest numbers. It must be
emphasised that this study of veriations wes for the purpese of demons-~
trating that the Injection method of the determination of cardlac oul-
put could be wubilised to quantitate end illustrate. It gave indleations
of possible investigabtions to be purgued at a labter date.

in a similer moner the determinations of varietions of blood and
plasma vg%ume, although in some ways less striking, also indlcaled

{ras 28
Turther Gime of reseawch, porbiculacly with reference Lo Gehydration.

Theée changes of plasma volume in dehydrabion were less than expecied and
in the seccond part of this study evidence is présented that in one de-
hydrating or sodium-losing condltion plasma volume dgerease may nol be

the primary cause of death. The stimulus for thls study arose from

the observations iﬂ'this Tirst part.
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4. Observations on abnormalities end disturbences of the cardlovasculap

gystem of cattle

The broad £ield of abnormallitles and disturbances of the cardilo-
vageular system obviously covers such a wide arves of gtudy that it
. would be impossible to cover completely in correlated ¢liniceal,
physlological and pathological investigations. Moreover, as men-
tloned eawlier, some Important ocardiovagscular diseases of cattle do
not occur in Scotland. Thus any veports of these would merely review
the worle of othevs. Studles were made on three conditions only in
which numbers of anlmals were available and whilch presented distinet-
ively different cardlovascular syndromes. These wege:-
(b) Anabomieal cardiac abnormalities (Melformations of
the Ventiricular Septal Complex).
(e) A common Infectious cardiac disease of catile in
Britain (Trauwalblic Perilcarditis).
(a@) Primary cardiac failure as a result of neopatal call
dlarrhees. |
Tye of these conditions required inbensive pathological studies
bul in the third, the pathologilcal observalions on the hearts revealed
no dilstinctive lesion. However, before these studles are presented,
descriptions ave given of the addliticonal methods (a) utilised in this

part of the study.




a) Additliomal Methods

(1) Bleobrocardiography

Although some fairly sxtensive studies have been made of electro-~
cardiograms of cottlie (Alfredson and Sykes, 1042; Iank and Kingrey, 1959;
Brooijmens, 1957: Sellers, Hemingway, Simonsen and Petersern, 1958) no
definitive standards have been laid down. TIn fact bhoth Brooijmans (1957)
and Sellers et al. (1958) have stated thet veriations from auimal to
animal and in the same animal from tlme to time are present in the
directlion and shape of the usual complexes when electrocardiograms are
taken using standard Limb leads.

In the present study an extensive lnvestigation of electrocardio-
graphy in normal cattle was nol made.

Blectrocardiograms were taken of standeard limb lesds of Finthoven
and Unipolar limb leads with the left arm-eleciroede attached to the left
forelimb at the level of the olecraron, the right aym-electrode atbached
to the right fore-leg a2t the level of the olseyanen and the ieft leg-
electrode attached to the left hiad leg Just in front of the patella,

Phe areas of altachment were thoroughly webbted with an electrolyte
solution containing sodilum chloride, alcohol and waten. The electrodes
were atltached by means of nlckel silvey orocodlle c¢lips, it having besn
found that plated steel crocodile c¢lips had too short a life due to
coprprosion.

The eleotrocardiograph used was in the first inztance a mingle

channel heated stylus apparatush, but this was not satisfacltory at fast

*  Cambridge Instrument Company Ltd., Cambridge, Ingland
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heart rates. A six channel direct wrlbing Jjet recorder¥¥ was then
obtained and was used conbinuously and with good results.

The electrocardiogran was used to £ind heert rate, Lo define
arrhythnlas, to determine whether complexes obitained were of nowmnal
slze and to define exsetly vhere murmurs recorded with the phonocardio-

gram were ocourrving in reletion to the nardiec cycle.

*%  Slemens Cerdirex 6, Supplied by Silerex ILitd.,
Liondon, England
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The resulis of other authors were conflrmed and sre summarised
below (after Brooijmans 1957 and Lavk end Kiogrey 1959).

