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Stellingen 

I. 

Mitralisregurgitatie is de belangrijkste predisponerende faktor 
voor het ontstaan van chordaruptuur. 

II. 

Een verandering in de onderlinge ruimtelijke verhoudingen of kwa
liteit van een of meer der zes komponenten van het mitralisapparaat 
kan de oorzaak zijn van chordaruptuur. 

Ill. 

De zogenaamde "spontane" chordaruptuur wordt minder spon
taan wanneer het verouderingsproces en hypertensie als risikofak
toren warden aangemerkt. 

IV. 

Chordaruptuur is een akute gebeurtenis die asymptomatisch kan 
blijven maar meestal aanleiding geeft tot chronische klachten. 

V. 

Boezemfibrilleren bij chordaruptuur wordt slechts bij oudere pa
tienten gevonden. De veel hogere incidentie ervan bij rheumatische 
mitralisregurgitatie wijst er op dat rheumatische myocardverande
ringen en de leeftijd een belangrijke rol spelen bij het ontstaan ervan. 

VI. 

Het moment van operatief ingrijpen bij patienten met chordarup
tuur dient bepaald te warden door klachten. Het is niet uitgesloten 
dat bij een patient met weinig klachten de kans op mitralisklepre
konstruktie grater is met de voordelen vandien. 

VII. 

Een adekwate endocarditisprofylaxe en de zorgvuldige bestrijding 
van hypertensie hebben een preventieve waarde voor het ontstaan 
van chordaruptuur. 
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VIII. 

Het uitvoeren van een komplete hartcatheterisatie alleen omdat 
een pre-operatieve additionele coronaire angiografie wordt ge
vraagd, verlengt de procedure onnodig en verhoogt het risiko voor 
de patient. 

IX. 

De term "klassiek beeld" wijst veelal op het topje van een ijsberg 
en kan derhalve blikvernauwend werken. 

X. 

Bindweefselzwakte bij het syndroom van Marfan zou eenvoudig 
kunnen leiden tot chordaruptuur. Logika blijkt niet steeds de basis 
voor feiten: in 184 jaren wordt slechts een patient beschreven met 
mogelijk een "spontane" chordaruptuur en dit syndroom. 

XI. 

Uit het feit dat het leven van Damocles aan een zijden draad werd 
gehangen kan warden afgeleid dat Dionysius de Dude van Syracuse 
2000 jaar geleden niet op de hoogte was van het bestaan van 
chordaruptuur. Een draad immers hoeft niet van zijde te zijn om het 
leven er aan te laten hangen. 

XII. 

Het echocardiogram is niet de afbeelding van een hart maar 
slechts de afbeelding van de echo's ervan. 

XIII. 

Voor een beter begrip van de fysiologie en pathologie van het hart 
is kennis van echocardiografie, fonocardiografie en polskurven een 
noodzakelijke basis. 

XIV. 

De arts kan beter drie minuten besteden aan een zorgvuldige uit
leg van de profylaxe van endocarditis dan de patient twintigduizend 
keer meer aan de genezing ervan. 



xv. 

Het emancipatieproces zal nimmer eindigen. Mitralisstenose 
blijft een overwegend feminine vernauwing, chordaruptuur een 
masculine verruiming. 

XVI. 

lndien steeds aan luid opgevoerde rechten stil uitgevoerde plich
. ten vooraf zouden· gaan zou de maatschappij er niet alleen ekono

misch maar ook sociaal beter voor staan. 

XVII. 

Een klinische partus is een noodgreep. 
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As the expression of an impression is called art, echocardiography also 

is a kind of art 

JPM Hamer 
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Fig. 1. Part of the posterior leaflet of the mitral valve of patient no 62, with part of 
the chordae tendineae. The central chorda is ruptured without a history of 
rheumatic heart disease and without endocarditis, which makes a "spon
taneous" chordal rupture very likely. The patient was known with hyper
tension and was 59 years of age at the time of echodiagnosis. 
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Chapter I 

Introduction 

"La grande portion de la valuule mitrale qui est au-devant de /'orifice de 

/'aorte ne tenait plus par /es filets tendineux aux colonnes charnues 

aux-quelles ces filets vont se rendre". 

Essai sur Jes maladies et Jes lesions organiques 

du coeur et des gros vaisseaux. 
J. N. Corvisart, 1806. 

It is assumed that this is the first description of chordal rupture 
of the mitral valve in a 39 year old man who suffered from rheumatic 
fever when he was 20 years old and died in the Hopital de la Charite 
in Paris of cardiac failure on the 12th of June 1 BOO. 

I n  this book Corvisart refers to the original description of this 
patient in the Journal de Medicine, Chirurgie et Pharmacie of Oc

-:

tober 1 BOO. 
In addition this is also the first report of chordal rupture of the 

mitral valve due to bacterial endocarditis after rheumatic heart 
disease. The link between endocarditis and chordal rupture was also 
suggested by Corvisart: 

"Ne pourrait on pas-meme soup9onner que la rupture de ces fi/ets de la 

valuule n'a eu lieu que par le fait meme de /'alteration qu'ils ant soufferte 

par /'action de la vegetation?" 

In 1845 the next description of chordal rupture of the mitral valve 
was given by Barlow in a 20 year old man also suffering from bact
erial endocarditis. 

I n  1859 Flint describes the first series of patients with chordal 
rupture. In 39 patients with mitral regurgitation investigated at 
autopsy he found four cases of apparant "spontaneous" chordal 
rupture. 

Most authors, however, believed at that time that bacterial endo
carditis and/ or rheumatic heart disease was necessary to produce 
a chordal rupture. 
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_ In 1902 however, Horton-Smith also described a so-called "spon
taneous" chordal rupture. 

Vaquez (1924) and White (1931) still believed that endocarditis 
was the only cause for chordal rupture. 

Frothingham (1934) also described normal chordae tendineae at 
the site of the rupture. As late as 1968 Brown believed that chordal 
rupture may be associated with rheumatic heart disease, bacterial 
endocarditis and disorders of connective tissue but he preferred, 
in general, to call rupture of the chordae tendineae "idiopathic". 

In 1964 Wolnisty called chordal rupture "until recent years, a 
medical curiosity and controversial material at clinical pathological 
conferences". 

In the sixties a growing interest in chordal rupture is seen but a 
correct antemortem diagnosis was seldom made. With the pos
sibilities of heart surgery a correct pre-operative diagnosis became 
more important and many investigators of that time began to pay 
attention to the medical history and the clinical findings. 

In 1973 Burgess states: "Today however, proper cardiologic 
diagnosis requires more than mere recognition of mitral insufficien
cy. It has become apparent that a variety of types of mitral insuffi
ciency exists and differentiation of these has clinical importance". 

Buonocore (1976) also recognises that "mitral insufficiency re
lated to chordal rupture is a clinical identifiable entity which may on 
occasion require immediate surgical attention". 

A "classical" picture of chordal rupture is given by Caves in 1972: 
1. the sudden onset and rapid progression of dyspnoe and fatigue in 

a previously healthy patient 
2. the finding of severe mitral regurgitation, producing a systolic 

thrill, a widely radiating pansystolic murmur, an accentuated 
pulmonary component of the second heart sound and a third 
heart sound 

3. sinus rhythm 
4. minimal enlargement of the left atrium 

This, however, concerns the fully developed clinical pre-surgical 
condition of severe mitral regurgitation on the basis of chordal 
rupture. 
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In spite of the communis opinio in the seventies that it is a severe 
disease, the diagnosis could only with difficulty be made before 
surgery or autopsy. That decade is also characterized by the intro
duction of echocardiography, giving the physician the possibility of 
non-invasive visualization of the echoes of the mitral valve and ad
jacent structures. This now leads to a better pre-surgical diagnosis 
and also to a diagnosis in patients who obviously do not need surgical 
intervention. 

3 





Chapter I I  

Survey of the literature 

2.1. Prevalence and incidence 

The incidence of chordal rupture of the mitral valve (CRJ in retro
spective studies of unselected autopsy findings was investigated 
by Bailey, Maurice, Barillon and Acar. Their findings are listed in 
Table 11-1. 

number of 
autopsies 

0/oCR 

2400 0.46 
1678 1.4 
2124 2.0 
1429 1. 1 

year 

1944 
1964 
1967 
1968 

Table 11-1. Incidence of CR in unselected autopsy findings. 

investigator 

Bailey 
Maurice 
Barillon 
Acar 

Bailey found abnormalities of the chordae tendineae or mitral 
valve in all patients with CR. Baril Ion found an incidence of 1 00/o in 
autopsies of patients with mitral regurgitation. Acar did not give 
specifications. 

The incidence of CR found during surgery is listed in Table 11-2. The 
patients were selected from groups who underwent mitral surgery 
for mitral regurgitation, for pure mitral regurgitation without rheu
matic heart disease and for mitral valve disease without further 
specifications. 

The incidence of "spontaneous" CR in patients, surgically treated 
for mitral regurgitation is listed in Table 11-3. 

According to the localization of the CR, a division has been made in 
the literature into rupture in which a valve leaflet is involved or a rup
ture of chordae originating from the anteromedial or posterolateral 
papillary muscle group. 
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number of patients 
surgically treated 0/o CR year investigator 
for mitral 
regurgitation 

43 9.3 1957 Davila 
58 22 1964 Morris 

224 21 1966 Ellis 
51 21.6 1967 Cohen 
80 7.5 1968 Acar 

230 19 1972 Selzer 
212 12.3 1973 Caves 
290 9.3 1975 Kapita 

number of patients 
surgically treated 
for pure mitral 0/o CR year investigator 
regurgitation 
without 
rheumatic heart 
disease 

20 50 1969 Klughaupt 
290 36 1975 Kapita 

41 80 1978 Lutfalla 

number of patients 
surgically treated 
for mitral valve 0/o CR investigator 
disease 

126 11.9 1965 Marchand 
300 6.3 1969 Lennox 

1775 12 1983 Oliveira 

Table 11-2. Incidence of CR in patients surgically treated for mitral valve disease. 
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number of patients 

surgically treated 0/o isolated or year investigator 

for predominant spontaneous 

mitral CR 

regurgitation 

290 4.4 1975 Kapita 
600 1 1978 Cuasay 

number of patients 

surgically treated 0/o isolated or year investigator 

for pure mitral spontaneous 

regurgitation CR 

212 8.9 1973 Caves 

59 14 1976 Amlie 

Table 11-3. Incidence of "spontaneous" CR in patients surgically treated for predomi
nant and pure mitral regurgitation. 

Most of the descriptions are related to the valve leaflet. The 

findings in the literature are listed in Table 11-4. The difference 

between involvement of the anterior and the posterior leaflet is 

not significant. 

All patients in Table 11-4 were proven during surgery. It was sug

gested that CR of the anterior leaflet could be related more fre

quently with sudden death and thus could be seen more often in the 

coroner's autopsies (Hill 19741. However, the difference in involve

ment of both leaflets is also not significant if the patients are selec

ted according to the findings during surgery and/or autopsy as is 

shown in Table 11-5. 

A division of the localization of the CR in relation to the papillary 

muscle groups is given by two authors and is presented in Table 11-6. 

Also in this division the difference between the involvement of the 

papillary muscle groups is not significant. 
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number of amvl pmvl both year investigator 
patients 

18 9 8 1 1961 Osmund sen 
6 4 2 1964 Menges 
6 3 3 - 1964 Morris 
6 1 5 - 1966 Marchand 

31 19 11 1 1966 Ellis 
10 5 5 1969 Klughaupt 

4 2 2 - 1970 Ronan 
22 9 13 - 1971 Manhas 

8 2 6 - 1972 Weldon 
7 1 6 1972 Singh 

54 12 35 7 1972 Selzer 
14 5 8 1 1973 Littler 

128 83 32 13 1975 Dubost 
11 1 10 - 1974 Hill 

7 5 - 2 1976 Joseph 
11 2 9 - 1976 Cooksey 

8 3 4 1 1977 Gallagher 
6 1 5 - 1978 Cuasay 

33 13 18 2 1978 Lutfalla 
6 2 3 1 1980 Tei 
9 7 - 2 1981 Petitier 

211 76 114 21 1983 Oliveira 
11 6 5 - case reports - -

627 271 304 52 

(43.1) (48.4) (8.3) D/o 

Table 11-4. The site of the CR, proven during surgery, in relation to the leaflet involved, 
amvl = anterior mitral valve leaflet; pmvl = posterior mitral valve leaflet. The differ-
ence between involvement of both leaflets is not significant. 
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number of amvl pmvl both year investigator 
patients 

45 22 14 9 1966 Soulie 
39 19 17 3 1967 Sanders 

4 2 2 1976 Buonocore 

88 41 33 14 
(46.4) (37.5) (15.9) 0/o 

Table 11-5. The incidence of the leaflets involved in CR, proven during surgery or autop-
sy. The difference between involvement of the anterior leaflet lamvll and the paste-
rior leaflet lpmvll is not significant. 

number of a. I. p.m. both year investigator 
patients 

20 9 8 3 1961 Osmundsen 
25 3 8 14 1973 Caves 

45 12 16 17 
(26.7) (35.5) (37.8) 0/o 

Table 11-6. Location of the CR in relation to the papiilary muscle groups. a.I.= anterola
teral papillary muscle group; p.m. = posteromedial papillary muscle group. The diffe
rence between involvement of both groups is not significant. 

Some authors have also divided CR into known and unknown 
causes, the latter being called "spontaneous" or "idiopathic" and 
related the leaflet involved in this. This is listed in Table 11-7. The 
difference between involvement of the anterior and posterior leaflet 
is significant (p<0.00051. 

The sex and age incidence of patients with CR has been described 
by Selzer (19721 in 44 patients. He also gave the findings of sex and 
age in 88 patients with rheumatic mitral regurgitation. 

Kapita (19751 described the sex and age incidence in 26 patients 
with "spontaneous" CR and with CR together with other mitral valve 
lesions or other valve lesions. 

Their findings are listed in Tables 11-8 A and B. 
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number of amvl pmvl both year investigator 
patients 

10 5 5 - 1969 Klughaupt 
9 2 7 1971 Manhas 
7 1 6 1972 Singh 

33 3 27 3 1972 Selzer 
13 6 7 - 1975 Kapita 
11 2 9 1976 Cooksey 

8 3 4 1 1977 Callagher 
6 1 5 1978 Cuasay 
9 7 2 1980 Petitier 
5 2 3 1980 Tei 

159 50 98 11 1983 Oliveira 

274 75 180 19 

(27.4) (65.7) (6.9) O/o 

Table 11-7. The leaflets involved in CR in patients with a "spontaneous" CR. The diffe-
rence between involvement of the anterior leaflet (amvll and the posterior leaflet 
(pmvll is significant. (p<0.00051. 

age 0-20 21-30 31-40 41-50 51-60 >BO total 

males 0 1 0 7 20 8 36 

females 0 0 1 0 3 4 8 CR 
total 0 1 1 7 23 12 44 

males 9 2 1 6 9 1 28 rheumatic 
females 4 9 11 16 17 3 60 mitral 
total 13 1 1  12 22 26 4 88 regurgitation 

Table II-BA. Sex and age incidence in patients with CR and in patients with rheumatic 
mitral regurgitation by Selzer (19721. 
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all patients with CR isolated CR CR + other valve 
disease 

sex age patients age patients age 
males 19 

19-69 y 13 32-64 13 19-69 
females 7 51 42 

Table 11-8B. Sex and age incidence in patients with CR, in patients with "spontaneous" 
CR and in patients with CR and other mitral valve lesions or with other valve lesions 
by Kapita ( 1 9751; further specifications from the groups were not given. y = years. 

2. 2. Anatomy of the mitral apparatus 

" . . .  quas mitrae episcopali non admodum inepte simodo part em caput 
a mplectentum ipsi membraneo circulo, & huiis processus anteriori 
p osteriori mitrae cacumini assimilaueris. " 

Andreas Vesalius 
De Humani Corporis Fabrica 

Liber VI, 592, 1543 

(" . . .  which membranes then can surely also uery suitibly be compared 
with the bishops' mitre if the part that enuelopes the head is compared 
with the membraneous ring and the endings of it with the front and back 
tip of the mitre. ") 

The name "mitral valve" originates from a description given in the 
quotation above by Vesalius. He compared this valve, which is the 
only cardiac valve consisting of two leaflets, with a bishop's mitre. 
By this description he indicated clearly that the area of both leaf
lets is much larger than the area of the valve ring. 

The complexity of this valve system has intrigued many investi
gators. Not only the anatomy of the valve is difficult to describe; its 
function is even more difficult to understand and has been the sub
ject of many investigations. 

From a functional point of view most authors preferred to 
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describe this valve as the mitral apparatus because of the many 
structures involved in its functioning. 

An excellent description of the mitral apparatus has been given 
by Silverman ( 19681 and by Roberts and Perloff ( 19721; this will be 
reviewed here together with remarks from other authors. 

The mitral aparatus consists of four major components: the val
ve leaflets, the chordae tendineae, the papillary muscles and the 
annulus. In addition the left atrium and the left ventricular wall are 
important components. 
The left atrium because of the continuity with the posterior leaf
let and the left ventricular wall because of its spatial position and 
pattern of movement (Fig. 2.l. 

The mitral value consists of two leaflets: the anterior or septal or 
anteromedial leaflet and the posterior or mural or posterolateral 
leaflet. The anterior leaflet is judged to be the largest one, but the 
surface areas of both leaflets do not differ greatly. The anterior 
leaflet has a larger apico-caudal length so that its length of annular 
attachment is less than that of the posterior leaflet, being about 1 :2. 

The anterior leaflet is approximately triangular in shape and 
measures from its apex to the basilar attachment 1.8-3.2 cm. It 
is almost twice the height of the posterior leaflet (Ou Plessis 
1964, Chieci 1956, Morris 19601. The basilar length is between 
2.4 and 4.5 cm (Chieci 19561. 

The posterior leaflet has a quadrangular configuration. Its base 
varies from 2.3-4. 1 cm in length with a height from 0.8-2.5 cm. The 
length is attached to the mitral annulus. The posterior leaflet covers 
about 2/3 of the mitral annulus. Occasionally, the commissural 
tissue is prominent enough to form an accesory leaflet (Chieci 
1956). The normal number of scallops of the posterior leaflet is 
three, but two scallops were found in two cases, and five scallops in 
two cases in an autopsy study of fifty normal adult hearts. (Ranga
nathan 19701. 

The mitral leaflets are connected with each other at the commis
sures and are continuous with each other. The surface area of the 
leaflets is approximately 2.5 times that of the area of the mitral 
annulus (Brock 19521 and measures about 18 cm2 for males and 
15 cm2 for females (Tandler 19131. 
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Fig. 2. Schematic representation of left atrium, mitral valve with chordae and papil
lary muscles, left ventricle and aorta. The large and long, triangular shaped anterior 
mitral leaflet that occupies less than half of the mitral ring, is projected on the left. 
The three parts of the shorter posterior leaflet ar visualized in the middle and on the 
right. The continuity of the mitral leaflets with the left atrial wall and the aortic valve 
is shown which completes the six components of the mitral valve apparatus: the left 
ventricular wall, the papillary muscles, the chordae tendineae, the mitral annulus, the 
valve leaflets and the left atrium. 
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The mitral annulus is a tough band of fibro-elastic connective tis
sue between the atrium and the ventricle and forms the base of the 
mitral valve. It measures about 8-12 cm in circumference. The 
anteromedial third is continuous with the left coronary cusp of the 
aortic valve and with half of the noncoronary cusp. The remaining 
2/3 of the annulus fibrosis completes the formation of the ring ex
tending laterally from the left fibrous trigone in front around to the 
right fibrous trigone posteromedially (Chieci 1956). 

The area of the mitral orifice at the level of the annulus is about 
8.0 cm2 ( Burch 1965). 

The chordae tendineae are strong fibrous cords, running from the 
valve leaflets to the papillary muscles and sometimes to the left 
ventricular wall. They are composed of fibrocytes, elastin and col
lagen and are covered by a single layered endothelium. Cardiac mus
cle cells are seldom found in the chordae (Fenoglio 1972). It is as
sumed that nutrition of the chordae is by direct diffusion (Gallagher 
1977). 

The chordae originate from the papillary muscles of the left ventri
cle, where an average of 24 chordae is found at this level. They sub
sequently subdivide as they progress from the papillary muscles to 
the leaflets. The chordae, about 60 in number, are attached to the 
ventricular surfaces of both leaflets. 

The division of the chordae and their attachment are rather com
plicated and have given rise to several types of classification. The 
oldest classification, still used by many authors (Brock 1952, Chie
ci 1956, Van der Spuy 1958, Burch 1963, DuPlessis 1964, Silver
man 1968, Luther 1974) is a division into first, second and third 
order chordae. The first order chordae originate from the papillary 
muscles and insert on the free edge of the leaflets. The second or
der chordae are somewhat thicker, originate from the papillary 
muscles and insert a short distance from the free edge on the ven
tricular surface of both leaflets. The third order chordae originate 
directly from the left ventricular wall to insert primarily on the pos
terior leaflet. 

In this respect the division made by Roberts and Perloff ( 1972) 
is rather confusing: the term primary or first order chordae is used 
for those parts of the chordae that originate from the papillary mus-
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cles. Those chordae subdivide into secondary chordae and they 
divide into tertiary or third-order chordae, so that only third-order 
chordae are attached to the leaflets. This classification has not 
been used by other authors in later years (Luther 19741. 

Hill ( 1974) distinguished several types of chordae through their 
mode of insertion and Lam ( 1970) proposed a new classification in 
relation to rupture of the chordae tendineae. However, both classi
fications are - for practical purposes - not in use today. 

Sokoloff (1950) investigated the length and diameter of chordae 
of the second order (originating from the papillary muscles and in
serting at the ventricular surface of the valve leaflets and not at the 
free edge) in 149 adult patients from the anterior and posterior 
mitral leaflet. 

The thickest second order chordae tendineae of the anterior leaf
let were 0.86 mm ranging from 0.4-1.5 mm (SD ± 0-0.20) in normal 
adults. In older patients with sclerotic chordae this diameter was 
2.1 5 mm ranging from 1.2-3.8 mm. 

The average diameter of the second order chordae of the pos
terior leaflet was 0.35 mm ranging from 0. 19-0.56 mm for normal 
chordae in adults. This was the same for sclerotic chordae in the 
adult: 0.35 mm ranging from 0.29-0.42 mm. 

The length of the second order chordae was maximal in the cen
tral chordae of the anterior mitral leaflet with an average of 2 1.5 
mm within a range of 9.3-35.0 mm. The length of the second order 
chordae was 1 8 mm for the average posterior leaflet chordae rang
ing from 10. 1-29.0 mm (SD ± 3.31. In sclerotic chordae of the adult 
the length of the second order chordae was 17.3  mm ranging from 
1 2.2-22.4 mm. 

