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INTRODUCTION. 

Rheumatic involvement of the mitral val.ve is the commonest 

cause of acquired valvular disease of the human heart . 'l1he life 

expectancy o~ these patients is considerably shortened: it is 

estimated that 39% will die within 10 years , in spite of expert 

medical treatment ( :ffler et al , 1965) . As the disease progresses , 

the pr gn sis rapidly assumes graver proportions. Reporting a 

study of 351 patients in functional Cl.ass Il and III (New York 

Heart Asso·oiation classliication) ., lesen (1955) showed that 19 

were _dead within 2 years, and 38% within 5 years . Among the 

patients falling into Class IV• 5 ~ died within 2 years and 90% 

within 5 years . Ro we and his assoeiates (1960) reviewed the 

histories of 250 patients suffering .from mitral stenosis over a 

period of 20 years: 52" of those in :functional cla.ss III were 

dead ,dthin 2 yea.rs, and 63% within 5 years •. · Only 15% were alive 

after 10 years .• 

2 

In addition to a poor life expectancy, the .morbidity among 

patients su:f'fering from acquired mitral valve disease is considerable . 

They soon become cardiac cripples , forced to sleep in a sitting 

position, their physical activities restricted to the minimum, and 

they requi re· periodic hospitalisation .. 

The temporary and poor response to medical treatment . and the 

mechanical nature of this affliction, has brought these patients 

into the realm of the sur.geon. 

I •.•• 



Studies of normal m.itral valve function, conducted in our 

laboratory with the help of .a pulse duplicator. have shown that 

for all practical purposes this is nothing more than a flap 

type valve (Barnard et al , 1961). Closure is effected mainly 

by the freely mobile anteromedial leaflet , which is much longer 

than the posterolateral leaflet .. Its chordae are attached only 

to tlle peripheral zone and a triangular area at the base (which 

is much thinner) is left free to billow towards the left atrial 

cavity during systole. The shorter posterolateral eusp - its 

chordae inserted more widely on its ventricular surface - moves 

only a short distance into the valve orifice during systole. 

It acts mainly as a ridge or shelf against which the anteromedial 

cusp abuts to effect closure (Barnard et al , 1961; Van der Spuy , 

1958; . Brock, 1952} . The movement of the leaflets is activated 

by the difference in hydrostatic pressure between the atrium and 

the ventricle. The leaflets are passively restrained by their 

anchoring chordae and papillary muscles . These anchors are 

afforded some protection from the full force of ventricular 

systole by the support which the two leaflets pr vide fo·r one 

anther. 

Any derangement in the no,rma.l anatomy will resUlt in mitral 

valve dysf'unction. Immobility of the flap, due to eommissural 

fusion. produces stenosis . Several different pathological factors 

may result in incompetence of' the mitral valve . but the ess-ential 

cause is a deficiency of leaflet tissue - either absolute or 

rel.ative or a combination of both ... 

I ••• 
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Absolute deficiency. of leaflet tissue may result from a 

cleft, a perforation or a tear of the cusp,, but more commonly 

results from rheumatic scarring. The posterolateral cusp is 

more susceptible to the ravages f the rheumatic process, but 

this may be more apparent than real, because of the greater 

length of' the anteromedial leaf:let { arna.rd and Schrire, 1961) . 

elative deficiency of mitral leaflet tissue may be due to 

dilatation of the annulus . The two cusps are thus moved further 

apart and,_ although t .here may be no actual loss of tissue,. the 

distance the cusps must cover to eet is too great. Inflammatory 

changes i.n the junotional tissue - causing thickeni , shortening 

and fusion of the chordae with limitation of cusp mobility - also 

results in re:lative deficiency of cusp tissue. 

At present ~ most cardiac surgeons are agreed that mitral. 

stenosis may be relieved readily by closed mitral valvotomy. 

When mitral incompetence is present, however. whether combined 

,ri th stenos is or not , cardiopulmonary b=,: pass is required for the 

accurate assessment of the lesion, and then the most su.itable 

surgicaJ. procedure can be carried out. The aim of the surgeon 

should be to restore any relative or absolute deficiency of 

leaflet tissue. This can be achieved by one or more of the 

following tecbniques:-

(l) epair of cleft, h le r tear , 

(2) obilisation of the anteromedial cusp. 

(3) Provision of a posterior shelf,or support 

to the anteromedial cusp,. 

{4) Inserti.on of a complete prosthesis •. 
I •.•• 
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In moat cases of acquired mitral valve disease the antero­

medial cusp retains sufficient obility to allow adequate 

correction of the defect by some plastic procedure ,. with or · 

without the insertion of an immobile posterior "baffle" type 

prosthesis {Barnard et al, 1961; Barnard and Schrire, 1961) . 

In others, extensive dis.ease of the anteromedial cusp immobilises 

this important structure permanently. and in such cases only 

total. replacement of the· valve with some form. of mobile prostheis 

restores adequate function. This method of therapy has become 

possible in recent years as a result of the development of 

different prostheses for complete replacement of the mitral valve 

(Starr et. al , 1961; Barnard et al,. 1962). 

The initial reports of total mitral valve replacement in 

human-beings were enthusiastic (Starr et al, 1962; Barnard et 

al, 1963} and it was hoped that by means of this procedure the 

surgeon would be able to cure instead of palliate the lesion. 

However, long-term results . (Herr, 1965; .Barnard et al, 1965) 

showed that this goal has not been achieved . 

A major obstacle to the more general use f total mitral 

valve replacement is the alarming incidence o'f thrombo-embolie 

phenomena which occur post-operatively. Peripheral emboli as a 

resuJ.t of small thrombi are so frequent that this complication 

must be recognised as part of the natural history of mitra.l valve 

replacement . 

I .•. , •• 
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This study was designed to investigate the major problem 

menti ned above: thrombus :formation after insertion of the 

University of Cape Town (u .c .. T. ) mitral prosthesis . Because 

the dog has such a marked tendency to thrombus formation, it 

was felt that this animal wouJ.d be an exceptionally good model 

in hieh to study this compl.ication •. 
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A 

enton (1952) first roported the experimental use of a 

pr sthesis in the mitral area. ubular polyethelene plastic 

prostheses ere inserted into the left atrio-ventricular ring 

ithout cardiop· onary bypass. in dogs . The prosthesis was 

inserted blindly through the atrial appendago, being secured with 

three sutures passed through the ventricle . e mi tral val. ve was 

not excised . No reaction or thrombus was observed except in and 

immediately around the suture grooves , in dogs surviving up to 

6 months . 

After the development of te porary extracorporeal circulation 

1ith all its advantages, a number f attempts were made to replace 

the mi tral valve both experimentaJ.ly and clini.cally. A wide 

variety of valves and several. different ethods of insertion have 

been used. 

ITRAL VAL 

10 basie types of prosthetic valve (wit h variations) have 

been evolved:- (a) flap valves~ and (b) ball valves . 

A. E 

(a) FLAP VAL : 

A number of investigators atte pted to replace the mitral 

valve with various flap type valves . ~o prevent eversion into 

./ .. , . 
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the atri durin ventricular sys t le , the flap(s) must either 

be anch red bel the itral. annulus by artificial chordae. or 

ab ve the annulus t s e f f ri id ring. Flap valves may 

thus be su divided int (1) those incorp rating ar~ificial 

ch rdae tendineae , and (2) those not incorporating artificial 

ch dae tendine e . 

(1) lap valves inc r:norating artificial chordae tendinene:­

Fi . 1 

It 

Drar of flap valve i ncorp rati 
artificial chordae tendineae; only 
one leaflet is sh • ( r unwald 
et al , 1960) . 

s th ht that osthesis closely res bling the 

an.at my of t he n IIdtral. valv w u1d probably pr vide the 

best functional substitut . uuch a design takes vanta f 

ventricular contraction well the pressure differences 

be een atrium and ventricle . 

I ••• 
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raunwald and his associates (1960) carefully prepared ,ax 

or plaster casts of the itral valve ring and leaflets of no:nnal 

fresh dog hearts . The cast was trimmed and smoothed, and two 

piece mou1d~ · made of Dacron. In constructing the prosthesis, a 

t ·n piece of knitted Dacron as stretched over the male h f 

:the mould and secured around its base . "Ch rdae tendineae 0 

fashioned from Teflon tape were sutured to the leaflets. ·hese 
' . 

valves were used for complete Illitral replacement in 27 dogs . Only 

4 lived for fr m 8 to 4 hours after operati n, due to the great 

technical difficulties of insertion •. ecropsy revealed the valve 

surface to be covered with a thin layer of fibrin; there was no 

evidence that death resulted fr m mitral incompetence r stenosis . 

lorkin,.j along similar lines, iedel and his colleagues (1962) 

evolved a smooth polyurethane valve with polyurethane-covered 

Dacron °ch rdae 0
• ne dog survived for 6 months bef re the 

prosthesis ruptured . :rhree animals died between 2 and 3 weeks 

after ourgery . At necropsy, thr mbus was present on the suture 

line. 

(2) Flan va1ves not incorpor0cting artificial chordae tendineae: ­

This c tegory may b sub-divided into the following groups: 

(i) :1on cusp,. 

(ii) ·ulticusp - bicuspid, 
tricuspid, 
quadricuspid . 

I ••• 



(i) onocusp Flap aj.ves . { ig. 2) . 

eveloping a hinged . monocusp pr sthetic ·tral valve made 

of different aterials , erg et al 1957} secured l ~ s in the 

·tral annulus with a purs string suture. :rot ne f the 46 dogs 

used in their study survived longer than 30 days . xdept for 

11 

sur ical error , the ajor cause of d th as flap fracture , 

fixation failur and th bus formation which ccluded the orifice. 

ig. 2 . 

Drawing f monocusp flap val. ve . 
_ (Frater et al, 196 ) . 

number f wor. ers exper· ented with this type f pr sthesis 

su sequently. odification of inserti n techniques, ith and 

ith ut antic agulant therapy p st-operatively , changes in design 

and the use fa variety o materials, w re the subjects f further 

r p rta . ever, very little· pr v ent in the results as 

noted; throb sis and emboli. ation son ccurred, or the valve 

soon proved deficient in durability { r ter et al~ 1960; tuckey 

et al , 196; Do anion et al , 1960; et al , 196 ) . 

I ••• 



Frater et al (1960) devised a flexible monocusp valve ~ith 

multiple hinges . :t:his unsupported lar cusp tended to fracture 

and as thus covered ith k.ni.tted Teflon cloth ( lis et al, 1961) . 

emodynamically, monocu.sp £lap valves function satisfactorily 

and (especially using antico~ants) an occasional long-term 

survivor as reported (Doumanion et al , 1961) . These authors 

made the important observation that thrombus formation :fal.ls into 

two types: massive thromb sis occurring rd thin 5 to 8 days of 

surgery , and thrombus occurring 1 t 2 months post- peratively 

over the cusp and al ng the inferior surface of the ring. In the 

latter, the orifice was n t occluded and death was due to 

insufficiency as a esul.t f the thrombus obstructi n , preventing 

co plete closure of the cusp against the ring. They concluded 

that the experimental .results c uld be· proved in three ways : 

by improving e method of insertion, by the use of anticoa ants 

and by modif'ication of the oize f the pro thesis (thrombus 

formation being less frequent when the ring circumference was 

larger than 6. 2 mm.). 

MaJ.owney et al (1965) designed a Silastic monocusp prosthesis 

in such a way to ensure that the flap is normally open 30 to 40° . 

el· · ting the necessity for increased atrial pres~ure or gravity 

to open it . f the 22 dogs experimented with, on1y 13 survived 

more than 24 h urs . - Three ere given anticoagulants and survived 

for between 3 and 12 weeks . All late deaths were due to massive 

th bosis at the valve orifice. Thrombus fo:nnati n 1as not found 

I ••• 
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to be influenced by heparinis tion of the 

co plications ade lo -term pr phyla.xis difficult to manage . The 

a ·nistrati n of dicoumaral a peared to prolo survival and to 

diminish the dep sitton f fibrin on the prost etic valve ~ 

(ii) ·.ul ti cusp Flap 

These ere desi ed 1th two, three or more cusps . 

In 1960, Starr reported the devel pment of this type f 

p sthesis and th results he had btained. Initially, the 

prosthesis was made from a rigid Teflon ring fr e with two silicone 

rubber leaflets and a bar across the lumen. This was fund too 

large for canine mitral valve replac ent . As all.er version was 

designed and inserted into 6 do~s. One animal. died due to incorrect 

placement and two as a result of hae orr e . e remaining 3 dogs 

died ithin a sh rt time due to th.r b sis ith acute pulmonary 

oedc • 

he a e workers then redesigned this valve, inging the 

leaflets on the periphery, and inserted it in 3 dogs . Not one 

survived lo er than 4 days after operati n . 

ig. 3. 

Dra.wi of bicuspid 
flap valve hinged 
by a irar across the 
lumen. (Gott et al , 

· 1964) . 



The final modification f the bicuspid valve design was to 

make the ring of stainless steel instead f Teflon. Of the 3 dogs 

in this series. only 1 survived operation and this animal died on 

the 4th post-operative day, as a result of thr bosis. 

imilar problems were encountered by Frater et al {1961) who 

used a similar design. 

(Fig. 4) . 

In a.n atte pt to duplicate the anato y of the normal mitral 

vaJ.ve, Akutsu and his associates (1959) used a plastic valve with 

three pliab1e leaflets , patterned on the semilunar he-art valves . 

They used different materials, with and without slliconisation. 

1.4 

The longest survival obtained ras 9 d3Ns and ,, in most animals which 

survived more than 24 hours, a thick fibrin deposition was found on 

b th sides f the valve at necropsy. 

Fig. 4. 

Drairing of tricuspid flap valve i th three 
pliable leaflets, patterned on the semi.lunar 
heart valves. (Aleut.au et al. 1959) . 

I •· .. 



The dvant es of the leaflet (or cusp) type valve are that 
there is much less inertia in openin~ and closure, and closure 

of the valve is prompt . Furthermore, they occupy little space 

since the oving p rts of the valve don t have to be propelled 

into the ventricle and back. The eat disadvantage is that the 

free edges of the cusps have to support one another during high 
pressure closure and , as the free dg is the thinnest portion 

of the leaflet, rupture is prone t occur. ~o avoid this , a 

trieuopid valve as designed s spending the leaflets on pi ars 

the centre of the valve, cl. sure being achieved by the leaflets 
hugging the annulus . This significantly increased the l ngevity 
of the prosthesis but did not .prevent thr bus f tin (Ernst 

et al .. 1963) . 

{3 dricu id V ves: - -- ........ , .... _. 
~ig . 5 

Drawing f quadricuspid 
valve { evowitz et al, 
1960). 

ig. 5 . 

15 

Lev itz et al (1960) rep rted their experience with different 
t ypes of multicusp flap valves . Uoing bicuspid , tricuspid , quadri-
cuspid and 'flipper' designs, they replac the m.itraJ. valve in 
40 dogs. everal kinds of terials were used in these valves~ 
including silastic, lucite, eflon and arterial h m grafts . 

?hr mbosis causing valvular obstructi n was the chief cause of death 
in this series,. after 5 to 7 days • survival. The most encouraging 
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results were achieved with an open, n n--rigid quadricuspid valve 

ly· entirely within the left ventricle . 

c overn (1961} used a quadricuspid silastic prosthesis with 

very similar resul.ts t those achieved by others using cusp 

type valves . 

Lhe experimental results obtained with the flap type valve 

prostheses 1ere very disappointing. In the few dogs which survived 

the initial severe thrombosis, the durability of these valves was 

very dubi us. Haemodynamically they appeared to be satisfactory . 

