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I. I NTRODUCTION 

A. Introductor y St a tements 

Electrocardiogr aphy ha s made r a pi d advance s a s an 

aid i n the di agnosis of heart disea se since the intro-

j uction of the string ga lvonomet er by Einthoven in 1903 . 

Thi s i s pa rti cula rly true of human medic.ine where a cardiac 

examination is not complete without an electrocardiogram. 

In veterinary medicine , however, the el ectrocardio-

gr aph has had only limited clinical use. The l a ck of 

development has been l a r gely due to the hi gh cost of the 

machine , the need for an experienced technici an , difficulty 

of interpreta tion of the electrocardiogr a m, and the l ack of 

cooper a tion of veterinar y pa tients . 

The construction of smaller, portable, more easily 

ope r a t ed , low cost electrocardiogr a phs in recent years ha s 

deve loped interest in it s use on anima ls . The use of the 

elec troca rdiogr aph clinically in the past few years has 

demonstrated that cardiac disea ses of animals can be diag-

nosed much more a c curately . It would therefore seem advisable 

to further inve stiga te its potential use in veterinar y rnedicineo 

In or der to det er mi ne the electrocardiogr~m of horses 

under 5ener2l anesthesia this study was initi a ted . 
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Bo Review of Literature 

The reports of ·the clinic3l use of the electrocardio-

graph in animals are scarce. A number of reports have come 

from Europe . Reports about several of the domestic~ted 

animals have been presented. The animals included are 

horses, mules, cattle , sheep, goats, swine, dogs and poultry. 

There is one report on the recording of an electrocardiogram 

of a whale (White 1952 ). 

Norr (1913 ) , Kahn (1913), and 11/aller (1913) all reported 

on t he el ectrocardio5ram of the horse . Norr (1921) rec orded 

studies of the electrocardiogr am of the cowo Al fredson and 

Sykes (1942) described electrocardiograms in normal da iry 

cattle. Platner et al (1948) reported fi r.dings in electro-

cardiogr ams of mules, horses , cattle, sheep, swine and goatso 

Sturkie (1949 ) recorded the electrocardiogr am of the chicken. 

Lannek (1949) ~rote of clinical studies on the electrocardio-

gram of the dog o 

The el ectroc ardio~raphic studi es of the horse by Norr (1913) 
revealed that a nega tive T wave of low amplitude was present 

in 85 to 90 per cent of the horses he examinedo Dukes and 

Batt (19 41) report ed f avorabl e electroc ardiogr am s t aken in 

the horse using the s t andard limb l eads . They reported that 

Lead II was t he most sa tisfactory for measuring int ervals. 

\ 

! I 
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!he average duration of intervals in the el ectrocardiogram 

of the horse wa s r eported by Dukes and Batt (1941) and 

Steel (1949 ). Steel (1949) r eported on experimental work 

on the ef fec t s of six anesthet ic agents on t h e electro-

cardi ogr ams of hor s es . Sporri (1949) r eported t hat a 

negative T wave or a positive T wave in all three of the 

st anda rd limb l eads indicated signifi cant cardi ac pathology . 

Lannek (1951) pr e s ent ed a revi ew of the liter a t ur e perta i ni ng 

to el ectrocardiogr a phy in horse s . Lannek and Rutqvist (1951 ) 

r eport ed that a systematic gr oupi ng of hors e s accor din5 t o 

age and sex was not consi der ed necessa ry, however, their 

investigat ion s showed an extreme va riation between breeds . 

Their analysi s r ec ommended that breeds of col d blooded types , 

dr aft horses , should be 6r ouped together on one hand and that 

breeds of warm blooded type s , r a ce horses a nd saddle horses, 

shoul d be gr ouped t ogether on the ot hero 

The use of intravenous anesthetics in the hor se has been 

reported often in t h e liter atur e . Fowl er (1940 ) r eports that 

a 7 per cent soluti on of chloral hydr a te ha s been generally 

recommended for i ntravenous use in the equine. He st 1t es 

that he has f ound a 12 per cent solution of chl or al hydr a t e 

t o be more sat isf actor y becctuse l ess volume of solution is 

r equired . Danks (1943) recommended a c ombination of two par ts 
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chlor al hydr a te an d one part magnesium sulfate a s a s atis-

f actory equine anesthetic . Coffee (1949) recommended that 

a combination of three parts chloral hydra te and one part 

magnesium sul f a te be used for anesthesia in the horse . 

Millenbruck and Wallinga (1946 ) did research work on equine 

anesthesia and r eport ed that a combi nation of chlor a l hydra te , 

magnesium sulfat e and pent obarbital sodium ·.-vas a safe and 

r eliable intra venous anesthetic for horses. This combi nation 

i s henceforth referred to a s Nillenbruck ' s formul a a 



- 5 -

II . !'Ji~THOD OF ?F.OCSDURE 

The el ectroc rl. r dio:s r aphic dat a r epor ted in t his thesis 

were obt ained fr om six horses . The s e hor se s wer e of war m 

blooded t ypes . The br eeds included were Stand~ rdbred , 

America n Saddle Horse , and Ar abi2n . These hor ses wer e 

determined to have nor mal hearts by means of ausculta tion 

of t he heart , examina tion of alectr ocardi og r ams t a ken in 

t he s t a ndin6 position u sing t h e str. nda r d limb leads , and 

subsequent gross ex3~i ~ation of the he a r t a t ? utopsy . 

