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I. INTRODUCTION AND HISTORJ;CAL ASPECTS

"Our :present concept; of mitral insufficiency has

evolved dur'ing th$ past fifty years. Its existence, 

as a. cl1n1ca.J. entity, was nearly denied early in the 

cen�ury and With this view the apical systolic murmur wa.s 

relega.taa to an un1mport·�nt posit, on. Following this, 

there was a gra.g.ual appreciation that both Qrgan1c and 

functional mitral 1nsuffic1enc1 were of clinical 

significance. This was based on long term observation of 

patients with acute rheumatic fever and rheumatic heart 

disease and a renewed interest in chronic valvular 

disease t>t'. all t,yp�s. Studies of the s.y stolic murmur and 

the development of phonocard.iography helped to clarify 

the p-r-oblem. Current concepts of mitra.l valvular disease{ 

both stenosis and insufficiency} are based on new 

knowladge o:f the anatomy and pQ.ysiology of this valve 

acquired thra\,agn surgical procedures, a revisw 

of tlie pathology of the valve, and r1gl].t and left heart 

catheter1:zat1on. While a.s yet incomplete, they are quite 

d1[ferent from those of the eta preceding mi'tral 

valve surgery pn-l;f a dec.a�-e ago tt 39

As ment1oned above l?.Y: Vander v.eer, current concepts 

of m1tral valve disease are much indebted to ear-d.1o­ 

vascul::i.r su�gery for their rapid. evolut-ion. Knowledge 

and rec05n:1tion of the importance of mitraa 

regurgatation has, t.o great extent, para.-lleled the 
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advances in tnts surgical field. For the past five years 

the ml tf'&l valve has o_ fared untold op;)Ot'tun1 t.:,.' 

fo-r the stg_clJ. o.f its incompet:�rit state just as this 

sa.me valve did thi?"'teen years ago when stenosis :was 

first successfull.y: rel.laved by su-r:51ca.l meane. l:S 

With the development of techniquQs of extraoo�p�real 

c1roulat1on and th-e increasing experience w1 th: eoromls­

surotomy for mitral stenos1s, it was reaitzed that :many of 

the earlier concept-s of -v:alvular pathol.ogy and mech- anisms 

of product1 ,n or i:nitral insufficiency were wrong. 18

This gave great stimulus for critical review C5f

valvula..r ana 'tom3-, p1;3,tho:J ... ou and phys11olgy; thus, the 

increasing   oppotunity to stµdy the normal snd di sease-d 

valves fn their  functional state at operation was used to 

good advant.age.18, 36 Concomitant advances in the 

nonoperative  :fields of pl.1011ocardio13rap4y, fi.g};rt and left 

h�art  cathetertzation t ang1ocardio�paph.y, dye-dilution

studies, etc. , in addition to contr1 but1ng heavily to

advanced concepts of m.itral insufficiency, a.re now

especially  1:riiport,,�t in p;r;-·eopepa-tlve evaluation of' tn-e-

nat,ure and degree of the defect.  3,5,8,10,22,23,28,34, 

42,43

Moot testimony as to the rapidity of evolution

of current concepts of mitral regrugitation is offered 

by the relatively brief discussions found in many recent 

textbooks, some of which ignorantly continue to dwell 

on old concepts of minor disability, benign course, 
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and lack of sur3ical tnerapy:.1,6 , 1_5, 19,J5, 40 Altho.u�   an 

�pica.l s:1stolic murmur has lorig been recognized as 

p�rhaps the c·omr;,onest or a:Il valvular findin�s, qnly   the 

most recent literature has disputed older- concepts that 

m1 tr:;.l 1nsuf'f1.e1encJ 1s a relatively banign lesion and as 

such 1s rs.rely t.,,�e cause of .untoward clinical 

sy'.r,npton1s leading to deatn. 18, 29 It is now recot!n1zed

that insu:ff1c1ency of the rni:tral valve in ul'ldoubted.ly a 

more 1:n.sldious leeion than s�ehosis but that in time it 

creates even more serious eff-ecte on th� �yocardium or

the lef.t- ventricle and atrium than does lts stenotic 

counterpart.18 "For the f1rs:t tima ino.ompetence is

be1ng seen in 1 ts -true per-sp-ec:t1 ve. u39 
( Citations in tns app:�niied bibliography best

reviewing detailed historical development of concepts of 

mitral regurgitation include: Vande.r Veer39 Wh1te,40,41

Glover and Davlla,18 and Bri�den and teatha.m.3)