(2) The heart rate of the normal cow varied f‘rom' 00-~80 per
minute with a meen of 72 beats per minute.

(b} ‘The P-R interval varied between 0.1 seconds to 0.28 seconds
with an averasze of 0.21 seconds. As the heart rate incveased the P-R
interval deaveased.

(c) The QRS interval varied betwsen Q.04 seconds and 0.1l
gseconds with an average of 0.08 seconds.

{d) The QT interval varled between 0.26 seconds to 0.5 meconds
with an averasge of 0.4 seconds.

(&) 'The applitudes of the P and the QRS waves of the bovine
eleclirocardlogram were Low bul the T waves were often relatively high,

partloulerly in calves. Below, in Table 22, are given published

parameters.,
Table 22
Detlection Minimel Maxlmal.
ny ny
P 0.03 0.18
Q] Q.03 1,00
R 0.03% 2.60
S Q.09 0.25

T 0.70 1.10



The smallest ampiiiude of any of the deflections of the electro-
cardlogram were always observed in lead Y of the stendard limb leads,
vhile the largest deflects were observed In lead II.

(£) Considerable variability was present in the conformation of
the GRS deflections of the standard limb leads. This vardability

exlsted between anlmals and in the same animal at different times

{11) Phonocardiography

The heart sounds of catile have been very infrequently recorded.
As far as can be ascertalned there are no published records of the heart '
sounds of cattle exeept those of the author (Fisher and Pirie 1964, a
and b). The present study has to a large exlent been confined to the '
recording of abnormal heart sounds, but to a Limited exbenl normal
sounds were first defilned.

Sounds conslst of the subjectlve lmprasgions produced by vibrations
reaching the auditory apparatus. Any apparatus recording heart sounds
in a grephic mamer can simulate the humen auditory apparatus by ve-
cording the vibrations of a mass of ale belween the chest wall and the
sensitlve plck-up. Such an apparatus suffers from the disadvantage
that 1t records all the vibrations of this alir mass, for example those
produced by exiraneous oblects unrelated Lo the heart sounda. For
such a recording system absolute quiet is necessary, and bhus re-
cording in a sound-proof room with a complete quiletness of all operators

ig 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 inbo elecbrical
signals. - These signals were fed into a heart sound anplifiisr and a
series of electrical Tiltews. ' The output of amplifier and filters
wag then fed into galvanometers and thus 1t was possible to vecord
graphlcally, in & series of frequency bandg, the vibrations caused by
the heart. By means ol these iilters 1t wes also possible to record
intensity oy loudness as differences in amplituds.

Graphic recovds in different frequency bands were ¢bbained of
heart sounds recorded at the chest wall without any extraneous sounds.

The disgtribution of the intensity depended wpon the Irequency of
the heart sowds in the individual frequency bands as shown In Digure 26.

The & frequency band records the low freguency heart sounds, the
Trequency bands my and Moy record the mediwe frequency sounds and the hy
frequency heart sounds. The g Crequency hand records a wide range ol
sounds and 1s known as the stethoscoplic Trequency vand, since it records
graphically those sounds apprecisted by the human car when listenlng with
a stethoacope.

The actual vibretions recorded from the chest wall depend on the
thickness of the chegt wall and the position of the microphons in re-
latlion to the heart. In the present study recordingy have been made
al the polnt on the chest weall wvhere the greatest intensities of

vibrations have been obialned. No attempt has been made to define



Figure 26

DISTRIBUTION OF THE

INTENSITY DEPENDENT UPON THE FREQUENCY OF

THE HEART SOUND IN THE INDIVIDUAL FREQUENCY BANDS.
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specific valvular areas as has besen done in the dog (Detweller and
Patterson 1962), The graphic recordings were made on the six channel
Jet recordsr previously desceribed, using a propramme of 5 freguency
band sound recovds, together with o lead IT elecitrocardilopram for the
purpeses of ‘tisilng.

