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I. INTRODUSTION AND HISTORICAL ASPECTS

"OQur present concept of mitral insufficiency has
evolved during the past fifty years. 1Its existence,
as a clinical entity, was nearly denied early in the
century and with this vliew the apical systolic murmur was
relagated to an wmlimportant posit.on. Following this,
there was a gradual appreclation that both erganic and
functional mitral insufficlency were of clinical
slgnificance. This was based on long term observation of
patients with acute rheumatlc fever and rheumatlc heart
disease and a renewed interest in chromlc valvular
disease bf all types. Btudles of the systolic murmur and
the development of phonocardiography helped toclarify
the problem. Current concepts of mitral valvular dlsease(
both stenosis and insufficlency) are based onnew
knowledge of the anatomy and physlology of thisvalve
acquired throwgh surglcal procedures, a review
of the pathology of the valve, and right and left heart
catheterization. While as yet incomplete, they are qulte
difierent from those of the eta preceding mitral
valve surgery only a decace ago"39

As mentioned above by Vander Veer, current concepts
of mitral valve disease are much indebtsd to cardilo-
vasgcular surgery for their rapid evolution. xLnowledge
and recognition of the lmportance of mitrgl

regurgatation has, to great extent, parallelsd the
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advances in thls surgical fleld. For the past five ysars
the mitral valve has o.fered untold opcortunity

for the study of its incompetent state Just ae this

same valve did thirteen years agc wheén stenosis was
first successfully relisved by surglcal means. 18

With the development of techniquess of extracorpersal
circulation and the increasing experience with commis-

surotomy for mitral stenoesis, 1t was realtzed that manyof

the earlier concepts of wvalvular pathology and mech-anlisms
of producti.n of mitral insufficiency were wrcn-g.la
This gave great stimulus for critical review of

valvular anatomy, pathology and phyesilolgy; thus, the

inereasing oppctunity to study the normal and diseased
valves Intheir functional state at operation was used to
gQod ad?antage.lgs 36 Concomitant advances in the
nonoperative flelds of phonocardlocraphy, right and ieft
heart cathetsrization, anglocardiograrhy, dye-dilution
studies,etc., in additicn to contributling heavily to

advanced concepts of mitral insufficiency, are now

especlally lmportant in preopsrative evaluation of the

nature and degres ¢l the defsect. 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 ldck of surglcal tﬁerapy.lis'iﬁ’lg'}s-'&c Although an
apical systolic murmur has long beén recoghized as
perhape tlie commonest of all valvular fiadings, ohly the
most recent literaturs has disputed older concepis that
mltrzl insuffieliency is arelatively eshigh lesionand as
such is rarely tne cause of untoward clinical

symbtoms leadlhg to death. 18,29 It is now recosnized

that insufficlency of the mitral valve in unddubtedlya
more insidiocus lesioh than stenoslis but that in timeit

creaties even more serious effects on the myocardiumof
the left ventricle and atrium than does its stenotic
18

counterpart. “For the first time incompetence is

being seeh in 1ts trus pepspsctive.">d
(Civations in the appended bibliography best
reviewihg detdiled historical develapment of concepts of

mitral regurgitatioh include: Vander veer 2 mf,e'-‘kog 41

Glover @nd !)‘av-ila,ls and Brigden ahd Leatham.’)
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II THE NORMAL MITIAL VALVE

Brief review of the normal mitral valve is escsentlal
for full unlerstandlin of the dlsaese mechanlsmsconsi-
dered later, The followlngcuotation excerpts from Brock
#ive a conelse revisw of 1tral valve anatomy and function
with special emphasis on "eriticzl areacs of
tendon insertion," important in his discussions of valvular
closure and dlsease mechanisms,

"The normal mitral valve consists of the
atrio-ventricular fibrous ring to wnich the cusps zailn
thelr attachments, of’ the two cusps., and of thne paplllary
muscles wlth thelr chordae tendlneae. The two cusps are
anterlomedial and posterolateral, belng so arranged
that the axls of the valve orifice i1s directed oblicuely

forwards from ri:ht ot left" (Fig. 1)

POST.