Sokoloff describes the sclerotic chordae as being composed prin
cipally of hyalinised collagen arranged in concentric circles. In more 
advanced sclerosis the central core of the chordae became atro
phic. Sclerotic chordae were found only in the hearts of white men 
from 37-82 years of age. Age should be an important factor in the 
pathogenesis of sclerosis. Arterial hypertension was not found to be 
a significant factor in the development of chordal sclerosis. 

In  patients who were considered grossly free from rheumatic in
flammation, the central chordae of the anterior leaflet were found to 
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be thickened in all hearts and in subjects of all ages, suggesting a 
normal developmental phenomenon. A thickening to a much greater 
extent associated with laying down of large amounts of subendo
cardial collagen was found in 11 adult hearts. In the development of 
this sclerosis it is important to note that it did not occur in patients 
younger than 37 years of age; also it was suggested that the predi
lection for the central chordae of the anterior leaflet to undergo 
these changes indicates that mechanical factors, stemming from 
the character of the blood flow in this region, are also involved. 

The papillary muscles are located in the left ventricle anterolate
rally and posteromedially. Both muscles show a considerable varia
tion in their appearances. The anterolateral papillary muscle usually 
consists of a single trunk. The posteromedial papillary muscle is ge
nerally smaller and consists mostly of two or more smaller pillars. 
Most of the blood to the anterolateral papillary muscle comes from 
the left anterior descending coronary artery; the posteromedial pa
pillary muscle is fed by the right coronary artery. The left circumflex 
feeds both papillary muscles. 

2.3. Function of the mitral apparatu s 

"The mitral ualue is a complex, finely coordinated mechanism. Its 

competency depends on the functional integrety of six anatomic 

components acting in a delicate concert. When any of its six anatomic 

components are faulty, the harmony of the mitral mechanism may be 

altered. " 

Perloff, 1972 

The mitral apparatus has two main functions: it permits a rapid 
filling of the left ventricle under a low pressure gradient during dia
stole and it assists the forward ejection of blood through the aortic 
valve during systole by tightly closing the left ventricular inflow tract 
(Luther 1974). 

The closing of the mitral valve is a dynamic rather than a passive 
process that solely depends on pressure gradients. The compe-
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tence of the mitral valve depends on the anatomic, spatial and tem
poral integrity of the whole mitral apparatus ( Luther 19741. 

If the left atrial pressure wave is propagated into the left ventri
cle, the greater left ventricular pressure tends to close the mitral 
valve ( Little 1954, Sarnoff 1962, Brockman 1966), which makes an 
optimal timing of atrial systole necessary. The bloodstream from 
the left atrium to the left ventricle has a suction effect on the valves, 
pulling them together ( Silverman 1968). In this part of the cardiac 
cycle the spaces between the chordae serve as secondary orifices 
between left atrium and left ventricle. 

At the beginning of systole, the papillary muscles contract before 
the rest of the myocardium ( Perloff 1972). They tighten the chordae 
and flatten the cone formed by the cusps and ring; at this moment 
the chordae also contribute to mitral apposition. The annulus - con
sidered for a long time as an inert structure - is decreased in cir
cumference by the surrounding deep bulbospiral muscle. This cau
ses a reduction of the area that has to be sealed off by the valve 
leaflets (Chieci 1956, Van der Spuy 1958, Davies 1 963, Brolin 
1 967). This reduction of the area is about 300/o (Walsh 1980l. 

During the isovolumic contraction phase the leaflets are 
approximated by the rising left ventricular pressure and active 
contraction of papillary muscles. They are folded together with a 
large contact area which prevents mitral regurgitation. The free 
edges of the leaflets do not merely touch. The rest of the leaflets 
bulges like a parachute towards the left atrium. When the left 
ventricle ejects, the apex-base distance shortens and the 
contracted papillary muscles produce an appropriate vertical 
anchoring force to the chordae tendineae. This prevents prolapse of 
the leaflets into the left atrium ( Perloff 1972). 

If in this "delicate concert", the orchestra produces a false note, 
mitral regurgitation will result. 

In this analogy, one broken string of the uiolin section may seuere/y 

disturb the concert. 

17 



2.4. Causes of m itral regurgitation 

The left atrium 

Stretching of the left atrial wall can prevent coaptation of the leaf

lets, especially since the posterior leaflet is continuous with the left 

atrial endocardium. This leaflet can, under this condition, be pulled 

outward and upward. This is one of the reasons that "mitral regurg

itation begets mitral regurgitation" (Edwards 1958). Enlargement 

of the left atrium by elevated pressures or an intra-atrial tumour 

can in this way, cause mitral regurgitation.  

The mitral annulus 

The mitral annulus itself can cause mitral regurgitation by dilata

tion but this a rare cause. I t  has been stated that an abnormality of 

the fibrous skeleton is necessary for the mitral annulus to dilate 

enough to cause mitral regurgitation. The circumference of the an

nulus was measured by Bulkley (1975). Mitra! regurgitation on the 

basis of only annular dilatation was only found in a few patients. 

The mitral leaflets 

The mitral leaflets may be insufficient due to congenital deform

ity. In most cases however, valvulitis is the cause of leaflet deform

ity or rupture, causing mitral regurgitation. The most common 

causes are rheumatic fever and endocarditis of the mitral valve. 

Traumatic rupture of the mitral valve is a rare feature but has been 

described (Peacock 1865, Barie 1881, McLaughlin 1964). 

The chordae tendineae 

Mitra! regurgitation can exist or develop when the chordae are 

too long (Caves 1973), too short (Perloff 1972), congenitally de

formed (Edwards 1960) or ruptured (Corvisart 1 800l. An abnormal 

length or accessory chordae may prevent adequate coaptation of 

the leaflets resulting in mitral regurgitation. When chordae ten

dineae are ruptured the support of the valve is lost and the leaflets 

will prolapse into the left atrium. 

The papillary muscles 

Papillary muscle dysfunction can be the cause of mitral regurgit-
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ation (Burch 1963, Cheng 1969). Failure to contract sufficiently 
results in less or no decrease in distance between the t ip of the papil
lary muscle and the mitral annulus at the moment of contraction of 
the left ventricle, when the apex to base distance is shortened. This 
can result in prolapse of one or both leaflets into the left atrium, cau
sing mitral regurgitation. It can occur in ischemia or infarction of the 
papillary muscles ( Burch 1963). 

A rupture of the papillary muscles causes severe mitral regurgit
ation by loss of support of a great part of the leaflets involved. I n  
most of the cases this is caused by weakening of the papillary mus
cles by infarction, but a few cases of rupture .have been described 
with a traumatic cause ( Bryant 1 973). 

The left uentricle 

It has been suggested already in 1892 by Griffith that relaxation 
of the walls of the left ventricle might allow some slight regurgit
ation. Global and regional dilatation of the left ventricle causes an al
tered spatial position of the papillary muscles in respect of the 
mitral annulus which can prevent proper coaptation of the leaflets. 
This can be one of the causes of mitral regurgitation in dilating card
iomyopathies. 

With the same effect, myocardial ischemia or infarction can alter 
the normal contraction pattern of the left ventricular wall, causing 
mitral regurgitation. A primary or secondary tumour of the left ven
tricle can also very seldom cause mitral regurgitation in this way. 

2.5. Causes of chordal rupture 

The chordae tendineae consist of fibrous bands, containing only 
rarely some cardiac muscle cells ( Feneglio 1972). No vasculature 
has been found in the chordae. 

As a consequence rupture of the chordae cannot be caused by 
direct involvement of the chordae in myocardial infarction (Gallagher 
1977, Perloff 1972). 

In the literature the following causes and risk factors of chordal 
rupture (CR) can be found: bacterial endocarditis, rheumatic fever, 
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mitral valve prolapse, "spontaneous", hypertension, aortic 
regurgitation, connective tissue disease, physical exertion and 
trauma. 

a. Bacterial endocarditis is a well-recognized cause of CR (Corvisart 
1800l. The incidence of healed or active endocarditis as a cause of 
CR in comparable studies of autopsy and surgical findings is listed in 
Table 11-9. 

no of pat. bact. end. year investigator 
with CR no 0/o 

20 13 65 1961 Osmundsen 
10 6 60 1966 Roberts• 
45 25 55.5 1966 Soulie 
50 12 24 1967 Barillon 
39 1 1  28 1967 Sanders 
26 3 11.5 1973 Caves 

6 1 17 1980 Tei 
213 28 13. 1 1983 Oliveira 

Table 11-9. Incidence of CR caused by endocarditis in comparable groups of autopsy 
and surgical findings.• The other 4 patients may also have had endocarditis. 

b. Acute or chronic rheumatic feuer is not an uncommon cause of CR 
( Peacock 1 865, Hwang 1968). The incidence of CR in rheumatic 
heart disease in comparable groups of autopsy and surgical findings 
is listed in Table 11- 10. 

no of pat. rh. h. dis year investigator 
with CR no 0/o 

45 9 20 1966 Soulie 
50 8 16 1967 Barillon 
39 19 48.7 1967 Sanders 
27 9 33.3 1978 Pony 

213 19 8.9 1983 Oliveira 

Table 11- 1 0. The incidence of CR caused by rheumatic heart disease in comparable 
groups of autopsy and surgical findings. rh. h. dis. = rheumatic heart disease. 
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c. Mitra/ ualue prolapse can be complicated by CR. The incidence of 
this complication after the mitral valve prolapse was diagnosed by 
auscultation or echocardiography is listed in Table 11-11 gathered by 
Halphen ( 1981 l. Added to this are the findings of Grenadier ( 1983). 

no of pat. MVP year investigator 
with CR no □/o 

62 1 1.6 1974 Allen 
14 1 7. 1 1975 Beneman 
69 0 0 1975 Appelblatt 
38 0 0 1977 Koch 
53 1 1.9 1977 Mills 

226 5 2.2 1979 Jeresaty 
190 13 6.8 1979 Chandraratna 
134 15 11.2 1983 Grenadier 

Table 11-11. The incidence of CR as a complication of mitral valve prolapse (MVPJ 

d. "Spontaneous" or "idiopathic" CR is a rather common finding in the 
literature. The incidence of "spontaneous" CR in comparable groups 
of autopsy or surgical findings is listed in Table 11-12. 

no of pat. cause of CR year investigator 
with CR unclear 

no □/o 

20 0 0 196 1  Osmundsen 
45 8 18 1966 Soulie 
50 13 26 1967 Barillon 
39 18 46 1967 Sanders• 

8 1 12.5 1972 Weldon 
26 19 73 1973 Caves 
27 12 44 1978 Pony 

213 159 74.6 1983 Oliveira 

Table 1 1- 1 2. Incidence of "spontaneous" CR in comparable groups found during 

surgery or autopsy.• 13 of the 18 patients also had significant aortic regurgitation. 
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e. Hypertension has been described in 5 out of 7 patients with 

apparent "spontaneous" CR by Bailey ( 1944). From the description 

of several case reports of CR, it appears that some of the patients 

were known with hypertension before the CR was diagnosed (v 

Albertini 1938). Hypertension as a possible risk factor of CR is 

evaluated in only two studies in the literature and is listed in Table 11-

13. 

no of pat. 

with CR 

39 

26 

hypertension 

no 0/o 

5 12.8 

4 15.4 

year 

1967 

1973 

investigator 

Sanders 1 

Caves2 

Table 1 1- 1 3. I ncidence of hypertension as a possible risk factor of CR. 1 Several patients 

had concomittant aortic regurgitation. 2 All patients only had moderate hypertension. 

f. Aortic regurgitation in combination with CR of the anterior leaflet 

has been described as an entity by Joseph (19761. His patients with 

this phenomenon had no history of rheumatic heart disease or 

bacterial endocarditis, except one. In 104 patients with mitral 

regurgitation caused by CR and/or elongated chordae Jais (1981 l 

found aortic regurgitation in 24 patients. 

g. Connectiue tissue diseases as the Marfan syndrome (Read 1965) 

and the Hurler syndrome (Vanace 1960, Oravetz 1965) can be the 

cause of mitral regurgitation by dilatation of the annulus, valve 

deformity and abnormalities of the chordae. However, only one 

patient could be found in the literature with the Marfan syndrome 

and CR without other risk factors. The patients with the Marfan 

syndrome and CR are listed in Table 11-14. All patients had mitral 

regurgitation. 

h. Exertion has been described in a few instances as the only possible 

explanation for CR (Gordon 1922, Bartall 1979). CR developing 

during a second pregnancy has once been described (Caves 1972). 
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no of pat. no of pat. year investigator 
with Marfan with CR 

21 0 1963 Berenson 
1 1 1963 Barrat-Boyes 

10 2 1965 Read 1 

2 1 1968 Crocker2 

6 0 1969 Bowers 
1 1 1969 Simpson3 

Table 11- 1 4. Patients with mitral regurgitation, Marfan sydrome an CR. 1 both pa
tients also had rheumatic heart disease. 2 possibly a papillary muscle rupture. 3 signs 
of inflammation were seen from the papillary muscles with normal chordal micros
copy. 

i. Traumatic CR can be the consequence of a blunt chest trauma or a 
penetrating chest wound or can be the result of surgery (Soulie 
19661. 

Several case reports have been described of a blunt chest trauma 
resulting in CR (Horton-Smith 1902, Kissane 1938, v Albertini 
1 938, Normand 1960, Soulie 1966, Weldon 1 972, Selzer 1972, 
Caves 19731. CR caused by a penetrating heart wound has been 
described incidentally (Selmonosky 19721. The incidence is too low 
to justify analysis. 

j. Aortic stenosis in combination with CR has been described by Effron 
( 19831. In 125 consecutive surgical patients with C R  he found 
aortic stenosis in 80/o. From these 1 0 patients 7 had an extensive 
mitral annulus calcification and 8 patients had no abnormality of the 
mitral apparatus. It is suggested that calcification and ventricular 
anatomic and haemodynamic alterations in aortic stenosis 
contribute to rupture of the chordae tendineae. 

k .  Systemic lupus erythematodes has incidentally been described as a 
possible cause of CR ( Paget 1975, Murray 1975, Kinney 19801. 
Unhealed Libman-Sacks vegetations were thought to be the cause 
of the rupture. 
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I. A calcified atrial myxoma has been described by Wise ( 1 974) as a 
cause of CR.  The mitral leaflets in this patient were thickened and 
damaged and many chordae were ruptured. 

2.6. The c l i n ical p icture of chordal rupture 

"The diagnosis of ruptured chordae tendineae requires a high index of 
suspicion". 

Luther, 1974 

Unti l  recently nearly a l l  patients with CR were d iagnosed during 
surgery or autopsy. Their compla ints were severe and mainly rel a
ted to the severity of the mitral regurgitation. 

As a consequence dyspnoea is the major symptom (Sanders 
1 967, Ronan 1 970, Selzer 1 972,  Caves 1 973, Kapita 1 975,  Ol ivei
ra 1 9 83). 

A d ifference in  the c l in ica l  p icture of patients with mitral regurgit
ation due to chronic mitral valve d isease and mitral regurg itation 
due to CR is reported by several authors (Sanders 1 967, Ronan 
1 970, Kapita 1 975): a male preponderance is found in  the group 
with C R  and the mean age is h igher than that of the chron ic  mitral 
regurg itat ion group. 

The duration of symptoms in  patients with CR can vary from a few 
days to several years (Bai ley 1 944, Roberts 1 966, Klughaupt 
1 9 69, Selzer 1 972, Kapita 1 975).  The duration of symptoms in  
patients with  a "spontaneous" C R  is shorter than in  patients with 
CR and other mitral valve les ions ( Ronan 1 970, Kapita 1 975). 

A previous systol ic  murmur has been described i n  many patients 
developing a C R  (Klughaupt 1 969, Selzer 1 972). 

An acute onset of symptoms as dyspnoea, pain, vibrations and a 
murmur has been described by Selzer ( 1 972) in 540/o and by Caves 
( 1 973) in  77 0/o of patients with a "spontaneous" CR. In 1 28 patients 
who were surgical ly treated for CR, Oubost ( 1 975) found an acute 
onset of murmur or pain in  1 00/o. 

The c lassical  p icture of patients with CR has been descri bed by 
several authors (Efthymiou 1 9 63, K lughaupt 1 969, Caves 1 972):  
"a sudden onset and rapid progression of dyspnoea and fatigue in  a 
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previously healthy patient and the finding of severe mitral regurg

itation, producing an apical thrill". 

In all patients with CR the apical murmur starts with the closure 

sound of the mitral valve and ends in the aortic closure sound. This 

holosystolic murmur is plateau-shaped in most cases in the series 

of Efthymiou (1963) but can have a crescendo-decrescendo cha

racter (Amlie 1976, Antmann 19781. The radiation of the murmur 

to the sternal or axillary region has been correlated to the leaflet in

volved in CR. It should radiate more to the region of the aorta in CR 

of the posterior mitral valve leaflet (Soulie 1966, Brown 196Bl; 

others have found no diagnostic value in this symptom (Caves 

1973). 

The murmur on top of the head in the case of CR of the anterior 

mitral valve leaflet has been described by Merendino and Hessel 

(1967) but is very rare (Caves 1973). 

A systol ic apical thrill is often found in patients with CR (Table 

1 1-151. This phenomenon however is not specific for CR and can 

be found in other causes of mitral regurgitation such as stretched 

chordae (Crocker 1968, Caves 1973, Littler 19731, mitral valve 

no of pat. apical thrill year investigator 

with CR no D/o 

7 6 85.7 1944 Bailey 

20 5 25 1961 Osmund sen 

24 16 66.7 1963 Efthymiou 

10 10 100 1966 Roberts 

45 25 55.6 1966 Soulie 

5 5 100 1967 Auger 

28 14 50 1967 Barillon 

14 7 50 1973 Littler 

26 7 26.9 1975 Kapita 

19 13 68.4 case reports 

Table 11-15. Incidence of a systolic apical thrill in patients with CR of the mitral valve. 
The case reports consist of 1 ,  2 or 3 patients. 
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prolapse ( Behar 1 967), papi l lary muscle dysfunction (Burch 1 963) 
and pap i l l ary muscle rupture (Weldon 1 972).  L itt ler ( 1 973) found no 
correlat ion between the absence or  presence of a thr i l l  and the leaf
let involved. 

2.7. Diagnostic a ids 

2.7.1. Electrocard iography 

A "classical" ECG pattern i n  the case of C R  does not exist (Bar i l 
Ion 1 967). A left axis deviat ion was found in  5 out of 7 pat ients with 
"spontaneous" CR by Bai ley ( 1 944); a right axis deviation was found 
in 5 out of 1 0  patients by Roberts ( 1 966) and left axis deviation in  
one. 

Left ventricu lar hypertrophy was found in  27 out of 39 patients 
with C R  by Sanders ( 1 967). However, left and/or right ventricular 
hypertrophy on the electrocard iogram depends on the severity and 
duration of the mitral regurgitation. 

Atrial fibri l lat ion i n  the case of C R  was found to be common by 
Menges ( 1 964) who found this in 5 out of 6 patients with mixed 
causes of C R. Sinus rhythm however, i s  found to be rather common 
in  patients with CR.  The comparable groups can be l isted according 
to CR irrespective of the cause (Table 1 1 - 1 6) and to "spontaneous" 
CR (Table 1 1 - 1 7). 

Most authors found a d ifference in percentage occurrence of 
s inus rhythm when patients with CR were compared with patients 
with rheumatic mitral regurg itation. I n  h is excel lent study of 230 
patients with mitral regurg itation as the primary or  pr inc ipa l  d i
sease Selzer ( 1 972) found s inus rhythm in  250/o of 61 "surgical" 
patients with rheumatic mitra l regurgitation compared to 72.7 0/o 
in 33 "surgical" patients with "spontaneous" CR.  
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no of pat. sinus rhythm year investigator 

with C R  no 0/o 

24 1 6  66.7 1 963 Efthymiou 

6 1 0.2 1 964 Menges 

1 0  8 80 1 966 Roberts 

1 1  1 1  1 00 1 967 Cohen 

39 2 2  56.4 1 967 Sanders 

1 5  1 3  86.7 1 968 Gerbode 

1 0  6 60 1 969 Klughaupt 

8 7 87.5 1 972 Weldon 

1 4  9 64.3 1 973 Littler 

7 0 0 1 976 Aml ie 

Table 11- 1 6. Incidence of  sinus rhythm in  patients with CR irrespective of  the cause. 

no of patients with sinus rhythm year investigator 

"spontaneous" C R  no 0/o 

7 4 57 1 944 Bai ley 

2 1  7 30 1 968 Acar 

4 4 1 00 1 968 Brown 

33 24 72.7 1 972 Selzer 

7 6 85.7 1 972 Singh 

1 1  1 0  9 1  1 976 Cooksey 

Table 11- 1 7. Incidence of sinus rhythm in patients with "spontaneous" CR 

2.7.2. Phonocardiography and pulse recording 

The shape of the holosystolic ap ica l  murmur in patients with C R  

i s  plateau- l ike in only some o f  them. I n  1 4  patients with C R  the mur

mur was plateau-shaped in 3, had a mid systol ic crescendo in 1 0 and 

an early systol ic crescendo in 1 patient in a series described by Litt

ler  [ 1 973). He stated that a plateau-shaped murmur favours an

terior leaf let involvement. Sutton [ 1 973) found in 2 1  patients with 

severe mitral regurgitation caused by CR or stretched chordae a 
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diamond-shaped systolic murmur in 620/o and found no correlation 
with the leaflet involved. Weldon (1972) found 3 plateau-shaped 
holosystolic murmurs and 5 holosystolic murmurs with a late 
decrease in 8 patients with CR. 

The absence or presence of a third and/or fourth heart sound 
does not seem to be of value for the diagnosis of CR (Cohen 1967, 
Sutton 1973). 

In the recording of the apexcardiogram only once has a systolic 
thrill been mentioned (Antmann 1 978). 

A systematic investigation of the loudness of the apical systolic 
murmur in CR cannot be found in the literature. Also, no descriptions 
can be found concerning the most important frequencies of the 
apical murmur on the phonocardiogram. 

2.7.3 .  Radiography 

The radiographic appearance of a long-standing, heamodynami
cally important mitral regurgitation includes an enlarged left ventri
cle, an enlarged left atrium, pulmonary venous congestion, right ven
tricular and atrial enlargement. 

Because of the acute character of mitral regurgitation caused by 
CR a distinction has been made in the literature between the radio
graphic appearance of patients with CR with acute symptoms and 
those with more chronic systoms. 

Raphael ( 1967) reported in a series of 19 patients with acute 
mitral regurgitation only slight cardiac enlargement: left atrial 
enlargement was minimal. He represents the findings of most 
authors concerning the aspect of chest X-rays when he states: 
"The most striking feature of the plain chest films with acute mitral 
incompetence is their relative lack of abnormality". On the contrary 
Menges (1964) studying 6 patients with CR was impressed by the 
extreme left atrial enlargement. 

The left atrium was found to be slightly enlarged in 690/o of 26 pat
ients with CR by Kapita (1975). Ronan ( 1970l described 8 patients 
with acute mitral regurgitation: 4 of them had CR. In 7 patients he 
found a normal or hardly enlarged left atrium. 