On auscultation of the chest of the cow the heart sounds ave heard
most distinetly between the 3rd and 6th ribs on the left side and right
side at a level of 5-10 oma dbove the olecranon. Heart sounds are
usually more digtinet on bthe left than on the right side of the chest.
The firgt sound and the second heart sound have always beon heard, bub
the third heart sound has not been sppreciated. In adullt cows the first
pound was often 'split' end the second heart sound was occasionally also
Ysplit?',

Same recordings of heart sounds of normal cabitle are iliustrated

in Pigures 27, 28, 29 and 0.

(111) Iontravascular Pressure Hecording

Initially attempts to wacord the blood pressure of catitle were
made with & capaelibance manometer¥, This instrument proved to be very
unrelleble and wes abandoned. By the time that reliasble manometers
were obtained resulits of blood pressure measurements made by other
worlsers had baeen published (Doyle, Patterson, Warren and Detweiler 1961,

Reeves, Grover, Will and Alexander 1962, Sellers and Hemingwey 1961,

* New Electronic Products Ltd.
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Figure 27

Phonocardiogram of Normal Cow

II-ECG LEAD O I-15t HEART SOUND
t-LOW FREQUENCY HEART SOUND 2-2nd HEART SOUND
M-MEDIUM FREQUENCY HEART SOUND

My MEDIUM FREQUENCY HEART SOUND

h-HIGH FREQUENCY HEART SOUND

g-STETHOSCOPIC HEART SOUND



Figure 23
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Figure 29
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Floure 20

Phonocardiogram of Normal Calf
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Kuida, Brown, Lange and Haeht 1961) so that no attempt was made to
obtain a series of normal readings.

Methods were checked to ensure that readlngs obtalned in normal
catile compared with ’bhosé of other workers.

Pressures from the Jugular veln, the vipght slde of The heart, lthe
pulmonary artery and the brachial artery, brechio~cephalic hrunk and
carotid artery were measured by inductonce manometers¥®, the output of
vhilch was fed into the six channel jet recorder for graphic recording.

In catile it was not possible by radiography to obbain evidence
that a catheter tip was at a particular point in the right side of the
heart or pulmonary sasrtery so that the pressure recorded was the pressure
at the slte claimed. From the shape of the pressure curves obbained,
reference to published pressure curves (Doyle et al. 1961) and refer-
ence o the curves obtained From other species it was possible to state
with reasonable certainty that pressure curves obtained were from the
sites clalmed., In addition to confirm these oclaims, a small series of
experiments were performed whereby catheters were inserted immedlately
hefore slaughter, pressure curves obtained and, after fixing the
catheters, postmortem examination determined the pilte.

The results of Doyle et al. (1961) were taken as a standard., It
was found bthat pressure recordings obtained weye in agreement with these

results. Their reference standards are glven dn Table 23.

*%  Siemens -~ Eleme



Toble 23 Intro-vasoular pressures
{(after Doyle et al., 1061)

Pressures in g

Srstelie Diagtolie
Right Atriuam i) Q
Right Ventriele ] 0
Fulmonavy Artory 25 19
Jueunlare Vein 0 0
Carotid Artery 100 130

(iv) Blochomistyy

The biochemisal resulta presented in this part of the study were
obtained in part from o roubine hospitel service.

Before thilas services was lnstituted the normal values Loy plasmn
clactirglyte oonventrations were obisined in the author's laborvstory

{(Fisher, 1060). Thege ove given im Table 24.

Teble 24 The conoentration of eleotrolytes

in the plasme of catile

Cows {alyesn
Constituant Wo. Concentration No. Concentration
me@a/iitve n.eq/litre
Soddum gt 12.842,0 &5 LA, 85,5
Potassium 92 W07y 50 5. 1k0.
Caleium U 5,0%0.0 2 %,.030.2
Masnosiwm 57 146400 29 14420,
Culopide LA0 103, 3450 G 100 .. 365.5
then individuoal determinetions were made in the author's luaberatory
and by the routine hospital servico & olose coypralation ouwilsted hotween

whe resuity.