In those valveo incorporating artificial chordae tendineae the 

difficulties of insertion rendered valve replacement more of an 

xcrcise in technique than a practical procedure . 

b) 

ufnagel ' s excellent work on· the aortic valve led to the 

development and general acceptance of the ball type prosthesis as 

an intracardiac valvular pr sthesis (Hufnagel et al, 1954; 

Huf el et ai . 1958) . Attempts were made in his laboratories to 

rec :nstruct the aortic valve and , while many experiments showed 

early promise .. the late results ·were not good enough for clinical 

application. ther attempts were made to replace the aortic valve 

with homologous aortic or pul.m nary valves and the late results 

were less satisfactory than had been hoped. econstruction of 
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valves with segments of pericardium, veins , arteri es or a combination 
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f these su st ces also pr ved disapp inting. Consequently , in 

1944, t es rkers commenced experimental ork t develop a 

plastic prosthesis . It as nl in 1958 that Juf'n ol was blc 

t report the succ ssf'ul pplic tin f the rtic 'all valve . 

Thio pr sthesis consisted of an inlet, ch b r c ntaining the 

baJ.l and an utlet (•ig. 6) . ~he entire valve 

Dra i 
( 

ig. 6 . 

of aortic ball valve . 
·nagel et al , 1958) • 

s m ulded in a 

single unit, so that the i er surface was extrem ly smooth without 

seams . he design of the chamber guided the ball from the scat to 

t he valve stop in an eosentially straight line . 

vari tins f the ball ty e pr sthesis h ve been designed 

since and use exper entally to replace the mitral' valve . s early 

as 1957 , Kernan et al described t e first cage ball valve . (Fi . 7) . 

s c prised a eflon shell h using a solid metacrylate sphere 

15 . 5 in diameter. e prosthe._.is s secured by mea.ns of a 

purse-string suture through the tral annulus. and tied into a ove 

in the shell . laced in the mitral ring in 25 dogs, the valve 
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proved to be haemodynamically adequate but all the animals died 

i thin 21 days except one , which survived 4 montl s. xtrusion f 

th ball r displacement of the valve caused 7 deaths; thr bosis 

occurred in 6 animals - in ne the valve was occluded by thrombus 

and in the others the thrombus was found on the purse-string 

suture - resulting in fatal emboli. 

Fig. 7 . 

Dra ing of caged ball valve, comprising 
a eflon shel.l housing a solid metacrylate 
sphere . This prosthesis was secured by 
means of a purse-string suture through the 
mitral annul.us 1hich was tied in the groove 
at the top f the shell. ( ~ernan et al. 
1957) . 

,xper· anting with various types of ball valves c nstructed 

f different materials~ Ellis et al (1958) reported that a lucite 

ball valve and a eflon valve with a free-floating disc on a 

c ntral spindle had proved the most suitable for further evaluation. 
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Of the lo dogs in "'i;his stud: • nly 3 survived operati n " the 

longest survival being 6 qays . On necro_sy in the survivor , the 

entire m.itral orifice was found to be ccluded by t.n·ombus . 

C ntinuing their studies, rings rithout the valve mechanism 

were inserted in the canine atrium, different materials being 

used . Lucite and tefl n rings led .t thr mbosis ;hereas Silastic 

became 1 ose and also pr duced tlu~mbus formation. Ivalon became 

c mpletely fixed and was eventually covered with an endothelial­

like surface and 110 obvious thr mbus formed n ivaJ.on. 

It was through the efforts and excellent experimental work of 

tarr o.nd his associates that the caged ball valve became widely 

used for mitral replacement (Starr, l960; Starr et al , 1960) . 

hile experimenting with flap valves , 'tarr noticed that thrombus 

developed on the atrial side of the suture line in all cases. 
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During the first few days following peration this thrombus extended 

t cover the valve ring~ whether made from Teflon. Lucite or 

stainless steel, and eventually it interfered with the function of 

the flaps . Attention was therefor directed tm·ards the development 

of a total replacement pr sthesis , the function of which would be 

independent of a complex subvalvular mechanism, and which would not 

require extensive adjustment in the perati r or surgery more 

extensive than simple suture t the mitral annulus . hey also 

aimed at the development of a prosthesis not dependent upon the 

continued fl xibility of plastic aterials fr pr per long-term 

function .. It uas c ncJ.uded that a ball valve was best suited. 
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h t .. erefore constructed a ball valve \.hich con isted of 

rigid ucitc cage, a ilast·c ball and a efl n cloth ring (used 

20 

fr fixation Fig. 8) . his, the first model of the Starr-Edwards 

mitral pr sthesis, as tested in 7 dogs . It was found that the 

ball valve was well tolerated the left ventricle of the normal 

canine heart and that no extra systoles occurred as a result of 

infringement of the cage on the ventricular muscle . 

Fig. 8 . 

Drawing of a ball-in-cage valve comprising 
a rigid Lucite cage, a llastic ball and a 
Teflon cloth fixation ring . (~tarr et al t 
1960} . 

Although nly 2 animals survived longer than a week, the 

e-diate results were encouraging. Of the 2 survivors. 1 died on 

the 1th day due to thrombuo, and the ther lived more than 3 onths . 

amlnati n of the animals which had died fro causes other than 

thrombus (e . g. haemorrhage., pneum nia, sepsis) revealed that there 

was thrombus on the atrial aspect of the valve ring in 3 cases, but 

no thrombus on the ball. or cage . situated in the ventric1e. 

I .... 



In an effort t prevent thrombosi n the atrial side of the 

fixation ring. the valve was odified to incorporate a Silastic 

hield { tarr et al, 1961) . ith this design, 26 experiments 

were perf rmed . lecropsy on animals which died within 3 weeks of 

surgery reveal.ed no thr mbus. Throb sis did occur after 3 weeks 

but occlusion of the orifice , as found in only l case . 

Gross et al {1963) experimented with a ball valve of their 

01-rn design,, a. Starr-Edwards valve and a lens type valve . Using 

these three prostheses. they obtained s r results . Only 3 
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dogs lived longer than a month after surgery . This group of workers 

also noticed the absence f thrombus ori inating on the ventricul ar 

aspect of the prosthesis and suture ring. Fibrin formation 

commenced in the areas of contact between prosthesis and atrial 

endoc ium, the thrombus extending then over the entire flange , 

through the orifice and eventually occluding the orifice. By 

diminishin6 the bulk of the atrial fLange, they ere able to 

reduce the extent of the inevitable thr mbus and to prevent 

occlusi n of the valve orifice. 

In an attempt to reduce the extent of obstruction to atrial 

outflow, artwright and his colleagues (1964} developed a Titanium 

double-caged orifice ball valve for mitral replacement (Fig. 9) . 
he advantage envisaged , as that the valve would be open at both 

ends . Of the l6 dogs subjected to replacement., 2 did not survive 

the operation. Ten dogs survived fr 21 days. 3 ere sacrif'iced 

at 21 days and 1 survived for 18 months . Late deaths were due t o 
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embolisation and infection. All 3 anim.alu sacrificed revealed 

tl ombus in the usually encountered site: on the atrial aspect 

o t e valve, on its fabric rim and with circumferential 

encroachment at the base of the small upstream strutQ . 

Fig. 9. 

Drawing of double-caged orifice ball 
valve. (Cartwright et aJ. , 1964) . 

CO WLUSIO • 

From these results it is apparent that the ball valve is 

durable, and is satisfactory from the haemodynamic point of view. 

Iowever, thrombus ormation still presents a major obstacle to 

1 ng- term survival . 

B. 
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Due to the pressing need fort tal mitral valve~ placement in 

humans, and with the kn ledge that the clotting mechanism of the 

dog is different fr m that of man , many types of prostheses were 
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introduced clinically before being properly evaluated in the 

research laboratory . 

(a) FLAP VAIN • 

(1) Flap valves incornoratinr, artificial chordae tendineae: 

Despite the poor results obto.ined in animals . Braunwald et al 

(1960) inserted their flexible polyurethane valve with its ~eflon 

tape "ch rdae" in 5 patients . There were 3 operative deaths , due 

to technical failure . One patient survived for 14 hours an.d the 

other for 3 months . At autopsy of the latter patient , no thr mbus 

rras found on the valve, which was covered with a thin la,yer of 

fi rin but had remained pliable and mobile. 

Using the same type of valve, Kay et al (1961) coul.d not 

improve on -these results ith their Teflon sleeve valve with 

artificial chordae tendineae . None of their 5 patients survived. 

( 2) Flap vB,lves -vri thout artificial chordae tendineae: 

( i) ,,.onocus12 Flap VaJ. ves :-

Ellis (1960) reported the clinical use of monocusp ylar 

valves c vered ith thin, knitted eflon fabric, in 4 patients ~ 

One died on the night follo1ing operation and another on the 

5th post- operative day. In both cases the valve see ed to function 

satisfactorily during the survival period and death appeared to 

be due to other factors . Another of the survivors died afte · a 

month , due to heart failure . Autopsy revealed no in o'Wll of tissue 

into theivalon ring. The valve was thus displaced into the atri • 
-o""-.L4~P. patient in the s ries died after lt months, due to 

I •.•• 
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subacu.te bacterial endocarditis . On. examination post mortem, 

there was a thick layer of fibrin ver the valve which seemed 

to have interfered with its function. 

Still later, Ellis et al (1963) reported 19 cases of mitral 

valve replacement us~ a modification of this prosthesis . The 

ring '\-Tas constructed from laminated ylar banded ri th Sohjelband 

100 . The flexible cusp,, likewise. was made -from Mylar and was 

covered with knitted Teflon fabric . Outside the Mylar ring was 

sutured knitted Teflon cloth. In this series th.ere was no 

evidence of structural failure~ Only 1 patient was reported to 

have died,. after 6 months,, as a result of embolisation. 

(ii} ~ul.ticusp Flap Va1ves:-

Long et al (1960) reported the use of a Silastic tricuspid 

prosthesis in 1 patient, who died 9, days after operation. Thrombus 

(originating at the junction of endocardium and the prosthesis) 

was found both on the a.trial and on the ventricular surfaces o,f 

the valve . 

CONCLUSIOliS . 

The clinical results suggested that there was no place for a 

prosthetic mitral valve with chordae in clinical oardiac surgery. 

The results obtained with the monocusp valve was promising in 

that it gave satisfactory haemodynamic results, but its durability 

is still suspect . ilthou,gh Ellis et al (1963) report a very low 

incidence of emboli post~operati-vely, a.a co.mpared with his series 

in which a ball valve was used,, a longer post-operative int·erval 

is necessary for proper evaluation of the results . 
I ••• 
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(b) BALL VAIN s . 

Ii' Starr ' s experimental results using the Starr- dwards caged 

ball valve had been encouraging (1960}, his initial clinical 

results were even more so ( tarr et al. 1961). In the 8 patients 

constituting the first series reported, 6 survived the operative 

procedure of mitral. valve replacement; the 2 deaths were unrel.ated 

to the prosthesis itself . The first 2 patients undergoing this 

procedure were free of cardiac symptoms and back at work shortly 

after operation. No eVidenc-e of emboli was reported . However, 

the author was guarded in his conclusions and suggested that mitral 

vaJ.ve replacement was ip.dicated only in the severely incapacitated 

pat~ent with operative findings of a hopelessly damaged valve 

not amenable to a:ny plastic repair. 

fler was far more enthusia tic (1962) . Of the 22 patients 

in hom he replaced the mitral. valve with the Starr-Edwards 

prosthesis. only 6 died within 6 weeks and in on1y 1 was death 

attributable to emboli . Unlike Starr, he used no anticoagu.lants 

in these patients . This led Effler to write "on the basis o:f 

personal experience. we have rejected virtual.ly every method of 

annulopl.asty and valvuloplasty that was employed during the 

preceding six or seven years . As stated before, the initial success 

with the Stari-Edwards vaJ.ve has been promising and at the moment 

we consider it the treatment of choice for the patient who· needs 

surgical relief of mitral valve incompetency . " However,- he added 

"there is little doubt that this best form of surgical treatment 

does not constitute the ultimate, but is only another phase in the 

continued search for bett er surgical treat.ment for mitral 



insuf'f':iciency. " 

The mitral valve was replaced ,1ith the Starr- Edwards valve 

in 37 patients at the l· ayo Clinic ( Ellis et aJ. , 1963) t and 4 of 

the late deaths , ere due to embolisation. 

Lillehei (1963) reported 7 survivors in his series of 10 

replacements . Two patients who were n t receiving anticoagulants 

experienced late embolic eomplicati ns and he advised the routine 

use of anticoagulant therapy to preventtt:ds complication. 

overn and Cromie {1963) developed a sutureless prosthetic 

heart valve in an attempt t reduce the operative time. The valve 

mechanism is a ilastic ball in a stainless steel open-end cage . 

Of the 3 patients in whom the tral. valve was replaced with this 

pr thesis , 1 died after 6 ,eeks. t autopsy , massive right 

cerebral vascular haemorrhage was found; there was no evidence of 

embolism. It as felt that the incidence of thrombosis should be 

reduced through the eliminat,ion f sutures and cloth ,. which 

reduced the nidus for thrombus formation . 

A large number of long- term results have now been reported 

(Bjor k and ri ahers , 1964; Barnard et al , 1965; Effler et al , 1965; 

Herr et al., 1965; Lillehei et al , 1965; Du.bost et al , 1965) . It 

is evident from these that the ball valve has proved satisfactory 
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in all respects except thrombosis complicated by emb li . The manner 

of presentati n of this complication is either by assive thrombus 

occluding the valve orif'ioe, or by systemic emboli . The former 

fortunately occurs rarely (Garamella et al, 1964; Davila,. 1965) , 
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but the latter is much more common. 

Herr et al (1965) reported a 421 incidence of embol~ in 

65 patients in whom the mitral valve had been replaced by Starr 

and his associates . Bjtsrk and his colleagues (1965} report an 

incidence of approximately 5 using the Starr-Edwards prosthesis , 

and the tise of anticoagulants did not appear to make aziy appreciabl e 

difference to these results . Effler et al (1965) report a 22,j) 

incidence onJ.y in 97 patients with the tarr-t dwards valve ,. without 

the routine use of anticoagulants . 

An additional disadvant e of the St~Edwards prosthesis 

is · the large cage which projects into the left ventricle. Most 

authors do not feel that this causes any problems (HeIT et al, 1965), 

but others express the fear that as a result of the pounding of the 

cage against the .septum, an irritable focus may result in ventricu­

lar fibrillation (Dyron, 1965) .. It has been suggested that the 

large cage· projecting into a small left ventricle wil.l produce 

outflo, obstruction (Byron, 1965; Wada, 1965) . 

As a result of these objection , many attempts have been made 

to reduce the bulky intraventricular cage size. I el.rose et al (1964) 

describe the construction of a polypropylene self- retaining bal1 

valve . Lillehei et al (1965) evolved a caged meniscus valve in 

which the meniscus is free-floating and semi-rigid. rotating freely 

to distribute wear (Fig. 10) . Hufnagel and Auvard (1965) developed 

a di.scoid val.ve (Fig . 11) .. 
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Fig. 10 

Dra: of caged Discus va1v . 
(Lillehei t al, 1965) . 

ig. u . 

Drawing of discoid va1ve. (Hufnagel 
. and Auvard, 1965-) . 
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OONCLUSI if • 

It may be c ncluded that the ball valve fulfils most of the 

criteria of an ideal m.itral prosthesis , notwithstanding the fact 

that it has been shown to be stenotic . Thrombus formation, 

ho ever, remains a fonni.dable problem. 

TOT..Q.L TRAL VAL 

WITH AUTOGENOUS OR HO ~OLOGOUS 'ISSUE GRAF~S .. 

In an endeavour to achieve better results following m:itral 

valve replacement, various tissues have been used experimentally 

and clinically. These tissues m!\V be taken from the subject 

itself (e .g . vein, artery, pericardium) - autogenous grafts, or 

from another member of the same species - homografts . 