In "spontaneous" CR Sanders ( 1967) found normal or only slightly 
enlarged left atria; compared with patients with reumatic heart 
disease and CR he found moderate to marked left atrial 
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enlargement in this latter group. Selzer (1972) found in 33 patients 
with "spontaneous" CR a normal left atrium in 6, slight enlargement 
in 14 and moderate enlargement in 1 3 patients. 

Some degree of left ventricular enlargement and pulmonary con
gestion has been reported by nearly all authors (Sanders 1967, Sel
zer 1972, Singh 1972). 

2 .7.4. Echocardiography 

In the early period of single crystal echocardiography it was con
cluded that in severe mitral regurgitation the amplitude of the mitral 
valve motion was increased and the speed of the initial closing of the 
anterior leaflet was "conspicuously rapid". Some of the patients in
vestigated had CR (Segal 19671. This was confirmed in later studies 
(Duchak 1972, Burgess 1973). An immedate movement of the pos
terior leaflet in systole which can be associated with an anterior 
motion in early diastole was seen in some cases of CR ( Burgess 
1973). 

The appearance of echoes in the left atrium was judged to be a 
pathognomonic sign of CR (Sweatman 1972, Burgess 1973, 
Humphries 1977). 

Echocardiography before 1973 was judged to be particularly use
ful in differentiating the etiology of mitral regurgitation (Burgess 
1973). 

A holosystolic prolapse with a diastolic flail motion of the valve 
were seen by deMaria (1974) in 6 patients with CR: 4 of them were 
proven during surgery. 

A high frequency vibration from the posterior wall of the aortic 
root and the anterior left atrial wall was recognized as a sign of CR 
by Antmann ( 1978). This occured in patients with rupture of the 
chordae from the anterolateral papillary muscle to the lateral half 
of the posterior leaflet. This was confirmed by Tei in 1980. 

In more recent literature the importance of a coarse, irregular 
diastolic "flail" valve in the diagnosis of CR is stressed and a systolic 
thrill of the mitral valve as a sign of CR has been described (Meyer 
1977, Lutfalla 1978, Sze 1978). 

An early, coarse, diastolic flutter of the posterior leaflet was the 
finding in 8 out of 9 patients with CR studied by Humphries ( 19771. 

In a series of 190 patients with mitral valve prolaps Chandraratna 
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( 1979) found 13 patients with CR. As echocardiographic criteria he 
used 1. choatic diastolic flutter of the anterior mitral leaflet; 2. sys
tolic fluttering of the mitral valve; 3. irregular diastolic fluttering of 
the posterior mitral leaflet; 4. anterior motion of the posterior 
mitral leaflet in early diastole; 5. abnormal echoes in the left atrium 
during systole. In 11 out of 13 patients he found a systolic flutter, 
but he stated that the sensitivity is not known. 

A flutter has to be recorded in the time-motion or M-mode record
ing ( 3.3.2.2.l. With the single crystal technique there is no spatial 
orientation. In two-dimensional echocardiography the spatial orien
tation permits a positioning of the M-line through all parts of the 
mitral valve with selective M-mode recordings. Consequently, more 
precise M-mode recordings can be made. 

In a series of 41 patients with severe mitral regurgitation Lutfalla 
( 1978) could make the d.iagnosis of CR in 600/o of the cases when he 
paid attention to the enlarged amplitude of the anterior leaflet, the 
chaotic diastolic flutter and multiple echoes and/or the presence of 
an echo in the left atrium during systole. In 750/o he found systolic 
vibrations of the mitral valve. 

Mintz (1980) found in 45 patients who had surgical therapy for 
pure mitral regurgitation 26 patients with a flail mitral valve due to 
CR. In 10 patients with CR a flutter was absent. On the other hand, 
in patients with intact chordae a systolic flutter was found in one pa
tient and a diastolic flutter in 8 others. 

A "diastolic mid-echo" of the mitral valve has been reported as an 
important finding in the diagnosis of CR by Boutefeu (1978) and 
Nishimura ( 1983). 

2.7.5. Cardiac catheterization and cine-angiocardiography 

Cine-angiocardiography has been judged to be a sensitive method 
for the detection of mitral regurgitation by Ross in 1962. The tech
nique was described and was used in 25 patients with mitral valve 
disease; 3 of them had a CR but a separate description of the fin
dings in these patients was not made. 

Kennedy (1966) compared the cine-angiocardiograms of 9 pat
ients with CR with those of 9 patients with chronic rheumatic 
mitral regurgitation. In CR he found a significantly smaller and less 
compliant left atrium and higher left atrial peak pressures. In case of 
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short-standing CR he found smaller left ventricular enddiastolic 
volumes. He concluded that "acute mitral insufficiency from CR is 
associated with smaller and less distensible left heart chambers 
than in chronic mitral insufficiency". 

Wexler (197 1 l also compared the cine-angiocardiograms in 
different causes of mitral regurgitation. In 37 patients with mitral 
regurgitation (2 1 of them with rheumatic mitral valve disease, 1 0 
with papillary muscle dysfunction and 6 with CR) he found a 
difference between the rheumatic and the non-rheumatic group. CR 
was predicted by an eccentric regurgitation to the left atrium in the 
non-rheumatic group with a rgurgitant flow directed inferoposter
iorly when the anterior leaflet was involved and superiorly with 
posterior leaflet involvement. In contrast he found in the rheumatic 
group a central regurgitant jet. The papillary muscle dysfunction 
group also showed an eccentric regurgitation. 

Baxley ( 1973) compared the cine-angiocardiograms of 25 
patients with CR with those of 25 patients with chronic rheumatic 
regurgitation and found in the group with CR a smaller and less 
compliant left atrium, a significant smaller left ventricular end
diastolic volume and a smaller left ventricular mass. The ejection 
fractions and the left ventricular pressures were not significantly 
different in both groups. The most striking differences were in atrial 
dynamics. The duration of heart failure in patients with CR was not 
significantly correlated with any haemodynamic variable. In spite of 
the usually more acute nature of CR, significant compensatory 
dilatation and hyperthrophy of the left ventricle were common in 
those patients. 

Pressure measurements in 9 patients with CR were made by 
Roberts ( 1966). He found elevated right ventricular and pulmonary 
artery systolic pressures from 6 1  to 110 mm Hg in all patients. In 8 
of the patients he found elevated mean left atrial pressures from 15 
to 32 mm Hg and in one patient a normal pressure of 11  mm Hg. The 
v-waves varied from 23 to 66 mm Hg with a mean of 45 mm Hg in all 
patients. 

In this respect the earlier findings of Braunwald ( 1963) in 10 
patients with a long-standing mitral regurgitation are important. He 
found mean left atrial pressures from 8 to 1 2 mm Hg with v-waves 
from 11 to 23 mm Hg. He suggested that left atrial pressures can 
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be normal in those patients because long-stand i ng mitral 
regurgitation may, in  some i nstances, alter the length-tension 
characteristics of the left atria l  wa l l .  Thereby the left atrial  
pressure-volume cu rve i s  d isp laced to make it  more compl icant so 
that a normal pressure exists in  a greatly en larged left atrium. 

Pressure measurements in Bexley's ( 1 973) patients showed 
mean left atrial pressures of 22± 7 mm Hg and peak left atrial pres
sures of 45± 1 6 mm Hg in  the 25 patients with CR. In the group 
with chronic rheu matic mitral  regurgitation these values were 
1 7±8 mm Hg and 30±1 3 mm Hg respectively. 

A comparison of pressure measurements of patients with non
rheumatic mitral regurgitation and CR was made by Klughaupt 
( 1 969). He found a mean left atrial pressure of 2 1 .3 mm Hg and a 
v-wave of 48.4 mm Hg in the group with C R  and 24.6 and 42.2 mm 
Hg respectively i n  the group without CR.  

Kap ita ( 1 975) compared pressure measurements of  patients 
with "spontaneous" C R  with those of patients with CR and associa
ted valve lesions. He concluded that there were no differences. The 
mean wedge pressure in  the fi rst group was 23.6 mm Hg and the 
v-wave 24 mm Hg.  For the latter group this was 22.5 and 1 4.5 mm 
Hg respectively. Both groups consisted of  1 2 patients. 

2 .7 .6. Pathology 

It  was Felsenreich ( 1 9 1 6) who noted for the f irst t ime that a 
remarkable large number of isolated chordae are th ickened or had 
low-grade fus ion.  The histological  appearance suggested the 
extension of an inf lammatory process from the leaflets but in  ear l ier 
years some i nvestigators attributed these th ickenings to the 
hyperplastic non inf lammatory changes of the mitral leaflet that 
take place with "wear and tear". Gross ( 1 93 1 )  and Giese ( 1 932) 
found loss of cel lu larity and microscopic calcif ication of the chordae 
or at their insertions to the leaflet and judged this to be a 
man ifestation of the ag ing of connective t issue caused by 
mechanical  factors. 

The chordae of non-rheu matic hearts in  particular were systema
tical ly studied by Sokoloff ( 1 950l. He found a relative thickening of 
certain chordae tendineae of the anterior leaflet in every heart. His
tology of the thi ckest chordae showed re latively acel lu lar col lagen,  
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usually directed parallel to the long axis of the chordae. In the third 
decade of life or beyond a subendocardial layer of collagen frequently 
enclosed this central core. Chordae that showed only slight endo
cardial thickening without gross enlargement were classified as 
normal for the adult. He suggests that thickening of the central 
chordae of the anterior leaflet is a normal developmental pheno
menon and that pure mechanical factors can be the cause of a 
greater thickening with large amounts of subendocardial collagen. 

It was confirmed by Lim (18771 that beneath the endocardial sur
face widely spaced collagen fibers can be found, wrapping them
selves around the central collagen core. He stated that this net
work ensures that a mechanical stress applied to the tissue will 
result first in an initial collapse of the collagen network, thus prevent
ing imposition of excessive strains on the individual collagen fibrils. 

In the case of "spontaneous" CR - not caused by rheumatic heart 
disease or bacterial endocarditis - most authors report fibrosis 
and hyalinization. Acar ( 18681 did not find this to be a specific sign. 

Caulfield (1871 l found evidence of connective tissue dissolution 
at the point of the rupture in every patient with a "spontaneous" CR. 
Many of the chordae presented some evidence of healing. Similar 
small foci of connective tissue dissolution were found in non
ruptured chordae and in the valve tissue. 

In a group of 33 patients with "spontaneous" CR Selzer (18721 
found no consistant or specific abnormality. Most commonly ex
cessive hyalinization and occasional fragmentation were reported. 
It was not clear if this was compatible with the normal aging 
process. 

In the case of CR with mitral valve prolapse Hill (18741 showed 
that the basic process is fibrous degeneration that begins at the tip 
of the fibrous core of a leaflet and extends towards the annulus and 
into the chordae tendineae. 

Buonocore (1876) found that the stumps of the chordae con
sisted of hyanilised and partially degenerated connective tissue with 
a covering of endothelium. Amlie (18761 reports fragmentation of 
the intercellular substances in "spontaneous" CR. 

Joseph (18761 also described degenerative changes in collagen 
tissue with myxomatous degeneration in 3 patients showing CR and 
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aortic regurgitation and found this similar to the histologic appear
ance of "spontaneous" CR. 

Gallagher ( 1977) suggested that papillary muscle dysfunction 
resulting from fibrosis will lead to chordal stretching and subse
quent rupture. 

Jais ( 1980) compared the histology of chordae to the different 
causes of CR in 104 patients showing mitral regurgitation. Dys
trophic or degenerative lesions were found in 460/o, signs of bacterial 
endocarditis in 270/o and rheumatic lesions in 200/o. 

Scott ( 1981 l investigated the changes at the rupture sites of 10 
patients with "spontaneous" CR. Oedema was found and necrosis 
of collagen, endothelial loss and in some cases partial or complete 
re-endothelialization of the disrupted ends. Some non-ruptured 
chordae were irregularly thinned and stretched but were normal by 
light and electron microscopy. Mucoid degeneration was almost in
variably present in the leaflets. It was suggested that "sponta
neous" CR is more likely to be the result of abnormal mechanical 
strain rather than a diffuse connective tissue abnormality. 

2.8. Differential diagnosis 

The apical murmur in case of mitral regurgitation caused by CR 
does not always have a typical plateau-shape. 

Many observations have been made of an apical ejection type 
murmur ( Perloff 1972, Selzer 1972), starting with the first heart 
sound end ending in the aortic component of the second heart 
sound. This type of murmur has to be distinguished from that 
caused by papillary muscle dysfunction. In this latter case however, 
the murmur may be of delayed or late onset (Phillips 1963). 

The radiation of a concomitant apical thrill can also interfere with 
diagnosis: if, in the case of C R  of the posterior leaflet, the thrill ra
diates to the aortic area, the findings have to be differentiated from 
aortic stenosis ( Perloff 1972, Antmann 1 978, Buonocore 1976). 

The apical or precordial thrill has also to be differentiated from the 
thrill caused by mitral valve prolapse ( Behar 1967), papillary muscle 
rupture or dysfunction (Burch 1 963), an (ischemicl ventricular sep
ta I defect, perforation of a mitral valve leaflet and congenital mitral 
regurgitation without CR (Talner 196 1 l .  
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2.9. Treatment 

For a long time it was thought that CR will always lead to severe 
mitral regurgitation. Sanders stated in 1967 that patients with CR 
seldom live longer than a year and Pony concluded in 1978 that i f  the 
diagnosis of CR  was made, surgical treatment should be proposed 
as soon as possible. 

This may be the reason that no groups of patients with CR 
without severe clinical symptoms can be found in  the literature. 

The first report of surgical management of mitral regurgitation 
date from the time when open heart surgery became possible. Lille
hei (19581, Effler (19581, EB Kay (19581, Merendino ( 19591 and 
Nichols ( 1961 l were the first to describe the functional pathology 
and repair of the mitral valve during open heart surgery. 

McGoon ( 1960) described three cases of mitral valve repair in 
patients with CR and presented a technique for the repair in which 
reconstruction of a competent mitral valve could be accomplished 
without mitral annuloplasty and without the use of prosthetic mate
rials. This was done by plication of the valve leaflet so that the flail 
part of the leaflet became totally inactive at the ventricular side of 
the valve. In all his patients excellent early results were reported. 

JH Kay (1961, 1962lreported successful treatment in this way 
in 9 out of 1 0 patients: in one of the patients a left ventricular 
myxoma was present which required removal of the chordae 
attachment. In this patient the leaflet involved was sutured to the 
papillary muscle nearest the resected chordae. One year later he 
reports successful surgery by suturing the free valve edge directly 
to the chordae tendineae or the papillary muscles. 

Wooler (19621 propagated repair of the mitral valve in the case of 
mitral regurgitation by elevation and plication of the valve by the in
sertion of anterior and posterior mattress sutures. 

Morris ( 19641 described the surgical treatment of 58 patients, 
13 of them had a CR. None of these patients showed evidence of 
bacterial endocarditis. Prosthetic chordae of Teflon cloth were 
attached between the ventricular surface of the valve and the papil
lary muscle. He found this more stable than the approach of Kay. 
Ten patients were treated this way with two early deaths. 

Ellis ( 19661 used the plication technique in 31 patients. Improve
ment was seen in 750/o and there was 1 60/o hospital death, 60/o late 
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death and no improvement in three patients. The murmur in the late 
postoperative group was absent or trivial in 140/o and moderate in 
860/o. He reported no experience with prosthetic chordae but sug
gested that shrinkage of the left ventricular cavity after surgery 
might lead to redundancy of the new chordae with recurrent mitral 
insufficiency and warned of the potential thrombogenic properties 
of foreign materials. 

The use of monofilament nylon for replacement of chordae was 
described by Marchand (1966). 

Gerbode ( 1968) found re-attachment of the chordae unsuccess
ful. From 22 patients with CR 2 underwent re-attachment and 7 
patients valve replacement; 4 of them died. Plication and annulo
plasty was performed in 1 3 patients with excellent results: only one 
patient needed re-operation for a prosthetic valve. 

Because of the problems associated with the early prosthetic 
valves most authors favoured leaflet repair and annuloplasty with or 
without the use of a prosthetic ring (Carpentier 1969, Manhas 
197 1). 

The success of plication of the posterior leaflet in the case of 
"spontaneous" CR was very good in 26 patients described by Selzer 
( 1972): one patient died in the early postoperative period of gastro
intestinal haemorrhage. Two late deaths, unrelated to the operation 
were seen in the late results. A 1 to 6 year follow-up period revealed 
no complications. 

Rittenhouse ( 1978) used autologous pericardium for the con
struction of new chordae in 10 patients. Early death from pneu
monia was reported in one patient; 9 patients in a follow-up period of 
0.5-9.5 years (average 3 years) were alive and well. 

A large series of patients with surgical intervention for CR was 
reported by Dubost ( 1975) from the period between 1962 and 
197 1. Valve replacements was performed in 100 patients with a 
Starr-Edwards prosthesis. The mitral valve was preserved in 28 
patients and results of this type of surgery were good in 900/o of the 
cases. A surgical mortality of 38.50/o was found in 13 patients in the 
period 1962-1965. This was 26.50/o in 34 patients from 1966 to 
1968 and 13.50/o in 8 1  patients from 1969 to 197 1. A secondary 
mortality of 13.50/o in the patients with a Starr-Edwards prosthe
sis was noted. 
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Carpentier (1978) treated 109 patients with CR in the period 

between 1969 and 1977 by quadrangular resection of the prolap

sed leaflet. The great majority of his patients had an associated 

annular dilatation or deformation requiring the use of a Carpentier 

ring to remodel the annulus. These 1 09 patients are part of 21 3 

patients with repair for prolapsed leaflets (CR, elongated chordae 

and one patient with papillary muscle rupture). For the whole group 

the operative mortality was 40/o and the late mortality 30/o. There 

were 6 reoperations, 3 of which occurred within 1 year. Thromboem

bolic complications occured in 1 patient (0.50/ol. Actuarial curves 

demonstrated a 91 0/o survival at 8 years. Before surgery 1 20 pa

tients were in Class IV, New York Heart Association Functional 

Classification, 71 in Class I l l  and 22 in Class I I .  

From the period 1 970-1981 Oliveira ( 1 983) described 183 pat

ients who underwent mitral valve surgery for CR. Of them 450/o un

derwent mitral valve repair and 550/o valve replacement. The early 

mortality was 4.90/o, 5 patients from the replacement and 4 from 

the repair group. During the follow-up period of 0.8-12.2 years 

(mean 3.6) a further 27 patients died; 23 of the replacement group 

and 4 of the repair group. Cerebrovascular events accounted for 

350/o of the deaths after replacement and none after repair. Five 

patients of the repair group required late replacement. Actuarial 

survival curves favoured mitral valve repair as the procedure of 

choice for CR. 

Carpentier (1983) propagated the prosthetic ring annuloplasty 

and called it mandatory in almost all cases of mitral regurgitation, 

because a ring restores not only the size but also the shape of the 

orifice. I t  was stated that all cases of noncalcified valve disease 

must be considered for valve repair. The indications were based 

upon the lesions rather than the age, the cause of the disease or the 

patients condition. The younger the patient, the more pressing 

were the indications for valve reconstruction. Repair in degenera

tive valve diseases had an excellent result and was feasible in almost 

950/o. The operation should be carried out - irrespective of the cause 

- at an early stage of the disease, at the first onset of atrial fibril

lation or alteration of the myocardial function. 
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Chapter Ill 

Purpose of the study Population Methods 

3 . 1  . Purpose of the study 

Chordal rupture of the mitral valve with severe mitral regurgit
ation is a clinically impressive phenomenon and much valuable work 
has been done in respect of its diagnosis and therapy. The starting 
point however, is the impressive clinical picture. As a consequence 
the literature concerns patiehts involving autopsy or surgery. 

This does not mean that all patients with CR seen during surgery 
or autopsy make up all patients with CR. 

Only sixteen years ago Sanders (1867) stated that patients with 
mitral regurgitation secondary to CR seldom live longer than a year, 
"although there have been a few notable cases of prolonged sur
vival". 

Only five years ago Pony ( 1878) stated that surgical treatment of 
mitral incompetence by rupture of the chordae must be proposed as 
soon as the diagnosis is made. 

It is questionable if in all patients with C R  a severe clinical picture 
has to be found. For example, mitral valve prolapse in the past was 
judged to be a rather infre�uent condition and was discovered only 
by auscultation with or without clinical symptoms. This "disease" is 
now more commonly spotted owing to better diagnostic possibili
ties. This has caused a clear shift in the idea of the "severity" of 
mitral valve prolapse. 

The same might be possible for CR of the mitral valve. In the case 
of CR the descriptions are primarily based on clinical findings in 
combination with surgical findings, so all patients with a C R  who can 
be found in the literature were clinically severe enough for surgical 
intervention. The clinical picture of CR in the literature may be cor
rect, but most reports concern patients who were operated upon. 
The question arises as to wether the clinical picture of CR changes 
if the diagnosis can be made earlier i.e. before the onset of severe 
symptoms or even symptoms, so before surgery or autopsy. 

There is strong evidence that this is possible with echocardio-

38 



graphy. If the pred ictive values,  the sensitiv ity and the specif icity of 
echocardiography are good enough or can be improved by inc lud ing 
c l in ica l  and/or auscu ltatory symptoms in  patients i n  whom C R  was 
proven during surgery,  then these criteria could be app l ied to pat
ients not requ iring surgery to provide a rel iab le d iagnosis .  

I f  the pr'edisposing factors for developing CR are known this might 
- in the non-surgical patients - lead to a change in the management 
of patients with CR.  

From these fi nd ings and from the experiences with successful 
surg ical  therapy in proven cases it  is not impossib le that a change in 
the moment of surgery has to be proposed. 

This leads to the fol lowing questions: 
1 .  What are the best echocard iographic criteria for the detection 

of CR and what are the pred ictive values, the sens it iv ity and 
specif ic ity of these criteria? 

2 .  Can the predictive va lues,  the sensit ivity and the s pec if icity of 
the echocardiographic criteria be enhanced by i nc lud ing other 
non- invas ive criteria? 

3. What other criteria are usefu l and what are the ir  va lues for 
making the d iagnosis? 

4. Is CR a lways associated with complaints severe enough to be 
treated surg ica l ly  or is  it  possib le to f ind a group of patients with 
CR with complaints not severe enough for surgical  i ntervention 
and wil l  such patients herewith change the accepted conception 
that CR is  a lways a severe condit ion? 

5. What are the possi b i l it ies for the prevention of C R? 

3.2 .  Popu lat ion 

The patient popu lation consists of  out-patients and c l in ica l  pat
ients from the Un iversity Hospital Groningen.  

Every patient who enters the Department of I nternal Medic ine 
and has a murmur which is c learly not an innocent murmur i .e .  
persisting on sitt ing up or with the Valsalva manouvre i s  seen by a 
fel low or a senior cardiologist and - if necessary - i s  referred to the 
department of Phonocardiography, s ince 1 974 the departement of 
Echo-phonocard iography. There, the patient is a lways seen by a 
cardio logist who performs a physical  examination and au scultation.  