El ect r oc a r diograms were taken of each hor sP in t he 

st:-.r:di n3: position , ri i.:ht l Hter al rac'J.mben cy , and l e ft l a t -

e r a l r acumbency pr ior to e a ch 8nes thes i a . Durinf aneathesi2 

electroc a r d iogr 3ms of eRch hor se were ta~e~ i~ the right 

a nd left l ~teral rectxbent positions . On the day followin~ 

cnesth esi:3 of each anim.::il , e l ect roc 2r l~_·)~-rrm s ;,1ere r ecorded 

aga i n in the samA D~nner ~s befo r e e~gsthesia o 

Durin~ th e course of t he experime~t t h e horses ~ere 

h rus Pd in box st ~ lls a t the Iowa St nte College Veterinri.ry 

Cl ini co The horse s were f ed h8y qn~ ~r~in of Goon ~uality 

twice each day ~n rl water ~~s a vailable to them nt all t imAs . 

A • .A u1culta tion of tte :-iA.<rt 

Pr~or t o ~h? sel ec t i~n of ~he animal fo r the ex~er~rren t, 
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the heart was examined by me ans of the stethoscope. The 

horses were examined in their stalls in order not to excite 

them by changing their surroundings. The animals were 

appr?ached quietly from the left side. The chest piece of 

the stethoscope was placed on the thorax over the inter-

costal space between the fourth and fifth ribs medial to 

the elbow. After placing the chest piece in position, several 

minutes were allowed to elapse before checking for abnormal 

sounds. The heart was examined for even intensity of heart 

sounds with normal volwne, regularity of rhythm, and the 

absence of abnormal or extra sounds associated with the heart 

beat. Only animals fulfilling these qualifications were 

accepted . 

B. Recordin8 the Electrocardiogram 

Electrocardiograms wer e t aken of the normal animals in 

the standing position and with the animals in both the ri6ht 

;i.nd left latera l recumbent positio.1s . The non-anesthetized 

animals were restrained in the l ateral r ecumbent positions 

by placing them on a l arge animal operatins table and st r ap-

uin a them in pl ace o 
~ ..:> • 

A "Sanborn Instomatic Cardiett3'' was used to record all 

of the heart tracings. This is a portable amplifying t ype 

of electrocardio~ra ph that records on photogr aphic paper. 
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Metal electrodes wer e placed on the medial side of 

t he front l egs midway between the carpus and the elbow and 

on the medial side of the hind l egs midway between the hock 

and the stifle. This position of the electrodes was used 

so that motion of the horse did not entangle the l ea d wires 

nor disturb the contact of the electrodes. Before selecting 

this site for the el ectrodes , electrocardiograms were taken 

of several horses with the electrodes placed at various 

positions on the legs . Examination of these electrocardio-

gr ams showed that th e position of the electrodes ha d no 

effect on the tracing. (See Fig . 1.). Prior to the posi-

tioning of the electrodes the hair was clipped and a sodi~~ 

chloride jel ly was rubbed i nt o t he skin i n order to insure 

good contact of the electrodes . 

The electrocardiogr aph was strtnda r dized f or ea ch lea d 

acco r ding to the int ernati onal " s en sitivity" str.i.n <lci. r d so 

t hat one c entimeter of vertical deflection on th e el ec tro-

car dioz.r am equa led one millivolt of el ectrical potential . 

Tr ac ings wer e t aken eighteen inches long for ea ch l ead . Only 

the standar d limb l eads wer e used . These leads were : 

Lead I Ji. i 6ht f or eleg .::i nrl. l eft f oreleg 

Lead II Ri i:;ht foreleg and l ef t hind l eg 

Lead III Left .::~ or 1=1 eg ;:;i:i ; left hjndleg 

Gr o1m j :;:n ec tror:i 8 li.i r;ht hi nil eg 



Fi g . 1 . Normal Equine El ec trocAr di o8r am St anding Positi on 

Leads lA, 2A, and 3A wer e t cken with the el ectrodes 

pl aced midway between elbow and car pus on the for e-

legs and midway between stifl e and hock on the hind-

l egs . 

Leads l B, 2B, and 3B were t aken with the el ectrodes 

placed midway bet ween carpus and fetlock on the 

forelegs and midway between hock and f etlock on t he 

hindlegs . 
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Electrocardiogr Ems of th e anesthetized horses were 

taken in the stall after t he 2nimals had. been in surgic al 

anesthesia for five minutes . The recordings ~ere taken 

with the animal first lying on one side. The lead wires 

were detached and the animal s were r olled over gentlyo 

The lead wires were then att ached and the recording s were 

taken with the animals lying on the opposite side. 

C. Processing the El ectrocardiogram 

All of the electrocrtrdio~rams were developed using 

" Kodak X-ray Developer" and "Kodak X-ray Fixern. The photo-

. graphic paper was developed a t 74°F for two minutes , wa.shed 

in water , and placed in the fixer for fifteen minutes at 

74°F. After fixing, the r ecord was wa shed in cold running 

wat er for firty-five minutes . The r ecords were then pl aced 

on a chrome ferro-t ype pl a t e for dryin~ . After drying the 

r ecords were pl aced in permAnent el ectroc ar diogr am holders. 

D. Measuring of Intervals and Potenti als 

The el ectrocardiogr ams were examined by pl acing them 

under :.i n D3 zor El ectric l\ia~nifi8r". ~"Ji th t his mag~:.fication 

reasonably accurs t e measurements coul d be obta ined . Measure-

ments wer e taken from thr ee different pl aced in each le~d 

and the a ver a 7e of the three l ead meRsurements was recordedo -=> 

1' 
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The amplitudes of the wave for ms have been recorded 

i n millivolts. \lith standardization of the electrocardio-

gr aph a vert ical defl ection of 1 centimeter is equal to 

1 millivolt of potential . The horizontal lines on the elec -

troca rdiogram are 1 millimet er apart and represent Oo l milli -

volt of potentia lo The potentials were recorded ~or t he P, 

l, R , S , and T waves i n all three l eads f r om ci l l of the 

tracings . 