(3)
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II THE NORMAL !HT :{AL VALVE 

Brief review of the normal �itral valve is essential 

for full 'JnJerstandin- of the diss.ese mect .. anisms consi­ 

dered l-9.ter. The following quotat1on excerpts from Brock 

give a coneise review of ltral valve anatomy and function 

'.-.Tith special emphasis on "crit1c9.l areas of 

ten�on insertion,� important in his discussions of valvular 

closure and disease mechanisms. 

"The normal mitral valve consists of the 

atrio­ventricular f1brJus ring to which the cusps gain 

their attachments, of' the two cusps,, and of the papillary 

muscles with their chordae tendineae. The two cusps are 

anteriomedial and posterolateral, being so arranged 

that the axis of the valve orifice is directed obliquely 

forwards from ri3ht ot left" (Fig. l) 

Ptlg. 1:· The Normal Valve Relat1onships--5uper1or Asect. 

"The anteromedial or aortic cusp is much the larger 

and the more important in that dur1n5 ventricular systole 
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it receives a 5reat part o:f the s.tream of emergent 

blood whic-h it pr-events being driven back into t.he 

left atrium and helps to direct into the aortic outlet". 

»i'ne post·erolateral cusp fulfills a sec9ndary and

supp'O,l'ting pa.rt in the closing of the mitral orifice 

in ventricular syetole.� 

••The p�pl:l:J.ry muacles are typically two in nt1m'ber

and lie opposite the intervals between the valve cusps; 

they arise from the ventricular wall at ;"lbout the 

junction of the apical and m1dJle thir·ds, one bej..ng

ante.rolateral and one poeteromed.1al. Both musc1es are 

situated in the lower inflow portion of the left .ventr1cl-e; 

the anterola teral one ari il'Ting frotri the c·oncavity- o:f the 

anterolateral wall of the ventricle and the postero­

medial from the junction o:f the septal and posterior 

surfaces. Each muscle •.• may be �plit to a greater or 

lesser degr�e ••. " 4

11The chordae tendineae paes from each pap1l+_ary 

wu.scle to gain a ... tachmerit to both valve cusps in such 

a way that the anterolateral muscle and its tendons 

control the ant-erola t-eral half of the valve, a.nd 

the paoteromedial muscle and its tendons control the 

corresponding posteromedial half (Fi�.2) The chord'ae 

tendineae are ot three orders ac -.:ordlng to Qua.in ( 1929). 33

"I) Those which are inserted of the free ed$e of 

the cusps. They are numerous delicate threads whtch 
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arise from the o�her cd�s near the cusp ma�gin, and 

often form a. fine network befor.e thay are attached to 1t"4

11 2) Those which are inserted at intervals on the

ventricular surface of the cusp near its free edge, 

which they p�ss over to the attaehed bo�der. They are 

distinctly thicker than the chordae of grqup 1, and 

those attached to any one cusp are derived t'rom two 

diff-erent pap,illa.ey .muscles or from one pa.pl :l'lry 

muscle and the wall or- the ventr.lcle. n 

11 3) The short .b�ad fibers that stretch across the

per1valvular groove from the �entricular wall to the 

undersurface of the cusp near 1 ts base and run alon-g-

the cusp a short distance towards its free margin. 0 

For practical purposes the arrangement of the chordae 

tendineae may be simplified to twp prl.m-ary a .... tachments 

on each cusp about two cm. apart; B:rock terms these 

sites 11 the critical areas of tendon insertion" (Fig.2) 

"These areas •. _.are seen to be formed by those tendons 

that a:eise from the -very summit of the pap1d,ary' 

muscles and ga1n th& most direct attachm€nt to t� 

valve cusps. The11"6 tendo-ns a.re often slightly thicker 

and strortger, and cl�arly must exercise the most pcwer­

ful selective action on the cusps since they are in 

the: line of the direct pWJ. of the pap11J,.ai:-y muscles. 