(a) UTOGENOU GRAFTS . 

periment'M,:-

Autogenous pericardium has chiefly been used since Wilsonts 

first report in 1930. Progressive contraction and loss of 

pliability of pericardial grafts placed within the left ventric1e 

has been a uniform observation in the d g and in man, when a 

vascular pediele is maintained. (Lan et al , 1952; Sauvage et al, 

1961). hen autogenous pericardium was used as valve cusps it 

did not under o any marked degenerative changes (Bakst et al , 1958; 

auvage et al. , 1962) . 

I ••• 
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In a more recently published article , Frater et al (1965) 
noted that degenerative changes were always evident at post 

mortem examination two or more m nths ~ter surgery . 

These experiments~ however, did show that it is possible 

to constru.ct pros.thetic ,cusps and chordal sheets which function 

normally _. ithout copying th removed natural tissue . Furtherm re, 

in direct contra.st to the experience with plastic prosthetic 

valves, massive thrombosis with valve obstruction or emboli did 

not constitute any proble despite the fact that anticoagulants 

were not used. 

Clinica1:-

Using autogenous grafts to restore the function 0£ destroyed 

· tral valve cusps in human beings, rather more .favourable and 

different results were obtained (Sauvage et al , 1962; Frater et 

a.l , 1965) . Good valve :function was maintained for more than two 

years . utografts available for patholoeicaJ.. examination showed 

m1ni.mal fibrin formation and no micro- organisms in early specimens . 

Later specimens showed minimal thickening with preservation of 

pliability. 

On the other hand, a disappointing feature of these studies 

is the early recurrence of murmurs in patients whose lesion 

appeared completely corrected during the first post-operative 

month . 

Although the augmentation r repair of mitral leaflets using 

autogenoua pericardium appears to be promising, total mitral valve 
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replacement by this means is a formidable procedure associated 

with a high failure rate. 

After careful study of the normal mitral valve, Van der Spuy 

(1964) developed a comP,letely a.D:a,tomieal entire mitral valve 

from autogen us tissues . 'rhis is made fro autogenous pericardium, 

previously cleared of mediastinal pleura and fat, using "cusp 

plates .. • . The completed valve closely resembles the nonnal mi tral 

valve , having two sets of chordae endineae (fig .. 12) . 

Fig. 12 . 

Draw.ing of valve made from aut gnus 
pericardium. The valve closely rese bles 
the normal mitra.l valve and has o sets 
of 0 chordae tendineaett . (Van der Spuy , 

1964) . 

'rhe common 

stem of each set of chordae is embedded in a papillary muscle . The 

oval base of the valve ls sutured to the ring ot the excised mitral 

valve. !Io details of the experimental and clinical r~su1ts are as 

yet available . 

I •.•• 
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CONCLUSIO 1
• 

It seems clear that autogenous tissue can be used to 

replace part or all. of the mitral valve, and that embolic: 

manifestati ns are markedly less than hen artificial prostheses 

are used. The retention of adequate function of the cusps or 

valve made :from aut enous tissue after a few years must still 

be proved . A major disadvantage is the great technical. 

difficulty posed by total mitral valve replacement by this 

means, resulting in a high operative mortality rate . 

(b) 
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Although organ transplantation is carried out in many centres 

today, e perimentally and clinically, much has still to be learnt 

before routine clinical use can be contemplated . The concept of 

the replacement of the diseased mitral valve with a heal.thy 

homograft seems to be the ideal treatment, but the fate of these 

grafts is not yet kno·wn. Furthermore, due to its more complex 

anatomical components " the mitral area renders itself much less 

favourably to this procedure than for example the aortic area. As 

a result . much f the work which is being done in the field of 

h mografts c natitutea the study of valves other than the mitral ~ 

the aortic valve having received the most attention. 

:,merimentaJ.:-

IIu:fnagel (1951) 1 .. eported th t homolog us aortic valves failed 

to function normally when placed in the descending aorta of d gs . 
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The opposite view was expressed by Murray (1956); however, who 

showed that these grafts not only survived but also functi oned 

ell for periods up to 9! months-. It was also demonstrated t hat 

both treah and preserved homologous aortic val.ves thus inserted 

would become inactive unless persistent aortic incompetence was 

produced. 

Generally speaking, the fate f intracardiac homologous 

grafts in dogs has been unpredictable . Using different valves in 

different positions. some reported that the leaflets become 

thickened and retracted (Hi.embec~er et al , 1962) ; the valves 

become incapable .of normal function ( itwak et al~ 1952; Polloc 

and Thomas, 1956) . 

The homologous aortic valve has also been used for total 

mi tral replacement (r,!urr , 1956) . It · as placed in the mi tral. 

annulus in an inverted position and two tails of a rta were used 

as "chordaen, being inserted in the :papillary muscles . Survivors 

have been reported at 9i months (Murray, 1956) and at 5 months 

(Wi11man et al. , 1960) •. Mecropsy revealed the valves to be covered 

ith vegetations,- the leaflets contracted and distorted . cros-

copy showed evidence of homograft rejection and signs of suba.oute 

bacterial end carditis . Altering the technique , the valve being 

anchored to the ventricular myocardium, the results were even 

orse: no survivors were reported (IIeimbecker et al. 1962) . 

It has been said that it is technically possible to transplant 

the mitra.1 valve from one dog to another (McKenzie et al, 1963) . 

/ Cc, a 
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These authors had 1 animal surviving 7! months after this operation. 

Good healing of such homografta has been shown, both of annulus and 

of the papillary muscles. Another encouraging feature is that at 

necropsy, 5 months after inserti n , the grafts have been observed 

to be pliable a.nd rel.atively normal in ppearance . 

OlinicaJ.t-

The clinical results f the use f homol gous grafts in the 

aortic area. are very encouraging. urray (1956) reported .11ihe 

first such success , placing the homograft in the descending aorta. 

and subsequently reported 3 patients still alive after 4t, 2i and 

t years ( ·1urray, 1960). Still later, Kervin et al (1962) wrote 

that the patient on whom Murrey had operated in 1956 was still 

a.live after 6t years . The same authors also achieved 5 successes 

in 9 operations .• 

Barratt-Boyes ' results with homogra.ft aortic valve replacement 

(1964) compares favourably with those following prosthetic replace­

ment of this valve . Re also described the successful application 

of a ngra.ft storage bank". The hom graft was obtained .by the 

patho1ogist either under fully sterile conditions, or unaterile, 

within 15 hours of' death. Val.ves were taken from donors up to the 

age of 55 years. When they ,ere removed under unsterile conditions, 

the valves were immediately sterilised using betapropiolactate and 

ere placed 1n o. n.utrient medium to which penicillin.and strept mycin 

had been added, and were stored at 4°0 for up to a week before 

f'reeze-drying. The valves were cuJ:tured before being :placed in the 
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medium and a.gain on removal, before freeze-drying. If the culture 

ras positive they were discarded . After freeze- drying, the 

exterior of a sealed glass vacuum tube was sterilised in an 

ethylene oxide gas chamber at body temperature . Just before use, 

these freeze-dried valves were reconstituted by placing them in 

distilled water for 30 m1n,.1tes and then in isotonic saline. 0:f 
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the 44 patients who received these aortic homografts, 41 have 

normally functioning aortic valves up to 15 months after surgery. 

Significant orbidity was limited to post-operative endocarditis, 

rapidly cured by a si.ngle course of antibiotics. in one case. and 

permanent complete heart block in another. o f these homo afts 

have b en examined at autopsy, 2 and 4t m nths after inse,rtion-. and 

the architecture of the cusps was normal in both cases. 

In the field of mi traJ. homogra:f't replacement the r ,eports are 

scanty and the results are not encouraging. urra.y (1956) reported 

one case but no details as to the patient ' s course have been 

published. The only other report is one by Hiembeeker et al (1962) 

and their patient died 1 month after operation. At autopsy the 

leaflets were pliable and functioning .. 

D th Barratt-Boyes (1965) and R ss (1965) have also had 

limited clinical experience with mitral homografts in human-beings . 

ere a.gain, however, ·technical difficulties resulted in a prohibitive 

surgical mortality . 
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CONCLU"I ONS . 

The results with homograft aortic valve replacement are 

most rewarding. sugo-esting that human rejection responses are 

not very active in this area. In the mitral. valve area it is 

likely that simil.ar resul.ts will be achi.eved, but the tee.lmical 

diffieulties are far greater and must still be overcome . 
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THE PREVENTION OF THRO OLLOWIIG 

From the preceding chapters it is clear that an artificial 

prosthetic valve is the only satisfactory means for total 

replacement of the mitral valve at present. It is also apparent 

that t:ironbosis is a constant threat l henever these prostheses 

are employed, regardless of their construction. 

The mechanism of the initiation of thrombosis is unknown. 
Sawyer and his associates (1960) have postuJ.ated for many years 

that the injury of a vessel wall changes the normal. negative 

charge on the endothelium (relative to the surrounding tissue) 

to a positive one . The blo d cells, normall .. being negatively 

charged, are repelled by normal endothelium but are attracted to 
· L"1.jured endothelium. This seems a feasible explanation for the 

llrltiation of thrombosis following mitral val.ve replacement. 

The ~actors which determine the propogation of the thrombus 

are also unknOin. It is likely that both flow characteristics 

and the properties of the valve sur.face influence this effect. 

Alterations in the electrical c ges may als be plicated 

(Frater and Ellis, 1960) • . 

Theoretically, thrombosis may be reduced or prevented if 

f ibtin deposition can be preve11ted, or if fibrin deposition can 
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be digested once it has eocurred, by the use of drugs or .electrical 
charges. 
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SURVEY . 

(a) IfIBRIN ORMATIO • 

{i) lectric Charges:-

In rd.er to induce a negative charge on the surface of vaJ.ves , 

Frater and Ellis (1960) had them gold-plated. The results of this 

study suggest that this step did not influence the formation of 

thrombus. A similar conclusion was reached by Kolff et al (1960) . 

(ii) §ystemic HftW Therapy:-

The systemic use of heparin ( rater and Ellis,. 1960; '1alowney 

et al , 1965) and of other anticoagulants { tarr,, 1961; Clark and 

ul1er, 1962, Gross et al. ,. 1963) resu:Lted in an increased incidence 

of bleed.in& post- operatively and did not prevent thrombosis . Other 

workers found that the administration of dicoumaral. appeared to 

prolong survival and to djminish deposition of thrombus (Doumanion 

et al.. 1961; 1a1.owney et al, 1965) . 

(iii) Graphit§r:benz.aJ.k;onium-heparin coated rosthesis:-

a result of the poor experimental results of tral valve 

replacement in their laboratories, Gott et al (1961) attempted to 

f ind a more satisfactory ~aterial fr the prosthetic valve. They 

elieved that a severe test of thr mbus f nnation ould be the 

i nsertion of the valve in the inferior vena eava of dogs . Uncoated 

plastic rings, silicone-coated methyl methacrya.late rings, graphite 

coated ethyl. methacryalate rings uit h brush or dip application, 

and graphite coa ted methyl methacryaJ.ate rings with electrical. 

charges, ere used in their investigation. 
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With the exception of rings constructed fro Kel F and hi 

density polyethelene, all rings were severely thrombose<l Ji thin 

2 hours . A silicone coating on 111ethyl methac~Jalate rings 

reduced the thrombus formation on the prosthesis significantly. 

All rin~'.)s of methyl methacryalate coated t 1th conductive phite 

(by a dipping process) were virtually free of thrombus after 2 

hours . Applica.tion of a negative charge to the graphite surface 

did not alter these results, alth ugh the application of a positive 

charge produced a severe thrombosis within 1 hour. 

After promising results achieved with a pulmonary artery valve 

pr sthesis (only 3 of 25 animals dying as a result of thrombosis). 

these workers • results in the mitral area were even m re striking 

(Gott et al , 1962) . In 1964. they reported the results of total 

itral valve r placement i.n dogs using a hinged-l_eaflet mitraJ. 

prosthesis with graphite-benzalkonium-heparin coating. The number 

of dogs in this series is not menti ined, but 70/o survived for 

lo er than; months . Necropsy in l animal hieh died after 3 

months due to disruption of the prosthetic-annular suture line 

sh wed no significant thrombus on the suture line or prosthesis. 

(b) TlIB DIGESTION OF FIBRitt DEPOSITS ON PROSTHESI : 

Kolff et al (1960) used fibrinolysin after insertion of the 

prosthetic patches he was testing in the left atrium of dogs . It 

was his conclusion that this was undoubtedly helpful in the 

prevention of thro bcsis. 

I ••• 
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rater and ·llis (l.960) used thr mbo1ysin and 0 Varizyme0 

in doses suggested by the manufacturers for a simi1ar investigation. 

In all the dogs studied thrombus formation on the prost hesis was 

not prevented . 

lhe value of long-term anticoagulation t herapy has not been 

proven. An impressive number of bleeding complications of serious 

degree resulted {haemopericardium, haemothorax and gastro­

intestinal bl.eeding) and tempered the enthusiasm of some workers 

for this procedure (Effler et al. 1965). Others again recommend 

the use of untie agulants (Lillohei, 1963) . 

avila (1965) reViewed the incidence of late deaths al.lowing 

total mitral valve replacement in anticoagu].ated and non-anticoagu­

lated patients .. In the former- group (600) there ,Tas an incidence 

of 8 . 5% late deaths and in the latter group (200) the incidence was 

13. 5 • These results ·indicate that fataJ. thr· b embolism is seen 

s mewhat more frequently ip the non-anticoagulated group . 

lost authors a pear to agree that, despite its limitations. 

anticoagulant therapy should be used a.:fter mitral replacement in 



all cases . In this connection, the findings of Carter and his 

assoeiates (1958) - that there is an increased incidence of 

emboli within 6 weeks of discontinuing the administration of 

anticoagulants - should be borne in mind . Antieoagul.ant therapy 

should be tailed off gradually to prevent the occurrence of this 

rebound phenomenon. 
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Ifi OF CAPE TOW (U. C. T. ) r~ ITRAL 

VALVE PROSTHESI . 

EXPERD~ENTAL REVIE\ . • 

Stimulated by the success f others, this University started 

a project to develop a mitral prosthesis. A ball valve of the 

type developed and usedt experimentally and clinically_. by tarr 

was designed. It was attempted to proVid.e maximal f1o, with the 

smallest possible ring and cage •. 

A stainless steel ring and cage was used with a Silastic 

ball. ( ig. 13) . The ring was covered with ivalon, to hold the 

sutures and permit tissue ingrowth. Insertion into the canine 

heart ,tas possible but resulted in death within an hour, due to 

ventricular fibrillation. Necropsy revealed significant trauma 

t the intraventricular septum, suggesting that the cage was too 

large for the canine ventricle, causing damage to the conduction 

system and giving rise to fibrillation . 

Thus it was decided to construct a baJ.l valve without a cage . 

Although extensive tests in a pulse duplicator were encouraging, 

experimental trial. again resulted in the death of al1 dogs within 

24 hours - now thought to be due to ventricular outflow obstruction 

caused by the round ball. 

It was then realised that., in this type of val.ve ,.. the lower 

half of the bal.l served no real purpose. By removing the lower 

I ••• 
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Fig. 13. 

he ball-in-cage valve used in mitral valve 
replacement experiments at the University of Cape own. 

e ring and cage are stainless steeJ. and the ball is 
made from Silastic. 
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h f of the baJ.l (producing a lens shape) it would still clos e the 

valve and the possi.bili ty of trauma to the septum and of outflow 

obstruction would be minimised (Fig. 14) . It was also c~culated 

that an increase in radius of the curvature of the spherical. 

surface meeting the valve ring , ould allow the use of a thinner 

lens- shaped ball , eliminating the daJ1.ger of· pacting· the bal.l 

into the ring. 

i g . 14. 

his photograph illustrates the experimental development 
of the lenticular mitral prosthesis . The lower half of 
the spheri cal balJ. is removed and a retaining guide rod 
introduced, eliminating the cage and miru ising the dangers 
of trauma to the ventricular septum., outflow obstruct ion 

and the · pacting of the ball into the ring. 
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irst used cli ·cally in •03 1962 , this pr sthesis consisted 

f a stainless steel r· t 1bich s attached suspension bar. 

e r and bar re ival n-c ated. he ring w s pierced ith 

many hol es d , bef re inserti n , ,a c vered 1th corpre sed 

p lyvinyl spo e . i is all ed suture into the itral annulus . 