Fig. 1! The Normal Valve Relationships--Superior Asect.
"The anteromedial or aortic cusp is much the larger

and the more important in that during ventricular systole
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it receives a great part of the stream of emergent
blood which it prevents being driven back into the
left atrium and helps to direct into the sortic outlet".

"Phe pasterclateral cusp fulfills a secondary and
supporting part in the closling of the mitral orifice
in ventricular syestole.”

“The papillary muscles are typlcally two ig number
and lis opposite the intervals between the valve cusps;
they arise from the wventricular wail at about the
Junction of the apical and mid.ile thirds, one belng
anterolateral and one posteromedial. Both muscles are
situated in the lower inflow portion of the left ventricle;
the anterolateral one ariwing from the concavity of the
anterolateral wall of the ventricle and the postero-
medial from the Junctlion of the septal and posterior
surfacss. Each muscle... may be split to a grsater or
lesser degre‘e..."4

"The chordae tendineae paess from each papillary
suscle to galnh a*tachment to both valve cusps in such
a way that the anterolateral muscle and its tendons
control the anterolateral half of the valve, and
the paoteromedial muscle and 1ts tendons control the
corresponding posteromedial half (Fig.2) The chordae
tendineae are of three orders ac.ording to Quain (1929}.33
“"I) Those which are inserted of the free edge of

the cusps. They are numerous d#licate threads whigh
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arlise from the oither coxrds near the cusp m&rfgin, angd
often form a fine network before thay are attached to j.‘t.“‘L

"2) Those which are inserted at intervals on the
ventricular surface of the cusp near its free edge,
which they pass over to the sattathed border. They are
dlstinctly thicker than the chordae of group 1, and
those attached to any one cusp are derived trom two
different papillaxy muscles or from one paplilary
nuscle and the wall of the ventricle."

"3) fThe short broad fibers that stretch across the
perivalvular groove from the ventricular wall to the
undersurface of the cusp near its base and run along
the cusp a short d4istance towards its free margin."

For practical purposes the arrangement of the chordae
tendineae may be simplified to two primary a.tachments
on each cusp about two cm. apart; Brock terms these
sites “the critical areas of tendon inssrtion" (Fig.2)

"These areas...are seen to be formed by those tendons
that arlse from the very summit of the papi.lary
muscles and gain the most direct attachm=nt to tke
valve cusps. Thews tendons are often slightly thicker
and stronger, and clesrly must exerclse the most pcwer-
ful selectlive action on thé cusps since they are in
the line of the dlrect puld of the papillary nuscles,

The more obliquely placed tendons which gain insertion

on each Bide are of a secondary supporting nature."

(6)



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 cusp. 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 MITRAL VALVE

Differences of oplnlon still exist as to the
exact mode of mitral valve closure. The cusps, chordae
tendineae and papilllary muscles are all important in
thtis function, as is the ring 1tself, which' is-reduced

" 39Since the mechanism

in circumference durling systole
described by Brock seems to flt best with the overall
consideratlons of valvular anatomy, physl logy, pathology,
and plyslopathology plus obesrvations at surgery, 1t
willl be presented first.

" It 1s almost certain dhat the two cusps come
together along their opposing surfaces, being driven
into thls position oy the rise in pressure during
ventricular systole." (Flg.2) There 1s considerable
overlap of cusps possible in the normal valve, “There
1s 1littls doubt that the aortic cusp is the main factor
in effectlve closure of the orifice and the posteromedlal
cusp occuples a subsldiary or adjuvant functlion in
sealing a narrow and probably warlable crescent of the
orifice."

