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I. Mitral insuffic i ency in a funct ional sense i s the most frequent of all 
valvula r les i ons o Rheumat ic fever~ often consi de r ed to be vir tua ll y the only 
etioloeic aeent , probably is a Lelatiyel~ infrequent cause. Damaee to the 
valve leaflets themse lves i s not absolu te l y necessa r y fo r the production of 
mi tral insufficiency~ even of severe deereeo It may be the result of damaee 
to pap illa ry muscles~ chor dae tend i nae ~ or lef t vent r icula r myoca rdi um. The 
ent ire atr i o-vent ricula r appa ratus must be intac t and funct i on ine i n sequence; 
ptherwise, some deeree of insuff ici ency is i nev i tabl e o 

II. The lef t at ri o-ventr icular apparatus i s made up of the mi t ral rn ne, leaf-
lets, pap il lary muscl es ~ and chordae tend inae . But fo r pract ica l pur poses 
the ent ire left heart ~ om i tt ine only the aor t ic va l ve, must be included. The 
mi tra l valve i s an act ive structure , wi th important muscu l a r attachments, and 
is not act i vated solely by hydrauli c forces. The prec i se sequence of events, 
and of movement of the l eaf l ets ~ in the ca r diac cycle has not been established. 
It i s not ent irely accurate to say that t he valve moves downwa rd du ri ne systole . 
The fact i s that some por t i ons move downwa r d ~ some upwar d ( in rel at i on to the 
apex). The probab l e sequence probably eoes somewhat as follows : 

1. The pap i l l a ry muscl es cont ract and approx imate t he l ead i ne edees of the 
mi tral l eaf l etso 

2o The ventr i cul ar wall bee ins to contract and pressu re bee ins to rise, 
caus ine the bell y of the ant eri or l eaflet to bil low tow~ d the less 
mob il e poste ri or l eafl eto 

3o As cont ract ion proceeds , 

a o The mi t ra l rine bee ins to become small er and to descend~ i ts 
l atera l comm issure t il t ine towa r d the apex (with rel at i on to 
the aor t ic ri ne)o 

bo The pap illa ry mu scl es approach and meree ~ t he ante ri or f i tt i ne 
into a concavity on the pos teri oro 

Co The anterior leaflet contacts t he pos te r i or over most of i ts 
lene t h and beeins to bil low upward in to the l eft atr ia l l umen. 

do At the he ieht of systo l e ~ sta~e c eoes st i ll fu r ther and mi tral 
closure becomes i nvi olable . The ri ne t il ts downwa r d st i ll further, 
the anteri or cusp bill ows st ill hiehe r into the at rium, and the 
comb ined contracted ma sses of the pap illary muscl es j oi n wi th the 
i nwa r d-mov ine l ef t vent ricula r walls, pa r t l y obl i te rat in2 t he lumen 
of the left ventri cleo The r ema inin2 area of the l eft ventricul ar 
outflow t r ac t ~ just beneath the aort ic and mi t ral ri ngs ~ conta i ns 
a vary i n2 amount of res idua l blood o 

* * * * * 

It i s useful to r eea r d the l umen of the left vent ricl e as di vided i nto two 
major pa r ts , la r2e ly by the anteri or cusp of the mi t ra l valveo The most l ateral and 
poster ior half i s the inflow tract and i at the he i2ht of f illn n2 i takes up most of 
the chamber. Wi th the onset of ventr icula r contract i on~ the mitral "cur ta in" sw ings 
laterally so far that the enti r e ventr icula r cavity now becomes the outflow tract. 
fony interfe rence wi th ~yocardial or pap i lla ry myscylar ac t i on is likeky ±o produ~ 
measu rable mitral nosyffic i ency . 