At times the QRS complex contains additional waves 

other than Q, R, and S, and th ese waves are desi3n2tc1 with 

a pr ime ma r k ( R'). The upri5ht ivaves a re R', R'', etc. The 

downw.grd waves are S', S'', etc . 

In the dL'3cussion of vrave forms a wave l etter desig-

nated with ~ sub- number (T1 ) has reference t o ~he le~d of 

th e electrocArdiogr~m in which t hat pa rticular wave occurso 

For example : 

The T wave in Le~d I is T1 
The T wa ve in Lead II is T2 

lfuen r eferring to waves in more than one l eod , tw0 

~ub-nur:ib ers a r e used (T1_ 2 ) thereby inc_ic £:t in; the T wave 

in Leads I end II . 

The el~ctroc.grdio~ram time interva ls ha ve ~een recorded 

in second3. The ver tical lines on the electrocardiogr am are 
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sp3ced .04 s econd apa r t . The PR, QRS, QT and ST in~ erva l s 

have bean rec orded . The s e int ervals were r eco r ded from 

Lead II exc l usi vel y . All of th e mea surement s are in acco r d-

ance wi th th e pr oc edur es r ecomr.icnded by Lann ek and Rutqvist 

(1951) and numerous ot h er reco~nized authors : Bur ch and 

Winsor (1949 ), Carter (1945 ), Katz and Johnson (1944) , 
Barne s (1940 ), Kat z (1941) and Pardee (1941) . The el ec t r o-

car diogr a phic nomencl ature used in t his t hesi s i s r ec om-

mended by th e Ameri can Heart Assoc i a t ion (1943 ). The 

principl es applied i n measur ing ar e i ndic ated in Fig . 2 . 

The aver age me a surement s for time interval s and wave poten-

tial s a r e f ound i n t abl es 1, 2 , 3 , 4, 5, 6 , 7 , 8, and 9. 

E. Admini s t r a tion of Anesthet i cs 

The horses wer e anestheti zed i n the s t a l l s . Anesthesia 

wa s ac complished b y usin~ a ~rc.vity flow i ntra venous unit 

a t tach ed t o a 16 gauge n eedl e t hat had previ ousl y beAn i n sert ed 

int o t he ju~~la r vein . Al l of t he anesthetics wer e given a t 

a r at e of 100 cc each 1 n1inu t e and 20 seconds . The anesthesi a 

was given t o ef fect. Sur~i ca l anesthesi a was con s i dered t o 

be t he s econd plane of th e third st3~e a s descri bed by Fowl er 

(1940 ) . Th i3 nl<.ne and s t age of ane3the si a was characteri zed 

by t he a bsence of the p3lpcbr~l r efl ex , the c essati~r. of 

~yst2 gmus , a nd a diminished co r neal refl ex . All an imal s ~~de 
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Fig . 2 . The Princ i pl e s Applied in Measuring Ar e Indic ated 

in This Figurea 

aAdapt ed from Lannek, N. and Rutqvi st, 1. Nor mal area of 
variati on s for the el ectrocardiogram of hor ses . Nord . Vet . Med . 
3: 1094 . 1951 . 
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uneventful r~c overies f r om anesth esia except when t hey '.'lere 

dest royed f or autopsy at the conclus i on of the wor k . 

Representative el ec troca rdio&r ams of t he recumbent 

animal s under anesthesi a with the anesthetic s a s con s i der ed 

i n the discussion ar e shoim i n Fi gs . 4, 5, 6 , 7, 8 , and 9 . 
The anesthetics used i n this wor k ar e as f ollows : 7 per 

cent chlor al hydra t e , 12 per cent chlora l hydrate , 12 per cent 

chlor al hydr a te and 6 per cent ma 8nesium sulfat e as r ec om-

mended by Danks (1943) and hencefor th r ef err ed t o i n t h is 

thesis as Dank ' s f ormula , 9 per cent chlor a l hydr a te and 

3 per c ent magnesium sul f a t e as recommended by Coffee (1949) 
and henc eforth ref err ed t o as Coffee ' s formul a , and 3 per 

cent chl or a l hydra te , 1. 5 per cent magnesium sulfa t e and 

0. 66 Qer cent oentoba rbital s orl.iurr. as r ecommende:i b . . 
Millenbr uck and Wall j nga (1946) and hPnceforth r eferred to 

as Mill enbruck ' s f ormul a . 

Al l of t he anest hetic_, were rep&r e1 in 500 cc volumes . 
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III. RESULTS 

Tables 1, 2, and 3 eive megsurements for time i nt ervals 

c.nd wa ve oot~uti~ls in t he ~lPctrocardic~ra~s of the normal ' ~ 

:.:nimals in the st;:;nding ,;i.nc~. ri,;ht and 12ft l ,:;ter2.l rec umbe :i.t 

:'osi tions . Tables 4, 5, 6 , 7, $ and 9 give rr:easurements 

for time intervals and wave potentiala in the anes thetized 

ani.mals . The averase duratio.'1 c"nd r ange of the ti:!le inter-

vals in Lead II have been recorrled in t he 2bov8 menti oned 

t abl es . Only the r ange of the wa ve potential s ha s been 

recorded. These measurement3 of wave pot ~ntial are recorded 

f o .::i. 11 three l ea<ls . The nwnerous fi gures ri e~ l i.n:; 1.;i th 

four tirne interva l s :md six wave potentials from three 

different leads h~wm~(~ it i mor actical to list all of the 

chan~eso The r eB nP.r can r ef er to the tnble s f or t his in-

formationo 

Figure 3 is a repre sentative electroca rrtio3rA~ of a 

horse in th e standing positiono Fi.:;·1rnn 4 , 5, .snd 6 a re 

cl ectrocs r di ogr a ms of the same horse i n righ t l ateral r ecwn-

heDcy f0r Leads I, II, and III res?ectively . ~~, 0lectro-

c2rdiogr~~~ l Abeled A are of ~he horse without ~nesthesia . 