"A possible alternative mechanism of closure is that
the orifice 1s closed entirely by the anteromedial or
aortic cusp forcing the much smaller pesterolateral
cusp against the posterior wall of the wventricle. It
1s doubtful if thils is the usual mechanlism, but it may

well happen sometimzs; it 1s unllkely to occur iIf



the A-V ring is at all dilated. 1In systole the inflow
portion of the left eentricle is tightly contracted so
that its cavity is almost completely obliterated, but
sufficient space remains postero-inferiorliy for the
hydrostatic pressure to reach the wventricular aspect

of the posterolateral cusp and its "free" area must ba
small., When the finger in introduced into the left
atrium during an operation for mitral stenosis, the
anteromedial cusp 1s usually very easily felt biliowing
upwards into the atrium like a sail filled with the
wind; it is much more difficult to feel the postero-
lateral cusp, and, indeed, its presence has often rather
to be a: sumed by Judging the distance that lies between
the actual mitral orifice and the posterior part of

the A-V ring."

"According or Quain33 the distance between the apex
and the pase of the left ventricle does not shorten
during contraction of the ventricle; the atrioventri-
cular region moves upwards and backwards, but the length
of the cavity remains constant. This makes it easier

to undsrstand how the comparlitively small contract on

of the paplllary muscles is able to ensure efficient

closure of the cueps Belng blown open into the atrium.
The apposition of the cusp suBfaces ensures their water-

tight closing, but the pressure=resisting mechanism

(9)












Other 1less common causes of acqulred organic
mitral insufficiency include: 1) traumatic rupture of
a cusp or of the chordge tendineae; 2) spontaneous
chordae tendineae repture; 3) repture of a papillary
muscle secondary to bacterial endocarditis,or corenary
occiusion; 4) bacterial endocarditis, per se; and
"pure" mitral regurgitation. Study of the pathophysiology
produced by these more or less "isolated" defects 1s
of help in the full comprehenslion of the multiple
mechanisms often responsible in the more common regur-
gltation of rheumatic etlology. Most of the traumatic
-etloligles are secondary to commissurotomy or other heart
surgery. The so-called “pure" organic mitral
regurgitation as djscussed by Brigden and Le&tham3
is of uncertain etlology; a marked male sex.dominance,
absent history of rheumatlc fever, and absent stenosis
are the outstanding characteristics,

Severe mitral insufficliency in chlldren under
five years o0ld without a history of rheumatic fever
1s most often caused by congenital mitral valve disecase,

3
In contrast of older views, 1,39

recent literature
indicates that incidence of congenitdl mitral insuff-
iclency is relatively common compared to congenital
mitral stenosis and other congenital heart disease,
especlially when assoclated with other cardiac mal-

formations.l§’15’17Incompetence may be due to

(13)



1) anomalous insertlion of chordae tendineae; 2) shortened
chordae tendineae secondary to endocardlal sclerosis;
3) cleft leaflet; or 4) a maldeveloped valve associated
with ventricular septal defect or persistant common
atrio.entricular canal.l3'15’7’37’38

Relative or functional (nonorganic)mitral insuffic-
iency oftsn occurs as a result of left ventricular
dllitation secondary to hypertensive, coronary, or
aortic valvular disease, ete., uaually in assoclation
with left ventricular failure. "Imperfect valvular
closure under such circumstances 1s due to dilitation
of the mitral ring and to retraction of the cusps by
chordae and papillary muecles as the ventricular

chamber emongﬁtes."ls
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V. MECHANISM OF PRODUCTION--VALVULAR PATHOLOGY

Brock's opinions4 of mitral regurglitation are
based on observation of valve function at operation
as well as careful studlies of the pathologlc changes
of diseased valves, with and without operation. His
ideas on normal mitral 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 severéiy
than another. A lesion at any level can seriouslg
interfere with the mechanlism, and it 1s not always the
actual valve cusps that are most seriously affected.”
He stresses many facts relative to both mitral insuf-
ficlency and stenoels. He emphaslizes that true mitral
insufficlency 1s usually caused by the most severe
grades of damage to the valve; the o0ld view that insuf-
ficlency 1s a result of mild rheumatic valvulitis and
stenosls from a more severe attack 1s an "“erroneous
oversimplification." Fusion of the valve cusps at the
two opposing "critical areas of tendon insertion"
(Fig. 2) 1s the fundamental oecurrence in the production
of mitral stenosls and is due to the increased pressure
at these points,. resulting from normal valve function
(see above). The portions of opposing leaflets outside