Is the mi t ral valve~ like the pass ivel y operated aor t ic va lve 9 always i nsuff i­
cient at the instant of closure? The question rema ins unanswer ed after about 150 
years of conjecture. Perhaps the st rongest su2gestion that very sln2ht regure i ±at i on, 
durin2 ea rly isometric contract ion, is phys i olo2ic comes from Fr iedman and co-worke rs,* 
who found sli2ht regurgitation in one out of 5 normal do2s (us i n2 a very sensitive 
method)o 

*Fr iedman , Ben; Da i ley~ Willi am Mo; and Wilson~ Russell H.: Stud ies on mi tral valve 
function. Effect of acute hypervolem i a ~ premature beats and other arrhythm ias. 
Circo Resea rch ~:33-37 , January, 1956. 
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The most frequent causes of mitral reeur2itation in a very literal sense prob­
ably are ventricular premature beats or other ventricular arrhythmiaso This was 
the exper i ence reported by Friedman at ~; Da ley and collea2ues (1 955 ) found that 
atrial fibrillation always produces mi tral re2ur2itat ion but the association may be 
the exception rather than the ruleo Ventricular premature beats re2ularly produce 
mitral re2ure itat ion durin2 cinean2iocardioaraphy employin2 left vent ricular 
catheterizationo 

This type of mitral re2ur2itation is harmless except 9 perhaps 9 when ar r hythmias 
producina it cont inue for lon2 periods of timeo It may conceivably contri bute to 
the production of failure in patients with uncontrolled ventricular tachycardia but 
obviously produces no untoward result in the case of premature ventricular beats o 

Ino Other "non-rheumat ic" causes of mitral re2ureitation are g 

Ao Ruptu re of chordae tendinae 

Bo Infarction of papillary muscles~ with or without rupturew and 

Co Perforat ion of a mitral cuspo 

Rheumatic endocard itis may itself cause rupture of chordae and~ in its 
fu l minant form~ may erode a mitral cuspo In this sense one can araue that 
the rheumat ic process is almost always involved~ a contention that is dif­
ficult to prove or disprove. Suffice it to say that the rheumatic process 
is not an absolutely essential in2redient for either clinical situationo 

Ao ' Rupture of chordae Lend inae 

Apart from act ive rheumat ic endocarditis~ the followin2 are known 
to have been associated with chordal ruptu reg 

1. Externa l trauma to the chesto , 

2o Bacteria! endocard itiso 

3o Myocard ia l infarct i on ( usua lly subendocardial)o 

Ex t ernal trauma as a probable cause of chordal rupture has been described 
most authoritatively by Hu2h Barber ( 1944) and by Ba il ey and Hickam (1 944)~ but 
there are many other references to it ( Normand et 219 1960; Souques and Harvi er~ 
l908)o The matter is occasionally of mad icole2al importance but does not come up 
as often in this reeard as questions concerning coronary involvemento 

Bacterial (or fulminant rheumatic ) endoca rditi§ may erode chordae or va lve 
leaflets themselveso Warren 1 s case (1 812) is quite intriguin2 especially since it 
was published before mit ral regurg itation~ stethoscopy~ or bacterial endocarditis 
were knowno Barlow 1 s case (1 845 ) is also notable for its quaint and ele2ant clin­
ical descript iono Repa ir is sometimes possible ( McGoon ~ 1960)o The art icl e by 
Osmundson et al (1961) is rawardin2 and authoritati ve o 

Myocard ial (pap illary) infarction and necrosis may be assoc iated with chordal 
avu l sion from their attachment to papillary muscles ( see next section ) and a case 
fr .. om our own experience is probably representativeo 

CASE REPORT 

A 50-year-old  was seen in ~ 1959~ because of easy 
fati2ability. Over the past 20 years he has frequently been examined by physicians 
for various administrative reasons. 
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In 1956 he had suffered a bout of sha rp~ stickine pa in nn the precordia l r ee ion ~ 
last ine about a minute o It did not recur and no med icati on was required o Phys ica l 
exami nat i on a t the time was not not ewor thy except f or mnld obes i tyo There were no 
ca rdiac murmurso Reexam inat ion a year l ater aeain showed no mu rmurs of any sor t ; 
an el ect rocardi oeram at the time ( ~ 1957) was norma lo 

He r ema ined wel l but p on routnne exam ina tion in 9 1 959 ~ a erade I ap ical 
sys toli c mu rmur was not edo The elect rocar dioe ram was aeain normalo About t hi s t ime 
he noted the onset of undue and unusual fatlieue and in  1959 9 he noted recurrence 
of anteri or chest pa ino It was not severe~ did not rad i ate ~ and l asted for hours. 
Ni t roel yceri ne had no effect o Discovery of a slneht lymphocytos i s raised the ques­
t i on of inf ect i ous mononucl eosis and 9 unfor t una te ly of l euk em ia, quest i ons wh ich were 
speed il y r esolved o Nevertheless ~ the ep isode served to increase the pat i en t 's ae i ta­
t ion cons i der abl y. 