The more obliquely: placed tendons which gain insertion 
4 

on ea.ch &ide are of a eecgndary supporting nature." 
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Figure 2. 
"Diagram to show the probable mode of closure of the 

mitral cusps. The thicker chordae tendineae are those 
in the direct line of pull from the papillary muscles 
to the cus·p. The small inset indicates the critical 
areas of tendon insertion thus formed; in these areas 
the cusps are held most tightly together."4 

{7) 



III CLOSURE OF THE NORMAL MI-TRAL VALVE 

Differences of opinion still exist as to the 

exact mode of mitral valve closure. The cusps, chordae 

tendineae- and papillary muscles are all lmpor.ta.nt in 

this function, as 1s the ring itself, which'ls�reduced 

in circumfer-ence during systole" 39s1nce the mechanism

described by Brock seems to fit best with the overall 

considerations of valvular anatomy, physi l�y, pathology", 

and pb.ys1opathology plus observations at surgery, it 

will be presented first. 

" It 1s almost certain hhat the two cusps come 

together along their opposins surfaces, being dr·i.ven 

into t'his positi:on oy the rise in pressure during 

ventricul."ar systole. 0 (Fie;.2) There is considerable 

overlap of cusps possible 1n the normal valve. '1Th.ere 

is little doubt that the aoDt1c cusp is the main factor 

ln effecti.ve closure of the orifice and the posteromedial 

cusp occuptes a subsidiary or a.djuvant function in 

sealing a narrow and probably variable crescent of the 

orifice." 

"A possible a1ternat1ve mechanism of closure 1s that 

the o�ifice is closed entirely by the anteromedial or 

ao�tic cusp forcing the much smaller posterolateral 

cusp agatnst the posterior wall of the ventricle. It 

is doubtful if this 1s the usua1 mechanism, but it may 

well happen sometimes; it is unlikely to occur if 



the A-V ring is at all dilated. In systole the ihflow 

portion of the left �entr1cle 1s tightly c -ontracted so 

that its cavity 1s almost compietely obliterated, but 

sufficient space remains postero-1nf'eriorly :for the 

hydrostatic pressure to reach the ventricular. aspect 

of the posterolateral cusp and its "free 11 a.rea must pe 

small. When the finger 1n introduced into the le�t 

atrium duriI13 an operation for mltra.l stenosis, the 

anteromedial cusp is usually very easily felt billowt�s 

upwards into the atrium like a sail filled with the 

wind; it is much more d1f'ficult to feel the postaro­

lateral cusp, and, indeed, its presence has often rather 

to be a: sumed by Ju�ing the distanoe that lies between 

the actual mitral OT1f1ce and the posterior pari. of 

the A-V ring. u

"Accord1ng or Q;wiinJ:3 the distance between the apex 

and the pase of the left ventricle does not shorten 

during oontraction of the ventricle; the atrioventri­

cular regi3n �oves upwards and backwards, but the length 

of the cavity remains constant. This makes it easier 

ta unaerstand how the comparitlveiy small contract·on 

of the papillary muscles is able to ensure efficient 

closure of the cusps ieing blown open into the atrium. 

The apposition of the cusp su�faces ensures their water­

tight closing, but the pressure,resistlng mechanism 
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comes from the :nuscu.lo-tendinous support and its neuro­

muscular co-ordination with ventricular systole . 1he 

mode of inserti~n of the tendons from one papillary 

muscle to each of the opoosing cusps incre8seB the 

efficiency of the mechanical closure of the valve . 11 

The fundamental importance of thd.s mechanism is emphasized 

by the severe ~nd often f ~tal regurgitation which occurs 

abter damage to this mechanism by surgery or infarcti~n, 

etc . ; simple mech~nical appositi~n o~ the cusps. is 

4 
not enoush. 