the critical areas on tendon insertion are then essential-
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ly functionless and secondary adherence occurs(Fig. 2).
The mild valvulitls required for this adherence 1s far
less 1n degree than that required to distort the margins
sufficlently to cause leakage; normal excess in over-
lap requires great margin rigidity and damage before
insufficiency results, and it 1s still mild 1f this

1s 1ts only mechanism, Significant regurgitation
requires much more severe damage to the valve, freq-
uently involving multiple mechanlsms,

Brock® 11sts six fundamental mechanisms causing
valvular incompetence; one, or more frequently, several,
may co-exlst, 1n varying grades of 1importance.

1) ™A hole or defect in a valve cusp." This may
be congenital or caused by malignant endocardltls or
surglcal trauma, etc., but 1s not a feature of rheumatic
valvulitis,

2) "Rigidity of the margins of the valve orifice
preventing i1ts closure." As previously mentloned this
seldom causes more than mild regurgitation through a
stenotic orifice; valvulotomy often corrects the in-
sufficiency at the same tinme.

3) "Rupture of the musculo~tendinous mechanism so
that a cusp 1s unsupported in ventricular systole." This
rare mechanism, secondary to infarction or surgery causes
severe regursglitation emphasizing the importance of this

mechanism,.
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4) "Shortening of one or both cusps so that they
cannot meet and overlap." Severe damage to the whole
substance of the cusp 1s needed. Relative sheortening
1s caused by mechanisms 5) and 6).

5) "Shortening of the musculo-tendinous mechanism
so t:at the valve cusps cannot rise and meet." This
1s usually due to valve adherence and scarring with
contracture secondsry to rheumatlic valvulitlis. Relative
shortening of the musculo-tendinous control as a result
of ventricular dllitation and lncreased ring dlameter
are added factors.

6) "Extreme dilitation of the atrioventricular
ring leading to secondary relative shortening of the
cusps." This plus ventricular dilitation both act to
cause relative shortening of the musculo-tendlnous
control.

PThree degress of incompeternce at operat’on are
described by Brock:4 1) A small regurglitant stream
from a grossly stenosed orifice; 2) a moderately power-
ful regurgitant stream from a narrowed but not grossly
stenosed orifice; and 3) a powerful regurgitant stream
with an orifice equal to or greater than the aortic
outlet. Type 1 1s easily corrected when stenosis 1s
relieved nd 1s minor 1in importance. T,pe 2 1s more
commonly seen and represents the most severe grades of

rheunatic valvulitls. The total valve mechanism 1s
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involved. The larger orifice resalts from the severe
shortening and contraction of the cusps in all dirsctions.
Type 3 1s assoclated with valve ring dilitation: this is
prevented in type 2 by the dense fibrosis thus avoiding
extreme imcompéetence,

Harkenladescribes an upward herniation of the

valve complex as "one of the many features of 'self

aggravation'"

of mitral insufiiclency. The regurgitant
jet dilates the auricle, displacing the annulus over the
ventricular rim by traction. The effective component
of leaflets posteriorly 1s reduced, inereasing local
incompetence as the valve complex 1s drawn over the
ventricular rim. This local increase in regurgitation
further aggravates herniation and relative shortening
of leaflets. "It also explains the greater insuffic-
lency posteriorly and posteromedlally. As the valve
complex moves upward, the chordae tendineae are drawn
taut and interfere with leaflet closure. Similarly,
compensatory dllatation of the ventricle not only en-
larges the annulus but increases the tension on the
chordae tendineae: both increase incompétence."