Al 1 e l ec troc ar dio_;r.:-.rr s label .~d 3 a re of the hor se ·i11ri:i_: 

chl ~ral hydrate anesthesia . Al~ el ec troc a rdi o~rRm s labeled 

C a r e of the horse durin~ anesthesia with ~ille~~ruck 's 
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formula . All electrocardiograms l abeled D are of the horse 

during anesthesia with Dank's formula . 

Figures 7 , 8 , and 9 are of the same horse in left 

lateral recumbency for Leads I, II, and III respectively 

as described above . 

Recumbency cf the animal s without anesthesia oroduced 

variable ch~nges in the duration of the normal electro-

cardi ogr am time inter vals of standing horseso The PR and 

QRS i ntervals r emained reasonably constant . The QT and ST 

intervals were shortened in most instances . See T~bles 1 , 

2, and 3 . \"then the animals we:-e lying in right l ateral 

r ecumbancy the wave forms made changes in directi on and 

amplitude in Leads II and III (Figs . 5A and 6A ) as compared 

to the standi!lg animc.ls (Fi g . J ) . The changes in wave form 

and amplitude in Lead I were insignificant (Fig . 4A) . ~'lben 

the horses wer e lying in left l ateral recumbency the wave 

forms and ampl i t udes made definite changes in all three 

leads (~i& S · 7A, 8A , and 9A) as co~pared tc t he stan~i~~ 

animals (Fig . 4A) . 

Chloral hydr a te injected intravenously in 7 per cent 

and 12 per cent concentrati ons in steril e distilled wa ter 

produced identic Rl change s in the el ectrocardiogr~ms of the 

3allie animal s o The onl y difference noted was that a greater 

I. 



- 17 -

volume of a nesthetic was needed to produce sm: gical anes-

thesia when the l esser conc entration was empl oyed . The 

data rec orded f or chloral hydra te has been presented t o-

gether as one anesthetic agent , chlo r~l hydrate. 

Dank ' s Formula and Coffee ' s For :nul a pr oduc ~c~ cuch 

similar results that the data obtained have been presented 

collectively as one anesthetic agent . These t wo anest hetics 

are henceforth r eferred to as Dank 's fornula . 

The results noted f r om the use of anest hetics have been 

pre sented in t his thesis by listing the effects in each lead 

of th e el ectrocardiogram , first for right l a teral r ecumbency 

and second for left later al r ecumbency . The variations 

noted during anesthesia will be presented separate l y by 

leads as variations f r om the electrocardiogr ams of non-

anesthetized horses in the recumb 8nt position . Variations 

in wave forms and amplitudes ha ve been recorded for all 

leads . Variations in time int ervals have been r ecoried 

from Lead II exclusivel y . 

With the horses in r ir;ht l a tera l rec umbency und e r 

chlo r a l hydra te an esthesia the follm'1i11s, wave variat ions 

were not ed in Lead I . The P wave bec ame inverted, diphasic , or 

W shaped . The P wave was pr esent in all cases . A Q wave 

of low amplitude appeared in some cases . Ther e was little 
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cho.nge in th e R wave. The T wa.ve t ended t o become diphasic 

in most cases . Millenbruck 's f ormula produc ed little or no 

change in the P wave . The R wave was depressed in amp+itude 

in some ca ses and increased in amplitude in other s but only 

slightly. An S wave of low amplitude appeared in most c ~se s. 

The T wave became diphasic in most cases . Dank 's formula 

caused the P wave to bec ome diphasic or W sha ped i n most 

cases . The R wave decreased in amplitude in all cases . An 

S wave appeared in al l cas es and a few times a bizarre QES 

compl ex was seen. The T wave became diphasic in all c:::i.ses . 

· Dur i ng chloral hydrate anesthesi a the f oll owing wave 

var iations we r e noted in Lead II right lateral recumbency . 

The P wave became W shaped , diphasic or increased i n ampli -

t ude . The major portion of t he QRS complex r eversed its 

direction . The T wave was consistentl y diphasic and increased 

in amplitude . The a verage durat ions of the PR i nter va ls 

wer e shortened, the QRS int ervals r ema ined constant , and t he 

durations of QT and ST were increased. The aver age heart 

r ate was incre!lsed slightly over the s tanding horse but de-

creased greatly as comp<?.red t o the recumb ent anirnal . 

Millenb~1ck ' s formula caused the P wave in Lead II to 

be di phas i c in some cases and i ncreased in ampli~ude i n 

other s o The QRS compL~x was alt er ed very l ittle . The T wave 
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w~s diphasi c i n most C3ses . The average durati ons of all 

of th e time int ervals were increased . The heart r ate com-

pared to tha t of chloral hydr a te . Danlc ' s formula pr oduced 

wa ve changes simil a r to those pr oduc ed by Mil lenbruck 's 

for mula . The heart r ate compar ed to that of chloral hydr ate o 

In Lead III , right l ateral recumbe~cy , chlor al hydrate in-

creased the amplitude of the P wave in most cases . So~e 

diphasic an d W shaped P waves were pr esent . 

The QRS compl ex was similar to thAt seen in Lead II . 

A positi ve T wa ve of i~creased amplitude wa s founrl i n all 

cases in Lead III . Da nk ' s fo r mul a caused a di phasic P wave 

in most cases . The ~HS corni>l ex was not alter ed appr eciabl y . 

The T wa ve was upri,:;ht and of increased amplitude in al l 

cases . 

W"ith the anima l s lying in l eft l ateral r ecurnbency 

chlor a l hydra te an esthesia caused a doubl e P w~ve in so~e 

cases and increased t h e amplitude sl i Ghtly in oth er s in 

Lead I . The RS wave of the n0n- ::i:-iesthct ize1l ::i n t m~.1s be-

C3me an R wave i n some case3 or a ~S ~ave in others . An 
1lf' ri ~ht T wa ve was pr esent in most cases . Millenbruck ' s 

f or mula did not 2lter the P wa ve to any degr ee in Lead I . 