In Table 25 are given other biochemlcal parameters uged in this

study.

Table 25 Normal Values of other Blocd

and. Urine Paraweters

Totel Probein gms/100 ul, B.T-83
Albumin/globulin ratio 0.7-0.8
Alkaline Phosphatase

King Armstrong units <1e
8.6.0.7. 8/F units 4ox10
8.G.F. T, S/F units 20%10
Urea mg/lO00 ml, <30
Urine Urea gm/100 ml. <1
Urine Protein mg/100 ml. NilL

(v} Haematology

No specific determinations were wade of normal anlmals (with the
exception of bovine haematoorit) bub the f‘ollowmg table gives the

values used as sbandsrds in catble.

Table 20 Normal Haematologlcesl Data of Catble
Packed Cell Volume = HEH,
srythroeyte count . 5 - 8 million per cu. mm.

Leucocyte count

Differential count = @ - 11 thousands per cu, nm.
Neutrophils = 40 - 45
Lymphoeytes = 6o - 65%
Bagophllsg & 1 - 23

Bosinophils = 1 - 2%
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(vi) Rathology

The results of the pathologleal findiogs presented in this fonweth
port of the study vwere oblaingd by & colleagus, H.ML Plvle, as part of
e sorvelated sbwdy off canmileoc dlsgance.

The hearts wepre walghed after they hal bhooa opencd, ewptied of
blood, apd the major vessels trimmed off. I the case of velxns this
vag done at thelr juncticon with the atrisn ond in the case of aviorvies
oy the level of the semilunar valves.

The thickness of the evight ventricle was measuved at o point on the
vall adjacenl o the inseprtion of the savderator band. The thickaess of
the left ventriole was messured ab tho level of the jnsertion of the

chomlae tepdineae love bhe popillery mascelss, on the line of an ineision,

wade &0 thet it would paps between the anterlor and posterdor papillery
miasolos ab not duwvelve elither of thew.

The dirawmlevences of the sortd and pulvongry arlaries vere measwireqd
and abpormalities potad in valve ousps. BDlocks of tissue for histological
ezamination wore btaken froa the heapt, long, livew, spleen and kidney of
anch anloal, The ismies were fixed in corrosive fommol or 104 Covmallin
and, after dehydrating and cabedding, stained with hoeemwtosylin ond cosin,
plove-ddallory, Van Gleson and Welmert glestica.

In opder o establish novmel peramebors for catble hesmte, a muwmber
of sueh hearbs were avaninsd. The parasneters ave glven in Table 27

below,



Fanle 27

Adult Gattle
{13)

calves {(8-12 waeks)

( 5)

CGolves (less thoen
T doya)
(10)

Where

w2
w

Paroangtors, catyle hearts

i, % 300
3

O ;}"rfSﬁ -GL}
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027800

5.4 L0,

070203

?‘:W'Erh
v

1.958.57

Tiefdq
180580

W01

300207

1o = left ventvdewlaer thioknsss

v = plghd ventiplioulay thiskneas
P = pulmonary valve clycuwferance

2
&

055208

Biodd ¢
loﬂGt !06

P03

2 OLELCOL

Y-y
l-nv

105825

el
1.,09%.09

P LOOL

1.00%,04

B = body welght

E2 = A0FLic voalve clirvcumisronce

reay = tplouspld valve olrowsference

Yeav = mibeal vwalve clreusfersnna

The pisniileantily highey heart weisht on o body welght hasls of very

young ealves is probobly & nenifestabtion of low bedy fobt and an aaply,

non-funetional mmen when comparad to older calves snd ocdult anttlo.

The other siznifloent divferances in paramebers Inlloated the rvelatively

loigor vight side of the heart In the young calf.