Harken complains that “the usual 1llustration of
the mitral valve surface does not represent the upward
Rerniation of the valve complex posteriorly and it
does not indicate the leaflet limitation by chordae

tendlneae drawn taut by the upward migration df the

leaflet complex and paplllary muscles displacéd downe
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ward by ventricular dilatation." He belleves that in
normal valve closure the leaflet edrges zZnd chordde
tendineae are relaxed in systole (see normal closure
dlscussion) rather than the more widely accepted theory.
of mild tensing of chordae tendineae, acting as guy
wires and thus preventing leaflet dlsplacemsnt oy
ventricular systolic pressure. (Brock4) If the theory
of valve complex hernlation 1s accepted, the regurgita-
tion would seem to te due to relative deflclency of
leflet substances-marked tension on chordae tendineae
and leaflets resulting i1m a distorion of normal leaflet--
chordae tendineae relationships.

Harkenlgrecognizes five general morphologlc patterns
of mitral insufficiency:

Type I, absolute deficlency of substance due to
scarred and contracted leaflets,

Type II, relative deficiency of substance due to
annulus dllitation secondary to ventricular dilitation.
This follows and 1s combined with Type I.

Type III, has predominate stenotlc orifices faclng
the outflow tract with lnsufficiency as it "scoops up
blood". (sometimes correctable by repair of stenosls).

Type IV, poor coaptation due to calcific leaflets,
often agsoclated with Type I.

Type V, 1s a comamon form of comblned stenosis and
insufflclency of warying degree of each with a stenotlic

anterior bridge (often calcified and a nancalified
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incompetent area posterocmedially.
An infinlte varity of combinations of these types
exist.

7,16
Glover and Dgvila

have glven concentrated study
to the problem of mitral insufficiency since 1952; they
emphasize three ovaslec pathologic changes resulting in
insufficiency, namely: 1) absolute loss of valve tissue;
2) contraction and foreshortenifig of the chordae
tendineag; and 3) dilitation of the m'tral annulus.

A few minoer variations from the baslc three features are
occaslonally found, especlally with the far less common
nonrheumatic etiolagles , but these features were ample
to cover most cases completely. In instances where
authors present larger llsts of baslc mechanlsms,
usually all of the subdivisions can fit into these
broader gourps.

Absolute loss of valve tlessue ig Just about always
due to rheumatic valvulitis, with congenital defects
and malignant endocardlitis being rare possibiliitles.

The murgil leaflet is usually afiected most in the rheumstic
forms.

Contracted and foreshortened chordae tendineae can
cause considerable imcompeténce with minimal leaflet
damage but marked rheumatlic lsaflet dama e 1s most
commenly present also, both factors resulting in an
“apsolute loss of valvular occluding elements." Since
rupture of the papillary muscle or chordae tendineae
resalts in the same %baslic effect of musculo-~tendinous

(20)



dysfunction, any of the specific etlologles (as listed
earlier) dealing with thls mechsnism would come under
this feature.

Dilitation of the mitral ring is almost routinely
present in the estimate of these two authors; 1t is

often zonsildered to be a result of ths first two entities

byt may appear at the same time. Thils factor 1s espec-
laily important because dllitatlion of the left ventricle
as a compensating mechanism for 1ts lncreased output
causes further valve ring: dilitation and increased
relative or functional insufflciency resulting in a
further work load. Thus the ventricle wears out from
overwork plus an ever increasing load.

Bodemaﬂ35makes sharp distinction between valvular
insufficiency, due to deformity of the cusps, and

incompetency, meaning leakage due to normal cusps not

completely closing the orlfice they guard. He has long
been aware of the mechanism of mitral lncompetence,

hies deseription and diazram (Fig.3) belnz almost class-
1cal in that regard. "Incompetency of the atriovent-
ricular valves 1s related to ventricular ¢ilitation,

and is probably due principally to downward displacement

of the sites of origin of the papillary muscles, with

the result that perfect approximation of the cusps is

prevented by the now relatively short chordae tendineae."