The RS wave of the non anesthetized animal bec ame a bizarre 

~JS compl ex in 3l most a l l instances . The T wave was not 
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changed a ppr eciably . Dank ' s formula caused little change 

in the P wave. The RS wave of the non anesthetized horses 

became a bizarre QRS complex in some cases , ci.n R wave in 

others and was not changed in others . The T wave t ended 

to be upright and of increased amplitude in most cases . 

The Lead II electrocar diogr am , left l a t er a l r ecumbenc y , 

during chlor a l hydrate ane sthesia shm·rnd. the f ollowing 

variations: The P wave was upright in all cases. A 

double P wave was pre sent part of the time . The QRS complex 

was altered in ever y case . I n some instances the waves were 

r ever sed, in some t he amplitudes increa sed , and in other s the 

aur~ili tudP.s d~c1·ec:• sed . In f'J'.lr -=t~i-~3.l s an R' :,nve appeared . 

1'hc T ·.nve was not changed appreciably.. The aver age dura-

tio~s of the PR and QRS int ervals were not changed . The QT 

and ST interva ls wer e increased . The heart r ate was in-

creased an aver age of ten beat s per minute over the stRnding 

horse s . The he::irt r ate was decreased when compar ed to the 

r ecQfilbent non-an esthetized ~nimals o In Lead II, left l a teral 

r ecumbency , Millenbruck ' s formula did not alter the P wave 

t o any degr ee o The QRS complex of the non-anestheti zed 

horse s became an R wave or an R.S wave in all cases . An up-

ri ~ht T wave of rnoder nt e amulitude was found in all cases . 
~ -

The ;:i.ver 3.ge dura tion of all of the interval s ·trith the exception 
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of the QRS interval were inc r eased . Dank 's formula c3used a 

diphasic T wave in some cases . The QR3 compl ex w2s not 

:11 r~edly changed . The T wave was upright and of moderate 

~mplitude in all cases . The heart rate was slightly accel-

er ated over that of the sta nding ani~als . In Lead III , 

left lateral recumbency, chloral hydrate tended to increase 

the amplitude of the P wave . The ·2RS co:nplex was changed 

ir. directi.o!1 3nd arr,pl i t ude in most ca ses . The T wave was 

not alt er ed appreciably. Millenbruc% ' s f ormul a increased 

the ampl itude of the P wave . The QS wave and ~RS complex 

of the non -anesthetized horses bec8.!!le o.ri R wave or an RS 

wave in the anesthetized animal s . An upri ght T wave of 

moder a te amplitude was present in most cases . Dank 's formula 

caused increased amplitude of the P wave . Only minor changes 

were seen in the QTIS complex. The T wave was decreased in 

amplitude i n most instances and diphasic in the otherso 



Fig . 3 Norma l Equine Electrocardiogram Standing Position 

All of the tra cings in Figs. 3, 4, 5, 6, 7, 8 , and 9 
are fr om the same horse. 
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Le'id l 

Lea d 3 



Fig . 4 Equine Electroc8.r diogram Lead I Ri ght Later al 

necumbency 

A. Tracing from a non -anesthetizei horse 

3 . Tracing from the same horse durin~ chloral hyirate 

anesthesia 

C. Trac ing from the same horse ana~th~tized wit~ 

!·1illenbruck ' s f ormula 

D. Tr<i.cin~ from the sa,ne 1orse anesth~tized :nth :)a~{ ' s 

formula 
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Fig . 5 Equine Electroca rdiogr am Lead II Right Lateral 

Recumbency 

A. Tracing from a non-anestheti zed horse 

B. Tracing from the same horse during chloral hydrate 

ane sthesia 

C. Traci ng from the same horse anesthetized with 

:Millenbruck ' s formula 

D. Tracing !rom the same horse anesthetized with 

Dank 's formula 



a-z pee'I 

V-c PB9'J 



Fig . 6 Equine Electrocardiogr am Lead II I ~ight Lateral 

Recumbe ncy 

A. Trac i ng from a non-anesthetized horse 

3 . Tracing from the same horse during chloral hydra te 

anesthesia 

C. Trac i ng from the same horse anesthetized with 

~lillenbruck' s formula 

D. Tracing f rom the same horse anesthetized with 

Dan.k ' s formula 
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Lead 3-A 

Lead 3-B 

Lead 3-C 

Lead 3- D 



Fig. 7 Equine Electroc a rdiogram Lead I Left Lateral 

Recumbency 

A. Tracing from a non-anesthetized horse 

B. Tracing from the same horse during chloral hydrate 

anesthesia 

C. Tracing from the same horse anesthetized with 

Millenbruck 's formul8 

D. Tr~cing from the same horse anesthetized with 

Dank's formula 



)1 

Lead 1-A 

Le a d 1-B 

Lea d 1-C 

Lead 1-D 



Fig . 8 Equine Electrocardiogr am Lead II Left Lateral 

Recumbency 

A. Tracing from a non-anesthetized horse 

B. Tracing from the s ame horse during chlor al hydrate 

anesthesia 

C. Tracing from the same horse anesthetized with 

Millenbruck ' s formula 

D. Tracin3 from the same horse anesthetiz ed with 

Dank 's formula 
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Lea d 2-A 

Lead 2- B 

Lea d 2-C 

Lea d 2- D 



Fig . 9 Equine Electrocardiogram Lead III Left Latera l 

Recumb ency 

A. Trac i ng from a non-anesthetized horse 

B. Tracing from the same horse during chloral hydrate 
anesthesi a 

c. Tracing fro~ the same horse anestheti zed with 

Millenbruck's formula 

D. Tracing from the same horse anesthetized with 

Dank's formula 
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Table I. Norma l Electrocardiogram Intervals and Amplitudes 

with Tneir Range (Equine ) 

Standin~ Posit ion 
-----------------~---·· ·-----

EKG Intervals 
Lead II 

Interva l Average Duration in secs. Range in secs . 