The obile pa.rt f the pr thesis was de fr Silastic , a 

plastic-rubber c mbination , and c nsisted f lens-shaped ball 

ith a stem and a er s -b • 

hen a aembled, the crosw- ar was pa sed thr h the ring 

of the susponsi n arm. In the open p sition, the ball lay about 

1/4" bel the ri , suspended by its er s - bar n the 

ring. :i.: close , the ball was ded by its stem. 

i • ].5 . 

The ark I u.c •• Lenticular itral 
ros thesis . 

f the 

I ••• 
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I odifications of these features were suggested in an attempt 
' . . ~ 

to reduce the incidence of post-operative embo1i experienced 

clinical.ly. and to al.low better valve action at faster heart 

rates . 

F • 16 . 

The ark II u.c.T. 
Lenticular I i tral 
prosthesis, 1th 
steel seat and lighter 
mobile unit . 

L 

The mobile portion .of the valve had a smaJ.ler mass and closed 

against a stainless steel surface. The steel ring incorporated 

a double-grooved outer. rim. In the upper oove Dacron cloth 

was sutured , just before insertion, providing a ·suture ring. 

Further modification was designed to facilitate intra• or 

subannula.r insertion of the prosthesis , the difference being that 

the steel ring was decreased in depth and nly one groove was 

provided for the Dacron suture ring (Fig. 18) . 

I ••• 
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Fig. 17. 

The Mark III u.c.T. lenticular tral Prosthesis. 

F· , 18. 

The stainless steel rings of the Mark II and ark III 
u.c.T. lenti~ul.ar mitral prostheses showi.ng {left} the 
sil1gle-grooved Mark III and (right) the double-grooved 

k II., 
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CLINICAL P...c.V • 

he niversity of Cape Town (- . c . T. ) lenticular mitral 

pr sthesis, 

performed 

k I, was introduced clinically at an operati n 

n ·l~ 14, 1962 ( Barnard et al , 1962) • s with other 

mitral pr stheses. the first reports were encouraging when, a 

little later, the first 6 cases were described (Barnard et al., 

1963) . 

Initially, the prosthesis was sutured on the ventricular 
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side of the mitral annulus. The sutures were tied on· the atrial 

side over an ivalon ring, to deereas-e the possibility o"f the 

stitches pulling through. The return ton rmal cardiac function 

was remarkable up to a period of 5 months after surgery . One 

patient developed a hemiplegia 5 months post-operatively as a 

result of embolus. The authors concluded that the dangers of 

embolisat.ion are al rays present in patients with rheumatic mitra.l 

valve disease, and atrial fibrillation, even using anticoagulants. 

They stressed the importance of further study before the long- term 

value of the prosthesis ~oul.d be assessed . 

In their next report, Barnard and his colleagues confirmed 

this advice (1965) . They discussed the long-tenn results of 18 

patients in \1hom the prosthetic valve had been used . There were 

only 2 hospital deaths r one ~rom a blocked endotracheal tube and 

the other due to air embolism, indicating the low operative 

mortality associated with this procedure, in spite of the fact 



that o. st of these patients were from the functional Class IV 

group. Of the 7 cases followed up for a year or longer after 

surgery, 6 ,Tere living nonnal lives-:, . 

The durability of this valve was proved. Its haemodynamic 

effieiency was confirmed by catheter studies and cine-angiocardio­

graphy . ine patients (2 of whom had infective endocarditis) 

had small transient cerebral episodes ; presumably due to minute 

emboli. Embolic manifestations occurred at any time from 3 1 eeks 

to 1.8 months after surgery .• 

Of the 51 patients who ,. at ·time of writing~ had undergone 

total mitral valve replacement with the u.c.T. prosthesis since 

its introduction in 1962. 49 have been follo ed up for at least 
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3 months post-operatively (Ferguson. 1965 ). The Mark I and 1' ark II 

valves ·,ere used in the majority, 6 ·being placed in the sub-annular 

position, with an atrial ring of plastic mate-rial, and the 

remainder in the supra- annular position. r, re recently• the Mark III 

valve t> as used in 3 patients in the intra-annular position. 

In spite of the variation in valve design and the difference 

in the site of insertion, t he incidence f emb li encountered 

post- -0peratively has been alarming . Embolic manifestations occurred 

from within 10 days of surgery up to a period of al.most 2 years or· 

more later. Embolus was the direct cause of death in 13 of the 

14 patients in this series who died after leaving hospital . A 

further 9 were left with severe neurological symptoms after an 

embolic epis de,, and in 15 patients there was ne> permanent disability . 

Only 11 of the 51 patients have experience'd no signs of embolus . 



H IC STUDIES . 

·leven of the 12 patients who have survived a year or more 

after surgery have been studied. by cardiac catheterisation and 

cine-angiocardiography (Beck et n.1 . 1965) . All showed a marked 

improvement in ·tral valve functi on and in every case, judged 

by cine-angioco.rdiography. the valve was competent . 

t rest , the mean diastolic pressure gradient varied between 

1 . 2 and 12 mm. Ilg, resembling the findings of mild mitral sten sis 

ithout inc mpetence . :the pulmonary arterial pressure had fallen 

in all but one patient . Exercise produced a rise in both left 

atrial and pulm nary arterial pressures , as · ght be expected in 

p tients uith mild mitral stcnosis . It as thoug t that the 

inertia of the mobile part .of the prosthesis might result in less 

satisfactory function at faster heart rates, but the inaccuracy 

of formulae to establish effective valve areas ·Then the gradient 

is small rendered it impossible to decide whether this was so . 
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~he reaidual gradient was thoug1t to be due ma.inly to inadequate 

orifice size, although a . delay in rerdhing the :fully open position 

may also play a part . oor ventricular function could also be a 

cause , and was noted to be present in 3 patients . 

In concluding their report , the authors compare the orifice 

areas of the U. C. T. and the 'tarr- drards prostheses of equivalent 

external diameter. Tho former has a distinct ·advantage , ihich may 

account for the slightly smaller gradient present compared with 

I ••.• 



the results publishe4 using the early Starr-Edwards valve, which 

has a smaller orifice area. 

To date , tho results after insertion of the Mark III valve 

in the intra- an..~ular position appear to~ more promising, 

al.though long- term follow up is necessary before it can be 

established whether real improvement has been achieved-

52 



53 

EX? ER IM B NT S. 



54 

E R I 1 s. 

APPA 

Tl1e cardiopulmonary bypass apparatus used in these experiments 
wa.~ the helix res9rv ir bubble ~genator , as first described by 

De all et al (1956 ; 1957), ,ith a fe-1 modifications . 

All the blood lines are of polyvinyl tubing. Latex hose 3/4 incll 
in diameter is used in the pump heads and a igmamotor , ,odel 

1.2, is usea fr pumping venouo bl od through the ox:ygenator ond 
to return arterial blood to the animal . Special higb.l polished 

stainless steel connectorn arc used to join the variJus plastic 

components in the circuit . These connectort. have no abrupt shoulders 
or other obstructi ns, to inil"li e turbulence . 

CIRCUIT. 

he components of the xygenat rare connected, o.s shown in 

ig. 19. lood is drained by gravity from t he r ight atriun1 into 

a venous 1ell. D~ainage is further assisted and controlled by 

suction, applied to the venous well . Cardiotomy return blood is 

drained into another well . 

perating table ~ the botto 

ese ~ells are placed close to the 

:f the well being appr ximately 20 inches 
below the level of the right atrium .. 

Fr om t he venous wel.1, the blood ~s pumped through the venous 
circuit i nt o a vertical mixing chamber wher e it is permea ted with 

I • ·-. 



ig. 19. 

5PfC/I\L VEIIOU5 •y• ~ -BUBBLER 

l ~-

VENOUS 

Diagr 
of the 

H[U X I/EStRV0 /1 1 

ARTEHIAL PUMP 

f[HO~AL 
AIUtRY 

REDUCER 

illustr t i n the a.sse bly of the c mp nents 
e all-Lillehei helix reservoir bubble 

xygenat'-'r• 

10 , oxygen, -by :ay of an oxygen diffusion plate positioned at 

th botto of the xing chamber. 

he blo d- xy en mixture rises in the ring chamber and 

overflo·s into the debubblin can. Debubbling is effected by 

three antifoamed* tainle s ste 1 sp es which are arranged around 

th pe rat d p of the X t b (is. 20, b, c d and e) , 

a eflo -c at d can. 

* Antifo supplied by Do Corning Corp . 
idland, ichigan, u •• A. 

I ••• 
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ig. 20 a . 

The vari us unass mbled components of the de ubbli" 
sy .... tem. 

i. 20 b . 

Debubbling system: the xing tube sh n after 
insertion into the b tt f the can. he two 
peripherally placed outlets can be seen. 
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ig. 20 c . 

Fig. 20 d . 
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syste : 
f the 

ua:y n · xi tube 
sh •ing the 
placing of the 
h les, 1hich are 

ade dtl a 
specially turned 
tool (also to be 
seen in this 
photograph) . 

Debubbling syste . J.:h.e stainless steel p nges have all 
been placed over the les i n the top .of the 'xing tube, 
forming a closely knit barrier through hich the 
oxygenated blo d must pass . The bubbles e thus 
eliminated. 
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i . 2 e . 

cbubbling 
System: The 
lidless 
canniC!ter 
as seen f'rom 
the top . e 
st ppe:r is in 
plac in tho 
end f the 
mixing tube 
arotmd rhich 
the spon es 
are arra.r..ged . 

The e bbli ca.~ or is desi e to di ip te the u bles 

to sepa=-~e the exccso oxygen and car on di xide f the 

arteri ioe blo 

ter debubbling , the oxygenated blo d empties int u helix 

hich i~ wound ar und an almnini stand ( ig. 21) . tho he~~ 

is _de fr l;\- inch internal diameter yon t-.ibing, and its 

length is such that it iill ace o ate a v lume f blood q al 

to l inute ' s flow plus 400 ml . The helix act as a s rvoir 

and also removes any free as remaini in the rtcrialised blo d .. 
1 he mechanism was fully described by e all et al (1956) . 

Onco xygenated , the bl dis p ped thr ugh two enington* 

hc~t exchange units where it is coled or ed ( ig. 22) . This 

heat ~changer 1 rks on the principle that the blo d entering is 

I ••• 

* Benington & on, Jeppe, Johannesburg. 
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ig. 21 . 

The asso bled debubbling syste showing 
the helix -round und an aluminiur:i 

stand . 



ig. 22 . 

-- - . 

. - __ ;-· . ' - -"· 

The enington heat exchange unit, showing the 
1ig y polished inner component . 

spread in a thin film ver a highly polished inner comp nent . s 

the jacket car ing the hea·t exc e fluid . .'ater from a tank 

containing melting ice is used fr cooling, and 1armed water f 

between 4 45° for e armi • he water is pumped through the 

jacket at a rate of 12 gallons per ·nute {.barna.rd et al. 1961 . 

he rectal and mis-oe~ophageal temperatures of the animal 

are recorded during the operation, using an electric Universal. 

I ••• 
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thermometer . he electrothermometer operates on the thermocouple 

principle, reads almost instantaneously end is accurate to 0.1°c 
(T .rblanc e and Barnard , 1962)& 

'he oxygenated a.."ld cooled/warmed bl od is returned to the 

dog tr...r ugh the arterial catheter, in the right common femoral 

artery . 

PR !NG. 

n the morning o:f the exp-er· e-nt , the autoclaved equip nt 
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iC! asse bled by a technician, under sterile c nditions . The water 

tanks are connected to the heat exchang rs vi the water pump. 

Once the apparatu~ is completely asoembled and in place on a 

trolley, priming is eommen-ced. 

(1) Initial Prirnigg with Saline~ 

A vaaolitre of n rma.J. saline is placed in a boiling steriliser 

for 3 minutes . • he contents of the vacolitre are then poured 

into the top end of the helix an1l tho h t saline flows through the 

helix and filter . Once the latter has filled, a clamp is applied 

t the arterial line distal to the filter. Filling is then 

continued until the helix contair..s "'ppro:ximately 800 ml . of fluid , 

uhen a second clamp is applied to the arter-ial line proximal to the 

filter . The so.line in the system is ins ected forbubblos . Any 

bubbles :present are dislodged by taping the helix and filter 

forcefully ·with a :patella hammer . nee the helix end filter have 

been cleared of bubbles, the clamps on the arterial line are removed 

I ••• 



and the saline is aJ.J.o ed to flo, slo ly hrough the remainder 

of the circuit . 

he metal co:nnect>rs and opaque section of latex tubing 

in the circuit e jolt d t dislodge any bubbles which IDE...Y r...ave 

been tapped, and a clamp is applied to the distal end 0£ the 

arterial line . 

(2) imin~ with in"ier"s Lactate. 

nee the dog ' s heart has been exposed , ·nger ' s lactate is 

pumped into the mixing chamber by wa;y of the vcno pump. The 

flow of oxygen is re~ulated so that the bubbles only just rise 

in the mixing chamber. The inger ' s lactate- oxygen mixture 

therefore enters the debub ling can very slowly. :1: e fluid 
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trickles ently int tho he ix ,- caus n turbulence and avoiding 

the f rmation of bubbles within the helix. 
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Unselected adult mongrel do6s, eighing bet rnen 35 and 65 lbs . , 

't'erc used . The anima.1.s were starved overnight before operation. 

n the morning of operation the dog was unaest.etised and the 

operatire field prepared by shaving and the application of 

antiseptic preparations to the skin (Phis hex and ~odine). 

PREP IC VALVE . 

n all experiments the u. c •• lenticular mitr 1 prostheses 

I1arlr IIa and b and ! lark III (canine size) uerc used . 

On the morning of the experiment the Dacron cloth suture ring 

is secured t the steel rim of the prosthesis , hich is then 

aut claved for 10 minutes . 

Anaesthesia was induced with a 55 sodium pentothal ~olutio:n 

administered intravenously , lO ml . usually being sufficient . A 

cuffed end trachai tube wao inserted and anaesthesia maintained 

by means of nitr us oxide and oxygen. The cu.ff' was blown up and 

intermittent positive pressure respiration cnntinucd until tota.l 

cardiopulmonary bypass was commenced . 

ilOUITORH,G . 

l. Temperatuw: 

Leads from the Universal electrothermometer were placed in 
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the oesophagus and rectum of the ex erimental animal fr the 

rec rdi of these temperatures . 

2 . lEctrocardiogranhi: 

fubcutaneou.s limb leads ,·ere inserte and connected to a 

Siemen ' s Cardirex for continuous electrocare.iographic monitoring. 

rterial and Ven01.l~ Pressures: 

Doth groins ere prepare with antiseptic applications and 

draped , ith sterile towels . The left common femoral artery a."'ld 

vein were dissected free, can.nu.lated uith polythene tubing; and 

connected to the Cardirex for continuous monitoring of the 

arterial and ven us pressures during and after the operation. 

he thoracic cavity was entered through a left thoracotomy 

at the level of the 4th rib bed. Haemostasis is carefully ensured 

by coagulation diathermy. The lung wc..s retracted posteri rly and 

the pericardiaJ. sac opened by me.'.llls of a longitudinal incision, 

anterior -to th.... le:f t phrenic norve . A t::."ansverse incision in the 

right flap provides better exposure of the heart . 