Echocard iog raphic and phonocard iograph ic recordings are 
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available from all patients, selected on the basis of a murmur of an 
obviously not innocent nature and are documented in own archives. 
To ensure a good feedback every surgical report and cardiac catheter
ization report has been automatically send to this department. 
These reports were consistantly compared with the echocardio
graphic and phonocardiographic findings. 

In the case of a possible hemodynamically important cardiac 
murmur in a patient from another department of the hospital, the 
patient is first seen by a fellow-cardiologist and if evaluation of the 
murmur is judged to be necessary with technical equipment the 
patient is referred to the department of Echo-phonocardiography 
and investigated by a senior cardiologist. 

All patients entering the department of Echo-phonocardiography 
with suspected mitral regurgitation have been seen by the author; 
a short medical history and physical examination are routine. All 
echocardiographic and most phonocardiographic recordings of 
patients with mitral regurgitation have been made by the author. 

It is routine to comment on the echo- and phonocardiograms 
separately and to combine all medical reports at a later stage. 
Because of this, especially in the first years of single crystal echo
cardiography, a few echocardiograms were judged to be positive for 
CR on older criteria (especially the high-speed motion pattern of the 
posterior mitral valve leaflet in early diastole in case of mitral valve 
prolapse or CRJ but phonocardiographically no evidence of a halo
systolic apical murmur was found. These patients were excluded 
from the study. 

This system automatically includes at least a short patient's 
history and a cardiological examination for every patient suspected 
of having mitral regurgitation and hence in every patient who under
went mitral valve surgery. 

The history, physical examination, chest X-ray, electrocardio
gram, vectorcardiogram, phonocardiogram and echocardiogram in 
the patients who are presented for cardiac catheterization or 
surgery are routinely discussed in our hospital by a group of cardio
logists. 
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3.3. Methods 

All patients in this study had their cardiological examination and 
treatment in the University Hospital of Groningen during the period 
between January 1975 to January 1984. 

Because of the presence of an independent department of 
pediatric cardiology all patients under the age of 14 years are 
excluded. 

All patients included in this study had a holosystolic apical mur
mur. 

3.3. 1 .  Group formation 

The patients in this study are divided into two groups, a CR group 
and a control group. They are selected according to the following 
criteria: 

Group I. The C R  group. This group includes: 
a. all patients with positive echocardiographic criteria for CR 
b .  all patients in whom CR was found during surgery 
c. all patients in whom C R  was found during autopsy 

This group consists of 68 patients. They are listed according to 
the date on which the echocardiographic diagnosis was made or - if 
not - by the date of surgery or autopsy. 

Group I I .  The control group. 
All patients who underwent mitral valve surgery with or without 

aortic valve surgery and/or coronary artery surgery are included in 
the control group. Excluded are patients with predominant mitral 
stenosis, patients with a re-operation of the mitral valve and group I 
patients. The number of patients who underwent mitral valve 
surgery from January 1975 to January 1984 is 306, the number of 
patients with predominant mitral regurgitation without CR, oper
ated for the first time, is 60. The patients are numbered according 
to the date of surgery. All patients with an odd number are included 
in group II which results in 30 patients. 
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3.3 .2 .  Rout ine investigations 

The following data are routinely ava i lab le from al l  patients: 
- medical h istory 
- physical examination 
- electrocardiogram 
- phonocardiogram 
- echocardiogram 
- routine laboratory investigation 

3.3 .2 . 1 . Med ica l  h istory and physical  examination 

From the medical  h istory specia l  attention is focussed on  predis
posing events of C R  such as a mitral regurgitation murmur, bact
er ia l  endocarditis, m itral valve prolapse, chest trauma,  aortic 
regurg itation murmur, systemic d iseases involving the heart, 
congenital heart d isease, left ventricular diseases, myocardia l  in
farction, physical exertion and hypertension .  I f  the patients were 
p reviously seen in the hospital for other than cardiac reasons and 
the absence of a cardiac murmur was described, this is noted.  

Hypertension is said to be present if, before the d iagnosis of CR 
was made, more than twice a bloodpressure is noted of equal  to or  
more than 1 60/95 mm Hg.  Several patients were new �o the 
hospital and as far as this was avai lab le ,  their blood pressure values 
were obta ined from the genera l  practit ioner. 

Possib le d irect causes of CR are separately noted as endocarditis 
(with hospital ization and with or  without positive bloodculturesl, 
chest trauma and physical exertion .  

A change in  the aspect of  the ap ical murmur is noted when th is  i s  
described as such in  the  f i les. If there i s  no previous history of 
cardiac complaints or d isease, a CR is judged to be "spontaneous". 

Patients who underwent mitral valve surgery and showed signs of 
endocarditis or  rheumatic heart d isease are excluded from this 
"spontaneous" group.  

The types of complaints are c lass ified as fol lows : no complaints,  
chest pain ,  palp itations, dyspnoe, v ibrations in  chest or a murmur 
audible to the patient.  In the case of a combination of complaints this 
is noted. 

If there are complaints, their duration i s  noted as fol lows: less 
than a week,  more than a week but less than a month, more than a 
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month but less than a year and more than a year. I f  the duration of 
compla ints is longer than a year, the total duration is also noted. 

From the CR group the duration of the CR before the echocardio
graphic diagnosis is estimated on the basis of the description of the 
physical f indings and/or the patient's h istory. 

The absence or presence of an apical systolic thri l l  i s  noted if this 
was described. I f  no description of a thri l l  was found this is separa
tely noted . 

The suspected d iagnosis before echocardiography is noted for 
each patient. 

3.3 .2 .2. Echocard iography 

I ntroduction. 
Echocardiography is one of the newest techniques in  cardiology 

and for this reason its principles and the practical importance in  our 
hospital wi l l  be discussed. 

Fig. 3. Methods of  recording the reflected ultrasound. A-mode=Amplitude mode in 
which a strong echo causes a large amplitude. B-mode=Brightness mode in which a 
bright spot corresponds with a large amplitude and a less bright spot with a smaller 
amplitude. M-mode=motion mode or time-motion mode, illustrating the motion 
pattern of an echo in the time when a strip of l ight-sensitive paper is drawn over the 
spots of the B-mode picture. 
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When a piezo-electric crystal is electrically activated, it produces 
an ultrasound wave and functions as a source of sound. The wave
length depends on the physical properties of the crystal used. On 
the other hand, when a sound wave of a particular  frequency hits the 
crystal an electrical impulse is produced. If such a crystal is inter
mittently used both as source of sound and receiver it is called a 
transducer. 

The time needed for the ultrasound to reach an object and reflect 
back to the crystal gives an indication of the distance between 
crystal and object if the sound velocity through the medium between 
both is known. 

The frequency of ultrasound used in medicine is between one and 
ten Mega Hertz (=106 to 107 Hzl. For a good penetration a low 
frequency in this spectrum is required but in that case the resolu
tion is worse than for higher frequencies; a high frequency however 
does not penetrate as far. A choice has to be made to obtain a satis
factory picture quality. For practical purposes, transcutaneous 
echocardiography in the adult uses frequencies of about 2 to 5 MHz. 

Methods of recording the reflected ultrasound (Fig. 31. 
A-mode: a strong echo gives a large amplitude on an oscilloscope. If 

the reflected ultrasound is recorded this way it is called 
Amplitude mode or A-mode. 

B-mode: the amplitude of the echo is translated into the brightness 
of a corresponding spot on the display. This is called the 
Brightness-mode or B-mode. 

M-mode: when a strip of light-sensitive paper is drawn over the 
spots of the B-mode picture, a motion of each spot will be 
recorded on paper. This is called the Motion-mode or the 
Time-Motion mode or M-mode because the moving card
iac structures are displayed in time. 

In the early days of echocardiography the transducer consisted of 
only one crystal. In later years multicrystal systems were devel
oped. For adult echocardiography a small area consisting of a 
number of crystals is the most suitable. If these crystals are acti
vated one after each other, i.e. pulsed, a two-dimensional fan-shaped 
image is produced. This system is called two-dimensional or cross-
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sectional  echocardiogra phy. Compared to M-mode only, the two
dimensional  (2Dl system has the advantage of a better spatia l  
orientation which i s  necessary for a good screen ing of the mitra l 
valve in this study. With the 20 system it is possible to select an  
M-mode l i ne  and to  make an  M-mode recording.  

The f irst echocard iography equipment in  our hospita l  was i ntro
duced in  1 974 by the author. The system was a s ing le-element SK I  
20A with a 2 .25 MHz and a 5 MHz transducer with a focus of  7 .5  
cm. For adult cardiology appl ications the  2 .25  MHz transducer was 
routinely used. For documentation of the M-mode record ings a 
Polaroid camera was used on a HP image freezing u nit .  This system 
was in  use from 1 974 to 1 978 and echocard iograms from patients 
during this period a re referred to as "s ingle" .  

From 1 978 t i l l  the end of 1 983 the Tosh iba SSH 1 0  e lectronic 20 
system providing a sector ang le  o f  78° was in  use .  The  system's 
focus could be changed electronica l ly from 4 to 1 0  cm.  Recordings 
of the 20 image were made with a Polaro id  camera from an  ECG
triggered picture. The moment of triggering in the cardiac cycle 
could be chosen in respect to the R of the e lectrocardiogram. The 
M-mode record ings were made with a Tektronix heat-processing 
system at a paper speed of 50 mm per second with s imultaneous 
recording of an  electrocardiogram and - but  not routinely - a phono
cardiogram.  

I n  l ate  1 983 and in  January 1 984 a few echocard iographic 
record ings for this study have been made with the Tosh iba SSH 40A 
d igita l ised phased array system. For documentation of the 20 
image, Po laro id p ictures were taken from the  frozen i mage.  M-mode 
record ings were produced at a paper speed of 50 mm per second 
with a Toshiba heatprocessing recorder with s imultaneous record
ing of the electrocardiogram and occasiona l ly with a phonocardio
g ram which has a selection frequency in the l ow-, medium- and h igh 
range .  

The echocardiographic record ings of  pat ients made with the 20 
systems are referred to as "20" .  

The echocardiographic record ings of  a l l  patients in  th is  study 
were made by the author. 

Since echocardiography i s  part of the total cardiac evaluation of 
the patient, sufficient c l in ical  information was a lways avai lab le in
c luding a phys ica l  examination and auscu ltation.  
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Fig. 4. M-mode recording from the sector [20) image. The M-line [Ml is  positioned 
through the mitral valve [MVJ so that the motion pattern of the right ventricle [RV!, 
the interventricular septum, the left ventricle [lVJ with the mitral valve and the left 
ventricular posterior wall is recorded. 
AO=aorta: LA=left atrium. 
The distance between two vertical dots is 1 cm. The plane of the sector image is a 
long axis view of the left ventricle: aortic valve, left atrium and left ventricle with the 
mitral valve are in one plane. 

Standard transducer positions are made with the patient sup ine 
and in the left l ateral position: 
- the long axis view of the left ventricle (Fig. 41, with the left ventricle, 

m itral valve, aortic valve and left atrium in  one p lane.  The trans
ducer is placed in the third or fourth intercostal space on the left 
s ide of the sternum. 

- the short axis v iew of the left ventricle. The transducer is in  the 
same position but is rotated 90° which results in  a transverse 
section of the left ventricle and the mitra l valve. 

- the ap ica l  v iew. The transducer is placed on the left ventricular 
apex so that both atria and ventric les are i n  one plane, together 
with the mitral and tricuspid valve. 

47 



- the subxyphoidal view. The transducer is positioned just below the 
xyphoid and directed to the heart so that both atria and ventricles 
are in one plane. 

For a total screening of the mitral valve the combination of the 
long axis, short axis and apical view is the most important. 

When the single crystal system was used the transducer position 
was in the third or fourth intercostal space at the left side of the 
sternum, comparable with the long axis/short axis view of the left 
ventricle. 

Echocardiographic criteria for chordal rupture ( Fig. 5). 
The echocardiographic criteria for CR in this study are: 

- a systolic flutter of the mitral valve 
- a diastolic inconstant low frequency flutter of the mitral valve 

similar to the pattern made by an irregular saw blade. This ex
cludes a low frequency flutter that can be seen in the case of atrial 
fibrillation which does not have a sharply pointed aspect. It also 
excludes a flutter caused by aortic regurgitation which has a high 
frequency. 

Revision of "single element" echocardiographic recordings. 
In the early years of echocardiography, criteria for CR could only 

be suspected. As a result some patients were overdiagnosed when 
a high speed anterior motion pattern of the posterior leaflet was 
seen without a flutter of the mitral valve. This was also compatible 
with the presence of a deep mitral valve prolapse. If no holosystolic 
apical murmur was described or recorded on the phonocardiogram 
the patients were excluded from this study. 

Left atrial and left ventricular measurements are not noted in 
this study because many of the recordings have been made with the 
single crystal system: since there is no spatial orientation as with 
20 echocardiography the usually ovally enlarged left atrium does 
not give the correct diameter to be used for volume estimation. In 
many cases the left ventricular diameters are too large if measured 
with a single crystal system because of the fact that the sound 
beam did not hit the left ventricle perpendicularly. 
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Fig. 5. Echocardiographic patterns of CR of the mitral valve. 
Top: diastolic and systolic two-dimensional pattern of the mitral flutter in the 

case of CR. 
Middle: M-mode pattern of CR with a systolic flutter (left), indicating rupture of the 

anterior or posterior chordae and with a diastolic flutter of the anterior 
leaflet. 

Bottom: M-mode pattern of CR of the posterior mitral leaflet with a systolic flutter 
(left) or a diastolic flutter (right). 

AO=aorta; MV=mitral valve: LV=left ventricle: LA=left atrium. 

The s ing le crystal group cannot therefore be compared with the 
2 0  group with respect of the measurements. 

As  it i s  important to compare the find ings in  our study with those 
from the l i terature, the estimation of left atria l  and left ventricular 
sizes is a lso made from the chest X-ray. However, an accurate 

49 



measurement of the internal diameters of the cavities of the heart 
can only be made with 20 echocardiography. 

3.3.2.3. Electrocardiography 

The electrocardiogram in this study is a routine strip with the 
standard leads, augmented V leads and precordial leads. Attention 
is given to the presence or absence of sinus rhythm, a new or old 
myocardial infarction, augmented left atrial and left ventricular volt
ages and the presence or absence of ventricular premature beats 
during 20 seconds. Left ventricular strain is not noted because 
many patients, particularly from the control group, used digitalis 
which can mimic a strain pattern on the electrocardiogram. 

Augmented left atrial voltages are said to be present if the P wave 
in V 1  has a negative component with an area greater than that of 
the preceding positive component. 

Augmented left ventricular voltages are said to be present if the 
S in V 1  plus the largest R of V5 or VB was more than 3.5 mV 
(Sokolov index). 

3.3.2.4. Radiography 

Chest X-rays are available from all patients in anteroposterior 
and left lateral position. Special attention is paid to pulmonary con
gestion, the presence or absence of a left atrial segment, to a left 
atrial double contour on the right and to the position of the left main 
bronchus for the evaluation of the left atrial size. For comparison 
with the literature a cardiothoracic ratio has been measured from 
every anteroposterior X-ray to evaluate the left ventricular size. 
The schematic representation of this method is shown in Fig. 6. The 
cardiothoracic ratio (CTR) is judged to be normal if it is less than 0.5. 

3.3.2.5. Phonocardiogra phy 

Phonocardiography was performed in every patient with a 
Medicare system with Maass-Weber filters with cut-off frequen
cies of 35, 70, 140 and 240 Hz. 

As a routine, phonocardiographic recordings are made with a 
Hellige microphone in held expiration at the right and left clavicle, 
at the second rib immediately to the right of the sternum, at the 
second, third and fourth rib immediately to the left side of the 
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Fig. 6. Schematic representation of the measurement of the cardiothoracic ratio 
[CTR). [Bucher: Herzfehlerdiagnostik 1 9691. 

sternum, at the apex, at the point between the attachment of the 
fourth rib to the sternum and the apex and at the apex with the 
patient in left lateral position. As a routine, pulse recordings are 
made of the jugular vein, the liver, the carotid artery and the apex 
of the heart. Recordings are made in four frequencies, simultaneous 
with an electrocardiogram and a pulse recording. The document
ation is photographically on bromide paper at a paper speed of 1 00 
mm per second on a Cambridge multichannel fibre-optic physio
logical recorder. All recordings have been judged by the author. 

Attention is paid to the shape and the major frequencies of the 
murmur at the apex in the left lateral position. 

The equipment used for pulse recording is not suitable for the 
recording of most apical thrills so that the absence or presence of 
a thrill on the apexcardiogram is not used as a criterion in this study. 

3.3.3. Surgery 

From the surgical reports of patients who underwent mitral valve 
surgery the location of the CR in respect of the leaflet involved is 
noted with a short description of the valve itself. The type of surgery, 
valvuloplasty or implantation of a prosthetic valve is also noted. 

If a CR is found during surgery it is always noted as such in the 
surgical report. 
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3.3 .4. Fo l low-up of the patients 

From the group I patients it is noted if they underwent mitral valve 
surgery, together with the follow-up time after surgery. If the 
patient is not operated on, the reason for conservative treatment is 
given, together with the follow-up time. 

Surgical results for group I I  patients are noted, together with the 
follow-up time. 

3.3 .5 .  Stat istical ana lys i s  

For the statistical analysis o f  the data obtained, the Yates
corrected, the McNemar test and the Student-t test have been 
used. 

3.3.6 .  Decis ion tree 

The decision tree of the patients, entering the hospital with a 
systolic apical murmur is noted in Table IV-5 (page 62, 63); in this 
table also the results in numbers of patients is given for both groups. 
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Chapter IV 

Results 

The results of  the group I patients are listed in  Table IV-1. This 
group of 68 patients comprises of 37 patients who underwent 
mitral valve surgery, 20 patients who were too fit for surgery, 3 
patients whose condition was too poor for surgery, 3 patients who 
died before surgery and 5 patients for whom surgery is planned. The 
division of the group II patients is listed in Table IV-3. 

Another division of the group I patients can be made on the basis 
of the presence or absence of an indication for surgery. Included in 
this group are patients who underwent surgery, who were too poor 
for surgery, who died before planned surgery and who are planned 
for surgery. This surgical group consists 48 patients. The remaining 
20 patients were too good for surgery. 

Another division has to be made of group I in patients in whom a 
CR was proven at surgery or autopsy. This proven CR group con
sists of 32 patients. From the remaining 36 patients from group I 
20 are too fit for surgery, 5 are planned for surgery and in 11 pat
ients a CR was not proven at surgery or autopsy was not per
formed. The proven CR group consists of patients nr. 1, 2, 4, 5, 6, 9, 
10, 11, 13, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 3 1, 33, 
34, 35, 36, 39, 48, 50, 60, 62, 63. 

Another necessary division of group I is in patients with a possible 
"spontaneous" CR and patients in whom this was not the case. The 
"spontaneous" CR group consists of 15 patients (nr. 17, 33, 34, 35, 
37,38, 43, 44, 50, 52, 55, 56, 57, 62, 65). In the remaining 53 
patients a possible cause for the CR could be found. 

The results of group II patients who underwent mitral valve sur
gery for predominant mitral regurgitation with or without replace
ment of the aortic valve and with or without coronary artery surgery 
are listed in Table IV-2. 
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no ml age year previous history hyp poss type durat durat thr electrocardrogram 
f at of cause compl. compl CA al LVH LAH Ml VP8 

echo echo Sr 

1 m 51 1 975 MVP murmer '73 - - p 3 8 + sr LVH VP8 
2 m 33 no murmur - end '74 P O  2 8 + sr LVH LAH VP8 
3 m 47 RHO + - p 4161 10 + sr LVH LAH VP8 
4 m 47 1 976 MVP murmur - end '74 D 1 6 ? Sr 
5 m 20 MR murmur - end '75 P O  411 1 )  1 0  + sr LVH LAH 
6 m 55 chorea MR murmur + end '54 D 41251 9 + sr LVH LAH VP8 
7 m 67 Ml MR murmur + - 0 1 6 ? sr LVH LAH Ml 
8 m 32 MVP echo - - - - 5 ? sr LVH 
9 f 34 AR MA murmur - end '72 0 413) 5 ? sr 

1 0  f 37 1 977 AHO MR murmur - end '62 P O  411 6) 1 0  + sr LVH LAH 
1 1  m 65 1 978 - ? trauma 0 3 8 + sr {afl VP8 
1 2  m 79 no murmur '73 MR '77 ? - P O  412) 9 ? sr (afl LAH 
1 3  m 28 MR murmur - end '76 0 3 9 + sr ISVTI VP8 
14  m 35 Fallot corr - - p 41-) 10 - sr 
1 5  m 73 Ml-MR + end '73 0 416) 10 + Sr LAH Ml 
1 6  m 31 congenital MA - end '78 - - 9 ? sr LVH LAH 
1 7  m 56 MR murmur - - P O  413) 9 + al LVH 
1 8  f 34 RHO MR murmur - end '73 0 3 8 + sr 
1 9  m 42 MVP murmur '73 - end '78 P O  3 8 + sr LVH VP8 
20 m 60 1 979 MVP murmur + end '64 P O  4114) 1 0  ? al LVH 
2 1  m 58 no murmur - end '79 0 1 6 - sr LVH LAH VP8 
22 m 46 AA - - M 1 6 + sr LAH VP8 
23 m 26 AA - end '77 0 2 9 + sr LVH 
24 m 56 MVP echo - - 0 415) 5 ? sr LVH 
25 m 65 Ml-MR + - 0 4181 9 - sr 
26 f 66 MR murmur + - P D  412) 9 + sr LVH 
27 f 34 myacarditis MR - - P D  3 9 - Sr 
28 m 57 RHO? no murmur - - pain 3 9 + sr LVH 
29 m 70 1 980 MVP murmur - - D 3 8 + sr LVH LAH VP8 
30 m 42 no murmur - end '80 P D  2 6 + sr LVH LAH VP8 
31 f 74 AR MVP murmur - - P D  3 7 + sr LAH Ml VP8 
32 m 73 MR murmur - end '80 pain 3 9 + al VP8 
33 f 66 MR murmur + - D 3 8 + sr LAH VP8 

34 m 56 1981 MR murmur - - D 412) 9 + sr LAH VP8 
35 m 60 - + - D 2 7 ? sr LVH VP8 
36 m 70 '72 no murmur. '76 MVP + - D 2 7 ? sr LVH LAH VP8 
37 m 67 - + - - - 5 + sr LVH Ml 
38 f 69 MR murmur + - OM 1 6 + sr 
39 m 44 AA + coarctation + - pain 1 6 ? sr LVH LAH 