?R 026 . 22 to .38 
QRS . 08 .06 to .12 

QT . 45 . 38 to . 50 

ST . 37 . 28 to . 42 

E~CG Potentials 
Lead I Lead II Lead III 

Wave Range in mv . Range i n mv . Range in mv. 

p 0 to .1 . 15 to .3 .15 to .3 
Q 0 to .1 0 to . 8 0 to 0 

R . 2 to .45 . 2 to 2. 0 . 15 to .5 
s 0 to 0 . 2 to • 5 .35 to . 8 
QS 0 to 0 0 to 1.3 0 to 0 

T -.2 to .1 -. 6 to .7 -.35 to .7 

Hea rt Rate 

Aver age Rang ~ 

Rate/min. 48 42 t o 56 



- 37 -

Table II. Normal Electrocar diogr am Intervals and Amplitudes 

with Their Ranges (Equine) 

Ri ght Lateral Recumbency 

EKG Int ervals 
Lead II 

Interval Average Duration in secs. Range in sac s. ----
PR . 27 .22 t o .28 

QRS . 09 . 06 to .11 

QT 040 . 38 t o .44 
ST . 31 . 29 to .J6 

EKG Potentials 
Lead I Lead II Lead III 

Wave Range in mv . Range in mv . Range in mv • 
p 0 to • 05 .15 to . 2 . 15 to .2 
(\ 
~ 0 to 0 .1 to .15 0 to .1 

R . 4 to .6 .15 to 1. 0 . J to . 75 
s 0 to 0 .2 to • 5 . 2 to .6 
QS 0 t o 0 0 to 0 0 to 0 

T -. 05 to -.15 -.J to .4 -. 25 t o . 2 

He~ rt Rate 
~\verage P..anc;e -------

Rc: t e/ mi::i o 61 1+4 to 80 
- - --- ·---- - - ------- -- ·- . 
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Table IIIo Normal Electr ocardiogram Intervals and Amplitudes 

with T~eir Ranges (Equine) 

Left Later~l Becurnbency ------ --------------------- -------

EKG Intervals 
Lead II 

Interval Average DurAtion in sacs . Range in s ac s • 

PR . 25 ·. 22 to • 28 

"-!RS . 09 . 06 t o .12 

QT . 41 . 38 to ·.48 

ST . 32 . 26 to . JS 

EKG Potentials 
Lead I Lead II Lead III 

Wave Range in ffiVo Range in mv. Range in mv . 

p -. 05 to . 15 . 2 t o . 4 . 15 to .2 

Q 0 to 0 0 to . 1 0 to . 1 

R . 1 to . 5 0 to 2 .2 . 25 to . 9 
s 0 to . 1 0 to • 5 025 to . 6 

QS 0 to 0 0 to 1 .1 0 t o 0 

T -.15 to .15 -.2 to 1 . 0 - . 05 to 1.1 

Heart Rate 

Av er a.:;e Range 

Rate/mi n . 62 45 t o 85 
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Table IV. Electrocardiogram Intervals and Amplitudes 

with 'Iheir Ranges 

Interval 

PR 

QRS 

QT 

ST 

Wave 

p 

Q 

R 

s 
QS. 

T 

during Chloral Hydra te Anesthesia (Equine ) 

Right Lateral Recumbe~cy --- -
EKG Intervals 

Lead II 

Average Duration in S·3C s . Range in secs. 

. 24 . 20 to • 28 

.09 .06 to .10 

.47 . J6 to . 54 

. JS .JO to .44 

EKG Potentials 
Lead I Lead II Lea d III 

.. - .. -.-

Range in mv. Range in mv . Range in mv. 

-. 05 to .1 -. 05 to .4 -. 05 to . 25 
0 to .1 0 to . 25 0 to .15 

. J5 t o .6 .1 to l. $ 0 t o 1 . 2 

0 to 0 . 2 to .7 0 to 1 .0 
0 t o 0 0 to 0 0 to .45 

-. 2 to . 2 -. 05 to . 7 .2 to .6 

Heart Ra te ---------- - ·--Aver age R~nge 

Rat e/mi n. 52 27 t o 72 -------- -- --- -- --- ------
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Table V. Electrocardiogr am Int erval s and Amplitudes 

with T~eir Ranges 

Interval 

PR 

QRS 

QT 

ST 

Wave 

p 

Q 

R 

s 
Rl 

QS 

T 

Rate/min 

during Chlor al Hydrate Anesthesia (Equine) 

Left Lat er al Recnmbency 

EKG Intervals 
Lead II 

Aver age Duration in Sacs . Range i n Sec s . 

. 26 . 20 to . JO 

. 09 . 06 t o .12 

. 4$ . 36 t o . 60 

. 39 . JO t o . 4$ 

EKG Potenti als 
Lead I Le Rd I I Lead III 

Range in mv. Range in mv. Range in mv . 

.05 t o . 2 . 1 to . 4 . 1 to . 4 
0 to 0 0 to .2 0 to . 75 

0 to . 6 ·. 1 to 1 . 6 0 to 1 . 2 

0 to 0 0 to . 6 0 to . 6 

0 to 0 0 to . J 0 t o 0 

0 ·tO . 2 0 to 0 0 to . 6 

-. 1 L.O . 2 -. 2 to l . J - .. 1 to . 9 

Heart Rate 
Aver age Range 

5$ 34 to $0 ---------- - - . .. - - ------- --- --

I 

~ 
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Table VI . Electroca rdiogram Inter va ls and Amplitudes 

with Their Ranges 

dur ing Chloral Hydrate- Magnesium Sulfate Anesthesia 
(Equine ) 

Right Lat er a l Recumbency 
~-------~~-=--~ 

EKG Intervals 
Lead II 

_I_n_t _e_r_va_l _____ A_v_~z:a_~~ -~~~at1:_<?_n in secs . 