J. . 

Left atrial and ventricular pressures were then recorded . 

Arteri 

PREPARATION OR CAH.DIOPUL ONARY 
BYPAcos . 

Cann.ulation. 
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The animal is heparinised using l . 5 mg. heparin for each kil ogram 

of body weight . The right common femoral artery is exposed and 

encircled wi th a cot t on tape. An :art eriotomy is performed and 
I ••• 



the largest possible diameter metal cannu..1-a (either 3. 5 or 4. mm. 

internal dia.m:ter) is inserted retrograde fashion for about l inch. 

· s ca.:~u1a is ecured in place i th t he c tton tape and is 

connected -to the prepar d arterial lin ft o genator. 

2 . i enous Ca.-rmuJ.a.tio11. 

~he tip of the right atrial appendage is gently lifted ith 

oberts ' f reaps and an atrial clamp is placed as close to the 
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base f the atrium as possible . A purse-string suture of ' 0 ' silk 

is placed in t he base f the atrial appen age , just el w the clamp , 

and the tip of the append e is incised. 1:he incision is held 

pen with tt. o arterial forceps and a single ·o . 3 ardic venous 

catheter is inserted into the right atrium. his catheter is 

secured in place with the purs string ~uture and it is connected 

to the venous line tor . 

BYPASS T ;CIUITQUE. 

To minimlse the homologous blo d reaction (Litwak et al, l963; 

Gadboys et al, 1962)t bypass is c enced witL ·nger' s lactate 

soluti n only and cooling is commenced (Gadb ys et a.1 . l964). The 

fresh heparinised donor bl od (500 ml . ) is added after 10 minutes 

over a period of up to 30 minutes . he animal is routinely 

perfused at 100 cc . /kilogram body weight/per minute throughout the 

bypass . 

A thin silk purse-string suture is inserted in the pulmonary 

artery and a polythene catheter is passed through this vessel into 

the right ventricle t drain any blood n t rem ved fr the atrium. 

t ... ~ 



C ling is discontinued at an oesophageal temperature of 

about 31°c , and the heart is electrically fibrillated . 

he left atrial appendage is poned anc the incision extended 
across the atrial wall to the mar ·n of th irrferior pulmonary 

vein. :rhe atrial margins a.re grasped with .. illin ' s prostatectony 
forceps and pulled upwaxds . In this was an excellent view of 
the mitral valve io obtained. 

A nerve hook is used to lift the ch rdae f the anteromedial 
and poster lateral cusps, and these anchorv are divided flush 

with their papillary muscles . Both anter medial and p ster- lateral 
mitral cusps are then excised. 

(A) SU RA- ANNUL, TION. (Figs . 23 a , b , c, d, and e) . 
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Three ' 0 ' double-armed black silk mattress sutures are caref'Ully 
passed from ventricular to atrial sides through the mitral ars.nulus . 
Twelve of tl~ese are usually adequate . Four stay sutures are first 
passed through the Dacron cloth suture ring,. t points directly 
opposite their insertio1 in the annulus , with great accuracy (Eigs . 
23 a and b) , to facilitate t he correct insertion of the prosthesis 
(Fig. 23 c ) . When all the sutures are in place , the prosthesis i s 
guided into the atrium until it fits snugly on the annulus . The 
sutures are tied and the ends cut flush with the knots (Fig. 23 d ) . 
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Fig. 23 b . 

upra-annula.r placement of 
the UCT prosthesis: the 
four stay sutures are in 
position. 

Fig. 23 a 

Di.88ram illustrating the 
co encement of supra.­
annular place ent of the 
UD mitral prosthesis; 
usiJl8 interrupted silk 
mattress sutures passed 
from ventricular to atrial 
sides of the mi tral annulus . 

On completion of the insertion. part of the Dacron suture 
ring, the stainless steel frame and the suture knots are aJ.1 

exposed to left atrial blood flow (Fig. 23 e) . 

I ••• 
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g . 23 c. 

This drawing illustrates the c efu1 placement of 
sutures, at points in the suture ring dlrectly 
opposite their insertion in th mitral annuJ.us , 
to avoid undue tension. 
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Fig . 23 e 

Diagram showing the side 
view of supra- annular 
placement of the U. C. T. 
mitra.1. prosthesis . 
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Fig. 23 d . 

Supra- annular placement 
of UC? prosthesis: 
Drawing showing how. 
when the valve is in 
position. a large 
portion of the Dacron 
suture ring, the metal 
framework and the 
suture knots , are all 
exposed to the left 
atrial environment . 



( ) ANNULAR IN RTION (Figs ~ 24 a, b , c. d and e) . 

Although technically more dii':ficult , this ethod is very 

similar to that described above. Four silk mattress stay sutures 

are first passed through the Dacron suture ring of the prosthesis 

(Fig. 2·1. ) and are then passed from ventricular to atrial sides 

through the mitral annulus (Fig.: 24 b} •· he remaining sutures 
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are then car fully inserted (Fig~ 24 c) •· The prosthesis is pushed 

into the ventricular cavity and the sutures are tightened. The 

valve is pulled up on the ventricular side of' the tral annulus . 

The sutures are tied and the ends cut flush with the knots (Fig .' 24 

d} . 

Only the suture knots, a small rim of steel and the steel 

suspension arm are exposed to the left atrial. environment . ~e 

Dacron cloth suture ring is exposed to the ventricular bl.ood flow , 

being completely covered by the annul.us (Fig. 24 e).' 

Fi . 24 

Suba.nnul.ar Insertion of 
UCT hitral sthesis: 
Dia illustrating the 
placement of the two ""04 

i.nterrupted silk mattress 
stay sutures thr ugh the 
prosthesis 1 suture ring. 



Fig. 24 c. 

Drawing showing 
the caref'ul 
insertion of the 
interrupted silk 
mattress sutures 
through the 
Dacron suture 
ring and then 
through the 
annulus directly 
opposite , to 
minimise tension. 
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Fig. 24 b. 

Subannular inse ion of UCT 
1'11tral rosthesis: The 
f'our stay sutures have been 
inserted• passing through 
the annulus from the 
ventricular to the atrial 
side . 



Fig. 24 d . · hen the prosthesis is in position subannul.arly , 
the Daoron suture ring is cov~-red by the fringe 
of the annuJ.ar remains. 

Fi g . 24 e. 

iagram illustrating the side 
view of the UCT itral prosthesis 
1.nserted below the annulus + 
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Once the prosthesis is in place , supra- or subannul.ar1y, 

the area is carefully inspected and probed to detect any areas 

of incompetence . If present, additional sutures are inserted. 

1 catheter is placed through the mitral orifice into the 

left ventricle, to keep the valve incompetent, decompressing the 

left ventricle and allowing air to escape from the left heart . 

The left heart is allowed to fill with blood. 

CLOSUR OF THE HEART AMD DISCOlTINUATION 
OF BYPAS . 

The atriotomy is carefully repaired with a si le layer of 

three ' 0' black silk. The atrial appendage and catheter are 

loosely tied. 

hen the oesophageal temperature reaches 36°c, on rewarmi 

the heart is electrically defibrillated . s soon as its action 

is satisfactory, the vent in t he left ventricle is removed . 

Bypass is discontinued . 

At the stage when rewarmi is commenced, arterial blood 

samples are taken for acid-base studies and serum electrolyte 

• 

estimation. s soon as these findings are available any deviation 

from normal is corrected . 

At the end of bypass, t he dog• s blood volume is eorreoted 

by perfusing the amount required from the oxygenator, guided by 

t he arterial and venous pressure~. 

I ••• 
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The heparin is neutralised "i th protamine (mg •. for mg. ) . 

The ardic catheter is removed fr m the right atrium and 

the atrial appendage is doubly ligated VJ i th the purse-string 

suture . 

All parts of the operative field are carefu11y examined to 

ensure proper haemostasis . 

The pressures in the left atrium and left ventricle are 

recorded . 

The right common femoral artery c-nnnula is removed and the 

opening ligated . 

The pericardial sac and left pleural cavity are drained and 

the chest wall is closed in layers . 

All the dogs received antibi tics, intramuscular tetracycline 

and penicillin, on the d3S" of operation and on the following four 

days . The chest drain is removed as soon as there is no further 

blood loss, usually on the evening of the day of operation. 

None of the dogs in this study received anticoagulant therapy 

post-operatively . 

The followi post-operative treatment was carried ·out in 

5 a.njmals: on the 3rd post perative day 300, 000 ml . of 

streptokinase* are dissolved in 150 cc . of 5 dextrose in water , 

and this soluti.on is slowly administered intravenously over 6 to 

. I ••• 
* "Streptase" - Behringwerke A. G. 
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8 hours . This treatment was repeated daily until the 8th post­

operative day • . 
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"Streptasen is a highly purified streptokinase preparation 

derived from culture of B-haemolytic streptococci belonging to 

Lancefield Group c. Attempts were made to digest thrombus present 

in the last-mentioned 5 dogs by the intravenous administrnti.on of 

"streptasen • after insertion of the prosthetic valve . 
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AP ARATUS. 

Haemodynamic data is obtained using two t tham P. 2> D.,6 

strain gauge transducers coupled to He1lige l . A. 88 carrier 

amplif1ers , the outputs o.f which are fed ~irectl.y into a 6 channel 
\ 
\ 

N •• P. Honeywell photographic. recorder. 1~ctrical. and hydraulic 
\ 

sine wave and square wave tests proved both transducer-amp11fier-

recorder chains to behave identically in respeo~ of · li.nearity; 

damping and frequency response was well above the\ nonnal 
\' .. 

physiological range . \, 
' 
l 

A model X. lOOA Wates photo tul)e densitometer 
I 

were used f revaluation .of dye indicator curves . 

1 
·.~ 

ah~' control unit 
\ 

'£he electrical 

output is directly connected to one channel o.f the gal. vanometer 

recorder. Constant withdrawn]. of dyed blood was performed with 

a Havard infusion/withdrawal pump., 

Cine-angiocardiograms were recorded on a 16 mm. Arrif.lex 

camera mounted above a 5 inch Philipa intensifier unit . A falley 

injection pump was used to infuse contrast media (6 Hypaque) 

rapidly into the left ventricle for study of competence of the 

mi tral valve . 

METHOD. 

The animal is anaesthetised with sodium pentothal. oxygen and 

nitrous oxide, and 5.000 units of heparin are given intravenously. 

The right external jugular vein and common carotid a.rter.y are 

I .... 
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isolated through a longitudinal skin incision. A No . 6 Lehman ' s 

catheter is introduced into the right atrium via the external 

jugular vein. The right ventricle is then entered and a withdrawal 

tracing obtained back to the right atrium. The catheter is 

advanced into the main pulmonary artery and withdrawn into the 

right ventricle . The catheter is then edged in a distal pulmonary 

artery . This is repeated at a number of sites , but alvrays on the 

right side as it was felt that there might have been post-operative 

lung damage on the left side following thoracotomy. atis"factory 

wedge tracings are confirmed by the wave form, and the presence of 

a good "snap fr e" into the pulmonary artery on withdrawal . 

The Lehman ' s cathet.er is left in the wedge position a.nd a 

o.6 odrigues-Alvarez catheter introduced via the right common 

carotid artery into the left ventricle . 1th equisensitive 

manometers , simultaneous tracings are made from the left ventricle 

and the wedge position. An attempt is made to aimul.ate exercise 

by amyl nitrite inhalation. and these tracings are repeated. 

The venous catheter is then withdrawn and , with the dog in 

the right anterior oblique position, cine-angiocardiog;r:-aphy is 

performed (Fig. 38) to demonstrate the degree of competence of the 

mitral pr sthesis and to assess left ventricular function. 

The Rodrigues- Al.varez catheter is withdrawn into the aorta 

and the Lehman ' s catheter re-introduced into the pulmonary artery . 

Quantitative indicator dye studies areper:formed , both before and 

after ~l. nitrite inhalation. One ml. ind cyanine (1 . 25 mg. per 

ml. ) is injected into the main pul.monary artery and arterial blood 

I ••• 



sampled through the densitometer. Quantitative estimation of 

cardiac output is per:formed by the dye dilution method o;f 

Hamilton et al (1948) . 

Sterile technique is used thr ugh.out . When satisfactory dye 

curves bave been obtained, the catheters are ithdrawn, the artery 

and vein are ligated, and the skin is sutured. Antibiotic cover 

with penicillin and tetracycline is provided pre-operatively . on 

the day of catheterisation and on the two following days . 
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RBS ULT S. 



R SULT S. 

GROUPA - SUPRA-ANNUL TION OF :rHE 

The u.c.T. mitral prosth-esis was placed in the supra-annular 

position in 16 dogs . Of these, 6 died within 24 hours. None of 

the remaining 10 animals survived l onger than 8 days. 

D SURVIVING LESS THAJl 24 HOUR~ (Table l) . 

These animaJ.s died as a resul.t of technical failure a:n.d/or 

inadequate perfusion. 

able 1, 

DOG PO THESIS SU VIVAL CAUu OF DE. TH. 

8 

1 ark Ila 1 hour Ventricular fibrillation. 
1 etabolic acidosis . 

2 ark Ila 6 hours Faulty suture of prosthesis 
Gross mitral incompetence. 

3 r, k: IIb 30 mins . Ventricul.ar fibrillation. 
Metabolic acidosis. 

4 k: Ila l.6 hours Faulty suture ·Of prosthe.sis 
Gross mitral incompetence . 

5 k: Ilb 6 hours do . 
6 ·iark IIb 15 mins . Ventricular fibrillation . 

etabolic acidosis . 

DOG SURVIVIMG LONG THAN 24 HO { able 2) . 

Ohe dog died 36 hours after operation and never regained 

consciousness; air embolism was the cause of death. Careful 

I • , •• 



examjnation of the heart post mortem showed that a fibrin thrombus 

had formed at the junction of the Dacron suture ring with the 

annulus. even at this early stage (Fig . 25 a) ~ No thrombus was 

visible on the ventricular side of theannuJ.us (Fig . 25 b) . 

Fig. 25 a . 

Supra-annular insertion of the UCT mitral prosthesis: 
post mortem specimen in a dog which died 36 hours 
after operation from air embolism. Fibrin thrombus 
had already begun to form at the junction. of the 
Dacron suture ring with the annulus . The thrombus 
ring has been removed and is to be seen in the lower 
left corner of the photograp.h . 

I •.• " 
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Fig. 25 b . 

Post mortem specimen in 
the same d gas Fig. 
25 a . he ventricular 
side the tral annulus 
and prosthesis , quite 
free of thrombus. 
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The remaining 9 survivors all presented very similar clinical 

courses after surgery and died within 8 days . ~ecropsy revealed 

similar findings in each. 

Clinical Cours. 

Dur" the first two post-operative days the dogs appeared 

well. There was no dyspnoea and all animals could stand and alk 

short distances. UrinariJ output was satisfactory. 

Fr m the 3rd or 4th post-operative day. shortness of breath 

became apparent and some oedema of the hindlegs appeared. From 

I _ •• ,. 



this time there was rapid deterioration with increasing dyspnoea, 

refusal of food and increasing o~dema of the 1egs. The majority 

of animals al.ao experienced haemoptysis . When it became clear 

that these animals cou.id not survive they were heparinised and 

sacrificed, using .10 cc. of sodium pentothal. given intravenously .. 

~ecrops3 Fin~in5s: 

There ·ras no sign of wound sepsis in any of the dogs and 

healing of the incision appeared to be progressing normally . 

Lungs: Some fibrinous exudate was present on the pl.eura. Large 

am unts of pleural -exudate were present . The lungs ·were 

oedematous and·, on section,, copious amounts of frothy , 

blood- stained fluid oozed from the cut sufaces. 