P D  
40 m 57 Ml-MA - - D 414) 9 + sr LAH Ml VPB 
41 f 75 Ml-MA - - D 1 6 ? sr LAH Ml VP8 
42 m 77 AA MA cardiomyop - - D 4114) 5 ? al LVH VP8 
43 m 68 1982 MR murmur '74 t - pain 1 6 ? sr LVH LAH VP8 
44 m 60 no murmur - - - - 5 + sr 
45 m 63 MVP echo - - p 417) 9 ? af LVH 
46 m 70 MR murmur + - D 2 5 ? af LVH 
47 m 67 AA MR murmur + - P D  3 10 + Sr VP8 
48 f 31 MVP phono '68 - - D 3 5 + sr LAH 
49 f 37 - - end '82 D 1 6 + sr 
50 m 72 - + - pain 2 7 + sr LAH VP8 

D 
51 m 66 MA murmur - - - - 5 + sr LAH VP8 
52 m 70 no murmur + - D 4161 9 ? Sr VP8 
53 m 68 Ml-MR - - D 2 6 + af Ml 
54 f 28 1 983 - - end 'B3 - - 5 + sr 
55 m 65 MA murmur '79 - - P D  414) 5 ? af VP8 

56 m 59 - ? - D 3 8 + sr 
57 m 70 - ? physex D 3 8 + af M l  
58 f 62 MA murmur '62 + - P O  411 7) 10 + sr 
59 m 62 - ? - parn 3 5 + sr LVH LAH 

60 m 61 MVP echo - end '83 - 1 6 + sr LVH LAH 
61 f 52 MR MS - - P D  414) 9 ? Sr 
62 m 59 MA murmur '77 + - P D  416) 5 + sr LVH VP8 
63 m 59 MVP echo AS□ - - D 418) 9 + af LVH 
64 m 1 8  - - trauma D 3 8 + sr LVH LAH 

65 m 33 - ? - - - 5 - sr LVH LAH 
66 m 1 7  trauma '77 MA '79 - trauma D 3 9 + sr LVH 
67 m 35 AA MA murmur - - D 412) 9 + sr LAH 
68 m 49 1 984 MR murmur - - P O  3 9 + sr LVH LAH 

Table IV- 1 .  Results of group I patients with a CR at surgery or autopsy and patients with 
All patients had a holosystolic apical murmer at phonocardiography, For the explanation 
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chest X apical murmur susp echo • surg surgical fo1Iow•up remarks no 
grade h m l  cd ps diag s 2D 5 d ■ aut description 

a p a p 

LA LV PC IV + + + + AS + + • + part. thick t after Sy familiar 1 
LA LV PC I l l  + + + + MR + + • + Carp. ring Sy change murmer 2 

LV V + + + + MR + + too fit By thrill Sy 3 
LV PC I l l  + + + MR + + + • + + 7y change murmur 4 

LA LV V + + + MR + + + • + 7y thrill Sy 5 
LA LV PC I l l  + + + MR + + + • + thickened 7y familiar 6 
LA LV PC V + + + + MR + + + too fit 7y 7 
LA LV I l l + + + MR + + too fit 7y 8 
LA LV PC II + + + MR + + • + thickened 7y 9 
LA LV PC V + + + CR + + + • + not thick 6y thrill 1 2y 1 D  
LA LV PC IV + + + VSD + + • + part thick 5y 1 1  
LA LV PC IV + + + MR + + t before s change murmur 1 2  
LA LV PC IV + + + MR + + + • ? ? valve rupt 5y familiar 1 3 

PC I l l  + + + MR + + too fit 5y 1 4  
L A  LV PC IV + + + MR + + too poor for st  change murmur 1 5  

I l l  + + + MR + + + too fit 5y 1 6  
LA LV PC V + + + + CR + + + t before s 1 7  
LA LV IV + + + + MR + + + • ch. abn. 4y thrill 1 1 y 1 8  
LA LV PC V + + + MR + + + • + thickened 5y change murmur 1 9  
LA LV VI + + + + MR + + • + 5y CR 1 Dy change 20 
LA LV PC IV + + + CR + + • + 4y 21 
LA LV VI + + + + CR + + + • + +ao valve t 1 y valve f. 22 

LV Il l + + + MR + + + + • + +valve rupt 5y 23 
LA LV II + + + MR + + • + + graft 4y change murmur 24 
LA LV IV + + MR + techn sub. • + t after 3y change murmur 25 
LA LV V + + + MR + 

I 
+

1 
• + deformation 4y change murmur 26 

LA LV PC II + + + MR + + • + part thick 3y change murmur 27 
LA LV IV + + + VSD + techn sub. • + thick + calc 4y 28 
LA LV PC IV + + + MR + + + • + 3y 29 
LA LV PC IV + + + MR + + + . + t before s change murmur 30 
LA LV IV + + + AS + + • + t after 3 mo 31 
LA LV I l l  + + + AS + + + too fit 4y 32 
LA LV PC IV + + + MR + + + • + deformation 2y 33 

+ graft 
LA LV PC I l l  + + + MR + + + + • + + 2y 34 

PC IV + + + CR + + • + thickened 2y 35 
LA PC Ill + + + MR + + + • + thickened 2y change murmur 36 
LA IV + + + MR + + too fit 2y 37 
LA LV V + + + MR + + + too fit 3y 38 
LA LV PC IV + + + C R  + + + + • + +ao valve 2y 39 

PC V + + + VSD + + + • stretched ch 2y pm dysf. change 40 
LA LV PC IV + + + CR + + too poor for s t MR 1 day after M 41 
LA LV PC I l l  + + + MR + + + too poor for s t  4 2  
L A  LV PC IV + + + CR + + too fit 2y 43 

IV + + + CR + + too fit 1 ½Y 44 
LA LV PC IV + + + MR + + + too fit 1 ½v 45 
LA LV PC IV + + + MR + + + + • no CR 1y change murmur 46 
LA LV IV + + + MR + + planned cath thrill By 47 
LA LV V + + + CR + + + • + thick+va!ve rup change murmur 48 

IV + + + MR + + + too fit 1 ½Y change murmur 49 
LV PC IV + + + CR + + + + • + + stretched ch 1 1/iY 50 

LA LV IV + + + CR + + + . too fit 1 y  change murmur 51 
LA LV I l l  + + + CR + + + + too fit 2y change murmur 52 
LA LV PC V + + + CR + + too fit 1 1/

1y 53 
V + + + CR + + + + too fit 1 y  54 
Ill + + + CR + + + • no CR wide 55 

annulus 
IV + + + AS + + + too fit 1 y  56 

PC I l l  + t + CR + + too fit 1 y  57 
LA LV IV + + + MR + + + too fit 1 1/

1y change murmur 58 
LA LV PC I l l  + + + CR + + • no CR frayed 1/1Y angina pect. 59 

valve. + graft 
PC V + + + MR + + + • + t at surg change murmur 60 

LA LV PC Il l + + + MR + + s planned 61 
LA LV PC V + + + MR + + • + deformation 3 months 62 
LA LV PC IV + + + MR + + + • + 3 months 63 
LA LV PC VI + + + + VSD + + + • no CR valve 5 months 64 

incision 
LV PC IV + + + MR + + + + too fit ½Y 65 

V + + + CR + + + planned cath change murmur 66 
LA LV IV + + + MR + + + + planned cath 67 
LA LV V + + + CR + + + planned cath 68 

positive echocardiographic criteria for CR from the period January 1975 to January 1984. 
of abbrevations see page 58. 
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no m/f  age year previous history hyp type du rat thr electrocard1ogram 
of compl compl sr L VH LAH Ml VPB 
surg al 

1 m 51  1 975 RHO - D 4(5y) - al LVH 

2 m  4 1  RHO - D 4I9y) - al LVH 
3 m  57 1 976 nephritis AR + D 4I8y) - al VPB 
4 f 55 RHO - P D  4I 1 0y) - al 

5 f 59 1 977 diphteric HO - P D  4I6y) - af 
6 f 37 RHO AR - D 4[1 5y) - sr LVH LAH 

7 f 56 - - P O  412yl + af LVH 

B f  42 1 978 RHO - D 4(4y) - af 
B f  57 RHO - D 4I20y) - af 

1 0 m  52 - - P D  4I4y) - af 

1 1  f 59 RHO + D 4I5y) - af 
1 2  m 37 1 979 RHO peric - P D  418y) - sr LVH LAH 
1 3  m 36 endoc AR - D 3 - sr LVH LAH 
14 m 5 1  AR M l  - D 4I3y) - sr LVH LAH Ml 
1 5 m  46 - - P O  4[2y) - af 

1 6 m  66 endoc AS AR - P D  4I2yl - sr LVH 

1 7 m  54 AR Ml - D 3 - af LVH Ml VPB 
1 8 m  59 RHO AR - D 412yl - sr LVH LAH Ml  VPB 
19 f 46 1 980 AS AR - D 4(4y) - sr LVH LAH 

20 m 50 Ml  - P D  3 - af Ml VPB 

21  f 4 1  RHO A R  - D 4I1 5y) - af LVH 
22 f 49 1 981  AR + P O  4l6y) - af 
23 m 61  1 982 AR - D 4I3y) - sr LVH 

24 f 51  - - P D  4I2y) - sr 

25 m 50 RHO - D 4[7y) + af 
26 m 55 AR - P D  4[8y) - af 

27 f 49 RHO AR - D 4I2yl - sr LVH LAH 

28 1 61  1 983 - P D  4I1 4y) - af VPB 
29 m 61 endoc AR Ml  - D 3 - sr LVH LAH Ml VPB 
30 f 40 RHO - D 4I3y) - af 

Table IV-2. Results of the group II patients who were operated for predominant 
For explanation of abbrevations see page 58. 
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chest X type of murmur valve description remarks 'allow-up no 
LA LV PC grade h m l  cd PS at surgery 

LA LV PC I h ps only insuff Carp ring ight heart 1 
'ailure 5 y 

LA LV PC II h ps thickened + fusion valve repl By 2 
LA LV PC II h ps totally insufficient valve repl + ao valvE t1 day 3 
LA LV PC I I  h m cd shrinkened + valve repl 7 y  4 

fibrotic pml 
LA I l l  h ps local thick + fusion valve repl 6 y  5 
LA LV IV h m ps aml insuff + valve repl + 6 y  6 

stretched ch ao valve 
+ fusion 

LA LV Ill h m PS shrinkened pml valve repl 6 y  7 
'rheumatic' 

LA LV IV h m C thickened valve+ch valve repl 5 y 8 
LA LV PC Il l  h m I cd deformed + valve repl 5 y 9 

thickened. ch fusion 
LA LV II h m d shortened pml + valve repl 4 y 1 0  

shortened ch 
LA LV PC IV h m C shrinkened pml valve repl 4 y 1 1  
LA LV PC II h d calcified valve repl + bypass 4 y 1 2  
LA LV PC I l l  h m cd vegetations valve repl +.ao valv, 4 y 1 3  
LA LV PC I l l  h m d thickened+ch fusior valve repl + ao valv1 4 y 1 4  
LA LV II h m ps thickened+ valve repl 4 y 1 5  

fusion + calc 
LV PC I I  h ps local thick valve repl +ao valve 4 y 1 6  

+ bypass 
LA LV II h m ps thin valve nu fusion valve repl + ao valvE 3 y  1 7  
LA LV PC I I  h m cd thickened valve repl + ao valvE 3 y  1 B  

LV I I  h m d valve fusion + valve repl + ao valvE 3 y  1 9  
shortened chordae 

LV I I  h m ps fibrosis of papill m valve repl + t 1 day 20 
aneurysmect 

LA LV Ill h ps thickening + fusion valve repl +ao valve 3 y  21 
LA LV I l l  h m ps thickened valve repl + ao valvE 2 y  22 

LV IV h C local thick + valve repl + ao valvE 1 y 23 
stretched ch + 
annul dilat 

LA I I  h m ps shrinkened + valve repl + 1 1/, y 24 
thickened + bypass 
ch fusion 

LA LV PC IV h m cd shrinkened valve repl + ao valv, 1 1/, y 25 
LA LV I l l  h m ps thickened valve + cl valve repl + ao valv1 1 y 26 

ch fusion 
LV I I  h cd deformed + valve repl +ao valve 1 y 27 

shrinkened + 
thickened 

LA II h d not calcified valve repl 1 y 2B 
LV PC Il l  h m ps not calcified valve repl 1/, y 29 

LA LV PC I l l  h m d calcified valve repl 3 months 30 

mitral regurgitation without CR in the period from January 1975 to January 1984. 
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Explanat ion of abbrevations used i n  Tables I V- 1  and IV-2.  

no = patient number, listed to the time of echocardiographic diagnosis; m = male: f = 

female; age = age at the time of echocardiography; year = year of echocardiographic 
diagnosis: MVP = mitral valve prolapse: RHO = rheumatic heart disease: MR =mitral 
regurgitation: Ml = myocardial infarction: AR = aortic regurgitation: MS = mitral 
stenosis; AS□ = atrial septal defect; hyp = hypertension: poss cause = possible 
cause of CR; end = endocarditis; phys ex = physical exertion: type comp! = type of 
complaints; P = palpitations: D = dyspnoe: M = a for the patient audible murmur or 
notable thrill; durat compl. = duration of complaints; 1. = less than a week; 2. = more 
than a week, less than a month; 3. = more than a month, less than a year; 4. = more 
than a year: e.g.141 = complaints during 4 years: durat CR = duration of CR; 5 = 

unknown: 6. = less than a week; 7. =more than a week, less than a month; 8. = more 
than a month, less than a year; 9. = more than a year, less than 5 years: 1 0. =more 
than 5 years: thr = a palpable systolic apical thrill; af = atrial fibrillation: sr = sinus 
rhythm: LVH = augmented left ventricular voltages; LAH = augmented left atrial 
voltages: Ml = myocardial infarction: VPB = ventricular premature beats; LA = 

enlarged left atrium: LV = enlarged left ventricle; PC = pulmonary venous congestion: 
grade = loudness of the apical murmur at auscultation: h = mainly high frequencies on 
the phonocardiogram: m = mainly mid-frequencies: I = mainly low frequencies: cd = 

crescendo-decrescendo; ps = plateau-shaped; susp diag = suspected diagnosis 
before echocardiography; AS = aortic stenosis; MR = mitral regurgitation; CR = 
chordal rupture: VS□ = ventricular septal defect; S = single crystal 
echocardiography; 20 = two-dimensional or sectorechocardiography; s = systolic; d 
= diastolic; a = anterior mitral leaflet; p = posterior mitral leaflet; surg = surgery 
performed: aut = autopsy performed; part. thick = partially thickened mitral valve; 
Carp. ring = insertion of a Carpentier ring; valve rupt = valve rupture; ch.abn. = 
chordal abnormalities; + aortic valve = mitral valve surgery plus aortic valve surgery: 
+ graft = mitral valve surgery plus coronary artery surgery: calc = calcification of the 
mitral valve; ch = chordae; e.g. 9y = alive 9 years after surgery; e.g. too fit By = 
clinically too fit for surgery 8 years after the echodiagnosis; s = surgery: valve f = 

mechanical valve failure; mo = month; cath = cardiac catheterization; e.g. thrill Sy = a 
palpable apical systolic thrill during 6 years before echocardiography; Note: for 
comparison with the findings in the literature the radiographic criteria used for the 
evaluation of the left ventricular size have been used in his study, however these 
criteria do not indicate the real left ventricular size. 

patients, who underwent mitral valve surgery 

patients, too fit for surgery 

patients, too poor for surgery 

patients who died before planned surgery 

patients for whom surgery is planned 

37 

20 

3 

3 

5 

total 68 

Table I V-3. Subdivision o f  group I patients with a C R  during surgery o r  autopsy o r  with 
positive criteria for CR on the echocardiogram from the period January 1975 to 
January 1 984 
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4.1. Echocardiography 

We tested the echocardiogram in a population of 37 patients who 
underwent mitral valve surgery and 1 patient with autopsy findings. 
From these 38 patients 2 have too poor quality echocardiographic 
recordings for the assessment of a flutter, which leaves 36 pat
ients. From them 30 had a systolic and/or diastolic flutter and a 
CR (true positive), 1 had no flutter but CR at surgery (false negative) 
and 5 had a systolic and/or diastolic flutter but no CR (false posi
tive). In the same period 60 patients were operated for predominant 
mitral regurgitation without a flutter and without CR at surgery 
(true negative). 

The numbers mentioned above allow the calculation of the sensi
tivity, the specificity and the predictive value for CR of the presence 
or absence of a systolic and/or diastolic flutter in patients with a 
holosystolic murmur at the apex. This is listed in Table IV-4. 

proven at surgery/ autopsy 
no CR at surgery 

flutter 

30 (tp) 
5 (fpl 

no flutter 

1 (fnl 
60 (tnl 

Table IV-4. Division of the true positive (tpl, false negative (fnl, false positive (fpl and 
true negative (tnl numbers of patients in whom surgery or autopsy was performed. 
Two patients with valve rupture and valve incision are included in the true positives. 
Flutter = systolic mitral flutter and/or diastolic inconstant low frequency flutter. All 
patients had a holosystolic apical murmur. 

The sensitivity of a systolic and/or diastolic flutter of the mitral 
valve for CR is: 

tp 
--- X 1000/o = 970/o 
tp + fn 

The specificity of a systolic and/or diastolic flutter of the mitral 
valve for CR is: 

tn 
-- X 1 000/o = 920/o 
tn+fp 
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The predictive value of the presence of a systolic and/or d iastol ic 
f lutter of the mitral valve for C R  is :  

tp 
-- X 1 000/o = 860/o 
tp+fp 

The predictive value of the absence of a systolic and/or  d iastol ic  
flutter of  the mitral valve for  C R  is :  

tn 
-- X 1 000/o = 980/o 
tn+fn 

I I I I I I I I I !  1 1  I I I I I I I I I I I I I I I I I I I I -II[ I I I I I I I I I I I I I I I I I I I I I I / 1 l I i  I I I f I I 1 
ECG 

RV 

Fig. 7. Echocardiographic recording of an M-mode sweep from the aorta (ADJ and left 
atrium [LAJ to the mitral valve and the left ventricle [L VJ. The aortic valve shows cal
cifications. A strong low frequency flutter of the mitral valve (MVJ is recorded during 
systole [arrow). RV = right ventricle. The electrocardiogram [ECG) shows sinus 
rhythm. The phonocardiogram (PHJ shows in the mid frequencies a loud crescendo
decrescendo holosystolic murmur at the apex. This patient (no. 221 had CR of the 
anterior mitral leaflet in the presence of aortic regurgitation withour signs of endo
carditis. 

60 



Fig. 8. Sector- and M-mode echocardiographic recordings of patient no. 53. A sys
tolic flutter of the mitral valve - a small part of the posterior leaflet - could only be 
recorded from the apical position (arrow). The position of the M-line is shown in the 
sector image (bottom right), indicating that it can be difficult to record a mitral 
flutter. The M-mode recording shows the necessity of a high gain setting in order to 
make a recording of a small flutter possible. LV = left ventricle; LA = left atrium; ECG 
= electrocardiogram. 

As a systolic flutter of the mitral valve with or without a diastolic 
flutter can only exist in the case of mitral regurgitation these calcu
lations were repeated for the systolic mitral flutter alone: this re
sults in a tp of 26, fn 5, fp 5 and tn 60. This gives a sensitivity of 840/o 
a specifity of 920/o, a predictive value for CR of the presence of a 
systolic mitral flutter of 840/o and a predictive value for CR of the 
absence of a systolic mitral flutter of 920/o. 

An isolated diastolic flutter (without a systolic flutter) was found 
in 8 of the patients with a proven CR. This results in a sensitivity of 
260/ o, a specifity of 920/o, a predictive value for CR of the presence 
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patients 
with 

systolic 
apical 

murmur 
± 

complaints 

phono 

MR+o echo 

CR 

no CR 

co + 

condition 
,-------� 1- cath 

fit for cath 

clear 
single CR 

condition too poor for further 

co - --------------

-----,0--- cath-

co - ---------------

co + ---0-- cath -
technically suboptimal 

co - ------

Table IV-5. The decision tree for patients with a systolic apical apical murmur with the 

phono = phonocardiogram; echo = echocardiogram: cath = cardiac catheterization. 
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number of patients 
group I group II 

bad values 

less bad values 

diagnosis and surgery 

die 

planned 4 

� 

�
rvive 26 

surgery 
die 2 

die 2 

J ,,+ L 
planned 

survive 
surgery 

die 

3 

' co± -Or---------- wait 0 

2 
surgery 

surgery 

� survive 

� die 

die 3 

wait 20 

survive 

die 0 

{ 

bad values __________ �
urvive 

0- surgery 
die 

survive 

J 
co+ --(r- surgery 

� � �� �  
� 

co± -01----------- wait 

wait 

-< bad values __________ ----<--=
survive 

0- surgery 
die 

less bad values --------Q----------- wait 0 

wait 0 

resulting numbers for both groups. MR = mitral regurgitation: co = complaints; 

20 

2 

7 

0 

? 

? 
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J 1 1 1 1 1 1  b!nW �1 1 1  ml 1 1 1 1 1 1 1  u UJ �l 1 1  w-J 1 1  1 1 1 1 1 IJ.l 
ECG 

1 1 1 1 1 1 1 1 1  

Fig. 9. Echocardiographic M-mode recording of the mitral valve of  patient no. 5. The 
anterior mitral leaflet shows a coarse, sharply pointed flutter with the aspect of an 
irregular saw blade (arrow). In the last complex a systolic flutter is  recorded too. The 
phonocardiogram (PHJ at the apex shows the systolic mitral regurgitation murmur 
and a third heart sound. A chordal· rupture of the anterior mitral leaflet was diag
nosed at surgery. ECG = electrodiogram; RV = right ventricle; LV = left ventricle; 

of a diastolic mitral flutter of 67□/o and a predictive value for CR of 
the absence of a diastolic mitral flutter of 72□/o. 

From the 36 patients who underwent surgery or autopsy and had 
a good quality echocardiogram 1 4  were examined with a single crys
tal echocardiographic system; from them 1 2 were predicted cor
rectly. From the remaining 22 patients who were examined with 20 
echocardiography 1 7  were predicted correctly. 

Because of the high predictive value of the presence of a systolic 
and/or diastolic flutter of the mitral valve for CR  the whole group 
I may be regarded as an entity; all patients have identical selection 
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Fig. 1 0. Echocardiographic M-mode recording of the mitral valve of patient no. 10. A 
sharply pointed flutter of the posterior mitral leaflet is recorded (arrow), indicating a 
chordal rupture. The phonocardiogram (PHJ shows a loud mitral regurgitation mur
mur and a very loud third heart sound. ECG = electrocardiogram; RV = right ventricle; 
LV = left ventricle; MV = mitral valve; 

criteria. They all have the same a priori chance of having a CR. Besides 
it is very unlikely that the presence or absence of a CR influences 
the moment of mitral valve surgery. 
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LV 

L A  

Fig. 1 1 .  The two-dimensional echocardiogram of patient no. 2 2  a t  the end of systole 
in the long axis view. The mitral valve (MVJ is closed and part of the valve is seen in the 
left atrium (LAJ indicating chordal rupture. The left atrium is enlarged. The aortic 
valve (AVJ is  c/llcified. LV = left ventricle. 
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Fig. 1 2 . Echocardiographic M-mode sweep from the aorta (ADJ and the left atrium 
[LA) to the left ventricle (L  VJ from patient no. 32. A flutter is  recorded from the poste
rior m itral leaflet during systole with a high-speed anterior motion of that leaflet, in
dicating a flai l  leaflet and chordal rupture. A part of the posterior leaflet is recorded 
in the left atrium (arrow). Both mitral leaflets are thickened, suggestive for valve 
vegetations. RV = right ventricle; ECG = electrocardiogram; PH = phonocardiogram; 
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4.2. Sex and age 

4.2. 1 .  Group I 

Group I consists of 54 males (79.40/ol and 14 females (20.60/ol. 
The age range at the time of echodiagnosis is 17-79 years for the 
whole group, mean age 53.3±16.5 years. The age of the males is 
17-79 years, mean age 54.4±16. 1 years. The age of the females is 
28-75 years, mean age 49.9±17.9 years. 