0 Duri ·15 ventricular diastole the papillary muse les 

anJ the tendons are lax and the cusps float open before 

the stream of blood froo the atrium . Jurin~ ventricular 

systole the valve cusps are flung ti :_::ht toe;ether and 

the papillary wuscles and tendons become taut and straie:ht; 

the maximu~, the ~ost powerfully supported , closure must . 

occur in relation to the critical areas of tendon 

inserti~n alre~dy described . At the hei ~ht of systole 

the tendons passing from the sum~it of each papillary 

muscle di~ect to these two critical areas on the valve 

cusps must be tense and aprallel and very close to one 

another (Fig . 2); in contrast with during diastole . .• 

they are lax and directed outwands toward the wije 6pen 

margins of the orifice. At these two critical areas 

the cusps must be heli tos ether very tightly indeed; 

The sisnificanae of this will become apparent later 
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when we consider the state of the diseased valve . 114 

18 . 
Harken ind.icG.tes that closure is accomplished by 

1) reduction in annulus size (with ventricul3.r systole); 

2) relaxation of leaflet ede;es as the '.JhorJae tendineae 

sre relaxed in systole ; and 3) further securing o! 

leaflet margin closure by the tw:stin3 motion of the 

ventricle and tors~on of the chordae ten- ineae . This 

agrees in part 11i th the ide o. s of Lutenbacher27 whc 

describes closure as a bunching up of valve cusps~ 

chordae tendineae, and papillary ::.uscles in such a way 

that closure of the orifice is aided and secured by an 

interlockins of these structures . Both of the mechanisms 

by Har1~en and Lutenbacher are, of course , at variance 

with Brock ' s theory presented above; they seem to 

isnore the observ3,ti .:: ns at operati'Jn by Brock and otners 

that the leaflets billow into th8 at~ium and do not feel 

bunched up . Also HarKen's descriptiJn of lax chordae 

tendineae and leaflet edges does not seem plausible, 

c~nsi j ering the severe regurgitation caused by their 

rupture . 4 , 30 Torsion of the valve mechanism would have 

to be fairly marked to cause interlocking of any sis­

nificance . Nacrowin~ of the valvular orifice at the 
18 

time of ventricular systole is mentioned by both Harken 

and Brock . 4 
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IV ETIOLOGY OF MITRAL IKSUFFICI~NCY 

Mitral insufficiency may be grouped into 1) organic 

and 2) r e lative or functiJnal etiolosies . Or~anic 

insufficiency can be due to : a) rheumatic valvulitis: 

~J otner less common causes of acquired insufficiency ; 

and c) consenital defects . 15 

Many of the basic de fects in the valvular mechanisms 

of insuf f iciency are com:~. on to more than one of the above 

etiolo3ies . _ Moreover , more than one of the above 

eti~lo6ies ~ay be r s s p8nsible in any one given case , 

especially when organic versus func tional groups are 

conserned . 

Rheumatic valvulitis is responsible for most cases 

of mi tral valvular disease, stenosis or re5urgitati~n . 

Most authors emphasize that steno • is is usually com ~ined 

with res ur3ita t i0n and vice-versa; the predominate 

~hysiolosical J efect is dependent upon the size of the 

valvular orifice . 

Pa tholo 13y and mechanisms of regur,::,i ta t lon i n the 

less c :omrnon nonrheumatic etiolos ies are often basicly 

si~ila r to t hose of rheum~tic ori~in . A major port:on 

of the 3iscussion of spedific pathophysilol3ical 

defects will be made mnder the c a te:5ory of rheumatic 

valvu-li tis; producti '.)n of simi la:zr de fee ti ve mechani srns 

by other etiolo5ies will be included in t he discussion 

of that specific mechanism. 
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Other less common causes of acquired organic 

mitral insufficiency include: l) traumatic rupture of 

a cusp or of the chordae tendineae; 2) spontaneous 

cb.ordae tendineae repture; 3) repture of a papill-a.�y 

muscle secondary to bacterial endoc·�rd1t1s,or core:QS.Fi1. 

occlusion; 4) bacterial endocarditis, per se; and 

"pure" m1tral regurgitation. Study of the pathophysiology 

produced by these more or less "isolated•' defects 1s 

of help in the f'ull comprehension of the multiple 

mechanisms often responsible .in the more common regur­ 

gita�ion of rheumatic etiology. Most or the traumatic 

-et1olig1es are second:�r� to commi.ssurotomy or other heart 

surgery. The SQ-called upure11 or-gan1c mitral 

r�gurgltat1-on as d\scu.ssed by Br1gden and 1,ea.tham3

is of uncertain etiology;· a marked male sex. dominance, 

absent hisuor;. of r�eumat1c fever, and absent etenosis 

are the outstanding characteristics. 