In  1959 9 after severa l weeks of mil d ma l a ise and sore th r oat ~ he 
deve l oped subs ternal pa i n ~ especi a ll y on tak nne a deep breath o On one occasi on he 
suffe red an a t tack of sever e precor dia l pa in~ lastine minutes~ wh il e in a meet ine . 
Exam inat i on at the time di scl osed that t he ap ical murmu r was now holosystolic, c l ea rl y 
rad iated to t he axi lla , and was of erade IV intens i ty . There were no diastol ic mu r­
mu r s . Bl ood pressure was 130/60o Thee l ectroca rdi oeram was aea i n norma l. Ca rdi o­
vascular f il m ser i es showed s li eht l eft vent ricul a r prominence o 

In  1959 ~ afte r a busy day 's schedule 9 he was too dyspne i c at rest t o 
slee~ . He wa s hospi taliz ed and carefully studied for ac t ive rheumatic fever and 
bacteri a l endoca rdi t is. All tests were neeat ive and he was d i schareed ~ much im­
proved , after about 10 dayso In  1 959 ~ he was aea in s tudi ed exhaus t ivel y. 
The mu rmu r was even mor e prom inent p the electroca rdioe ram unalte r ed ~ and the l ef t 
at rium was seen to pulsate rathe r violently on fluoroscopy. Ant is t repto l ys in t i te r s 
and C-react ive pro t e in levels were norma lo An LE cell preparation was a lso norma l. 

Prol oneed r est~ moderate weieht l oss 9 dieita lizat ion, and prophy lact ic pen i­
c illi n we r e r ecommended. The patient slowly imp roved symptomat icall y and ul t imate l y 
r etu rned to wo r k. I~  1960 , cardiovascular f ilms showed mil d bi ventricul ar 
en l a reement bu t t he overall size was smalle r than it had been a yea r previousl y . 
The murmu r and the electroca r diogram were unchan2edo 

At t he present t ime (  1 961~ two years after the onset of s ienifi­
cant symp t oms) the pat i ent i s asymptomat ic and is abl e to pursue his career with 
very sli eht li mi tation of activi ty o 

* * * * * 
Diaenos t ically, the on ly feature on which there is eeneral agreement i s the 

presence of recent l y acqu ired~ dynamica lly Sll£nllficant mi t ra l insuffici ency o Acu te 
r heumat ic f ever has never been proved and the various studies would seem to r ender 
i t un likel y. The poss i bility that a r upt~re~ chorda ten9 ina may be respons i bl e has 
been act i ve ly under cons i de ra tion since l 959o The cause of the rupture may have 
be~act i ve endocar di t is of some sort or pa rti a l infarction of a pap illary muscl e 
(w i th avu lsi on of a chorda or chordae but no t rupture of the pap ill ary muscle i tse l f) . 
There i s no reason to suspect phys ical t rauma to the chest o Fina llyp i nfarction of 
a pap ill ar y muscle wi th subsequent replacement of contractil e t issue by f ibrous 
e l ement s~ wi t hout rupture of any kind 9 may be responsible. Actual rupture of t he 

----~~le-i~-self would immed iately have produced catastrophic symp t oms and probabl y 
ex itus. 

No further the rapy ns contemplated at presento 

B. Infarction of pap illa ry muscl§a 

Ar teriosclerotic (corona ry) disease causine destruction~ but not neces­
saril y ruptur e ~ of pap illa ry muscles is an important clinical ent ity that is inade­
quatel y presented in modern med ical litera tureo Many older ar t icles and a few 
recent ones descr ibed i t (Allen~ 18841 Askey~ 1950; Brns towe ~ 1861; Davn dson~ 1948 ; 
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Gee, 1870; Hevel i ng ~ 1871; Hope, 1952; Lowry et sl, 1941; Me rat , 1803; Oeser, 1954; 
Peacock, 1865; Sander s gi sl, 1957; Stevenson and Tu rner~ 1935). 