Liver: 

Kidneys: 

Heart: 

Normal . 

These appeared no.rm.al without evidence of any infarction. 

The left at-rial cavity was invari bly filled with a large 

fibrin thrombus. In all the dogs this had originated at 

the junction of the annulus with the Dacron suture ring, 

and at any area o:f trauma on the a.trial. walJ. . Front here 
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it had spread :into the atrial cavity and over the prosthesis 

until it occluded the valve orifice (Fig. 26 a ., b and c) •. 

most striking finding in al1 these hearts was the absence 

of significant thrombus on the ventricular side 0£ the 

annulus or prosthesis (Fig. 26 d) . The thrombus that 

c ul.d be seen on the ventricular side had originated in 

the atrium, spread over the prosthesis and extended dow"'l1 



the orifice into the left ventr1e1e {Fig. 26 e). 

On examination crf the aorta and the large vessels, 

no thrombus .was found . 
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Fig. 26 a . 

Supra-annular insertion of the UCT mitral 
prosthesis: Post mortem specimen in a 
dog dying 5 days post- operatively • . The 
valve orifice seen from the left atrial 
side is almost occluded by a fresh thrombus 
which extends well up into the atrium. 

I ••• 



Fig. 26 b . es e post mortem specimen after removal 
of the ball from the prosthesis . 

Fig. 26 c . The same post mortem sp eimen. '.Chis photograph 
shows the extent of the atrial thrombus after r oval £ the 
thr mbus from the prosthesis and left atrial wall . 

5 



Fig. 26 d . 

he same specimen post m rtem. This photograph 
shows the ventricular side of the prosthesis 
and annulus . The thrombus fr e triaJ. side 
has almost completed obstructed the orifice. 
There i"' minimal thrombus on the prosthesis . 
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ig. 26 e . 

The same post mortem specimen. otograph showing 
the thrombus originating in the left atrium 
extending through the mitral orifice into the 1eft 

ventricle. 
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G PROoTHESIS L. A. RES * SURVIVAL COURS . 
Pre-Bypass Post-Bypass 

'l ark IIb J.2/8 35/20 5 days Died . Gross 
pulmonary 
oedema. Thrombus 
occluding 
valve. 

8. ark IIb 12/6 16/8 it days Died. Minimal. 
atrial thrombus 
Air embolism. 

9 ark Ila 16/4 17/5 8 days Died .. Gross 
pulmonary 
oedema. Thrombus 
occluding 
valve . 

10 Mark !Ia 14/8 16/4 5 days do . 

ll k IIb 8/4 30/15 5 days do .• 

12 I· ark Ila 12/6 16/10 5 days do . 

13 r. ark IIa 14/8 20/6 6 days do . 

14 Mark IIb 4/0 8/4 5 days do .. 

15 Mark II b 12/6 19/10 5 days do . 

16 liiark IIb 14/8 18/12 6 days do . 

* mm. mercury . 

It was conclude'd that the insertion of the u .. c . T. mitral 

prosthesis in the left atrium of a d~Jg1 s nomal heart results 

in thrombosis ;tn the l.eft atrium, occlusion of the valve orifi.ce 

and death -ithin 8 days . 



The U. C. T. mitral prosthesis was placed in the subannular 

positi n in 17 dogs . Of these, 6 died with:ln 24 hours. Of the 

11 survivors . 5 dogs died within 12 days and the remaining 6 

survi vod more than one m nth. Four dogs are still alive and 

well , between f'our and six months follmring peration .. 

DOGS SURVIVING LESS THAN' 24 HOURo ( Table 3) • 
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These animals died as a result of technical failure e;nd/or 

inadequate perfusion. 

'l'ible ~-
.DOG I PROSTHESIS SURVIVAL CAUSE OF DEATH. 

1 arl{ !Ia 16 hours Faulty suture of valve . Gross 
mitral incompetence. 

2 ark III 6 hours do. 

3 r ark IIb 30 mins . entricular fibrillation. 
Metab lie acidosis . 

4 ark IIb .12 hours Faulty suturing of valve. · 
Gross mitral incompetence. 

5 k III 6 hours do . 

6 III 4 hours do •. 

DOGS URVIVIN FROL 1 TO 12 D YS ( Table 4) • 

One animal in this group died after 36 hours, as a result of 

air embolism. In contrast to the dog in Group A which died after 

36 hours, there was n thrombus n the atrial surface of the 

I ••• 



pr sthosis t ~oot mortem (Fig. 27 a) • • ho acron cloth sutur 

ring, exposed t the vontricu..lar environment, ~h red no evidence 

of fibrin deposition (Fig. 27 b) . 

Fig. 27 a . 

Subannular Inserti n of UC itral sthcsis . 
ost mortem specimen in the dog hich died 

36 hou::-s a!'ter surgery , from air e bolism. 
Note the ab~ence of fibrin thr mbus on the 
left atrial side of the ·traJ. annulus . 

I ••• 
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Fig. 27 b. 

bannular Insertion of U.C .. T. itraJ. Prosthesis . 
Post mortem specimen f sallle dog (Fig. 27 a) 
showing the ventricular side of the annulus . The 
Daer n suture ring and steel rim of the pr sthesis 
show no evidence of fibrin thrombus... 

Clinical Curse: 

The other 4 anima1s in this group appeared t recover well 

from the peration. llowevor, on the 3rd - 5th pot.t- perative day 

these dogs became dyspn eic and oedema f the hindlegs became 

apparent . Increasing dyspn ea, haem ptyses and increasing oedema 

prog:re.sed apidly. lhen the fatal terminati n of these dogs ' 

course became inevitable, they ·ere heparinis d and sacrificed .. 

Necropsy Fin4+n;;m: 

here was no evidence of w und sepsis and the healing of 

the incision as satisfactory . 

I ••• 
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Lungs: 

Liver: 

Kidneys: 

Heart: 
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The pleural cavity uas filled with fluid and the lungs 

were oedematous . On section of the lungs, copious 

amounts of frothy • bl od-stained fluid oozed from the 

cut surfaces . 

No al . 

NormaJ. in appearance and there was no evidence of 

infarction. 

The left atrial cavity was filled with a large fibrin 

thrombus . In two specimens, faulty suturing of the 

prosthesis (or disruption of sutures) resulted in mitral 

incompetence and the thrombus appeared to originate at 

the site of the inc mpetent jet., {Fig. 28a) . · In the 

other tw specimens, t le thrombus originated from the 

annul.us and areas of trauma to the left atrial wall . 

In all 4 hearts the acron cloth suture ring and the 

ventricular aspect of the prosthesis was free 0£ thrombus 

( ig . 28 b) . 

here was no evidence f thrombi in the aorta or the 

oat vessels . 

I ••• 



ig. 28 a . 

Suba.nnular Insertion of UCT ·1i tral Prosthesis: Post mortem 
pecimen of dog which died 8 days post- peratively from 

gross mitral incompetence, due to faulty suture of the 
pr sthesis . The photograph sho s the atrial aspect - note 
the disrupti n of the prosthesis, where maximal. thrombus 
ias present , apparently originating at the site of the 
incompetent jet. 

he ventricul.ar aspect 
of the same post 
mortem specimen 
oh i th ar a of 
prostheois disrupti n . 
ote the absence of 

thrombus on the suture 
ring a..."1.d metal rim. 

Fig. 28 b . 
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Tab1e 4, 

DO PRO THE I L. A. PRE,. SU S(mm. Hg} D VIVAL COURSE. 
Pre-bypass Post-bypas 

7 ark !Ia 10/8 10/8 36 hours Died. Air embolism. 
No t hrombus •. 

8 l!ark IIb 14/6 30/15 8 days Died. Pulmonary 
oedema. Thrombus 
occluding valve . 

9 Mark III 18/10 30/16 8 days Died. Pulmonary 
oedema. l1itral. 
incompetence due 
faulty suture/ 
disruption of 
suture . 

10 ark IIb 12/8 35/16 8 days Died. Pulmonary 
oedema. hrombus 
occluding valve . 

ll ... ark III 4/0 35/20 12 days Died. Pulmonary 
oedema. Thrombus 
occluding valve. 
Mitral incomp . due 

i io 0 

DOGS SURVIVING MO TRAN 1 i ONTH ( Table 5) . 

Seven animals survived more than a month after subannular 

insertion of the u.c.T. mitral. prosthesis. 

ClinicaJ- Course: 

The dogs all recovered rapidly follo1- ing operation. There was 

no evidence of dyspnoea or oedema. After a week, the d g was able 

to run short distances without bee ming dyspnoeic . 

Two of these animals have now succumbed. 

One dog was sacrificed on the 31 t post-operative day-, following 

cardiac ca theterisation:-

I ••• 



Post ortem findings in og sacrific don the 31st day 
p st-operatively: 

L s: 

sepsis was pres'ent. Ound. hea1ing was normal. 

The pleural cavity was free of flu.id and the lungs were 

normal. except fr some adhesions . 

Liver: rma.L. 

·aneys: ormal and free from infarcts (Fig. 29 a) . 

Fig. 29 a . 

ost mortem specimen of kidney in dog which was sacrificed 
n the 31st post-operative day after subannular inserti n 
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of UC ·rl.tra.l rosthesis . ~here is no evidence of infarction. 

art: ~he left atrium contained a ell- rganised thrombus arising 

from the posterior wal.l and extending into (but not 

occluding) the valve orifice . s thrombus appeared to 

I ••• 



ri inate at an area f trauma ( ig. 29 b). On the 

ventricular side, the Dern suture ring as covered 

with healthy , shiny endot elium (Fig. 29 c and d) . 

Adeq te inv sion f the D cron cloth by :Che 

surrounding tissue 1as evident . the aorta and large 

vessels ere free of emb li. 

ig. 29 b . 

~ubannular Insertion f UCT I i tral Prosthesis. hotograph 
of tle atrial aspect in the post mortem specimen of the 
s e dog. te the absence of th mbus n the prosthesis . 

ere is well rgan:ts d th mbus isi fr m th posterior 
1all (app ently ori inati at an ea of trauma) and 
ext nding into the rifice are . 

I ••• 
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ig. 29 c . 

ost mortem specimen in the same dog after subannular 
insertion of UCT mitral prosthesis . hoto ph sho s 
the ventricular side of the prosthesis and annulus: 
the Dacron suture ring is covered with healthy 
endothelium and no thrombus is present . 
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1g. 29 d •. 

ost m rtem specimen in the s e d g after subannular 
insertion f UCT oitr al prosthesis . t graph shows 
the ventricular aspect after r val f the ball from 
the prosthesis . The Daer n suture ring is c vered with 
healthy end thelium. hr mbus extends fro the atrium 
int the valve orilice . It can be seen clearly that 
the . C provthesis in the subannular positi n does not 
obstruct the left ventricular outfl tract . 

98 



... he sec nd o:i: those dogs , hich succumbed deteriorated after 

one m nth ,. losing 1~eigl1t and refusing fo d • . It died on the 40th 

day following surgery. 

Lungs: 

Liver: 

here as no evidence of sepsis and t1e ound was iell healed. 

The pleural cavity was free of :fl.uid and the 1.u.ngs were 

n rm.al except for some adhesions . 

Normal . 

Kidneys: Bilat eral severe chronio renal disease was present 

with evidence f degeneration of the cortex a.~d 

numerous cysts rer, pres nt . evidence 0£ infarction 

could be demonstrated . {Fig. 30 a) . 
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Fig.. 30 a . Photograph of post mortem specimen of kidneys in the dog 
which died 41. days after subannul.ar insertion of the UCT prosthesis . 
Note the degeneration of the cortex and the multiple cysts. No 

infarcts are present . 
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Heart: hinimal. r 0 aniscd thro bus as pre..,ent · the left atrium. 
1he Dacron cloth in the ventricle was covered with n rmaJ. • 

s end theli • Adequate in7asi n f the cloth by 

the surrounding tissue was evident . The left ventricle 

·ra hyportrophied and the left ventricu.la;.:- cavity was 

significantly smaller than no aJ. ( ig. JO b) . 

Fig. 30 b . Fhot graph of post mortem specimen ins e dog 
fr m the ventricular aspect, shoring the abnormally 
omall. ventricular cavity and hypertrophy of the 
ventricular 't:all . .1:.:1e Dacron suture ring has been 
invaded by surroundin8 tissue and is covez·ed by 
healthy endothelium. 

'he left ventricular abnormality f und at post mortem 

o nfirmed previous cille-angiocardiographic findings . The 

a rta and large vessels iere free of e b 11. 

I ••• 
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Tqbl§ 2• 

DOG ·TI: .i!tulb L. A. RESi:>tmE ( . Ilg) SU VIVAL COURSE 
r bypass ... oot-bypas 

12 ark III 12/6 12/6 ; months Fit and well . 

13 [ark IIb 12/8 16/8 40 days Died. all 
organised atrial 
thrombus. 
Abnormal LV. 
Chronic renal 
disease . 

14 ark IIb 12/8 19/4 31 days Sacrificed. 
Organised atrial 
thrombus which 
extended into 
valve orifice . 

15 -Ei.rk II b 12/8 14/8 6 months Fit and well . 

16 ,ark III 12/6 18/12 4t months Fit and well . 

17 ark III 12/6 l4/8 4 months Fit and well. 

The remaining 4 survivors in this up are still alive and 

thriving, between 4 and 6 months after insertion of the pr sthesis 

in the subannular position • .:>trenuous exercise (a fast run for 

40 yards) is eagerly an.ticipated and is not as'->ocia'ted with ·any 

ore pant· than in a normal dog. eight gain is apparent and 

there is no clinical evidence to SU$gest any abnormality~ 
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GROUP C. SUPRA-ANNUL TIO l O"' r, ITRAL 
INTRAVENOUS 

s 

ix dogs constituted this group (Table 6) . One animal diod 

uithin l hour of operation , due to ventricular fibrillation . 

Three dogs survived 12 days foLlowing operation and the 2 longest 

su.rvi vors both died on t,1 31st day after surgery • . 

ClinicaJ. Course: 

Por the 1irst 2 days fol1owing peration these dogs recovered 

normally . On the 3rd day, however, dyspnoea as present . t this 

stage the intravenous administration of streptokinase was begun. 

The dyspnoea did not progress while the treatment lasted, but , 

after cessation of treatment the dyspnoea rapidly became worse ond 

led to death on the 12th post-operative day. 

ost iortem Finding§: 

r sepsis was present but wound healing was very poor. 

Lungs: 

Liver: 

The pleural cavity as filled with effusion. The lungs 

w re oedematous and , on section, a fr thy 7 blood- stained 

fluid oozed from the cut surfaces. 

1 ormal . 

idneys: Free :from in:fa.rcts . 

Heart: he prosthesis, suture ring and valve orifice were covered 

with a large; whitish coloured, :friable thrombus . The 

atrial wall was :free of thrombus (Fig. 31 a) . On the 

./ .... 



ventricular aspect there :1as no thrombus on either the 

prosthesL.. or . "the a.nnµlus {l! ig. 31 b) .. ·he aorta and 

large vessclo were free of e boli . 

Fig. 31 a . 

ost mortem specimen o:f heart after supra-annular 
insertion of UCT mitral prosthesis followed by a 
5 day course of streptokina~e . Tr.is dog died 12 
days after operation. The photograph shows the 
atrial vieu of t he mitral area: note the friable , 
·1hi te thrombus which almost completely obstructs 

the valve orifice. 

l 



Fig. 31 b. 

Post mortem specimen in the same dog. This photograph 
shows the ventricular aspect o:f the mitra.:L area: note 
the thr mbus originating fr t e trial ide, extending 
into ,;he valve and occluding the orifice al.Llost co pletely . 