Plt 

QRS 

QT 

ST 

025 

.09 
049 
. 40 

EKG Poten tial s 
Lead I Lead II - ----------- ----

~·lave 

p 

Q 

R 

s 
QS 

T 

R;:- nge i ;1 mv . 

-. 05 to . 05 

0 to . 05 

. 05 to . 55 

0 t o 0 

0 to 0 

- . 1 to . 1 

Ra n...;z in r.iv . 

- . 05 to . 3 

0 t o . 1 

o to i .·o 
0 to . ) 

0 t o 1 . g 

- . 3 t o . J 

Heart Ra t e 

Ran~e i n s ecs o 

. 22 to . 2$ 

. 06 t o . 10 

. 36 t o . 58 

. 27 to 048 

Lead III 

Range in mv. 

-. 05 t o . 25 

0 t o 0 

. 1 to .8 
• 4 t o • 9 

0 to 0 

• 2 t0 • 4 

--~------------ - ·--

________ A_v_era~e - --- --- ___ Range 
nate/min . 54 38 t o 88 ------------- -
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Table VII . Electrocardiogram Intervals and Amplitude s 

with Their Ranges 

during Chloral Hydrate-Magnesium Sulfate Anesthesia 
(Equine) 

Interval 

PR 

QRS 

QT 

ST 

Wave 

p 

Q 

R 

s 
~s 

T 

Ra.te/min. 

Left Lateral Recumbency 

EKG Intervals 
Lead II 
~--- .. . -- ---- --

Average Duration in secs. Rang e in secs. --- ------
026 .20 to ~28 

;09 . 06 to .10 

.49 . J2 to . 56 

.40 .23 to .46 

EKG Potentials 
Lead I Lead II Lead III 

Range in mv. Range in mv. Range in mv . ---
-.05 to .05 -.05 to .35 -. 05 to • 45 

0 to . 05 0 to .05 0 to 0 

. 05 to .3 0 to . 9 ·o to .9 
0 to .05 · 0 to . 6 0 to .5 
0 to 0 0 to 2 .1 0 to . 6 

-.05 to . 5 -.1 to .5 -. 05 to • 5 

He.qrt Rate 
Range 

57 48 to 86 --------------
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Table VIII . Electrocardiogr am Intervals and Amplitudes 

with 7heir Ranges 

durin~ Chlor al Hydrate-Magnesium Sulfate-

Pentobarbi ta l Sodium Anesthesia 
(Equine) 

Right Lateral Recumbency ·- . --- ---- - ---------
EKG Intervals 

Lead II 
Range in s ecs . _I_n_t_e_r_v_a_l __ ~~Average_~~ra~~~~ in sec s · .~-----_;,~~---~-

PR . JO 
QRS 

QT 

ST 

Lead I 

.10 

. 

.49 

. 39 

EKG Potentials 
Lead II 

.26 to . )$ 

. 07 to .12 

. 44 to .56 

.32 to . 46 

Lead III ------ -- · -- - ----~ 

Wave Range in ,E1V • ___ ~a_n_g_e_ ii:_~~ ·--~c:.i:_ge _in mv . 
p 

Q 

R 

s 
QS 

T 

0 to .1 

0 to 0 

. 25 to . 6 

0 to . l 

0 to 0 

-. 2 to .1 

- .1 to . J 5 

0 to 0 

• 5 to • 95 

0 to . 25 

0 to 0 

-.05 to . 5 

Heart Rate 

. J to . 35 

0 to 0 

.6 to .7 
0 to . 25 

0 t o 0 

.1 to • 6 

------------------ -------- -----
--~----A-~e_r_age_ _ __ 
Rate/min . 51 -------------- -- --



- 44 -

Table I X. Electrocar diogr am Intervals and Amplitudes 

with Their Ranges 

during Chloral Hydrate-Magnesium Sul£ate-

Pentobarbi tal Sodium Anesthesia 
(Equine) 

Left Lateral Recumbency 

EKG Intervals 
Lead II ------------- --·----

_I_n_t_er_v_a_l _____ A_v_e~a_&~urati on -2:_~ ~~c-~ __ . . ~ .B_8:_~g~ in secs • 

PR . 29 

QRS :·09 

QT .46 
ST . 37 

EKG Potenti als 
Lead I Lead II 

• 28 to . 36 

.OB to .11 

.40 to .54 

.30 to .47 

Lead III 
------~·-- ---------------

Wave Range in mv. 
----~----~ 

p 

Q 

R 

s 
QS 

T 

.05 to .1 

0 to .05 

.05 to .2 

.15 to . 2 

0 to 0 

-.1 to . 05 

Range in mv. 
.3 to .4 
0 to 0 

.7 to 1. 0 

0 to .4 

0 t o 0 

.3 t o .5 

Heart Rate 

Range in mv. 
-.1 to .3 

0 to 0 

.65 to 1.2 

0 to .4 

0 to 0 

.35 to . 6 

~~--~---------------~ 

__ ...,.-___ A_verage - -------- - __ ___ Ran~:._ 
Rate/min . 52 40 to 62 
------~---------------------- - -----

' 
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IV. DISCUSSION 

Six horses of warm blooded breeds, Standardbred, 

American Saddle Horse, and Ar abian were selected for exper-

imental 1iork in electrocardiography during general anesthesia . 

The same six horses were used throughout the entire experiment . 