L was fouxd thet a mumbere of aduld cattle hed tfwetilonclly

eonpetent bub nuetontcally patent foraming ovales.

This wada congldered

0 bo a vornel finding in cabtle, sinee it was Loyl dn 6 oub of 31 hearts

fram andlnals over 1 yoar of age with no evideneo ofF cardiac disease, amnd

a4 out of 30 hearts of onimols ovex 1 yoear of age with cendlac discasc.

Siniler findings hove been reporided in the humen subject (Bdwards, 1960).
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B} Madformetions of the ventrleglar sepbal complex In eavble

In a study of cavdiovaseuwlar dlseane in cobile, sevorsl congenibol
cardire oaonalies have been chaerved. The highest proportion of these
ave invelved the ventrioular gepium. T the howan anbject, the tera
Tyentrioular sopbol complex” wos ueed by Bdwaads (1960) to clossify won-
pevitel cardlac onomslles in which o venivlowlar sepital defeoed yes prosent
elther alone or assosipied wilth other cardlac pnomaliles.  Suoh enomalies
have been described in mony specles. Piguves Lov the ineldense in mon
Indseate that 85 povr cont of eases of sorwenlial hesrt ddnonse have
defects of the ventvdoular septun (Wood, 1658), md in the dog 15 ver
eont of tases of congenltal heoart dicease heve shown Invelvement of the
veniriculay sepitum (Detuweilor, Patiorson, Hubben oyd Potits, 1861). In
a supvey of 3,000 sald hoavts i defentoe of the veubylenlsy gepitum ware
disuovered (Rupperts, 1001).  Other luwvestignbors heve reporied Linding
15 cases oul of 4,500 cattle necvopsies (Oiafuon, 3933) and slc ceses oub
of 2,000 wabttlc neeropsies (Corly and Mibbelin, 1GH0).  iany iodividusl
sages have been reported (Bleod ond Steel, 104G; Blood, 106GG: Dison, 1058;
Hatm, 1808: Lilleongeen, 1oml; Misdoyn, Nooraljk apd Reok, 1959 WMonbi,
1934 Sheather, 1911). Jhese jadividusl vepovis have beon weinly of
ITimited olinleal choovvetlions, In the preaent series, 10 anewalies oub
of o total of 19 have involved the ventriouwlar geptumw. The other theeo
aoses were two gotopls cordis and ene complote Transposition of tho grent
vepsela, The sattle were of the oomuen breeds found In the Woest of
Beobland, all wder thyee yeavas of age, ond included apparently hoeonlihy

ondnala as well ag those obviously dlupagad.
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These casns have baen ¢longified inte thrse groups on the bLasis of
thoelr pethological sosbomy. Thase are: Groun 1, vepbrioular aevhal
defeets:  droup Ti, vegbrleuwlar soptal defscte with pulvonary stonosis
{Totralogy of Follot): Group ITL, veudriealer soplel dofocts with

desbreposed corta bayh po pulmenary stancsils (Bilsonmangor complex).



group T

Elght snimals whilch had venbricular septel defects as the polmery

lesion weve seen in this group (Pable 28).

Table 28 Group I: Venbricular Sental Defects

V.5,D, % Ultimate
Cage No. Age ot Autopsy Sex Aortlic Qualitabive fate of

circun- Assessment animal

farenoe
19738 6 weeks Female 1.1 Large Died
20510 3 veeks Male Q0.9 Layge Destroyed
21342 4 weeks Male 0.8 Large Digd
20123 6 veeks Female 0.63 Med lum Destroyed

{moxribund)

1867% 2 yoars 6 months Temald.e 0.59 Medium Degtroyed
19151 2 years 6 wmonths Yemale 0.3 Small Degtroyed
18961%% 2 years 6 monbhs Famale 0.3 Small Destroyed
17756 3 months Male 0.25 Small Pastroyed

*% Sgptum not perforabed

¥ Ventricular septal defect

The slze of the defect varied and, using the olrcunference of the aorta as
& standard, the defecls were classified as large, medium and small.
Detalls of the indlvidual cases are glven below.