The group with a "spontaneous" CR consists of 1 3 males and 2 
females. Their ages vary between 33 and 72 years with a mean of 
61.3±10.3 years. The age of the remaining 53 group I patients varies 
from 17-79 years with a mean of 51.0±17.2 years. The patients with 
a "spontaneous" CR are significantly older than the other patients 
(p<0.05). 

The age of the patients, hospitalized for endocarditis, varies from 
20 to 73 years, mean age 43.1 ±15.9 years. In the remaining group 
I patients the age is 17-79 years, mean age 57.5±15.0 years. The 
patients with an endocarditis are significantly younger than the 
other patients of group I (p<0.001 l. 

4.2.2. Group II and its comparison to group I 

From the 30 group I I  patients there are 16 males (53.30/ol and 
14 females (46.70/ol. Their ages vary from 36 to 66 years, with a 
mean age of 51.0±8.2 years. The age of the males is 36-66 years, 
mean age is 51.7±8.5 years, the age of the females 37-61 years, 
mean age 50.1 ±8.0 years. 

Comparable group I patients are those patients who underwent 
mitral valve surgery, or died before surgery, or whose condition was 
too poor for surgery or for whom surgery is planned. This is the 
"indication surgery" group of 48 patients. For comparison with 
group I I, patients nr. 11, 64 and 66 with a chest trauma have to be 
excluded. This leaves 45 patients. In this group there are 35 males 
(age 20-79 years, mean age 55. 1 ± 14.6 years) and 10 females (age 
3 1-75 years, mean age 50.3±18.3 years). 

There are significantly more males in group I than in group I I  
(p<0.005). The differences between the ages of  both groups is  not 
significant. 

The findings of sex and age of both groups are listed in Table IV-6. 
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group I group I I  
pat. no. age pat. no age 

females 1 0(2 2.20/ol 50.3± 1 8. 3  1 4(46. 60/ol 50. 1 ±8.0 
males 35(77.80/ol 55. 1 ± 1 4.6 1 6(53.30/ol 5 1 .7±8.5 � 
al l  patients 45 54.0± 1 5.4 30 5 1 .0±8.2 

Table IV-6. Division of  females and males and their ages from group I and group I I  in  
years. There are significantly more males in group I .  The difference in the mean ages 
is not significant. 

4.3. The previou s  history 

4.3 . 1 . Group I 

Out patient hospital fi les from group I were present i n  56 of 68 
patients (82.40/ol. 

A mitral regurgitation murmur was described in 38 out of the 56 
pat ients (67.9 0/ol. A m itral va lve prolapse was d iagnosed in  1 4  out 
of 38 patients (36.80/ol by auscultation,  phonocardiography and/or 
echocardiography in  combination with a mitral regurg itation mur
mur. This is 20.60/o of the whole group I .  

Aortic regurgitation was described i n  7 group I patients. I n  2 of  
them it was the on ly  a bnormal ity at auscu ltation. 

Rheumatic heart d isease was present in 4 group I patients. In 2 of 
them a mitral regurgitation murmur was described. 

A su stained myocard ia l  infarction had occurred in  the past in  8 
g roup I patients. Three of them had a myocardia l  infarction without 
the description of a murmur. Of the other 5 patients 3 had a mitral 
regurgitation murmur. In one patient a myocardit is  was also des
cribed and one patient a lso had a mitral stenosis murmur. 

Two group I patients underwent thoracic surgery in the past. One 
patient had a total correction of Fa l lot 's d isease and another was 
operated for a coarctation. 

The f indings of the previous h istory of the group I patients i s  l isted 
in Table IV-7. 
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total number of patients 68 ( 1 000/ol 

out-patients hospital f i les 56 (82.40/ol 

M R  murmur in the past 38 (55.90/ol 

M R  on the basis of MVP 1 4  (20. 60/ol 

a lso  AR 8 ( 1 1 .80/o) 

iso lated AR 3 (4.40/ol 

R H O  4 (5.90/ol 

R H O + murmur 2 (2 .90/ol 

myocardia l  infarction 8 ( 1 1 .8 0/ol 

M l  without murmur 3 (4.40/ol 

no previous murmurs 2 (5.9 0/ol 

Table IV-7. Findings of the previous history of group I patients as far as these findings 
obviously were not a direct cause of chordal rupture. MR = mitral regurgitation; 
MVP = mitral valve prolapse; AR = aortic regurgitation: RHO = rheumatic heart 
disease: Ml = myocardial infarction. 

4.3.2.  Group I I  

The findings of the previous history of the group I I  patients a re 

l isted in Table IV-8. Almost half of the patients had documented 

rheumatic heart disease. Aortic regurgitation was found in 770/o 

of grou p I I .  

total number o f  patients 

RHO 

+ AR 

d iphteric heart disease 

endocardit is 

+ AR 

"nephritis" + AR 

myocard ia l  infarction 

+ AR 

iso lated AR 

3 

3 

3 

1 3  

1 

3 

1 

4 

1 4  

30 ( 1 00 0/ol 

(43.30/ol 

( 1 0 0/ol 

( 1  00/ol 

( 1 3,30/ol 

(46.70/ol 

Table IV-8. Findings of the previous history of the group II patients. All patients had a 
mitral regurgitation murmur. AR = aortic regurgitation. 
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4.3.3. Hypertension in group I and I I  

Hypertension was found to be present in the previous historyof 20 

group I patients (29.40/ol. Normal bloodpressure values were 

reported in 42 patients (6 1.80/ol and bloodpressure values were 

not known in 6 patients (8.90/ol. 

In the "spontaneous" CR group of 1 5 patients hypertension was 

found in 8 (53.30/ol, normotension in 4 (26.70/ol and bloodpressure 

values were unknown in 3 patients (200/ol. 

In group I I  bloodpressure values were known in all patients before 

surgery. Hypertension was found in 3 patients (1 00/ol. 

The findings of all three groups are listed in Table IV-9. 

spontaneous CR other pat. of gr. I group I I  

hypertension 8(53.30/ol 1 2(22.60/ol 3(1 00/o) 

normotension 4(26.70/ol 38(71.70/ol 27(900/o) 

unknown 3(20 0/ol 3( 5.70/o) 0 

total no. of patients 15 53 30 

Table IV-9. Division of patients with hypertension and normotension from the "spon
taneous" chordal rupture group, from the other group I patients and from the group 
II patients. Hypertension was significantly more frequent in patients with a "spon
taneous" chordal rupture than in the other group I patients (p<D.0005) and than in 
the group II patients (p<0.0 1  J. 

Hypertension was significantly more frequent in patients with a 

"spontaneous" CR than in the other group I patients (p<0.0005) 

and than in group I I  patients (p<0.01 l. 

4.3.4. Endocarditis and other ri sk factors of group I 

Hospitalization for endocarditis was found in the previous history 

or at the time af diagnosis of the CR in 19 group I patients (27.90/ol. 

From these patients 1 3 had positive blood cultures for Streptococci 

4 for Staphylococci and 2 patients nad negative blood cultures. From 

the endocarditis group of 19 patients surgery was found to be 

necessary for 1 5 patients (78.90/ol and 4 patients from this latter 

group died. The findings are listed in Table IV-10. 
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hospital ization for endocardit is i n  1 8  patients 

1 2 underwent mitra l  valve surgery, 1 died during surgery 
1 too poor for surgery 
2 d ied before planned surgery 
4 condition sti l l  too good for surgery 

Table IV- 1 □. Follow-up of the group I patients who were hospitalized for endocarditis. 

The duration of t ime expressed in years, between the time of en
d ocarditis and the t ime of surgery in the 1 5 patients with a surgical  
ind icatiqn is less than one year for 4 patients (one of them needed 
s urgery in the acute phase), 1 year for 2 patients, 2 years for 3 pa
t ients and 4, 5, 5, 1 5 ,  1 5 and 22 years for the remain ing patients. 
The variation from O to 22 years has a mean of 4.8±6.8 years. 

Other possib le d irect causes for CR are found in patients no. 
1 1 : a blunt chest trauma, immediately followed by a thril l and murmur: 
66 :  a b lunt chest trauma, fol lowed by a loud apical murmur after two 
years; 
57: physical exertion; 
64: a penetrating heart wound with valve incision. 

4.4. Symptomatology 

Inc luded i n  the syptomatology of the group I patients are: type of 
compla ints, duration of compla ints, estimated duration of CR before 
the echocard iographic d iagnosis ,  suspected diagnosis before echo
cardiography and the presence or absence of a systol ic  apical thril l .  
The auscultation is described in Chapter 4.7. (page  78). 

4.4. 1 Type of compla ints 

4.4. 1 . 1 .  Group I 

Dyspnoea and palpitations were the usual complaints of group I 
p atients, both isolated or combined. One patient (no. 221  only report
ed a murmur that he cou ld hear himself without other complaints. 
One patient (no. 381 reported vibrations in the chest with some dys
p noea. I n  4 patients (no. 28, 3 2, 43 en 581 pain in the chest was the 
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only complaint. One of them (pat. no. 59) had a typical  ang ina 
pectoris. Two patients (no. 39 and 50) reported chest pain together 
with dyspnoea and palpitations. Patient no.  50 had a myocard ial  
i nfarction.  There were 8 group I patients without complaints.  The 
f ind ings are l isted in Table IV-1 1 .  

4.4. 1 .2 .  Group I I  and its comparison to group I 

I n  group I I  dyspnoea as a major symptom was present i n  a l l  pat
ients. Palpitations were reported in 1 2 patients (400/ol. These fin
dings are l isted in  Table IV-1 1 together with the type of compla ints 
of group I .  

type of 
complai nts 

dyspnoea 
palpitations 
pain 
murmur 
other complaints 
total no of patients 

2.20/o 
2.20/o 
45 

group I grou p I I  

1 000/o 

30 

Table IV-1 1 .  The major complaints of group I I  patients and of the comparable group I 
patients. 

4.4.2 .  Duration of compla ints 

4.4. 2 . 1 . Group I 

The duration of compla ints div ided i nto periods of less than a 
week, more than a week but less than a month, more than a month 
but less than a year and more than a year from group I patients is 
l isted in  Table IV-1 2 .  Added to this is that group of pat ients for 
wh ich an i nd ication for surgery was present. Th is includes those 
patients who died before surgery, and those patients whose condi
t ion was too poor for surgery; a lso those pat ients are inc luded for 
whom cardiac catherization or surgery is p lanned. The patients in 
whom CR was proven are also l i sted. 
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duration of complaints group I indication proven CR 
surgery 

< a week 10( 14.70/o) 6( 12.50/o 5( 15.60/ol 
> a week < a month 8( 1 1.80/ol 7( 14.60/ol 6( 18.80/o) 
> a month < a year 18(26.50/o) 1 6(33.30/o) 10(31.30/ol 
> a year 24(35.30/o) 19( 39.60/ol 11  ( 34.40/ol 
no complaints 8( 1 1.80/ol 0(00/ol 0(00/ol - -
total no of patients 68 48 32 

Table IV-1 2. Duration of complaints of group I patients before echocardiographic 
diagnosis of C R. I ndication surgery includes group I patients in  whom a surgical indi
cation was present, patients who died before surgery, patients whose condition was 
too poor for surgery and patients for whom surgery is planned. 

A duration of complaints lasting more than a year was found in 
24 group I patients. If from these patients no 14 with a Fallot's 
disease is excluded, the total duration of complaints varied from 
2 to 25 years with mean of 7.6±6.0 years. 

The same calculation for the 11 patients of the proven CR group 
gives a duration of complaints of 2 to 25 years with a mean of 
9. 1 ± 7.0 years. 

4.4.2.2. Group I I  and its comparison to group  I 

From group II 4 patients had complaints lasting more than a 
month but shorter than a year ( 13.30/ol. The duration of complaints 
of the remaining group I I  patients varied from 2 to 20 years with a 
mean of 6.5±4.9 years. 

These findings, together with those of the comparable group I 
patients are listed in Table IV-13. The duration of complaints of 
group II is significantly longer (p<0.05l. 

4.4.3. Suspected duration of chordal rupture 

The suspected duration of CR, divided in not clear, less than a 
week, more than a week but less than a month, more than a month 
but less than a year, more than a year but less than five years and 
more than five years of group I patients is listed in Table IV-14. 
Added to this is that part of the patients for which an indication for 
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duration of complaints group I group I I  

< one week 6 ( 1 3.30/ol 0 

> one week < one month 7 ( 1 5 .60/o) 0 

> one month < one year 1 3  (28.90/ol 4 ( 1 3.30/o) 

> one year 1 9 (42.20/ol 26 (86.70/ol 

total no of patients 45 30 

s pread and mean 3.2±5.3y 5.7±5.0y 

( 1  wk-25 yl ( 1  month-20 yl 

Table IV-1 3. Duration of complaints of group II patients and of comparable group I pat

ients. The duration of complaints of group II patients is significantly longer (p<0.05). 

duration of group I ind ication sponta- proven C R  

chorda l  rupture surgery neous C R  

not clear 1 4(20.60/ol 8( 1 6.70/ol 5(33.30/o) 4( 1 2 .50/ol 
< one week 1 2( 1 7.60/ol 7( 1 4. 60/ol 2( 1 3.30/ol 6( 1 8.80/o) 
> one wk < one mo 4( 5 .90/ol 4( 8.30/ol 2( 1 3.30/ol 4( 1 2 .50/o) 
> one mo < one y 1 0( 1 4.70/ol 8( 1 6.70/ol 3(20 0/ol 6( 1 8.80/o) 
> one y < five y 20(29.40/ol 1 6(33.30/ol 3(20 0/ol 9(28. 1 0/ol 
> five y 8(1 1 . 80/o) 5 (1 0.40/ol 0 3( 9.40/o) 

total no of patients 68 48 1 5  32 

Table I V- 1 4. Suspected duration o f  CR o f  group I patients with subdivisions in "spon
taneous" CR, indication surgery and proven CR. 
wk = week; mo = month; y = year. 

surgery was present which inc ludes those patients who died before 

surgery and those patients whose condition was too poor for sur

gery and the patients for whom surgery was planned. The patients 

with an obvious spontaneous CR and patients in  whom CR was 

proven are a lso l isted. 
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4.4.4. Sus pected d iagnos is  in g roup I before echocardiography 

On the basis of physical examination the referring physician 
suspected the diagnosis CR in  only 20 out of 68 g roup I patients 
before echocardiography was done. This i s  l isted in  Table IV- 1 5, 
together with the other suspected d iagnoses. 

s u s pected diagnosis before 
e chocardiography grou p I proven C R  

m itral regu rgitation 40(58.80/ol 2 1  (65.60/ol 
chordal rupture 20(29.40/ol 7(2 1 .9 0/ol 
v entricular septal defect 4 (5 .90/ol 2 (6.30/ol 
aortic stenosis 4 (5 .90/ol 2 (6.30/ol 

total no of patients 68 32 

Table IV-15. The suspected diagnosis before echocardiography o f  all group I patients 
and its subgroup with a proven CR 

4.4.5.  Systol ic ap ica l  thr i l l  i n  patients from group I a n d  I I  

The presence o f  a systo l ic ap ical thri l l  was noted i n  44 group-I pat
i ents.  It  was mentioned as absent in 5 patients and not mentioned 
in the remain ing 1 9  patients.  

From group I I  a systol ic ap ical thri l l  was mentioned in  2 patients 
a n d  was not described in  the remain ing 28 patie nts. 

This is l isted, together with the find ings from those patients in 
whom a CR was proven in  Table I V- 1 6. A systol ic apical thril l  was 
found s ign ificant more frequently in  group I patients (p<0.0005). 
The difference was also s ign if icant between the patients with a pro
ven  CR and group I I patients (p<0.0005). 

4 .5 .  E lectrocardiography 

4 . 5 . 1 . Sinus rhythm or atria l  f ibri l lat ion 

I n  grou p I s inus rhythm at the t ime of  echocard iography was found 
in 58 patients (85.30/ol and atrial fibri l lation in 1 0  patients ( 1 4.70/ol. 
The age at the t ime of echocardiography of the group with s inus 
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systo l ic  apical 
thri l l  group I proven C R  group I I  

present 44(67.40/ol 22(68.80/o) 2( 6.70/ol 
absent 5( 7.40/ol 3( 9.40/ol 
not described 1 9(27.90/o) 7(2 1 .90/o) 2 8(93.30/o) 

total no of patients 68 32 30 

Table IV-16. The presence or  absence o f  a systolic apical thrill in  all group I patients, 
in group I patients with a proven CR and in group II patients. The thrill was significantly 
more found in group I patients than in group II patients (p<0.00051 and also signifi
cantly more in patients with a proven chordal rupture than in group II patients 
(p<0.0005). 

rhythm varied from 1 7  to 79 years with a mean of 5 1 .3± 1 6.7 years. 
For the patients with atrial f ibri l lat ion this was 56 to 77 years with 
a mean of 66. 1 ±6.7 years. From the 20 patients whose cl in ical 
condition d id not requ ire surgery 4 had atrial fibri l lat ion (200/ol. From 
the 1 5  patients with a "spontaneous" C R  3 had atrial fibri l lation. 

Sinus rhythm was found  in 1 1  group I I  patients (36.70/ol and atrial 
f ibr i l lat ion in  1 9  (63.30/ol. In the comparable group I patients a s inus 
rhythm was found in 39 out of 45 patients (86.70/ol. Th is differs s ig
n ificantly from the group I I  patients (p<0.0005). The f ind ings are 
l isted in Table IV- 1 7. 

4.5 .2 .  Left ventricu lar voltages 

Augmented voltages of the left ventricle on the e lectrocardio
gram were found in  35 group I patients (5 1 .50/ol and in 1 5  group I I  
patients (500/ol. In  comparable group I patients this was found in  2 5  
patients (55.60/ol The d ifference with group I I  patients i s  not s igni
ficant. 

4.5.3.  Left atrial voltages 

Augmented left atrial voltages of patients with a s inus rhythm in  
group I (58 patients l were found in  3 1  patients (53.40/ol. From the 
1 1  group I I patients with a s inus rhythm, 8 (72.70/ol had augmented 
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rhythm 

s inus rhythm 
atria l  fibr i l lat ion 

total no of patients 

group I 

39 (86.70/ol 
6 ( 1 3.30/ol 

45 

group I I  

1 1  (36.70/ol 
1 9  (63.30/ol 

30 

Table IV-17. Division of atrial fibrillation and sinus rhythm in group I I  patients and 
comparable group I patients. The difference is significant (p<0.00051. 

l eft atrial voltages. The difference with group I I  patients is not sig
n if icant. 

4.5.4.Myocard ia l  i nfarction 

A myocardia l  infarction on the e lectrocardiogram was found i n  8 
g roup I patients ( 1 1 .80/ol of whom in 7 patients the infarction was 
old. 

From g roup I I  5 patients had a myocard ia l  infarction on the 
e lectrocardiogram. The difference between both group i s  not s igni
f icant. 

4.5.5 .  Ventricu lar  premature beats 

Ventri cu lar premature beats (VPB'sl on routine strip electro
cardiogram were found in 27 group I patients (39.70/ol. In group I I  
VPB's were found i n  6 patients (200/ol which was 2 1  of comparable 
g roup I patients (46.70/ol. The d ifference is s ign if icant (p<0.051. 

4.6. Radiography 

4.6. 1 .  The size of the heart on the chest X-ray 

An enlarged heart on  the chest X-ray was found in 54 group I 
patients (79.40/ol at the time of echocardiography. This was seen 
i n  27 group I I  patients (900/ol; in the comparable group I patients 
40 were found with an enlarged heart (88.9 0/ol. The d ifference 
with group I I  is  not s ignif icant. 
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4.6.2. Left atrial enlargment 

Left atrial en largement was found in 51 group I patients at the 
time of echocard iography (750/ol. This was seen in 24 group I I pat
ients (800/ol; in the comparable group I patients 38 were found with 
left atrial en largement. The d ifference with grou p II is  not s ign if icant. 

1 1 1  1 1 1 I t\ 1 ! !}11 1 1 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 \ I }:\I i i : !\ 1 1 1 1 1 1 1 1  
I ' I ,  ' : . . · • , 
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35 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 · 1 1 1 1 1  

Fig. 1 3. Phonocardiographic recording of the lower left parasternal region of patient 
no 22 with cut-off frequencies of 35, 70, 1 40 and 240 Hz. A loud crescendo-decres
cendo murmur caused by aortic sclerosis is seen in the mid- and high frequencies. In 
the low frequency a holosystolic murmur is seen caused by CR of the anterior mitral 
leaflet. A soft aortic regurgitation murmur (arl is recorded in the high frequency. 

On the apexcardiogram (ACGJ a thrill is recorded during systole. This is the only 
patient in whom the recording of a thrill was clearly possible; usually the equipment is 
not suitable for recording this phenomenon. The a-wave of the ACG is normal. 
A == aortic closure sound; P == pulmonic closure sound. 
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4.6.3. Pulmonary venous congestion 

Pulmonary venous congestion on the chest X-ray was found in 39 
group I patients (57.40/ol at the time of echocardiography. This was 
seen in 14 group II patients (46.70/ol; from comparable group I pat
ients 30 had pulmonary venous congestion (66.70/ol. The difference 
with group II is not significant. In group I untreated patients are in
cluded. 

4.7. Auscultation, phonocardiography and pu l se recording 

4.7. 1 .  The apexcardiogram 

A systolic apical thrill was palpated in 44 group I patients and in 2 
group I I  patients. The difference is significant (p<0.0005). The phe
nomenon could only be recorded incidentally because of limitations 
of the equipment. An example of a recorded thrill is given in Fig. 13. 

4.7.2. Loudness of the ap ical murmur 

At auscultation, with a gradation of the loudness from I to VI ,  in 
group I a grade I murmur was not described. A grade 11 murmur was 
noted in 3 patients, grade I l l  in 16 patients, grade IV in 30 patients, 
grade V in 1 6 patients and a grade V I  murmur in 3 patients. 

The loudness of the apical murmur in group II, together with that 
from comparable group I patients is listed in Table IV- 18. The diffe
rence in loudness between both groups is significant (p<0.0005). 