(21)



severe regurglitant disease. Levine and Hafvyegemphaslze
that the resultant "functional™ or "relati-e" murmur 1s
by no means indicative of a benign disease,

Most of the other improtant reviews in thls field
tend to agree with one or a comblnation of views presented
above. Gouldl” describes three basic types of mitral
regurgitation other than postraumatic. 1) congenital
deformity; 2) dilitation of the valve rihg; 3) and
shortening or retraction of the mitral leaflets.
Nichoi&32 lists the three pathological entities of 1)
retracted leaflets, 2) dllated mitral annulus, and 3)
shortened chordae tendineae @s responsible for insuffic-
lency in the majority of cases. He also lists the
infrequent entities of congéntial perforatlon on one or
both leaflets, conixenital cleft leaflets, and detach-
ment of chordae tendineae; all of these major and minor
entities fit into the three broader groups of Grover
and Dav11a7’1681ven abave, Lilleheizsrecégnizes two
major groups which are the same as those of Glover and
Davila7:16 if, as they suggested as an alternate poss-
ibility, the first two groups are combined to "absolute
loss of valvular elements." Whiteaostresses consideration
of "funetional" imsufficiency as did Sodeman above,

but he emphasizes rather than minimizes its impontance.

"Functional mitral insufficliency due to left entricular



dilitation should not be regarded as a trivial condition."”
It is possible that the displacement downward of the
papillary muscles as the result of the ventricular
dllitation 1s a morelmportant factor 1n causlng the
mitral regurglitation than is d4illtation of the A-V
ostium, that is, of the valve ring. The chordaes tendineae
muscles moved away from the base of the heart their
insertions on the valve cusps are likewise displaced
downsard. Thils results in an inability of the mitral
cusps to close tightly no matter how tautly the chordae
may stretch or how normal or elastic the cusps may be;
regrugltation of greater or lesser degree follows,
Occasionally, in fact frequently, factors due to poth
left: ventricular dilitadtion and to deformities of valve
cusps and cordae tendlneae combine to cause mitral
regurgitation.”
The valvular pathology in congenital heart disease
as a cause of mitral insuifleclency 1s produced by
various processcs of maldevelopment-- usually a fallure
of fusion--of the defective valve part. It 1ls sometimes
agsoclated with endocardial sclerosis, ete. Mechanisms
of product on of insufficiency by the various defscts
found( see etiology) are the came as when that valve

part is affected by acguired disease,
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VII SUMMARY AND CONCLUSIONS

Review of historical aspects of mitral regurgitation
shows that moet of out current concepts have been devel-
oped durlng the last decade. OCardlovascular surgery
has been the major stimulus for investigation. It
is now reallzed that although regurgitation may be of
more insldlious onset 1t often results 1n more severe
disabliity and more rapld demlise than with stenosis,

Brock4 has ghown that the entire valve mechanlsm
including cusps, chordae tendineae, and papillary
muscles must be consldered for full undersdanding of
all mechanisms of regrugitation. The impeortance of the
musculo-tindinous mechanism and the “critical areas of
tendon insertion" on the cusps 1s widely accepted as
necessary for normal valve closure,

Etlology of regurgltation 1s primdrily valvular
damage of rneumatlc heart dlsease, Other forms are
discusced; congenltal forms are mere comiuon than reallzéd
previously.

Mechanlsms of production discussed by most recent
authors seem %o fall into the 3 bamic groups of Grover
and Davila: 1) absolute loss of valve tissue; 2)
contraction and foreshorten¥ng of the chordae tendineszss;
and 3) 41litation of the mitral annulus. Th® first 2

groups are "absolute loss of valvular occluding elements"



and theé last 2 one relative loss of valve tissue. The
morphologic patterns described by varlous authors are
listed and discussed. The importance of “functional"
insufficiency of left ventricular 4ilitation wlth
downward dlsplacements of the musculo-tendénous:system
and cusps 1s emphasized by White and dsserves wide

recognitlon as an important basic mechanisn.

(26)
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