Case No. 197383 6 weok-old aposs-bred Abevdeen Ansus, female

This call was admlitted to the Veterinary Hospital with a gross capdiac
rmurmar and vespirabory disturbance, The anlmal was dull, in Tair bodilly
condivion, and on dnspection had an Iincreased resplratory rate of 60/ min.
Palpation of the chest revealed a precordial thrill st the 4th intercostal

spaece on both sides. Percussion of the chest gave an inereased areq of



gardisc dullness. Auseultablon of the lungs revealed hronchlal in-
agpiration and bronchovesicular expirstion. When the heaprt was ausculitated
at the 6th Intercostal. space, the heart sounds were detected, but they

ware partially cobscured by a gross miramr,  Thig mummur was best heard

at the Il lntercostal space ol the left side, at a point B em. above

the elbow. TIn character it was continuous and of the machinery type,

the systollo portion ending in & distinet squeak. The heart rabte was
120/minute and the pulse volume was falr. The jugular veins were dis-
tended right up to the mandible.

No oyanosls was evident ab rest or on exercisine. Haematologlcal
examination indicated no polyeythasmia. Blectrocardiographic examination
showed no dlstlnctive abuormality. XK-~pay of the chest showed a much en-
larpged cardiac shédow, pvarticularly of the left ventrlicle, and the trachea
was dlsplaced upwards. There was radlographlic evidence of pulmonary
cedama.

In view of the machinery murmur, the cardias enlargement - parbloularly
of the left vantricle - and the resplratory disturbance, a diagnosis was
made of a primerily left-glded heert failure, probably due to a large left
to right shunt through & patent dustus arieriesus.

The animal survifed only three days.

Autopsy

There was a moderately mevere fibrinous pericardiitis and the pefi-
cardial sac conbained 100 ml. of serosanguinous Tiuid., The heart was
- grossly enlarged and weighed 660 g. The heart welght/body weight ratlo
was 1:26. The right ventricle was 1 cm. and the left 1.1 cm. thick.

Extornal exanination of the heart showed that the apex was rounded.



In the anteroventral part of the fomsa ovalis Tthere was a anmall atrisl
septal defect, 0.8 om. in dlameter. The rlght ventricle, which was
grossly dilated, had g hypsrirophied wall, and the pulmonary artery and
valve weve slightly dilated. The left atrium was dilated and the wall
was hyportrophied, A largs ventrioulayr septal defect which was Lyvi-
angular In cutline, with rounded corners, was found. The triangle
measured 3 em., x 2.5 om. % 2.5 em. s0d vhen viewed from the left ventricle
the lesion was high in the lunbervenbriceular septum with the apex of the
trisngle betwsen the anterlor and right cusps of the aortic valve. in
the right ventriclie the defect appearad posterior to the crista supra-~
ventricularis and extendsd slightly behind the septal cusp of the tri-
cuspid valve, posterior to Iis most anteriorly situated chorda tendinae.
There was slight suboettaneous ocedema along the floor of the abdomen,
and the thorax combtained 300 ml., of serosangulnous fluid. The traches
and large bronchli were full of frothy oedena flukd, while the lungs were
dark red and heavy, due to pulmonary oedems; vwhen the lobes were sectloned,
oadema fiuld exuded freely from the cut surface. The liver was pale yellow
and had a nubtmep, appearance. Histological examination confirmed the

preseéncs of early chronle venous congestlon.

Case No. 20510: 3 week old Ayrshire, male

This calf was edmltted as a possibhle case of a cardiac defect, since
a gross systolie murmur had bsen detected on auscultation of the chest.