Severe mt"tral insufficiency 1n children under 

five years old w:Ithout a history of rheumatic fever 

is most often caused by congepcital mitral va lve disease. 
l,¼9 In contrast of older views, recent literature 

indicates that incidence of congenital m1tral insur·r­

ic1ency is relatively common com_pared to cong.entta.l 

mitral stenosis and other cong�n1ta1 heart disease t

especially when associated with other cardiac ma l­

formations.ll, lS, l7Incompetence :may be due to;

( 13)



l) anomalous 1nsert1•'.)n 01.' chord.ae tend1neae; 2) short,eneq

chordae tendineae secondary t6 endocard1al sclerosis;

3) cleft le:aflet; or 4) a maldeveloped valve associated

with ventricular-saptal defect or perslstant common

atrio-_·entricular canai.13, 15, 7 ,37 ,38

Relative or functional (nonorg�hic)mitral insuffic­

iency oft-en occurs as a result of left ventrlcu!ar 

d1:litation secondary to hypertensive, coronary, or

aortic valvular disease, etc., u�ually in association 

With lef't ventricular failure. "Im-perfe'ot-val:vul�r 

closure under such circumstances is due to d111tat1on 

of th� mitral ring and to retraction of the cusps by 

chordae and papl\�ar-1 muscles as the ventricular 

chs.m.ber el;ongates.'115

(14)



V. 1-1EC1IANISM OF PRODUCXTION--VALVUIAR PATHOLOGY·

Brock's op1nions4 of mitral regurgitation are 

based on observation of valve function at operation 

as well as careful studies of the pathologic, changes 

of diseased valves, with and without operation. His 

ideas on normal mi tral valve anatomy and closure mech­

anism have been reviewed above. "The valve mechanism 

extends over a distance of some 5 cm.,, and a lesion, 

may affect all parts of it or one part more severe;y 

than another. A· lesion at any level can seriousl.J 

interfere with the mechanism, and it is not always the 

actual valve cusps that are. most seriously affeoted ... 

He stresses many facts relative to both mitral insuf­

ficiency and stenoeis. He emphasizes that true mitral 

insufficiency is usually caused by the most severe 

grades of damage to the valve; the old view that insuf­

ficiency is a result of mild rheumatic valvulitis and 

stenos1s from a more severe attack is an "erroneous 

ov-ers1mpl1f1cation." Fusion of the valve cusps at the 

two opposing "critical areas of tendon insertion'' 

(Fig. 2) is the fundamental occurrence in the production 

of mitral stenosis a.nd 1s due to the increased pressure 

at.these points,. resulting from normal valve function 

(�ee above). The portions of opposing leaflets outside 

the critical areas on tendon insertion are then essential-

( 15) 



ly functionless and sec:.onda.·ry adherence occurs{Flg. 2). 

The mild valvul1tis required for this adherence is far 

less ln degree than that required to distort. the margins 

sufficiently t.o cause le�a.ge; normal excess in over­

lap requires great margin rigidity and damage before 

insufficiency result·s, and lt is still mild if this 

is its only mechanism. S1gn1f1oant. regurgitation 

requires much more severe damage to the valve, freq­

uently involving multiple mechanisms. 

_Bl'ock4 lists six fundamental mechanisms causing 

valvular inc ompetene e; one, or more frequently,. several, 

may co-exist, in varying grades of importance. 

1) �A hole or defect in a valve cusp." This may

be cong�p.1:tal or caused by malisnant endocarditis or 

surgical trauma, etc., but ie not a feature o"f rheumatic 

valvuli tis. 

2) "Rigidity of the margins of the valve orifice

preventing 1 ts closure." As previously mentio.ned this 

seldom causes more than mild regurgitation tbroij,gh a 

stenot1c orifice; valvuloto�y often corrects the in­

suff1c1�ney at the same time. 