Two very eood patholoe ic stud i es on i nfa rcti on of pap i lla ry muscle a r e 
Russ ian and a re not yet ava i lable in translat i on . Netz lin and Samesova* found some 
ev i dence of pap il l~ry muscl e i nvolvement i n 20 per cent of pat i ents dy ine wi th myo­
cardial infarct i on. They stud i ed 11 cases wi th l a ree foc i of necr os is (but wi thout 
r~pture) in the pap i lla ry muscl es very extens i vely. Nine of them i nvolved posterior 
and only 2 anterior pap ill ary muscl es. Diaenos i s was made antemo r tem i n 4 pat i ents 
on the bas is of cli ni cal ev i dence of sudden mass i ve mi t ra l insuff ici ency. The 
murmur is holosystol ic, characteri st i ca ll y appea r s severa l days after the i nfa rc­
t i on, and displays an increas ine i ntens i ty the reafter . They wer e unable to f i nd 
specif i c ECG chanees but note t ha t the disor der is mo re f r equent wi th poster i or than 
with anter i or i nfa rcts. 

Arkhaneelskii** points out that pap illa ry muscl es a r e essent ial for pr ope r 
funct i on i ng of the AV va l ves. He stud ied sect ions of pap ill a ry mu scles and found 
that their subendoca rdia l ree i ons were very f r equent l y i nvolved , a feature wh ich 
may pred i spose to avuls i on of chordal attachments . 

Ame ric•n and Bri t ish l i terature po i nts out the gross di ffe rence between 
necros is and scar ri ng of pap i llary muscles, on the one hand, and ruptu re of a pap­
ill ary muscle , on the othe ro The l atter pr oduces the "bellows" mu rmu r and is 
almost always rap i dly fatal (m inutes to hours). Simp l e i nvolvement of pap i lla ry 
muscles , however , may pr oduce mi t ral insuff ic i ency and va ryine deer ees of disab i l­
ity but is not necessa ril y fatal. It i s a se ri ous facto r i n proenos i s, however, 
and must be taken into account a l one wi th the history of underly ine corona ry disease. 

CASE REPORT 2 

A 68- yea r-ol d  man was br oueht to the eme rgency room on , 
1959, because of extreme weakness , fever, and ir rational conduct for about 2 days. 
The full hi story, as obta ined over a per iod of some weeks f r om all ava ilable sources, 
conta ined the follow i ne featu r es: 

In 1929, he susta i ned a shoteun wound to the l eft forearm wh ich had to be 
amputated as a r esult. He r ecover ed and was we l l until about 1939 when some fo rm 
of heart di sease was thoueht to have deve l oped . No deta i ls we re g i ven. 

In 1949, he was se i zed with upper abdom ina l pa in which was especially sever e 
In the rieht upper quadrant o Chol ecystec tomy was ca rri ed out wi t hout i nci dent . 
He r ema ined i n poor health af te r the ope rat i on but eave no spec i f ic compla i nts 
but seems to have had some dyspnea on exert i on and severa l bouts of what may ha ve 
been paroxysma l noctu rna l dyspnea i n t he decade before ex i t us. 

In . 1959, he developed du ll pa in i n the l eft ante ri or chest~ nausea, 
fever , and severe dyspnea o He was adm i tted to anothe r hosp i ta l on -59 . On 
examinat i on he had severe tachycar dia and rales at the bases of his l unes . There 
was a grade I I I systolic mu rmu r over the l ower precor diumo An el ect roca r di oeram 
( -59) showed s inus tachyca r dia~ i ncomplete left bundle branch block~ and sym­
metri cally inverted T-waves i n LL 2 and 3, and in AVF . The chanees had appea r ed 
s ince  1957 o Chest f il m was neeat i ve . Leukocyte coun t (8- 4- 59) was 13~ 000 
wi th 81 per cent neutrophilic cell s and marked shift to the left. The pat ient was 
mil dly febr il e for 12 days and was dischareed , und iaenosed but imp roved l 2 weeks 
af-te r ·adm iss i on. 

He di d very poorl y outside the hosp i ta lo He became proe ress ivel y weaker and 
developed severe shak ine ch ills i n m i d~ . He a lso los t about 30 pounds i n 

. 