When examined the oall was brighl and in good condition. The pulse
rate was 120/mimute and of good volume., On palpation of the chest a

pracordial thrill could be felt at the Zpd intercostal space on the left,



where 1t was most intense, and alt the Bth intercostal space on the right.
Percussion of tha chest revealed a loss of resonsnce over the lower thind,
Ausculiation of the chest confirmed the presence of the gross systolic
mirmir Wwoaioh was most intense 2t the Ded intercostal space on the left and
the &th lntercostel spece on the right. There was no respiratory dis-
turbance and ne oyanosis or other evidence of heart failure.

Haematological and blochemical examinatlons revealed no sbnormalities.

The elsctrocardlogram suggested left ventricular hypertrophy (Figure 31)
and the phonocardiogram demonstrated the systolic murmur (Figure 32).

The calf waas then slaughtered.

Autopsy

The heart was enlarged and weighed 598 g. The heart welght/body
wolght ratde was .09, The right ventricle was 1.3 cm. and the left 1.5 em.
Thlck. The pericardial cavity contained 0 ml. of serous fluid. The
foramen ovale was patent bubt prohably hed beoen functlonally competent.
The right ventyiole was dllated and hypertrophled. A trilangular-shaped
ventricular septal defect with sides 2 em. x 2 o, X 2 cm, wag present
high in ‘the interventricular septum with the apex of the triangle dorsally.
In the right ventricle it was posterior te the crlsta suprevenbricuylaris;
in the left ventricle, whose wall was not hypertrophied, the spex of the
triangle lay immediately below the anterior cusp and the right cusp of the
aortie valve. The edpes of the defeot were yrounded, thick and somposed of
muscle tissue. The duotus arierlous was probe-patent. No other lesions

wers found.



89

Rigure 91
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Figure 32

Heart Sounds. case no. 20510
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Gopse No, 213420 % weelk-old Pelosian, sale

pod Y- ermen

Pria eald was sdeitted with o hiatory of not thriv ng. When ox-
smdnad It wns dull and in poor condition. and it wan nebiaed thot the
neck wag very shorvh. The vespiratory rave wad 20/minute and there were
no adventivicus gounds, A pracordial thrild counld be felt on the left
sitde of whae chest but not on the »izbhit, alithough the apex beay wag fellt on
whe right, On suscultation an «brial Ith beard sound was heqwxd, follousd
Py o peood gysholie saymur (Flgurs 39). Phie suormer wag heard alld over
the chaat bul was most intenge at the Sth intoeprcostal spacg on the et
st the 4oh intercostod apsoce on the right. The pulss rate was 100 Aninule
and the volums wag good. Gyanoals wag pot ovident, neithey woas Jusuler
diastomzion. | The oconditliva of tho oslf 4id nol choapze wablil aboub ten days
nod elapsed The agflemd wag Bhan fomyd collepzed, with & gsubnopual
wenparature, oal dled *{;m*éae houps lator.

There ware no bBlochsuisal ov lmeaamto.fl.egg:i.u al apnovmmlitles inltlally.
The elechreeapdiosran suggested cordian hynevtrophy, while the phonoesardio-
grean demonstrated the aterial sownd agd the gsystolis swrmgi.

An dnditlal disgnesis of o vénbtivieular gopial defect wad wmods.

Phe hearh sppearsd Labger then oospal snd weighed %78 . The heart
wedehthody wolght vatio wos .62,  The walle of the right cnd lefy
vontricles mensured vespechlvely 1.5 aa. and 1.7 om. ‘The wight sterlug
mas ddlaied and altheogh the forasen ovele wes paband 14 appearad to have

heen functionstly sompebeat. Ag o rasult of dilatation, the lunen of the

vight veatpicle extondad furdher to the spes of the hesvi then nornsl, and
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Figure 33
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in addition the wall was grossaly hypexrhrophied. High In the ventpriculaw
geptum there was an elongated trianguler defect with rounded corners whose
apex wos sltuated ventrally (Figure ). The width at the dorsal part was
L.% am,, ventrally it was 0.5 on., and it was 3 em. long. In the right
ventricle the lesion appeared posterior to the crista supraventricularis
and in the left below the anteriocr ond rlsht ocusps of the aoritic velve In
the outflow tract of the ventricle (Flgure 735). The moderzitor band was
displaced ventrally and te the left of the apex of the defect. The pul-
monary valve and the pulmonary trunk were dilated. The left atrlum was
dilated and the lelft ventricle was also dilated and hypertrophled.