3) "Rupture of the musculo ... tertdinous mechanism so

that a cusp is unsupported 1n ventricular systole." This 

rare mecna.nism, secondary to 1n1"arct1on or surgery causes 

severe re'g�rg1tation emphas1z1:og the importance of th1 s 

mechanism. 

{16) 



4 ) 0 Shorten1ng of one or both cusps so that th-ey 

cannot meet and ove.rlap. u Severe damage to the whole 

substance of the cusp is needed. Relative shortening 

is caused bj mechanisms 5) and 6).

5) ttshortening o:f the musculo-tendinous mechanism

so t-1a.t the valve cusps cannot rise and meet." This 

is usual:lY due to valve adherence and scarring with 

contracture secondary to rheumatic va!vu11tis. Relative 

shortening o:f the musculo-tendinous control as a result 

of ventricular d111tat1on and increased ring diameter 

are added factors. 

6) "Extreme d111tat1on of the atr1oventr1cular

ring leading to secondary relative shortening of the 

cusps.u This plus vent-r1cular dilita.tion b?th act to 

cause relative shortening of the musculo-teridinous 

control. 

_Three degrees of incompetence at operat'on are 

described by Brock:4 1) A small r�gtirgitant stream

from a grossly stenosed orifice; 2)' a moderately power­

ful. regurg1tant stream from a narrowed but not grossly 

stenosed or1f.1c.e; and 3) a powert1:1l regurgita.nt stream 

with an orifiee equal to or greater than the aortic 

outlet. Type l is easily corrected when stenosis is 

relieved 'Jlld is minor in 1-mPortance. TJpe 2 is more 

commonly seen and represents the most severe grades of 

rheumatlc valvullt1s. The total valve mecha.n1sm is 

{ 17) 



involved. The .larger orifice results :f'rom the severe 

sho�tening and contraction of the cusp� 1n all directions. 

Type 3 1s associated with valve ring d1:11 ta'tion: tb-1 s is 

prevented in type 2 by the dense fibrosis thus avoiding 

extreme imcompetence. 

Harken 18descr1bes an upward herniation of the

valve compleJC as 0 one of the many features or 'self 

aggravation'" of mit.ral. insufficiency. The re5urgita.n:t 

jet dilates the auricle, displacing the annulus over the 

ventricular rim py traotion. The effective component 

of leaflets posteriorly is reduced, increasing local 

incompetence as the valve complex is drawn over the 

ventricular rim. This local increase 1n regurgitation 

further aggravates herniation and relative shortening 

of leaflets. "It also explains the greater 1nsuf"f1c- 

1ency posteriorly and posteromed.1ally. As the valve 

complex moves upward, the chordae tendineae are a:rawn 

taut and interfere with leaflet closure. Similarly, 

compensat;orj dilatation of the ventricle not only en­

lar5es the annulus but increases the tenai..on on the 

chordae t.end1nea.e: both in.crease incom·p�tence." 

Harken complains that·· "tJie usual 1llustrat.1on of 

the m1tral valve surface does not represertt t:P,� upward 

herniation of the valve complex p9stertorly and it 

does not indicate the leaflet limitation by chordae 

tendineae drawn taut by the upw�rd m1grat:on dt the 

leaflet comp1ex and papillary muscles displaced down-

( U3) 



ward by v-entr1cular d1lata.tion. 11 He believes that in 

normal valve closure the leaflet edses artd' cnorda.e 

tandineae are relaxed in systole (see normal closure 

discussion) rather than the more widely, accepted the"�r:_y. 

of mild tensing of chordae tendineae, act1pg as guy 

wires and thus prevent,ing leaflet displacement i;JY 

ventricular sys�olic pressure. {Brock4 ) If the theory

of valve complex herniation 1s accepted, the J?egurgita.­

tion wou1d seem to be due to relative deficiency of 

leflet substance.,.-marked tension on chordae tendineae 

and leaflets resulting ie a distorion of normal lea.flet-­

chordae tendineae relationships. 
18 

Harken recognizes five general m.orphol�gic patterns 

of mitral insufficiency: 

Type I, absolute deficiency of substance due to 

scarred and contracted leatlets. 