4.7.3. Frequencies of the apical murmur 

During phonocardiography the apical murmur was recorded 
clearly in the high frequencies in group 11 patients and comparable 
group I patients. 

A clear recording in the mid-frequencies was found in 20 group II 
patients and in all but one of comparable group I patients. This 
difference is significant (p<0.0005). 

I n  one patient from group 11 the murmur was also recorded clearly 
in the lower frequencies. This was found in 9 group I patients (n.s.l. 
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loudness of the group I group II 
apical murmur 

grade I 0 1 (3.30/o) 
I I  3 (6.70/o) 14 (46.70/ol 
Ill 10 (22.20/ol 10 (33.30/o) 
IV 20 (44.40/o) 5 (16.70/o) 
V 10 (22.20/o) 0 
VI 2 (4.40/o) 0 

total no of patients 45 30 

Table IV-1 8. The loudness of the apical murmur of group II patients and of comparable 
group I patients at auscultation. The difference in loudness is significant (p<0.0005). 

4.7.4. Shape of the apical murmur 

All patients had a holosystolic apical murmur as a consequence of 
the selection procedure. 

In group I the apical murmur had a crescendo-decrescendo shape 
in 64 patients and was plateau-shaped in 4 patients. 

In group II the murmur had a crescendo-decrescendo shape in 6 
patients, a crescendo shape in 3 patients, a decrescendo shape in 6 
patients and a plateau-shape in 15 patients. These findings 
together with those of comparable group I patients are listed in 
Table IV- 19. The differences in shape are significant (p<0.00051. 

4.8. Cardiac catheterization and cine-angiocardiography 

4.8.1. Cardiac catheterization 

4.8.1.1 . Group I 

From group I patients who can be compared with group II 4 were 
clinically too poor for cardiac catheterization, 3 were operated 
without cardiac catheterization, 1 only had a left sided 
catheterization and for 2 cardiac catheterization is planned. This 
leaves 35 patients for comparison with group II. 
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shape of the apfcal 
murmur 

crescendo-decrescendo 
crescendo 
decrescendo 
plateau-shaped 

total no of patients 

group I 

41 (9 1.10/ol 

4 . (8,90/o) 

45 

group I I  

6 
3 
6 

15 

30 

(200/o) 
(100/o) 
(200/ol 
(500/ol 

Table IV-19. Shape of the systolic apical murmur of group II patients and of compara
ble group I patients on the phonocardiogram. The differences in shapes all are signi
ficant (p<0.0005) 

4.8.1 .2. Group I I  and its comparison to group I 

One of the group I I  patients underwent surgery without cardiac 
catheterization, which leaves 29 patients to compare with group I. 

The results of the findings of both groups are listed in Table IV-20. 
The mean wedge pressure for group I was 19.2± 7.9 mm Hg, for 
group I I  19.2±8.5 mm Hg. The mean values for the v-waves were 
35.2±17.8 mm Hg for group I and 28.9±13.7 mm Hg for group II. 
The differences between the pressures is not significant. 

4.8 .2. Cine-ang iocardiography 

Until recently, no uniform terminology has been used for the 
expression of the severity of mitral regurgitation on the cine
angiocardiogram. As a consequence, this cannot be listed. Some 
descriptions of the cine-angiocardiograms have to be mentioned 
with respect to parameters of the phonocardiogram and of the v
wave of the wedge pressure recording: 
group I patient no. 9: mean wedge pressure 25 mm Hg, v-wave 30 
m m  Hg; cine-angiocardiogram: "No mitral regurgitation". 
group I patient no. 24: mean wedge pressure 6 mm Hg, v-wave 9 mm 
Hg; cine-angiocardiogram: "Enormous regurgitation". 
group II patient no. 24: mean wedge pressure 33 mm Hg, v-wave 48 
m m  Hg; cine-angiocardiogram: "Slight regurgitation". 
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group I group I I  

mean mean 
pat wedge v-wave pat wedge v-wave 

nr mm Hg mm Hg nr mm Hg mm Hg 

1 30 68 1 18 26 

2 30 48 2 20 29 

4 30 76 3 35 38 

5 15 18 4 27 40 

6 20 35 5 36 37 

9 25 30 6 9 13 

10 20 30 7 9 12 

12 27 35 8 12 19 

13 13 25 9 27 65 

15 too poor for C C  10 14 24 

17 too poor for C C  11 15 25 

18 10 17 12 27 46 

19 12 29 13 surgery without CC 
20 19 25 14 25 40 

21 23 38 15 15 20 

22 surgery without  CC 16 23 38 

23 surgery without CC 17 16 25 

24 6 9 18 7 8 

25 only left CC 19 7 8 

26 13 30 20 22 40 

27 19 30 21 16 22 

28 10 30 22 12 20 

29 20 35 23 7 10 

30 26 40 24 33 48 

31 25 55 25 14 15 

33 20 30 26 24 35 

34 28 60 27 30 45 

35 12 20 28 21 30 

36 surgery without CC 29 15 25 

39 30 58 30 22 36 

40 25 70 
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grou p I group I I  

mean mean 
pat wedge v-wave pat wedge v-wave 

nr mm Hg mm Hg nr mm Hg mm Hg 

41  too poor for CC 
42 too poor for CC 
46 1 4  2 8  
47 2 3  40 
48 1 0  1 0  
50 1 4  3 2  
5 5  1 8  30 
59 28 64 
60 3 2 
61  32 40 
62 8 1 5  
63 1 3  30 

35 patients from group I: wedge pressures from 3-32 mm Hg, mean wedge 
19.2±7.9 mm Hg, v-wave 2-76 mm Hg, mean v-wave 35.2±17.8 mm Hg; 
29 patients from group II: wedge pressures from 7-38 mm Hg, mean wedge 
19.2±8.5 mm Hg, v-wave 7-65 mm Hg, mean v-wave 28.9±13.7 mm Hg. 

Table IV-20. Measurements of the mean wedge pressure and the v-waves of group 
II patients and of comparable group I patients with the mean values. The difference 
between both groups of the mean wedge pressures and of the v-wave pressures is 
not significant. CC = cardiac catheterization. 

4.8. Surg ica l  procedure for group I and I I  

No patients were operated because of the presence o f  a C R  alone. 
I n  a l l  patients the compla ints were the only reason for surgery. I n  2 
of the group I patients the mitral valve was judged to be suitable for a 
valvuloplasty; for the other valves this was not possible (F ig.  1 ,  1 4). 
Some of the valves showed a congen ital deformation of the valve and  
chordae (Fig.  1 51. The surgical procedures of the group I patients 
with a proven C R  and the group I I  patients are l isted in  Table IV-2 1 .  
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surgical  procedure group I group I I  

mitral valve prosthesis 28 29 
valvuloplasty 1 

valvuloplasty + Carpentier ring 1 

Carpentier ring 1 

total no of patients 30 30 

Table IV-21 . The surgical procedure of group I patients with a proven CR and of group 
II patients. 

4.1 0. Fol l ow-up of the patients 

4.1 0.1 . The surgica l group I patients 

30 group I patients were d iagnosed for the presence of CR 
during surgery. The  findings of  their fol low-u p are l isted in 
Table IV-22. 

no pat. no. 

1 

22 

25 

31 

60 

5 

25 

30 

fol low-up 

sudden death after 6 years 
valve fai lure after one year, d ied 
cerebral  hcemorrhage after 3 years,  d ied 
d ied after 3 months, forward fai lure 
died in surgery 

al ive after surgery, follow-up 3 months to 9 years, 
mean 3.6 years 

total number of patients 

Table IV-22. Follow-up of the patients in whom a CR was proven during surgery. 
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4.1 0.2 The non-surgical group I patients and its comparison 

to the surg ica l  patients 

For comparison of surgical and non-surgical group I patients the 
surgical patients are the "proven CR group" of 32 patients with the 
exclusion of the autopsy patient who died before surgery. This 
leaves 3 1  patients for comparison. The non-surgical patients 
fulfilled the criteria for CR on the echocardiogram and had a holosys
tolic murmur; they are 20 in number and were clinically too fit for 
surgery. 

The findings of both groups are listed in Table IV-23. 

surgical patients 

died in surgery 
died after surgery 
alive after surgery 

total no of patients 

follow-up period 
with mean 

3 mo-9 y, 3.7 ± 2.4 y 

non-surgical patients 

1 dead 
4 

26 alive 

31 

follow-up period 
with mean 

6 mo-8 y, 2.9 ± 2.3 y 

0 

20 

20 

Table IV-23. Follow-up of group I patients who had a proven CR at surgery (left). On 
the right group I patients with positive criteria for CR on the echocardiogram and a 
holosystolic murmur; these patients are clinically too fit for surgery. mo = months; y 
= years. 

4. 1 0.3 Group I I  

From group I I  2 patients died after surgery. Patient no 3 also had 
aortic valve replacement. Patient no 20 also underwent left 
ventricular aneurysmectomy. These findings, together with the 
follow-up period of the remaining patients, are listed in Table IV-24. 

85 



no pat.no. follow-up 

1 3 died one day after surgery 
1 20 died one day after surgery 

28 alive after surgery 

30 total numer of patients 

follow-up period 
3 mo-8 y, mean 3.5 ± 2. 1 y 

Table IV-24. Follow-up of all group II patients after surgery. 

Fig. 1 4. Part of the anterior mitral leaflet of patient no. 62. The translucency of the 
leaflet is demonstrated with locally very thin chordae. The shape of both leaflets was 
abnormal and the valve was judged to be congenitally deformed. There were no signs 
of inflammation. 
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Fig. 1 5. Part of the mitral valve of patient no. 23. Chordal rupture and a valve rupture 
with signs of endocarditis were found. 

Fig. 1 6. The posterior mitral leaflet of patient no. 23. Endocarditis is seen with 
vegetations. 
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Chapter V 

D iscuss ion 

5 .1 . The diagnosis of chorda l rupture The va lue o f  echo
cardiography and of other diagnostic a ids 

Hitherto echocardiography has proven to be a rel iab le techn ique 
for the detection of CR in  pat ients with a so-ca l led c lassical  p icture .  
The  diagnostic accuracy however, has not  been  documented in  
larger groups of patients. 

In our study of symptomatic and asymptomatic patients with 
mitral regurgitation a systol ic f lutter and/ or an  i rregular, sharply 
pointed d iasto l ic flutter have been used as echocard iograph ic 
criteria for CR with good resu lts y ie ld ing a spec if icity of 920/o, a 
sensitivity of 970/o, a predictive value for CR of the presence of such 
a flutter of 860/o and a predictive value for CR of the absence of a 
flutter of 9 80/o . The population consisted of 30 patients with a CR 
at  surgery, 5 patients with positive echocardiographic criteria but 
no CR at surgery, 1 patient with n egative echocard iographic criteria 
but with a CR at surgery and 60 patients not pred icted with echo
card iography and without CR at  surgery. 

To obta in  these values it  is  necessary to study the mitra l valve 
from a l l  views in order to be sure about the absence or presence of 
a f lutter. In several patients a f lutter could only be recorded from 
the apical  v iew (F ig .  7) .  

The mitra l f lutter caused by CR can be d ifferentiated easely from 
that, caused by other condit ions such as aortic regurgitation and 
atria l  f ibri l lat ion.  

Two of the f ive patients with false posit ive echoes had "chordal 
a bnormal it ies" ,  one patient a "wide a nnulus",  one patient a "frayed 
mitral valve" and in one patient the comment of the surgeon was 
"no CR". In these patients a partial loss of su pport can theoretical ly 
cause a flutter which might be the explanation for the fa lse positive 
f indings.  For these patients there were no negative consequences 
from the choice of therapy, they al l  needed surgery for severe mitra l  
regurgitation. 
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The false negative result was obtained from a patient with 
rheumatic heart disease and predominant mitral stenosis. This 
result might be explained by the thickened stiff mitral leaflets in 
which a flutter is not possible anymore. 

Since the predictive value of the presence of a mitral flutter for 
CR is very high it is conceivable that the non-surgical patients who 
fulfill the same criteria as the surgical ones have the same chance of 
CR. As a consequence in our study the first group of 20 patients can 
be reported in whom CR exists with great probability without an 
obvious necessaty for surgical intervention. 

The difference between the 350/ o of the patients investigated 
with single crystal echocardiography and the 510/ o  of the patients 
investigated with 20 echocardiography who did not need surgery 
may be explained by the technique used. The 20 technique with 
M-mode recording gives the possibility of careful "scanning" of the 
whole mitral valve, leading to the recording of a flutter, concealed for 
the traditional M-mode echocardiography. It is conceivable that in 
the early years of echocardiography a number of patients has been 
missed, 

The diagnostic accuracy can be improved by physical examination 
and phonocardiography. An apical systolic thrill was found initially 
in 64.70/ o of group I patients and in 6.70/o of group II patients 
(p<0.0005). A clear difference in loudne_ss of the murmur is also 
found. A grade IV, V or VI murmur was found in 7 10/ o of group I 
patients and in 16.70/o of group 11 patients (p<0.0005). A crescendo
decrescendo type of murmur was found in 91.10/ o of patients with 
CR and in 200/ o  of group I I  patients (p<0.00051. It should be born in 
mind that thi? type of murmur has to be distinguished from that 
caused by aortic stenosis. In the various frequencies also a 
difference was found between group I and II. A preponderance of the 
mid-frequencies was found in 67 out of 68 group I patients and in 20 
out of 30 group I I  patients (p<0.001 l. 

The electrocardiogram was only partially useful for suspecting 
the diagnosis of CR: a sinus rhythm favours the diagnosis in case 
of mitral regurgitation; it was found in 86.70/o of group I patients and 
in 36.70/o of group II patients (p<0.00051. Selzer found 72.70/o and 
250/o respectively. In studies of comparable patients a range from 
0 to 1000/o is found in patients with CR which may be explained by a 
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d ifferent patient selection. The presence or a bsence of augmented 
left ventricular voltages was the same for both groups and thus was 
not helpful in assessing the orig in  of the mitral regurgitation. The 
same was found for the left atrial  voltages .  Augmented left atria l  
voltages were found in 5 1 .50/o of group I patients and in  72.70/o of 
g roup I I patients. The d i fference i s  not s ign if icant. 

The chest X-ray showed e nlargement of the heart in practical ly as 
many patients from group I and I I  (88.90/o versus 900/ol as was the 
case for left atrial enlargement (84.40/o versus 800/ol. The presence 
or absence of pulmonary venous congestion was not useful either in 
d ist inguishing the causes of mitral regurgitation. I t  was found to be 
present in 66.70/o of the surgical group I patients and in  46.70/o of 
group I I patients. Although the d i fference is not s ign ificant, there is 
a trend that it is  more often seen in  patients with C R .  A few of those 
patients however, were not treated at the moment that the chest 
X-ray was made. These find ings cannot be compared with the 
l iterature because usual ly a comparison has been made between 
patients with acute and chronic mitral regurgitation. 

Pressure measurements were not useful for further a ssessment 
of the genesis of mitral regurg itation. The mean pu lmonary wedge 
pressure was the same for patients with CR as for group I I  pati ents 
(3-32 m m  Hg,  mean value 1 9±7.9 and 7-38 mm Hg,  mean value 
1 9 .2±8.5 mm Hg respective ly). Measurements of the v-wave a s  an 
expression of the severity of mitra l  regurgitation a lso d id  not d iffer 
s ign ificantly between both groups (35.2±1 7.8 a nd 28.9± 1 3.7 

m m  Hg respectively). 
The same f indings were made by Klughaupt ( 1 9691 but Bax ley 

( 1 9731 found a sign ificant d i fference between the mean left atrial 
pressure of patients with CR and chronic mitral regurgitation 
(22±7 and 1 7±8 mm Hg respectively); a s ign ificant d i fference was 
also found between peak left atrial pressures of both groups:  45± 

1 6  and 30± 1 3 mm Hg respectively). C ine-angiocard iography was 
usefu l for assessing the degree of mitral regurg itation. 

5 .2 .  The inc idence of chorda l  rupture Sex and age inc idence 
Loca l ization of the chorda l  rupture 

With the improvement of non-invasive diagnostic tools especial ly 
echocardiography, more insi9ht has been obtained in  mitral regurg-
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itation caused by CR.  The results of this study show that C R  is  a 
rather common condition in patients who were operated upon for 
p redominant mitral regu rg itation: in a more than 9-year period 97 
patients u nderwent mitral valve surgery for pure or predominant 
mitra l regurgitation and 29 of them had a C R  which was 300/o. This 
percentage varies from 7.50/o to 220/o cited in  the l iterature. 

The inc idence of "s pontaneous" proven CR in  our patients (5) 
surg ical ly treated for mitral regurg itation (97) is 5 .20/o which is 
s l ightly more than is mentioned in  the l iterature: 4 .40/o ( Kap ita 
1 975) and 1 0/o (Cua say 1 978). 

There were 79.40/o males in group I and about the same percent
age was found by Kapita ( 1 975): 730/o in a group of 26 patients.  I n  
group I I  there were 53.30/o males which differed signif icantly from 
group I (p<0.05). There was no d ifference in the age of patients from 
both group s  in our st.udy .  

I n  the large majority of patients of our ser ies the posterior mitral 
leaflet was involved, 7 1 0/o. The anterior leaflet was i nvolved in 
22.50/o and both leaflets in  6.50/o . This d iffers from the l iterature 
with 48.40/o, 43.1 0/o a nd 8 .30/o respectively, wh ich might be caused 
by the fact that many i nvestigators had smal l  ser ies of very s ick 
patients and  in  many patients with involvement of the anterior leaf
let the cl in ical  picture might be more impressive. 

5.3. The c l in ica l  p icture of chordal rupture 

A remarkable high percentage of 82.40/o of patients from our 
study v is ited the hospital for some reason before the d iagnosis of 
CR was made. A mitral regurg itation murmur was i n it ia l ly  aud ib le in 
67.90/o of them. Several a uthors mentioned that a previous systol ic 
murmur had been found i n  many patients with CR.  

The large majority of our  patients with C R  had dyspnoea a nd palp
itat ions.  This i s  i n  keeping with the reports of Sanders ( 1 967), 
Ronan ( 1 970), Selzer ( 1 972), Caves ( 1 973), Kapita ( 1 975) and 
O l ive ira ( 1 9 83). E ight patients from group I ,  however, had no com
pla ints at al l .  Apparently, CR may exist without compla ints.  

Rarely only chest pain ,  v ibrations in  the chest or a murmur audib le 
for the patient has been reported. Apart from those rare com
pla ints ,  the complaints of the patients with C R  do not d iffer from 
those of patients with other causes of mitra l  regurgitation; 
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dyspnoea was found in 88.90/o and 1000/o respectively. 
The type and cause of palpitations is not clearly mentioned in the 

literature. In our study a significant difference in the incidence of 
ventricular premature beats (VPB'sl was found between patients 
from group I and I I  on a routine strip electrocardiographic recording. 
The percentages were 46.70/o and 200/o respectively (p<0.05). 
Three of the patients with C R  died before surgery and one of them 
had VPB's on the electrocardiogram. It can not be concluded how
ever that the presence of VPB's directly threatens the patients 
with CR. 

An acute onset of symptoms is mentioned to be typical and often 
present in CR (Selzer 1972, Caves 1973). In contrast, we find that 
only 14.70/o of group I patients had complaints less than a week. In  
even 35.30/o of group I patients the duration of  complaints varied 
from 2 to 25 years with a mean of 7.6±6.0 years. In this respect it is 
worth mentioning that a traumatic CR does not necessarely lead to 
(immediate) complaints as was the case in some of our patients. 

The duration of symptoms of the patients operated upon for 
mitral regurgitation caused by C R  was 0 to 25 years with a mean 
of 3.2±5.3 years. This was somewhat longer for the patients who 
were operated for predominant mitral regurgitation without C R: 
2 to 20 years with a mean of 5.7±5.0 years. In the literature it has 
also been reported that the duration of symptoms can vary from a 
few days to several years (Bailey 1944, Roberts 1966, Klughaupt 
1969, Selzer 1972, Kapita 19751. 

The duration of CR is speculative because many cardiac symp
toms can be caused by mitral regurgitation without CR. From all 
group I patients the suspected duration of CR was not clear in 
20.60/ o. In the remaining patients this was shorter than a month in 
23.50/ o and longer than a year in 41 .20/ o . A remarkable percentage 
of 1 1  .80/o had a CR longer than 5 years. 

A systolic apical thrill was found initially in 64.70/o of group I 
patients. The presence or absence of a thrill was not described in 
27.90/o. In group I I  6.70/o of the patients had a thrill. The difference 
is significant (p<0.0005). Thus, the presence of a thrill in a patient 
with mitral regurgitation favours the diagnosis. 

It should be born in mind however that a thrill is often hardly palp
able and that a careful examination is necessary. 
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I t  appears from our results that CR was suspected by the refer
ring physician on the basis of physical examination in only 29.40/o of 
the patients. In 11.80/o of group I patients the presence of a mitral 
regurgitation was not even suspected. The findings were confused 
with a ventricular septa I defect in 5.90/o and also in 5.90/o with aortic 
stenosis. These findings are in keeping with the literature. 

5.4. R isk  factors for the development of chordal rupture 

Bacterial endocarditis was the cause for CR in the first patient 
described by Corvisart ( 1800l. Like others, we also found that endo
carditis was often present in our patients with CR: it was found in 19 
group I patients (27.90/ol; 15 of these patients needed surgery of 
the mitral valve, 3 died. Only 4 patients who sustained endocarditis 
are still too fit for surgery. 

Only one patient with endocarditis needed surgery in the acute 
phase of the disease. The time between the onset of endocarditis 
and the indication for surgery varied from O to 22 years with a mean 
of 4.9±6.8 years. 

Our findings of the incidence of endocarditis in CR is in keeping 
with those from the literature where a large range is found from 
1 1  .50/o to 650/o. 

Rheumatic heart disease was less frequently found in our pat
ients; only four patients with CR suffered from this disease. Two of 
them did not have a mitral regurgitation murmur in the period 
between the rheumatic heart disease and the development of CR. 
Those four patients account for 5.90/o of the group I patients. In the 
literature this percentage varies from 8.90/o to 48.70/o. The lowest 
percentage of 8.90/o is from a recent report of a large group of 
patients (Oliveira 1983). 

In our study mitral valve prolapse was diagnosed prior to the 
development of CR in 14 group I patients. From these patients 4 
developed endocarditis despite (the warning for) prophylaxis. 

Hypertension was found to be present in 7 out of 1 5 group I 
patients (53.30/ol with an obvious "spontaneous" CR and in 12 out 
of the 53 remaining patients from this group (22.60/ol. This is a 
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sign if icant d ifference (p<0.00051. I n  several patients, however, the 
b loodpressure was not known before the echocard iographic 
d iagnosis, so the real  percentage of hypertension might be  more. 
Also a clear difference was found  between the inc idence of hyper
tension in patients with a "spontaneous" CR and group I I  patients: 
53.30/o versus 1 00/o respectively (p<0.01 l .  