12 TO 31 (2 an als) . 

Clinic e: 

lhcse d ge rec vered reas nably ell fro the operation but 

t no time did they thrive . Dyspnoea decreased follo1i the 

curse f ~treptokinase . rom the 21st p st- perative day these 

10. 

animals appeared 1 ss acti vo an pr sented l i th ........ -~turia. oth 

dogs die 

haematuria. 

n the 1st post-opcrativ day 01101· sive 
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indinp:s: 

o sepsis ms present but the u und healing was gros._,ly 

delayed . All ).ayers of the incisions fell a.pa.rt after removal of 

th;,, sutureo . 

L s: 

iver: 

The pleural cavities contained small effusi ms and the 

lungs were slightly ocdemat us. 

Normal. 

Kidneys: kultiple infarcts were present on the cut section {Fig. 

32 a) and also on the surface of the organs. 

Spleen: 

Heart: 

r, ul tiple infa1"0ts were present (Fig.. 32 b) . 

Tho left atrial wall was free of thrombus but tho 

prosthesis and acron suture ring were o verod fith 

friable .,, white thr mbus ( ig. 32 c). In on.e specimen, 

two sutures had disrupted causing dislodgment of the 

prosthesis (Fig. 32 d) . here was minimal evidence of 

invasion of the Dacron suture ring by annular tissue. 

The ventricular aspect was fr e f thr mbus. The aorta 

and large vessels were examined and tho presence of 

emb ll c nfirmed. 

I ••• 
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Table 6.,_ 

DOG RO. TH.t1bI S L,. A. PRES&UR.h:S (mm.hg) i.>URVIVAL COUSE 
Pre-bypass P st-bypass 

1 ,L k IIa 11/0 12/8 1 hour Died. Ventricular 
'fibrillation. 

2 :.ark IIb 12/6 25/15 31 days Died. Haematuria. 
.as~ive renal 
emboli . Thrombus 
on prost hesis . 
Disruption of 
prosther.:,is . 

3 . k IIb ll/6 12/2 31 days ied. IIaematuria. 
I ssi-ve renal 
omboli . ThrOlilbUS 
on prosthesis . 

4 Mark IIb 12/8 19/12 12 days Died , Gross 
:pulmonarJ oedema.,, 
Thrombus occludi 
valve orifice. 

5 I•tark IIa 8/2 8/4 12 days do . 

6 ark IIa 16/4 17/5 12 day.s do . 

Fig. 32 B 

Post mortem specimen of kidneys in a dog which died 31 deys after 
supraannular insertion f UCT mitral prosthesis and a 5 day course 
of strept kinase. Numerous infarcts are clearly visible, .• 



~ig. 32 c . 
Post morteil sp cimen of the 
heart in the s e dog, the 
photograph sh ing the 
atrial asp ct .. •riable ,. 
hite t rombus n t e atrinl 

waJ.l extends into the valve 
but there is no thr bus on 
the pr hetic outure ring. 
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ig. 32 b . 

oat morte specimen of 
t he spleen of the sru:i.c 
dob (Fig . 32 a) . 
ultiple infarcts may 

be seen. 



ig. 32 d . 

Post mortem specimen of the heart in a dog 1hich died 
31 days follouing supr - annular inserti n of the UOT 
mitral. proothesis, with a 5 day course f streptokina.se • 
... he photograph sh rn the left atrial Npect o:f the 
mitral o.rea. lot~ the disru.pti n of sutures nhich 
resulted in ·treJ. incompetence . 
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HISTOLOGY. 

GROUPS A. B MID C. 

LU11GS . 

In all the dogs which died as a result f thro bus obstructing 

the valve orifice~ histology c nfirmed the presence of capillary 

congestion ·with haemorrhage into the alveoli . 

LIVER. 

In all cases , histology of the liver 1as normal. 

KIDU:b'YS . 

Silicone erc.boli were found in all kidneys examined .. Histology 

of kidneys in dogs with clinical and macroscopic evidence of 

emboli c nfirmed the presence f infarcts . 

HEART. 

(a) Endothelium: 

The hearts of the dogs surviving for 1 m nth or longer showed 

good invasion of the Dacron cloth by fibrous tissue. Fibroblasts 

~rere orientated parallel to the surface of the ventricle, and the 

uter layer c nsisted of cells indistinguishable from n rm.al. 

endothelium (Fig. 33) . 

(b) Annulus: 

· he most striking histological f ea.ture was the constant 

presence of foci of necrosis of the myocardium at the operative 

ite. 11 cases where death occurred before 10 days post- operati vel y,, 

only degenerative changes of the myocardium were detected? but in 

I • •·• 
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:1.g. 33. 

· stol.ogy of annul.us in the dog hich ·"as sa.erif iced 31 days 
after subannular insertion of the UCT mitral pr stheais. 
ibroblasts are orientated paral.lel to the surface of the 

ventricle and the outer layer consists of cells indistinguishable 
from n rmal endothelium. 

those animals which survived longer, fibroblasts were seen to replace 

the necrot ic muscle (Fig. 34) . 

(c) ThromblJIJ: 

Histology confirmed the pres nee of thrombus in the atrial 

surface of the annulus nnd minimal evidence of thrombus on the 

ventricular side . Iricroscopy confirmed that the thrombus t-tas 

o.ntemortem; v rious stages of organis9.tion were observed. N 

evidence f subacute bacterial endocarditis was found on any of the 

valves studied. 

I ••• 



Fig. 34. 

listology of the mitral annuJ.us of the aame dog 
{see Fig. 33) demonstrating n rmal n:yocardium 
and areas where necrosis of the my cardium had 

ccu.rred at the operative '""itc . ibr blasts 
can be seen replacing the necr tic muscle . 
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Fig. 35 . 

Hi s t ogy f thrombus in trium , annulus and ventricular 
surface of ventricle . i'he thrombus in the a.trium 
demonstrates vari us stages of r ~an.isati n . ~ote t e 
absence of thrombus n the valvuJ..ar su.rf'aee . 

113 



R E S U L T S O F C A T H E T E R 

.$ TU D I ES . 

ll4 



115 

RESULTS OF CATHETER STODIE • 

Of the 8 dogs whl.ch survived for one month or more following 
mitral valve replacement with the u.c.T. prosthesis , 6 were 
catheter"ised to assess the haemodynamic function of the valve . 
The delay bett~~en operation and catheterisation ranged from 

30 to 122 days. 

In 5 of these dogs the prosthesis had been i .nserted in the 
subannular position, and in l case in the supra- annu.1.ar position. 

The results are detailed in Table 7. ample tracings obtained 
in the control animal (Figs . 36 a - h) and in one of the 

experimental a.n:imals (Dog 2) (Figs . 37 a - g) are depicted. 

FUNCTION OF PROSTHETIC VALVE. 

All the animals studied showed a moderate degree of mitral 
stenosis with gradi.ents across the mi tral prosthesis ranging from 
8 to 17 mm. Hg • . , average 11 mm. Hg. In all, this is accompanied by 

a significant elevation in wedge pressures , ranging from 14 to 
26 mm .Hg {Hellemset al, 1948) . In addition, in 3 animals (3 ,4 and 

5) there was a significant rise in the mean pulmonary artery 
pressure. 

There was no evidence of right ventricular failure as the. 
venous pressure was normal in al1 cases . 

The pulmonary vascular resistance was normal in all except 
Dog 6 . 

I ••• 



Fig. 36 a . Control dog. 

ormal 
right 
atrial 
trace . 

RA 

Fig. 36 b . 
Control. D g . 

ormal right 
ventricular 
trace. 

I 10 

0 

,vvVvvv 
RV 0 
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ig. 36 c . C ntrol g . ormal main pulmonary 
artery trace . 

MPA 

I I 

LPC 
wedge 

-0 

I ' ' 

~ .. : ....... 10 

0 

ig. 36 d. Control Dog. ormal pulmonary 
capillary wedge pressure trace. 
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ig. 36 e . C ntro1 og. • nap free on ithdra ing from wedge in norm.al. dog. 

LPCtLPA 

ig. 36 f . Contro1 g . bimultaneous tracings f 1eft ventric1 and edge capil1a.ry in normal dog. 

40 

LV 

LPC 

0 

\ 
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ig. 36 g. C ntrol g . Normal carotid artery 
pulse pressure . 

\ 
RCA 

ig. 36 h . Control g . onnal 
dye curve . 

100 

- - .. 

5.4 L.p.min. 

ll9 



RA 

ig. 37 b . 

g o. 2. 
ght ventricular 

trace . 

\ 

10 

\;·----

0 

120 

Fig. 37 a . 
Dog o. 2. 
Right atrial 
trace. 
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Fig. 37 c. Dog. No. 2. ain pulm nary artery trace . 

30 

I 

~ \ 

MPA 

Fig. 37 d . g o . 2 . eft ventricu1ar and right 
pulmonary capill.ary wedge pre sur s . 

0 



Fi . 37 e . 
Dog No. 2. 

imuJ.taneous 
tracing: right 
pulmonary 

edge and left 
ventricle , 
before and 
after giving 
amyl nitrite. 

RCA 

LV 

pre A.N. 

Fig. YI f . Dog l-o . 2 . Carotid artery 
pulse pressure . 

122 

10 

0 
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Fig. 37 g. 
Dog o. 2 . Dye dilution curve . 

- - -

pre A.N. 
1·5 L.p.min . 



CARDIAC OUT.PUT. 

The cardiac output in these dogs varied from 5. 7 litres per 

minute to 1 . 05 litres per minute. The dogs could be divided 

into two categories , relating these output figures with body 

Teight: 

(1) 3 dogs had good cardiac output , the average being 

198 cc. per minute per kilogram body weight 

{Dogs 1 , 4 and 5). All three dogs were clinically 

fit at the time of catheterisation. 

(2) 3 dogs had very poor cardiac output , the average 

being 93 cc. per minute per kilogram body weight 

(Dogs 2, 3 and 6) . In comparison with those in 

the first group, these dogs were in poor condition 

then studied. 
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The dogs in the first group are all still alive and well, 

whereas all the dogs in the second group died soon after cathei:er­

isation, due to emboli and to chronic renal disease. 

All except Dog 6 evidenceda close correlation between the 

calculated valve orifice area { Table 9) and the ef:f ective area 

estimated by means of the formula: propounded by Gorlin and Gorlin 

(1951) . It is accepted that the equation might not apply 

accurately to these calculations, but a comparmson between one 

anjmal and another is jus ti~ied. 

I ••• 



Table fl, . 

DOG. Control 1 2 3 4 5 6 

o.-UATION 10 STUDT - 48 31 30 122 38 31 NUMIU Of DA YS 

R.A . mean % 3 6JJ 5 7/4 6 7h 5 6
h.5 4 10/1 3 3/1 2 

R.V. 32h-5 37/ 4-7 27/3-5 3%-6 45/2-7 40/ 0-10 25/2-3 

M. P. A . mean 3
Yi4 20 37/ 2419 

27
/15 20 35

/2130 45/2035 4o/1530 25
/15 19 

P.C. wedge 
8/4 6 27/18 2Z 16/11 14 30f24t6 3

'121 t5 35/1525 
1
Y1013 

L.V. 21%-4 13~ 5-10 11y 2-5 
14

7'10-15 ny 2-4 
14

~6-12 12y 2-5 
gradient 0 9 8 11 17 12 8 

AORTA 22o/,35 131'160 112;
90 145/J15 17o/100 14

r100 12o/95 

Cardiac Output 
(rest) L/min . 5·4 4·5 2·0 1·5 5-7 3·8 1·05 

when 22 23 22 · 23 22 20 operated -
WEIGHT 

when Kg. 
studied 23 23 18 15 27 20 16 

Cardiac Output 244 195 112 100 210 190 66 per Ka . Cc.cs.) 

P.V . R . 2-6 1-5 3·0 2·8 2·0 1-4 6·0 

VALVE 
calculated - 1·65 1-41 1-41 1·89 1-65 1-41 

SIZE estimated 2·3 1-2 1·0 2·1 1-6 0·6 -
M . I. - 0 0 0 0 0 0 

oat-operative haemodynamic data in 6 dogs 
studied folloii.ng replacement of the mitral 
valve with the u.c~T. pra:thesis . One do 

as aJ.so studied as a c ntrol . 
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he level of the systemic syst lie blo d pressure depends to 

a lar e extent on the stage of anaesthesia, especially when sodium 

pent thal. is used as in our experiments, and also on the duration 

of operative manipulation. 

I ••e 



ig. 38. X-ray photo ph f dog in right anterior 
oblique position. A No . 6 odriques-AJ.varez 
catheter is in the left ventricle . Dye has 
n t yet been injected . 
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The level of the end diastolic pressure in the left ventricle 

is an indicati n of the efficiency of the left ventricular function . 

In our studies this was in the normal range, except in Dog 1 • 3. 
An abnormal.J.y shaped and functioning left ventricle as demonstrate 

in this animal on cine-angiocardiogr phy ( ig. 39) . ost mortem 

examination c nfinned these findings ( ig. 30 b) . The reason for 

I ••• 
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Fig. 39. 

Dog No. ; . Cine­
angiocardiography 
in right anterior 
oblique position. 
Note the abnormal 
left ventricular 
shape, competence 
of valve and no 
apparent outflow 
tract obstruction. 

this is not clear, but does not appear to be related to mechanical 

obstruction of left ventricular outflow by the prosthes,is. 

All the other animals studied evidenced normally functioning 

left ventricles on cine-angiocardiography. 

Cine-angiocardiography was also used to study the competence 

of the prosthetic valve (Fig. 40) . Any detectable mitra.1. 



incompetence produced through surgery resulted in the death of 

the dog within 24 hours (Tables land 3) . In 3 animals which 

died between 8 and 31 days after surgery death was directly 

attributable to mitral incompetence , (Tables 4 and 6) . Cine­

angiocardiography confirmed c mplete competence of the mitral 

prosthesis in all surVivors . 

Fig. 40. 
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Dog No . 5. Cine­
angiocardiogram. 
This sh011 s no 
m.itral incompetence . 

I ••• 
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TING. 

In order to assess mitral valve function satisfactorily, it 

is essential to measure the haemodynarrdc changes produced by 

exercise . Attempts were made to raise the cardiac output by 

the inhal~ti n f amyl nitrite and by body heati 

ere inconsistent . 

• he results 

The acceptable criterion of effective response is a rise in 

pulse rate . This was achieved in 2 animals (Dogs 2 and 5) . In 

3 there was no increase and in one temporary cardiac arrest 

developed and the experiment was not repeated . The animals which 

did respond ·11th a tachycardia showed a rise in gradient• 

accompanied by an increase in cardiac output ("'able a) . 

~able 8. 

D G PUL RATE GRAD! NT CARDIAC OUTPUT L/min. 

2 

5 

Rest Amyl Mit . Rest Amyl tiit . Rest Amyl Iit rite 

200 220 ll 20 1. 5 

170 210 12 14 3.a 

radients and cardiac output before and after 
increase in pulse rate . 

2. 2 

5.1 



C 

Mark II 

a 

b 

Mark III 

Comparison of diameter and oaJ.culated 
orifice areas of the ea.nine and human 

u.c.T. mitral valve prostheses. 

AN I NN E. HUM AN. 

Internal. Calculated Internal 
Diamete:r· Orifice Diameter 

Area 

14 mm. 1 . 41 sq. em. Mark II 21 mm .. 

16 mm. 1 . 89 sq. cm. 23 mm •. 

26 mm. 

15 mm. 1 . 65 sq.om. ~k III 21. mm. 

24 mm. 

27 mm. 

13 

Calculated 
Orifi ce 
Area 

3.2 sq. cm. 

4.1 sq. cm. 

5. 3 sq. cm. 

3 •. 4 sq. cm. 

4. 5 sq. cm •. 

5.8 sq. cm. 
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DISCUSSION. 



DISCUSSION. 