*[Infarct i on of pap ill a ry muscles. Cl inical and pathol og ica l obse rvat i ons]. 
Kl i nicheskaya Med i ts ina 29:51-57, 1951. 

**[On the changes of the pap ill a ry muscl es of the hea r t i n myoca r dia l infa rct i on]. 
Arkh iv Patoloeii £i:48~54~ 1959 . 
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showed a tempe rature of 101 de£rees~ pulse 
and blood pressu re 108/70. The pat i ent was poorl y eri ented and ex­

t remely sluee i sh . There were numerous petech iae over the ri£h t fo r ea rm and hand. 
The heart was sl ieht l y enl areed and there was a e rade IV holosystolic murmur at 
the apex ~ obscurin2 both sounds and rad iat ine we ll into t he ax illa . P2 was ac­
centuated. Both the liver and the spleen wer e eas il y pa lpable and tender . 

Electr oca rdi ograms (3) we r e of poor qua lity but showed uniformly l ow volta£e 
and flat T-waves in the li mb l eads. There was an in t raventricular conduct ion 
defect of indete rminate type . Chest f il ms showed moderate l eft ventricula r en l a r£e­
ment and later -59) showed i ncrease in the s ize of the hea r t ~ plus scatte r ed 
wi spy a reas of pa r enchyma l dens i ty. 

There was sever e anem ia (7- 9 2rams of hemo2lob in) and ma r ked increase i n 
neut roph ils in the peri pheral blood. The ur ine conta i ned many r ed and wh i te cells 
and showed 4 plus tests fo r a lbumin . The BUN was 62 on entry but decl ined l ater . 
Circulat i on t ime (a rm-to-toneue) was 20 seconds and venous pressure was norma l. 
Bl ood cultures yi el ded coa£u l ase posi t ive staphylococcus. 

Desp i te vieorous t reatment with va riw s ant i biot i cs and other aeents 1 the 
patient's course was inexorably unfavorable. Dyspnea e raduall y became more marked 
and on  si ens su~est i ve of cerebrovascul a r acc i dent appea red . He di ed 
on 1 twenty days afte r adm iss ion . 

At autopsy, the re we r e mu l t i pl e petech iae over the a rms and l e£S. The £a l l­
bladder was absent and the spleen was sl ieht l y enla reed. The ki dneys had mu l t i ple 
petech iae on the ir surfaces. The heart we i£hed 520 erams; there wa s a modera~e 
outpocket i ne f rom the poster olateral wal l of the l eft ventr icle the wa ll of wh ich 
was well ca lci f i ed. Both vent ricl es we re consi derabl y dil ated . The pap illa ry 
muscles of 'the left ventri cle were r epresented by th in f i brous bands to wh ich nor­
ma l chor dae tend i nae were attached . Both pap illary tabs were ma r kedly displaced 
upwa r d, resultine in cons i de rabl e di stortion and t il t ane of the mi tral rnne. The 
anter i or mi t ral cusp had a fr iable veeetat ion on i t s atri a l surface nea r i t s ma re in. 
Ne i the r cusp was thickened or ulcerated . The aortic valve and the va l ves of the 
rieht s i de wer e no r, ma l. The l eft corona ry artery was occluded by ca lcium and 
atheroma just prox imal to t he ori £in of the ante ri or descend i ne branch. The r ieht 
coronary a r te r y was patent. 

C. Perforat i on of a mitral cu~ 

Th is event@ like rupture of a pap illary muscle 1 is li ke ly to produce 
fa il ure and death quite rap i dly. The processes most likely to cause i t have 
a lready been discussed. 

IV. Conclus i ons 

Any di stu r bance of t he delicate funct i ona l sequence i n the app lica t ion of 
muscul ar and hydraulic forces on the l eft s i de of the heart is capable of produc­
in£ mi tral r eeure itat i on . Invol vement of the va l ve l eafl ets is not essent ia l. 

The rol e of arter ioscler otic (coronary) heart disease in the pr oduc t i on of 
funct i onally s ign ificant mi t ra r e£U r£i tat i on i s abundant ly es tab lished. The con­
tribut ion made by th i s type of acqu ired mi t ral r egurgitat i on to the cl i nica l pi ctur e 
of coronary disease is impor tant and needs r eemphas is. 