All of the horses were anesthetized at l east onc e with each 

of the anesthetics . Electrocardiograms were t aken of the 

animals prior t o anasthesi a , during anesthesia, and following 

anesthesia. The electrocardiogr ams were examined un1er an 

el ectric magnifier. 

The anesthetics used in the experiment produced a wide 

variation in the wave forms of the electrocardiogram. These 

changes were transient and normal electrocardiogr ams were 

obtained in all cases following each anesthesia . A varia-

tion in the duration of time intervals was also noted . These 

variations were also transient changes . 

Electrocardiograms of the animals in recumbency without 

ane sthesia showed changes in the wave forms and tioe interv3l s. 

Thase cl1an~es were probabl y the most si~nifi cant thing seen 

in this study . As si~ilar changes are a result of axis devi-

ation of the h eart, it W3S thou~ht that th a3e variations in 

the ele ctrocarJio~r~m ~ay be due tJ the position of t he a~i~al 



- 46 -

causi~g a change in the position of the heart . These wava 

variations and time interval ch~nges were more pronounced 

dur ing anesthesia . Carter (1945) states that a negative T1 

or T1_2 are usually associated with left axi s deviation and 

that a negative T2-J or T3 are associated with right axis 

deviation . The electrocardiograms of the recumbent animals 

indi cat e a possible axis shift 1ue to change in the position 

of the heart as evidenced by the appearance of diphasic 

T waves in Leads II and III . Burch and Winsor (1949) state 

that l eft axis deviation is characterized by S3 great er than 

R3 and by an s1 which is greater in amplitude than R1 and 

an R3 which is higher than R1 or R2 • Wave comparisons of 

this nature were not f ound in the electrocardiograms of t he 

recumbent anima ls but a tendency of the wave forms to shift 

in this direction was noted in the electroc~rniograms of the 

r ecumbant animals . Duri~6 anesthesia a further shift of the 

wave forms i n thi s direction wa s noted , thus in1icating that 

relaxat ion of the animals in anesthesia all owed a further 

ch~nge i n the position of the h eart . 

The change in the rturation of ~h e tine intervals r ecorded 

durin~ an esthesia is probably the result of i~co~plete heart 

bl~ck resulting from prolongation of the atrioventricular 

conJuction ti.ne . Jones (1954) sta t e s tha t in chloral hydrate 

a~esthesia t~~ vital ~al~llary centers of the brain stem a re 
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not affected . Therefore it may be concluded that the changes 

are a r esult of direct action on the nodal or conducting tis-

sue causing evidences of loc al a lteration of conduction . In 

gener al the PR and QRS intervals were not grea tly affected . 

The QT and ST intervals were con sistentl y l enGt hened. The 

longer dur ations of the QT and ST intervals are a r esult of 

a prolonged activa tion of the ventricles. It must be noted 

that the QT and ST intarva ls var y with the heart rate. How-

ever in the an esthetized animals tha t hac a verage heart rat es 

slightly higher t han the standi ng animal t ha QT and ST inter-

va ls were i ncrea sed . This is in contrast t o tha normal animal 

in rec~~bency with an increased heart r ate and a decreased 

QT and ST interval which one woul d nor mally expect . It is 

ther efore lo<Si cal t o assume that anesthesia causes loc al 

int er f erence with t he conduction of electri cal i mpulses 

with i n th8 h~art muscle itself . 

It shoul i be noted here that none of the changes in 

potential of t he wa ve forms ~nd the dura tions of the time 

intervals i n rec~~b ency and durin~ anesthesi a exceeded to 

any degree the n ormal ran6es dete rmined for the n:)r:nal animals. 



- 48 -

v. CONCLUSIONS 

1. The major changes seen in the electrocardiogram as 

a result of recumbency are an alteration in the wave forms. 

These changes may be a result of axis deviation due to a 

change in the position of the heart. 

2. The changes produc ed in the electrocardiogram as 

a result of chloral hydrate anesthesia are within the r ange 

limits of the electroc~rdiograms of normal horses. 

3. The changes in wave f orms in the electroc~rdiograms 

of the anesthetized anim~ls may be a result of further axis 

deviation due to relaxation of the animal. 

4. The changes in the ·~T and PR intervals may be a 

result of local alteration of conductivity within the heart 

itself. 

5. The chan6es in the electroc~rdio5ram re sulti ng from 

anesthesia are transient. 

6. N~~e of the changes observed in tiQe intervals and 

wave potential s exceeds the r ange limit s r eported for nor.11al 

horses. 
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VI. SUMMARY 

A review of the literature c?ncerning el ect rocardio-

graphy in the horse has been given . The proc a lur·~ for the 

taki.1g and the examining of the elec t rocar:iioc;rams has been 

outlined . 

Studies wer e made of the effec t s of intravenous chloral 

hydra t e anest hesia on the electrocar diograms of six different 

horses . Two concentrations of chloral hydrate al one and 

three concentra ti ons of chloral hydrate tot;ethe r wit h other 

anesthetic agents were used . Definite ch~nges in the el ectro-

cardiograms of norma l recwnbent hor ses and anesthetized 

horses were noted . 

The se changes are a sswned t o be a r esult of axis jevi-

ation in the r ecumbent and Rne!Jthetized animals and. to altered 

conducti on time within the heart coniuctin~ tissues of the 

anesthet i zed animal s. 

The changes produced by anest hesi a are transient . Nor-

mal electrocardio~rams were obta ined in al l cases on th e day 
f oll owing eac h .i.~esthe sia. 

The findin6S of this study indicate that there is only 

~ mild effect pr oduced bf chloral hydr ate 3nesthesi~ Jn the 
heart of the horse a s evidenc ed by the f act that none of the 

variations of t ime inter val s and wave potentials not~d exceed 

t he r anJe limits recorded in nor~al horses. 
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