The distressing incidence of emboli in humans fol.lowing tcotal 

mit:ral val.re replacement with the u.c.T. lenticular prosthesis 

stressed the need for a _full experimental evaluation of this vaJ.ve. 

Results from other centres (Kernan et al., 1957; Starr, J.960) 

show that it is exceptional for a dog to survive for more than a 

few weeks following insertion of a mitral. prosthesis . Clark 

reported a 3% one month survival in a review of the results from 
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19 different centres (representing 557 dogs) in 1964 . In the vast 

majority, the development f thrombus on the atrial side of the 

prosthesis - occluding the orifice and interfering with valve 

function - was the cause of death . The great tendency for thrombosis 

on prosthetic valves placed in dogs makes this animal eminently 

suitable for the study of this common and seri us complication. 

Any procedure developed experimentally which reduces the incidence 

of thrombosis in the dog may, without hesitation, be applied 

clinically with a .reasonable expectation of reduction in the 

incidence of thrombus . 

In Group A o:f this experimental investigation~ the u.c.T. I ark II 

mitral prosthesis ·ras inserted in the supra-annular position. This 

meant that the Dacron suture ring. the inner steel ring and the steel 

suspension arm projected slightly into the atrial cavity~ thus 

forming part of the atrial walJ. . Follo11 up showed that all these 

animals died Ti thin 8 days of surger,y . In the nine surviving longer 

than :36 hours. obstructive thrombus of the vaJ.ve ori.fice resulted 

I ••• 



in acute left heart failure leading to death in every case. At 

posir mortem, the striking :finding ~ras the massive thrombu.s which 

was invariably present on the atrial side of the artificial valve . 

There was minimal thrombosis on the ventricular side and what 

was seen there had originated on the atrial aspect and extended 

through the valve opening. These findi s were in keepil'ig with 

those reported by ilia and Balba1ian (1958) and by Starr (1960) , 

Gross et al (1963), and Cartwright et al (1964). 
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In the surgical. treatment of rheumatic mitral valve disease 

the cardiac surgeon i~ faced with the fact that thrombo- embolic 

complications are a feature of the natural history of this 

condition. The incidence increases with the onset of congestive 

cardiac failure and atrial fibrillation (Askey and ernstein, 1960) . 

eplacement of the diseased mitral valve by means of a prosthesis 

relieves {or often only partially relieves) the mechanical lesion. 

The pr existing pathological. anatomy of the left atrium r emains 

essenti, lly unaltered. In this environment, already predisposed 

to thrombosis, is placed a prosthesis manufactured from foreign 

materials . Thus it is not surprising that tho resultant turbulence 

in blooo. flow and operative trauma associated with the procedure 

increase the incidence of thrombo-embolic complications. 

On the other hand , the left ventricl.e behaves quite differently. 

Rheumatic involvement o:f its musculature, obstruction of its 

outflow tract., and lett ventricular failure , do not give rise to 

the same high incidence of embolic complications as they do when 

the same circumstances operate in the left atrium. 

I ••• 



Clinical experience has further substantiated this finding. 

in that thrombo-embolic episodes are at least five times more 

common in mitral than in aortic valve replacements {~ffler et al., 

1965; Barnard et al. 1965). The pracise reason fr this 

difference is not clear, but it probable stems from the different 

haemodynamic condi ti.ons existing L11l the o chambers . 

It wouJ.d appear reasonable to conclude that, if the mitral 

prosthesis is placed in such a way that it is mainl.y exposed to 

the :left ventricular environment,, the thrombo-embollc problems 

ill ·be reduced . 

In experimental: Group B, it was thus decid.ed to insert the 

mitraJ. prosthesis in such a way to expose as little as possible 

of the valve to the left atrial environment . In the subannular 

position. the bulk of the valve is removed from the atrium. 
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ortunately. the u.c. T. prosthesis {with ut a bulky intra.ventricular 

mechanism) lends itsel.:f well to this mode of insertion. Using a 

prosthesis with a large cage,, the chances of septal trauma and 

ventricular- outflow obstruction will be increased by subannular 

insertion. 

The results achieved in Group B, where the prosthesis was 

placed in the left ventric1e, subannularl.y , showed a definite 

reduction in the incidence of massive thr mbus . 

Five dogs died between 24 hours and 12 days after operation 

but in only two 1as thrombosis the sole eaus.e of death .. These 2 

animals had clinical courses. and showed post mortem findings , very 

I ••• 



similar to th se noted in Group A. Although the bulk of the 

prosthesis ·was exposed to the ventricular environment t h wever , 

this was free of thrombus 1hereas thrombus was present in the 

atrium, appearing t arise frolll the areas of maximal operative 

trauma. 
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ro dogs which survived for more than one month were studied 

at post mortem. They did not die as a result of massive occlusive 

thrombosis . Here again the ventricle was free of thrombus and 

the Dacron su.ture ring was covered with lleaJ. thy endothelium. 

Thrombus wan present in the left atrium but was not extensive 

enough to cause val.ve obstruction. 

Four dogs from Group B are still alive and 't'rell from four to 

six m nths after operation. 

Ac mparison between Groups A and B clearly shows the better 

r esults achieved following subannular insertion of the mitral 

prosthesis . In Group A, all 9 dogs surviving more than 36 hours 

after surgery died withi n 8 days as a result of occlusive thrombosi s . 

In Group B" 11 dogs survi ved l onger t han 24 hours; in onJ.y 2 was 

occlusive thrombosis the sole causeoof death" 6 survived longer t han 

one month and 4 are still alive and thriving 4 to 6 months after 

operation. 

The operative procedure in the two groups was essentially the 

same. If anything , subannuJ.ar insertion of the valve should produce 

more trauma t the atrial :ral.l, being the more diffi cult procedure .• 
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The prostheses used in the two groups were similar. 

The only possible explanation for the better results obtained 

in Group B must be the placing of the prosthesis in the subannular 

position, where it is exposed to the ventricular environment . 

Subannular insertion of the valve has an additional advantage 

1..n that the prosthetic cuff rests on the under-surface of the 

mitra1 annulus, where each systole tends to seat it more firmly . 

In this ray, the systolic strain is taken off the sutures and 

valve disl odgment is much less likely to occur. On the other hand , 

when the valve cuff is fixed wit its edge at the level o-f the 

annulus. or above it, each systolic contraction tends to dislodge 

the prosthesis . The result is that those parts of the prosthesis 

not held firmly in contact with the annulus tend to move away from 

it , permitting leakage. 

The poor clinical results reported by the use of anticoagulant 

therapy in the prevention of thrombus stimulated the study of the 

effects of intravenous streptokinase . Our experience showed that 

thrombus started on the valve as early as 36 h urs followi 

insertion. he results obtained in Group , ,here streptokinase 
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was administered after valve replacement, showed a delay in thr mbua 

f rmation. However., in those animals which survived more than 2 

weeks , multiple peripheral emboli ccurred, resulting in death. 

The hearts of these dogs . examined at post m rtem. were characterised 

by the friable appearance of the thrombus n the prosthesis . 

It appeared that strept kinase not only partially digests 

thrombus ,, but that it also interferes with the normal healing 

I •· •• 
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process -. i . e . organisation of the thrombus . The -thrombus itself 

remains s ft and friable, producing multiple emboli . The :findings 

in these experiments suggest that streptokinase partially digests 

the thrombus already formed on the prosthesis , thus preventing 

serious obstruction. However , this forra of therapy may increase 

the risk of smaller emboli , by preventing the natllr'a.1. healing 

process. 

Hi stol ogy o'f the vari ous organs examined confirmed the macr o­

scopic 'findings . However, the p ssi bili ty- that thromhos.is could 

have been the result of infection was eliminat ed . 

I n .t hese dogs the prosthetic valve was placed in the mit r al 

area o:f a previously normal heart. In pat ients , on t he other hand , 

there is previous 1 ng- standing cardiac :fai1ure , often associ ated 

·rith severe myocardial damage. Disease of ther valves and 

pulmonary complications are f r equently present . 

Haemodynamic s t udies (though not eo parable wit h those done 

clinically,by ck et a1 in 1965 ) provided an opportunity for 

the assessment of the u.c.T. prosthesi s in a heart which was normal 

before operation. The studies perf rmed in the post- operative period 

sho md significant mitral sten sis in all the animals investigated. 

Th se dogs which appeared well and thriv:tng post-operatively all 

had good cardiac outputs (average 193 cc~/kg. /min. ) . he cani.ne 

size U. C. T. mitra.l prosthesis used in a normal heart is thus capable 

of a relatively high cardiac output , at the expense 0£ a moderate 

gradi ent only. I t i s reasonable to assume that i£ it were technicall y 



possible t insert a larger prosthesis . a similarly good cardiac 

utput c uld be achieved with a lower gradient . 
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The catheter findings revealed a relatively close corraation 

between the directly measured orifice area and the effective 

orifice area, in these exper im,ental c nditions . This is in direat 

contrast to the findings reported by Bock et al (1965) after a 

clinical study. The explanation for this nust lie in the 

relatively high gradi.ents found e:x:perimentaIJ.y as compared with 

the clinical findings . 

Cine-a.ngiocardiography confirmed that the U. C. T. prostliesis 

was c petent and that no aortic outflow obstruction was produced 

when this valve was placed in the subannular position. 

·. 



SUMMARY AND 

C O N C L U S I O N S • 
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S U ~ M ... \ R Y A N D C O N C L U S I O N S~ 

At the time when this experimental study was concluded, 51 

patients had undergone mitral valve replacement with the University 

of Cape To;n lenticular prosthesis since its introduction in 1962 . 

Of these, 49 have been followed up for at least 3 months post­

operatively. Clinically the prosthesis h s proved durable (Barnard 

et a.1 ,- 1965) and its haemodynamic efficiency bas been conf'irmed by 

catheter study (Beck et al , 1965) . However, in spite of cert~n 

modifications in vaJ.ve design, the incidence of post-operative 

embol.us has remained al.arming .• 

Thrombo-embolism after mitral vaJ.ve replacement is a major 

complication which has al.so been the experience of others, both 

exper· entally (:Ellis and Balbalio.n, 1958; Starr, 1960) and 

clinically {Bj ·rk and i[alers, 1964; Herr et al, 1965) _. ·there is 

general agreement that total mitral valve replacement should be 

recommended only in patients to whom medical trea ent no longer 

offers axzy relief , and where no other surgical. procedure will 

restore vo..lve ftmction (Barru:u .. d and ucbrire, 1961; Barnard et al, 

l 63) • 

.An experimental study was designed to investigate "thrombus 

formation after total. mitral valve replacement with the U-. O. T. 

prosthesis in the ca.nine hear~. 

Closely simulating clinical c nditi ns,, using extra.corporeal 

circulation with haemodilution and moderate hypothermia. total mi'tral. 

I • •.• 
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replace ent was perfonned in 39 d g~ . ~tudying different techniques 

for the ertion of the prosthesis , and the effect of the post-

operative a · nistration of ftreptokinase t dissolve thrombus. 

there wer three experimentaJ. gr ups:. 

Group A (16 dogs) u:pra ular placement , 

Group B ( 17 dogs) - ubannul.ar plac-ement , 

Group C ( 6 dogs) - upra- annu1ar inserti n of the prosthesis 

with post- perative streptokinase. 

anticoagulant therapy as used post-operatively . Only 

the anj roal[l which lived longer than 24 h<>t-trs after surgery were 

studied. Catheter studies and cine-angi0cardiography were performed 

in 6 long-term survivors. 

In Group A there were 10 ~urvivors. One aniroaJ.. died after 36 

hours , due to air bol.ism. 011 examination, fibrin r mbus was 

already present on the atrial side of the prosthesis , at this early 

stage . Of th remaining 9 curvivors, none lived longer than 8 day-s . 

' e clinical c urse was similar in all: increasing dyspnoea and 

pr gressing signs of congestive cardiac failure ,, 11hich rapidly led 

t death. 

Post m rtem examination confirmed the presence of pulmonary 

oedema and pleural effueion. 'rhe left atrium in each case was. filled 

with am sive thrombus., originating at the suture ring and 

extending across the prosthesis to occlude the orifice of the valve . 

In contrast, the ventricular aspect was quite free of thrombus, any 

that could be seen haVing originated in the atrium and extended 

through the orifice . 
I ••• 



In roup there were 11 survivors. One dog succUl!lbed after 

36 hours . duet air embolism. On examination post mortem, no 

thrombus was present in the left atrium. Of the remaining 10 

survivors, 4 died within 12 days - 2 as a result of thrombus 

arising fro areas of trauri a t the left atrial wall a...'tld occluding 

the orifice , and 2 due to disruption of sutures and .nitral 

incompetence. The othe-r 6 dogs in Group B survived for a month 

or longer. Tw<b of these have now succumbed, ne being sacrificed 

on the 31st post-ope1"8.tive doy and the other dying as a result of 

bilateral chr nic renal disease on the 40th post-operative day. 
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Post mortem examination of the hearts of these 2 dogs revealed 

a wel.l organis~d thrombus n the posterior left atrial wall . The 

ventricular aspect of the prostheGis was c vered with a shiny, 

healthy endotheli , but there was no evidence of thrombosis . 

The remaining 4 d gs in Gr up B a:re still fit and thriving, 

four to six months after operati n . 

In Group C there 1>1ere 5 su.rvi vors . Three dogs died within 12 

days~ due to occlusive thr mbosis .. the remain.i..ng 2 dogs died on 

the 31st post-operative day, as a result of disrllption of the 

prosthesis and multiple emboli . In all hearts examined the most 

striking finding was the friability 0£ the thr mbus on the prosthesis 

and the delay in normal heal.ing. This delay in healing was al.so 

evident in the th racic i~cision. The lack f normal invasion of 

the Dacron suture ri.ng and o:r.g~sation of the t.hr mbus,, conpared 

1ith the findings in survivors in the previous gr ups, resulted in 
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disiodgment of multiple cmboli to the spleen and kidneys . 

athete:r studies and cine-a.ngiocardiography we.i,e performed on 

six dogs which survived more than one month. ~he catheter studies 

co.nfirmed ·the e:f iciency of the UC lenticular mitral prosthesis . 

:r, o evidence nf ao..rtia outflow tract obstruction uas evident when 

the prosth sis was inserted in the suba.nnular position. 

The results indicate that a definite reduction in tb.rombo­

embolic complications may be expepted if the bulk of the prosthetic 

mitral val.ve is placed in the left ventricle, rather than in the 

customary l.e:ft atrial position.. he administration of streptokinase 

post-operatively tends to del03 thrombosis but does not prevent 

it • 

.At present~ the more genera1 use o'f total. mitr· valve 

replacement is limited by the high incidence of thrombo-embol..ic 

c mplicationa . In view of this problem-. most workers agree that 

total. oitral valve replacement must be reserved f'or t:te 130:verely 

incapacitated patient onlyt and only if no other procedure is 

technical.ly possib1e . 

he re-sults of this study indicate that subannular placement 

of the prosthesis will diminish the incidence of post-operative 

emboli to with:i.n more acceptable limits . If this is achieved, 

total mitral vr-~ve replacemen't couJ.d be recommended in place of 

the unsatisfactory plastic procedures now perfo:rnied . 

Haemodynamic study confirmed the efficiency of the u.c.T. 
mitral prosthesis in the heart of a normal. dog and, in spite of the 

I ·• •• 



s all orifice of t he canine valve, excelle:1t cardiac output was 

achieved. 
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It is possible that~ if' serious complications following total 

mitral valve replacement can be reduced to the minioum - knowing 

and even improving the efficiency of the prosthesis in a normal 

heart - better long-tenn results could be obtained by recommending 

mitral valve replacement at an earlier stage of the natural history 

of the disease, before othe.c severe and irreversible myocardial 

a.nd pulmonary sequelae occur. 
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