Thus " spontaneous" CR is strongly associated with hypertens ion .  

E ight group I pat ients sustained a myocardia l  i nfarction res ult ing 
in  global or regional d i latation of the left ventric le with pap i l lary 
muscle dysfunction. I t  is conceivable that, apart from the r isk of 
endocardit is ,  an  altered architecture in combination with hyper
tens ion (present in 3 patients) may give rise to augmented tension 
on the chordae and ult imately to CR.  

A traumatic cause of CR by a b lunt chest trauma was found i n  two 
p atients in our study. I n  one patient the trauma was immed iately 
fol lowed by a murmur, heard by the patient himself. He was operated 
upon. The other p atient is a young boy who had a loud apical murmur 
two years after a b lunt chest and abdom ina l  trauma with rupture of 
the sp leen en stomach. During these two years there was def in itely 
no  heart murmur. He is having now a loud apical murmur and a thri l l  
and recently developed complaints; card iac catheterization wi l l  be 
performed soon. 

Phys ical exertion was a possible cause for CR in one of our 
patients. This patient sti l l  i s  too fit for surgery. 

A suggestion has been made in  the l iterature that CR of the 
anterior leaflet together with aortic regurg itation is a c l in ica l  e ntity. 
O u r  f indings do not support the f indings of Joseph ( 1 9761 and  Ja is 
( 1 9 8 1  l. I n  8 out of 68 g roup I patients ( 1 1 .80/ol aortic regurgitation 
was found and this percentage was 770/o in  group I I  patients. 

Thus, there is no ind ication that aortic regurgitation might lead 
to CR. 

The percentage of 1 1 .80/o can on ly be compared with the· f ind ings 
of Jais who found aortic regurgitation in  24 out of 1 04 patients 
(230/ol. 
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Aortic stenos is ,  mentioned in the l iterature as a r isk factor for C R  
(Effron 1 883) w a s  not present in  group I patients. O n  t h e  other 
hand, aortic stenosis was found in  1 4  out of the 30 group 1 1 patients 
(46.70/ol. 

The M arfan syndrome was not found in patients from our study as 
was lupus erythematodes. 

A "spontaneus" CR was found to be l i kely in 1 5  group I pat ients. 

5.5 .  "Spontaneous" chordal rupture 

Specia l  attention has to be given to the " spontaneous"  or " isol
ated" CR because i nc idental ly a very high percentage of CR without 
an  obvious cause is mentioned in  the l iterature (Ol iveira 1 883). 

The problem of comparing our patients with those from the 
l iterature is that a clear definit ion of "spontaneous" CR is not g iven. 

We d iagnosed a "spontaneous" CR if there was no history of 
card iac complaints or cardiac d iseases and/or - if su rgery was 
performed - no s igns of endocarditis or rheumatic heart disease 
were found during inspection of the va lve. This was the case i n  1 5  
g roup I patients (22 .1  D/ol. 

For comparison with the l iterature on ly p atients can be inc luded in 
whom a CR was proven at surgery. This leaves on ly 5 out of 28 
patients with a proven CR (pat. no. 33, 34, 35, 50 and 62) which i s  
1 7.20/o . Th is  percentage varies in  the  l iterature from O to 74.60/o. 
These 5 patients account for 2 0/o of all patients who u nderwent 
mitral valve surgery in the period between 1 875 and 1 884. In the 
l iterature this percentage varies from 6 .30/o to 1 20/o (Marchand 
1 866, Lennox 1 868, O l iveira 1 883). 

I f  these 5 patients are compared with the 87 patients (37 from 
group I and 60 from group 1 1 )  who underwent mitral valve surgery for 
predom inant mitral regurgitation the percentage is 6 .20/o. This i s  
4.40/o (Kap ita 1 875) and 1 0/o (Cuasay 1 878) i n  comparable l itera
ture. 

Rupture of the chordae of the posterior leaflet was found  in  these 
5 patients with a "spontaneous" CR; in one patient the anterior leaf
let was a lso involved. In the l iterature posterior leaflet invo lvement 
is found  in  65.70/o. 
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From the 1 5  patients suspected of having a "spontaneous" CR ,  
one  patient d ied  before surgery, s ix  patients were operated and CR 
was  proven in  five of them. The remaining patients are cl in ical ly too 
f it for surgery. O nly one of the patients (pat.no. 50) required im
mediate surgery within a month. 

Hypertension was found in  8 of the 1 5  patients (53.30/ol. B lood
p ressures were u nknown i n  3 of the patients, so the incidence of 
hypertension m ight be more. 

These numbers suggest that hypertension might be an important 
factor for the development of CR. The percentage we found is more 
than the comparable percentages of Sanders ( 1 9 67) ( 1 2 .80/ol and 
that from C aves (1 973) ( 1 5 .40/ol. 

From the 1 5 patients from our study 1 3  were males (86.70/ol 
compared with 8 1  .80/o in the 44 patients of Selzer ( 1 972). Their 
ages varied from 33 to 72 years with a mean of 6 1 .3±1 0.3 years . I n  
the remain ing group I patients the age was 5 1 .3±1 7.0 years which 
i s  significantly lower (p<0.05) .  

This suggests that "spontaneous" CR might also be related to the 
ag ing process.  

5 .6. Treatment and fo l low-u p  

Pony ( 1 978) advocated that, i f  the d iagnosis o f  C R  i s  made, surgi
ca l  treatment should be proposed as soon as possible.  

S ince 20 patients from our study were too fit for surgery and are 
sti l l  a l ive after a mean fo l low-up period of 2 .9±2.3 years we do not 
agree with him. We also do not agree with the conclusion of Sanders 
( 1 9 67) that patients with CR seldom l ive longer than a year. 

Applying on the other hand the severity of complaints as the only 
i nd ication for surgery as we d id ,  mitral valve repair was not feas ib le  
in a l l  but two of  our patients with CR.  Th is may i ndicate that we 
operate too late for m itra l  valve repair which is ,  if  it can be per
formed, most l i kely the optimal surgical approach. 

The low i ncidence in our study of thrombo-embo l ic  compl ications 
(one patient) and of valve fa i l ure (one patient) after replacement and 
the improved qual ity of the prostheses on the one hand and the 
inc idence of recu rrent mitral regurgitation after repair on the other 
hand justify our pol icy of treatment. 
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Chapter V I  

Conclusions 

Since we found chordal rupture in patients for whom surgery was 
not indicated and some of those patients did not even have com
plaints, we believe that the classical picture hitherto described only 
concerns a minority of patients with chordal rupture. 

Occasionally the patients' history may give a clue to the diagnosis 
as a for the patient audible murmur, vibrations or pain in the chest. 
A sudden onset of complaints is found in only a few patients. The 
majority of the patients has aspecific complaints as dyspnoea and 
palpitations. The duration of symptoms is not useful for the diagno
sis; a short previous history was found only in a few patients with 
acute severe mitral regurgitation. 

The previous history of most patients supports the idea of a 
developmental history for chordal rupture. Most patients had a soft 
mitral regurgitation murmur for some time in advance. 

The physical examination is more useful in assessing the diagno
sis. A palpable systolic thrill at the apex is found in far the majority of 
patients. At auscultation a loud holosystolic crescendo-decrescen
do murmur at the apex in the mid-frequencies strongly favours the 
diagnosis. The presence of a sinus rhythm is of additional value. 
From our group all patients with a chordal rupture younger than 56 
years of age had a sinus rhythm. The evidence suggests that a long
standing mitral regurgitation by itself does not cause atrial fibril
lation but that rheumatic and/or aging changes of the atrial wall or 
sinus node may cause atrial fibrillation in chronic mitral regurgita
tion. 

Chordal rupture is more frequently seen in males. No difference in 
age is found between patients with chordal rupture and patients 
with other causes of mitral regurgitation. The patients with a "spon
taneous" chordal rupture are older. The incidence of involvement of 
the anterior and posterior leaflet of the mitral valve is the same for 
both, but in "spontaneous" chordal rupture the posterior leaflet 
is always involved. 
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In our series the presence of chordal rupture was only suspected 
in 1 / 3  of the patients on the basis of the patients' history and 
physical examination. 

The most sensitive diagnostic tool is echocardiography if handled 
by a cardiologist with a good knowledge of the complicated spatial 
anatomy and physiology of t�e mitral apparatus and of the possibili
ties and limitations of echocardiography. The diagnostic accuracy of 
the echocardiogram can be increased if the features mentioned 
above are taken into account. The echocardiographic criterion for 
chordal rupture is a systolic and/or diastolic flutter of the mitral 
valve, of which the systolic flutter is the most reliable. We found a 
sensitivity of 970/o, a specificity of 920/o, a predictive value for CR of 
the presence of a systolic and/ or diastolic flutter of 860/o and a pre
dictive value for CR of the absence of a systolic and/ or diastolic 
flutter of 980/o. 

It should be born in mind that it is necessary to record the mitral 
flutter on M-mode using a two-dimensional system. With this 
technique more patients with chordal rupture will be discovered 
than with single crystal echocardiography without spatial orienta
tion. 

Both electrocardiography and radiography are not useful for 
assessing the diagnosis. 

Usually the chordal rupture itself cannot be diagnosed by cardiac 
catheterization and cine-angiocardiography and measurements of 
the mean wedge pressure and the v-waves do not influence the 
choice for surgery as a therapy. Cardiac catheterization should 
only be performed if additional information is wanted. 

The major predisposing factor for the development of chordal 
rupture is mitral regurgitation, irrespective of the cause. Endocard
itis is an important risk factor and often leads to surgery. Several 
patients died before surgery. Occasionally immediate surgery is 
required, but in most patients valve replacement is not required 
until several years later. 

Rheumatic heart disease was not an important risk factor in our 
study population. 

Mitra! valve prolapse in the previous history is often found in pat
ients with chordal rupture. The changed spatial anatomy and the 

100 



changed forces might be the main cause for this. This might also be 
the cause for chordal rupture after a myocardial infarction. The in
farction itself cannot cause chordal rupture, but global or regional 
dilatation of the left ventricle with papillary muscle dysfunction can 
prevent the mitral valve from closing properly. This also places the 
patient in risk of endocarditis. In some of these patients the risk for 
chordal rupture is augmented by the presence of hypertension. 
Hypertension by itself might be an additional cause for chordal rup
ture as was seen in the majority of patients with a "spontaneous" 
chordal rupture, which makes it less "spontaneous". 

A blunt chest trauma is a risk factor for chordal rupture but only 
occasionally as physical exertion might be. Aortic regurgitation may 
play a role in the development of chordal rupture. 

From the previous history and the predisposing risk factors the 
conclusion is justified that chordal rupture of the mitral valve is 
predominantly a developmental disease for which a combination of 
risk factors is nearly always responsible. 

We used the severity of complaints as the only indication for 
surgery for our patients with chordal rupture. Mitra! valve repair 
was not feasible in all but two of our patients. This may indicate that 
we operate too late for mitral valve repair which is, if it can be per
formed, most likely the optimal surgical approach. 

The low incidence after valve replacement of thrombo-embolic 
complications and of valve failure (two patients) in our study and the 
improved quality of the prostheses on the one hand and the incid
ence of reccurrent mitral regurgitation after repair on the other 
hand justify our policy of treatment. 

For the prevention of chordal rupture a careful prophylaxis for 
endocarditis and extra attention in the treatment of hypertension 
especially in older men with a mitral regurgitation murmur is advis
ible. 
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Chapter VII 

Summary 

Until recently the diagnosis of chordal rupture of the mitral valve 
was almost exclusively made during surgery or autopsy. Since echo
cardiography is a potential tool to ascertain the diagnosis correctly 
this study was undertaken to answer the following questions: 

1. What are the best echocardiographic criteria for the detection 
of chordal rupture and what are the predictive values, the sens
itivity and specificity of these criteria? 

2. Can the predictive values, the sensitivity and the specificity of 
the echocardiographic criteria be enhanced by including other 
non-invasive criteria? 

3. What other criteria are useful and what are their values for . 
making the diagnosis? 

4. Is chordal rupture always associated with complaints severe 
enough to be treated surgically or is it possible to find a group of 
patients with chordal rupture with complaints not severe enough 
for surgical intervention and will such patients herewith change 
the accepted conception that chordal rupture is always a severe 
condition? 

5. What are the possibilities for the prevention of chordal rupture? 

In chapter I the study is introduced with historical findings con
cerning chordal rupture. In  chapter I I  the complexity of the mitral 
anatomy and function and the risk factors for mitral regurgitation 
are reviewed. Several risk factors for chordal rupture are known but 
the incidence of the so-called "spontaneous" chordal rupture varies 
from O to 74.60/o. The clinical picture is usually uniformly described 
and includes a sudden onset and rapid progression of dyspnoea and 
fatigue in a previously healthy patient and the finding of a severe 
mitral regurgitation, producing an apical thrill. 

In  chapter I l l  the purpose of the study, the patients and the meth
ods are described. The presence of a systolic and/ or diastolic 
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flutter of the mitral valve has been used as an echocard iograph ic  
criterion. From a 8-year period 68 patients with  positive echo
criteria with or  without surgery or autopsy and with chordal rupture 
diagnosed during surgery or  autopsy form group I .  Group I I  consists 
of a random choice of 30 patients who, in  the same period, under
went mitra l valve surgery for predominant mitral regurgitat ion .  

For the echocardiographic criterion of a systol ic and/or d iastol ic 
flutter we assessed a sensit ivity of 870/o, a specif icity of 820/o, a 
predictive va lue for chordal  rupture of the presence of such a f lutter 
of 860/o and a pred ictive value of the absence of 880/o. I n  53 patients 
a cause for the chordal  rupture could be found and th is was not 
possible in  1 5 patients. Hypertension and an older age, however, 
were found to be more frequent in this latter group.  

Endocardit is was shown to be a very serious risk factor. Oys
pnoea and pa lp itations were the major symptoms in  both groups. 
The mean duration of compla ints was 3 .2±5.3 years for g roup I and 
5.7±5.0 years for group 1 1 . Based on  physica l  examination and chest 
X-rays chordal  rupture was suspected in  less than 1 /3 of the pat
ients. The ap ica l  thri l l ,  found in 67.40/o of the patients with chordal 
rupture, was proved to be an important addit ional a id for the d iag
nosis.  The murmur was a lways loud.  During phonocard iography the 
shape was nearly always crescendo-decrescendo and the murmur 
was predominantly recorded in  the mid frequencies.  The e lectro
card iogram was of l imited value as were pressu re measurements 
during card iac catheterization. C ine-ang iocardiography was usefu l  
for assess ing  the d iagnosis and severity of mitra l regurgitat ion.  

In  chapter V I  the conclus ions are described. The "classical" 
p icture of chordal rupture is correct but a duration of compla ints of 
less than a week was found in only 1 4.70/o of our patients. E ight of 
our patients had no complaints, the others had a mean duration of 
complaints of several years. A sinus rhythm was more frequently 
found in g roup I and atrial f ibri l lation was only found in group I pat
ients older than 56 years of age. 

Echocardiography is the best d iagnostic tool to estab l ish the 
diagnosis.  The patients h istory is of l itt le help .  A loud mid- and low 
frequent crescendo-decrescendo m urmur with a thri l l  strongly 
favours the d iagnosis .  The other rout ine cardio logical  techn iques 
can be usefu l  but none of  them can prove the d iagnosis .  
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I n  most patients with a "spontaneous" chordal rupture hyper
tension might be a contributing factor for the development of it. 

An adequate prophylaxis for endocarditis may reduce the risk of 
chordal rupture. Patients, especially older men, with a mitral regurg
itation en hypertension need a careful antihypertensive treatment 
to reduce the risk of chordal rupture. 

We used the severity of complaints as the only indication for 
surgery. Mitral valve repair was not feasible in all but two of our 
patients. This may indicate that we operate too late for mitral valve 
repair which is most likely the optimal technique. 

The low incidence after valve replacement of thrombo-embolic 
complications and of valve failure (two patients) in our study and the 
improved quality of the prosthesis on the one hand and the incidence 
of recurrent mitral regurgitation after repair on the other hand 
justify our policy of treatment. 
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Samenvatt i ng  

Tot recent werd d e  d iagnose chordaruptuur van de mitra l isklep 
vrijwel u itslu itend gesteld t i jdens ch irurgie of obduktie.  Aangezien 
echocardiografie een potentiele methode is voor het stel len van een 
ju iste d iagnose werd d it  onderzoek u itgevoerd om de volgende vra
gen te beantwoorden: 

1 .  Welke z i jn de beste echocardiografische kriteria voor de d iagno
se chordaruptuur en wat zi jn de pred ictieve waarden, de sensit i
viteit en de  specif iciteit van d ie  kriteria? 

2. Kunnen de  pred ictieve waarden, de  sensitiviteit en de specif ic i
teit van de  echocard iografische kriteria vergroot warden door 
toevoeg ing van andere n iet-invas ieve kriteria? 

3.  Welke a ndere onderzoeken zi jn nuttig en wat zijn hun waarden 
voor het stel len van de d iagnose? 

4.  Gaat chordaruptuur alti jd gepaard met klachten die ernstig ge
noeg zijn om chirurgisch behandeld te warden of is het mogel i jk 
een groep patienten te vinden met chordaruptuur en k lachten die 
onvoldoende ernstig z ijn voor chirurgische interventie en zu l len 
dergel ijke patienten daarmee de aanvaarde opvatt ing wijzigen 
dat chordaruptuur a ltijd een ernstige aandoening is? 

5.  Welke zijn de mogel ij kheden voor de preventie van chordarup
tuur? 

I n  hoofdstuk I wordt het onderzoek ingeleid met historische be
v indingen betreffende chordaruptuur. In hoofdstuk I I  wordt een 
ove rzicht gegeven van de complexiteit van anatomie en fun ktie van 
het mitra l isapparaat en de  risikofaktoren voor mitral isregurgitatie. 
Verscheidene ris ikofaktoren voor chordaruptuur zi jn bekend maar 
de incidentie van de zogenaamde "spontane" chordaruptuur vari
eert van O tot 74.60/o. Het kl in isch beeld wordt gewoonl i jk  uniform 
beschreven en omvat een plotsel ing beg i n  en snel le progress ie  van 
dyspnoe en vermoeidheid bij een tevoren gezonde patient en de be
v ind ing van een ernstige mitra l isregurgitatie die een ap ica le thri l l  
veroorzaakt. 

I n  hoofdstu k 1 1 1  warden het doe I van het onderzoek, de patienten en 
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de methoden beschreven .  De  a anwezigheid van een systol ische 
en/of d iastol ische flutter van de mitral isk lep is gebru i kt a ls echo
cardiografisch kriterium. Uit een periode van 9 jaar vormen 68 pa
tienten met positieve echocardiografische kriteria met of zonder 
chirurg ie of obduktie en patienten bij wie een chordaruptuur werd 
vastgesteld ti jdens chirurgie of obduktie groep I. Groep II bestaat u it  
een aselekte populatie van 30 patienten die i n  dezelfde periode 
mitra l isklepchirurgie ondergingen voor overwegende mitral isregur
gitatie.  

De  hoofdstukken IV en V omvatten resultaten en d iskussie .  Met 
betrekk ing tot het echocardiografisch kriterium van een systol ische 
en/ of diastol ische flutter vonden wij een sensitiviteit van 970/o, een 
specif ic iteit van 920/o, een voorspel lende waarde voor chordarup
tuur van de aanwezigheid van een dergel i jke flutter van 860/o en een 
voorspel lende waarde van de afwezigheid van 980/o. B ij 53 patienten 
kon een oorzaak voor de chordaruptuur worden gevonden en d it  was 
n iet mogel i jk bij 1 5 patienten. Hypertensie en een hogere leeftijd 
echter, werden frekwenter in deze laatste groep gevonden. 

E ndocardit is bleek een ernstige r is ikofaktor te z i jn .  Dyspnoe en 
pa lp itaties waren de belangrijkste symptomen in  be ide g roepen. De  
gemiddelde klachtenduur voor groep I was  3,2±5,3 jaar  en voor 
groep I I  5 ,7±5,0 jaar. Gebaseerd op fys isch onderzoek en thorax
foto's werd chordaruptuur in m inder dan 1 /3 van de patienten ver
onderste ld .  De apicale thr i l l  d ie i n  67,40/o van de patienten met chor
daruptuur werd gevonden, b leek een belangrijk addit ioneel hulpmid
del  te zi jn voor de diagnose. De souffle i s  a ltijd lu id. Op het fono
cardiogram had de souffle b i jna altijd een crescendo-decrescendo 
vorm en werd hoofdzake l i jk  geregistreerd in de middenfrekwenties. 
De  waarde van het e lektrocardiogram was beperkt evena ls die van 
de drukmetingen t ijdens hartcatheterisatie. Het cine-angiocardio
g ram was nuttig voor het stel len van de d iagnose en het bepalen van 
de ernst van de mitraal lekkage. 

In hoofdstuk IV warden de konklusies beschreven. Het "klassieke" 
beeld van chordaruptuur is ju ist maar een klachtenduur van minder 
dan een week werd s lechts b i j  1 4.70/o van onze pat ienten gevonden.  
Acht van onze patienten hadden geen k lachten, de anderen hadden 
een gemiddelde k lachtenduur van verscheidene jaren. Een s inus
ritme werd vaker in  groep I gezien en boezemfibri l l eren werd s lechts 
gevonden bij patienten van groep I die ouder waren dan 56 jaar. 
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E chocardiografie is het beste diagnostikum voor het stel len van 
de  d iagnose. De  z iektegeschiedenis draagt wein ig  b i j .  Een lu ide mid
en laagfrekwente crescendo-decrescendo souffle met een thri l l  
p le it sterk voor de  diagnose. De  andere routine cardiologische on
derzoektechnieken kunnen nuttig zi jn maar geen ervan kan de 
d iagnose bewijzen. 

Bij de meeste patienten met een "spontane" chordaruptuur  kan 
hypertens ie  een bijdragende faktor z i jn voor het ontstaan ervan .  

Een adekwate profylaxe voor endocarditis kan het  r is iko voor 
chordaruptuur verminderen. Patienten, vooral oudere mannen, met 
een mitra l isregurgitatie en hypertensie dienen een zorgvuld ige anti
hypertensieve behandel ing te ondergaan om het ris iko voor chorda
ruptuur te verkle inen. 

A ls enige ind ikatie voor chirurgie gebru i kten wij de ernst van de 
k lachten. M itra l isklepherstel b leek met u itzondering van twee pa
t ienten, n iet mogel i jk .  Dit zou ku nnen betekenen dat wij te laat ope
reren voor k lepherstel hetgeen, ind ien u i tvoerbaar, zeer waarschijn
l i jk de meest optimale techniek is. 

De  lage incidentie na klepvervanging van thrombo-embol ische 
kompl ikaties en van k lepfai lure (twee patientenl i n  ans onderzoek 
met de verbeterde kwa l iteit van de kunstkleppen enerzijds en de  in
c identie van recidief mitra l isregurgitatie na k lepherstel anderzijds 
rechtvaardigen onze wijze van behandelen.  
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