In the trachea and bronehi therse was a large amount of pale yellow
foam and £luid. The Jungs, whlch were osdematous and congested, were
heavy and dayk red, and when they were cubt the surface exuded coplous
amounts of fluid.

There were 11 thoracic vertebrae, 11 right ribs and 12 left ribs.

The eighth thoracic vertebra, which was wedgew-sheped, articulated with
three riks on 1ts left side. Tn addition, although the vertebral arches
vere normel, the bodies of the sixth snd seventh cervical and the first and
second thoracic vertebrae were smaller than normal, disboried, and fused
togethee, there being ne proper intervertchral dlse formation. The body

of the 4th cevviecal vertebra was also shortened,

Case No. 20123 & week-old Ayeshire, femsle

This calf was admitted to the Veberinary Hospital beecause a systolic

mriir had been detected and the calf wag not thriving.



Figure 34

Ventrioular Septal Defect
viewed from Right Ventriele




Figure » Ventricular Septal Defect
viewed from Left Ventricle
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On clinical examination, the calt was in poor conditlon, with a
markedly pendulous abdoman. _'l‘he cagplratory rate wes 60 per minute and
on susculitation bronchial inspirabion and bronchovesicular oxpiration vere
heard. There was 10 loss of rasonance on peraussion of the chest, bub on
palpation o precordial thrill could be detected on the lef't at the 4th
intercostal space and on the right at the rd intercostal space. The
th1ill on the right was very proacunced.

Auscultation revealed a gross systolle murmur, wmost Intense at the
I¥h intevcostal space on the left and at the Prd intercostal space on the
vight slde of the chest. Fulse volume was good and the rate was 90/minute.

There was no obvious jusgular distension and no oedema. The mwosae
were pale pink, and showed noe eviderce of cyancsis.

Haematologlaal and bilochemical examinatlons revealed no abnommallty.
Blectrocardiographic examination likewise reovealed ne zbnormaliity.  Phono-
cardiograpbic recordings taken at tha 4th left intercestal space demons-

trated the pan-systolic murmur (Figure 36).

The heart wad slightly enlarged, weighing 479 g, The heart weighit/
body weight ratlo was 0.79. The right ventricle was 0.5 cem. thick and
the left 1.4 em. thick. The wight ventricle was dilated and the wall wag
slightly hypertrophiled. High in the intewvenbrleunlar septium & circular
defect 1.2 cm. in diometer opened into the xight ventricle pogterior Lo

the crista pupraventricularis. This defect appeared In the left ventricia,
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Pigure 3G

Heart Sounds. case no. 20123.
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immediately helow the hmetion of the anterior cusp and the right eousp »f
the aortic valve. The edgen of the leslon were composed of white Librous
tlague. Tnstaad of the usual Lbrachliocecephalic trunk arising from the aortie
arch there was a brachiocephalie artexy 0,9 em. in dlameter, and Just
dorgal to this, arising independently from the aortic arch, was the left
brachial artery, 0.7 om. in diamcter

In the apical lobe of the right lung there was a greyish-yellow pateh
of sonsolidation which proved on histological examinstion to be "euffing"

mensnonia.

Case No, 1863%%: &J% year-old Ayrshirva, femnale

This cow was admitted to the Hospital suffering from hydrops amnii.
No cardiac examination was carried oul, and in life she sulffered firom no

apperent cardlac dysiunebion.

The heart weighed 1,850 g. The vight ventricle was 1 om. thick and
the left vantricle was 2.1 cem. thick. ATter the rieght ventricl