Type II, relative def1c1ency of substance due to 

annulus dil1tat1on secondary to ventricular d111tat1o�. 

This follows and 1s combined With Type I. 

Type III, has predominate stenotic orifices facing 

the outflow tract wlth insufficiency as it ''sc:oops up 

blood". ( sometimes correctable by repair of stenos1s0. 

Type IV, poor coaptat�on due to calo1ric leaflets, 

often associated with Type I. 

Type v, 1s a com�on form of combined stenosis and 

1nsu�fic1ency of yary1ng degree of each with a stenotlc 

anterior bridge ( often calcified and a nancalif·1e·d 
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ineompetent area posteromed1ally. 

An infinite varity of com�inations of these types 

exist. 
7,16 

Glover and Da.v1la have given concentrated study

to the problem of m1tral 1nsuf,f'iciency since 1952; they 

emphasize three ·basic pathologic changes result1,ng in 

insti'ff1c1ency, namely: l) absolute loss of valve tissue; 

2) contraction and foreshqrteni�EJ; of the chordae

tendineae; and 3) d111tat1on of the m;_tral annulus. 

A few minor variations from the bawic three features are 

occasionally found, especlal�y w1·th the :rar less �ommon 

nonrheuma�ic etiologies , but these features were ample 

to cover most cases complet.elj. In instances where 

authors present l�rger lists of basic mechanisms, 

usually all of the subdivisions can fit into these 

broader gourps. 

Absolute loss of valve tissue 1s Just about always 

due to rheumatic valvul1tis, with con�n1tal defects 

and malignant endoca.rditis being rare poss1bil1t1es. 

The mura.1 leaflet is usually afiected most in the rheumat1c 

forms. 

Contracted and foreshortened chordae tendineae can 

cause considerable 1mcompetence with minimal leaflet 

damage but marked rheumatic leaflet dama e is most 

commenly present also, both factors resulting in an 

••absolute loss of valvular occ1udit15 elements." Since

rupt�re of' the p�pillaty muscle or chordae tendineae 

re&ol-ts in the same basic effect of musculo-tendinous 
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dyefunctlon, an:r of the specific etiologies (as listed 

earlier} dealing with this mech4:n1sm would come under 

this f'eature. 

Dil1tat1on of the mitral ring 1s almost routinely 

present in the estimate of these two authors; it 1s 

often considered to be a result of the first two entities 

cart. may app�ar at th� same time. This faotor is espec­

ially important because dilitatlon of the left ventricle 

as a compensating mechanism for its increased output 

causes further valve r� d111tati:on and increased 

relative or f'unot1_)nal insufficiency resulting in a 

furthf3r work ·load. Thus the ·ventricle wears out from 

overwork plus an ever increasing load. 

Bodeman
3,maJtes sha�p distinction between valvular 

insutficiency, due t·o deformi t.y of the cusps, and 

inccnnpetency, me.aning leakage due to normal cusps not 

compl�tel.y closing the orifice they guard. He has long

bean aware of the mechanism of mitral incompeterice, 

hie deaeriPtiQn and d1asram (Fig.3} being almost class­

ical in that rBgard. "Incompetency of the atriovent-

ricular v�lves is related to ventricular 4il1tat1on, 

and is probably due principally to downward displacement 

of the sites of origin of- the papillary muscles, with 

t.qe result that·p�rfect approximation of the cusps is 

prevented by th-e now relatively short chordae tendineae." 
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it t d. Le 1 d - 22 ha severe regurg an isaase. v ne an Harvy amp size

that the resultant "funot1:onal" or "rela.t1,1et1 murmur is 

by no means indicative of a benign dtsease. 

Most of the other- 1mprotant reviews 1n this field 

tend to agree with one or a combination of views p_resent�d 

above. Gould17 describes three basic types of mit.ral 

re5urgttation other than postraumat1c. l) congenital 

deformity; 2) d111tation of the valve r1hg; 3) and 

shortening or retraction of the m1tral leaflets. 
. 32 Nichol.a· lists the three patholog1eal entities of 1)

ret.racted leaflets, 2) dilated �itral annulus, and 3) 

shortened chordae tendineae as responsible for 1nsuff1o-

1ency in the majority of cases. He also lists the 

infrequent entities of cong�ut1ai perforation on one or 

both lea�lets, coneenital cleft leaflets, and detach-

ment of char.dae tendineae; all of these major and w.inor 

entities f1t into the three broader groups of Grover 

and Dav1la7, l6given abo:ve. Lillehe126rec6gn1zes two 

major groups which a�e the same as those of Glover and 

Dav11a7, 16 11', as they 13uggest.ed as an alternate poss-

1bil1 ty, the -first two groups are combined to M-absolute 

loss of va.lvu"iar elements." "'ih1te40stresses consideration 

of "functi,::maltt 1-n.auf1'1c1ency as did Sodeman abo¥e, 

but he emphasizes rather than minimizes its impo-qtance. 

''Functional Ul1 tral 1?Nuff1c1eney due to left ·. entricula.r 



d111tation should not be regarded as a trivial condition." 

It 1s possible that the a.isplacement downwaJ:>d o-f the 

papillary muscles as the result of the ventricular 

d111tat1on is a more1mportant factor 1n causing the 

m1tral regurgitation than is dil1tation of the A-V 

ost1um, that is, of the ya.lve ring. The chorda-e tendineae

muscles moved away from the base of the hear� their 

insertions on the valve c.usps are likewise displaced 

downsard. This results in an inabili'ty of the mitral 

cusps to close tightly no matter how tautly the chordae 

may stretch or how normal or elastic the cusps may be; 

regrug�tation of greater or lesser degree follows. 

Occasional).y, 1n fa.ct frequently, factors due to both 

1ert:ventr1cuiar d111�ation·and to defo.cmities of valve 

cusps and cordae tendlneae comblne to cause m1tral 

regurgi ta tl on./( 

The valvular pathology 1rt congenital heart disease 

as a cause of m1tral 1nsurf1ciency is produced by 

various pro�esses of maldevelopment-- usua�ly a failure 

of fusion--of the defective valve �t. It is sometimes 

ae.sociat.ed with endocard1al scJ:erosis, ete. Mechanisms 

of product·on of insufficiency by the various defects 

found( see etiology) are the same as when that valve 

p�rt is affected by acquired disease. 
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VD SUMMARY AND CONCLUSIONS 

Review of historical aspects or initral regµrgita.tion 

shows that most of out current concep�s have be:en devel­

ope-d during the last decade. Cardiovascular surgery 

has been the major stimulus for 1nve�t1gation. It 

1s now realized that although reg�rglta.tion may be of 

mare insidious onset it often results in more severe 

d.isabll1ty and more rapid demise than with stenosis-. 

Brock4 has shown that the entire valve mechanism

1ncludln_g. cusps, chordae tendineae, and papilla� 

muscles must be considered for full undera.-tand1na of 

all mechanisms of regrugitation. The importance of the 

musculo-t1ndinous mechanism a.nd the 0 critical areas of 

tendon insertion" on the cusps is widely accepted as 

necessary for normal vaive closure. 

Etiolo�y of regurgitation 1s primarily valvular 

damage of rheumatic he3.rt. d-isease. Other forms are 

discussed; congen1 tal forms are mere com:non than realized 

previously. 

Mechanisms of P!"Oduct1on discussed by most recent 

authors seem to fall into the 3 basic groups o� Grover 

and Davila: l) absolute loss of �alve tissue; 2} 

contr-a:etion and foreshorten!ng o:f the chordae. tendineae; 

and 3) d111tation of the mitral annulus. Thij first 2 

groups are "absolute loss of valvular occluding elements0



and the last 2 one relative loss of valve �issue. The 

morphologic patterns d·escribed by various authors are 

listed and-discussed. The importance of 0 functional" 

insufficiency of l'eft ventricu_lar d111ta·tion with 

downwa1rd displacements of th� musculo-tendenous-:s:sys.tem 

and cusps is e1nphasized by White and d�serves wide 

recognition as an important basic mechanism. 
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