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Editorial

Mitral valve prolapse associated with other disorders
Casual coincidence, common link, or fundamental genetic
disturbance?
ALASDAIR D MALCOLM
From Airedale General Hospital, Keighley, West Yorkshire

Clinicians seem to enjoy describing associations be-
tween diseases, abnormalities, and features in patients
they have examined. Indeed the recognition of such
links is an understandable consequence of good
observational powers allied to thoughtful considera-
tion of accumulated experience and data. As mitral
valve prolapse1-4 is now recognised as a fairly com-
mon clinical entity3-8 it comes as no surprise to find
that a substantial number of published reports has
accumulated linking it with a variety of other clinical
conditions. With echocardiographically demonstrable
mitral valve prolapse recently documented in one
large study in the Eastern part of the United States in
5% of a total of 4967 people with technically adequate
echocardiograms,9 we can expect that chance occur-
rence of mitral valve prolapse with other disorders
will not be too infrequent.3 It is the purpose of this
editorial to consider the reported associations and,
with an awareness of the possibility of casual coinci-
dence, categorise the associations according to patho-
physiological mechanisms wherever possible.

Screening

Although there are certain auscultatory features
characteristic of mitral valve prolapse,2-4 10 there is a
subjective element and considerable interindividual
variation in what is heard through the stethoscope,
and surveys of the prevalence of mitral valve prolapse
could not depend on auscultatory criteria. In addi-
tion, silent mitral valve prolapse is not rare,3 10-12 and
non-ejection systolic clicks can be heard without
echocardiographically demonstrable mitral valve pro-
lapse.3 10 The direct but non-invasive visualisation of
excessive systolic bulging of the mitral leaflets by
echocardiography has been the key to the widespread
diagnosis of the condition3 13 14 and it is on echo-
cardiographic data that surveys of the prevalence of
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mitral valve prolapse are largely based.3 5- 10
Nevertheless, the distinction between mitral valve
prolapse and certain movements of the mitral valve
that may be normal is imprecise,13 and some inves-
tigators may even have been overdiagnosing pro-
lapse.'5 Moreover, in some subjects it may be a var-
iant of normal'6 and present only at certain times of
life.9
M mode echocardiography will not detect mitral

valve prolapse in a significant percentage of subjects
shown by angiography to have mitral valve prolapse
or with auscultatory signs of the conditions3 10 11 17 18
because of the limited view it affords of mitral valve
motion.'3 14 17 18 False positive patterns of mitral
valve prolapse can also be found,3 131718 but this is
much less of a problem than the false negatives. Cross
sectional echocardiography undoubtedly provides
better spatial orientation and ease of determining the
mitral annular plane than the M mode method and
should now be considered the standard for diag-
nosis. 13 '4 "7- '9 It is more sensitive than M mode and
highly specific,'7-'9 and the sensitivity can be
enhanced by using selected combinations of echocar-
diographic signs.19 Doppler echocardiography can
detect associated mitral regurgitation but a mid to late
systolic flow signal posterior to the mitral valve may
be indicative of blood movement within the prolapsed
leaflet'8; more work is needed to discover the true
value of duplex imaging with range gated Doppler
flow detection in the assessment of and screening for
mitral valve prolapse.

All surveys of the prevalence of mitral valve pro-
lapse that have relied primarily on M mode echocar-
diographic criteria must be considered as likely to
have underestimated the prevalence and we should
now require data derived from cross sectional
echocardiography, analysing multiple features.'4 '9

Classical pathology

In primary or idiopathic mitral valve prolapse3 the
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voluminous leaflets are structurally abnormal with
myxomatous degeneration and disruption of the pars
fibrosa, and there is dilatation of the mitral
annulus.3 20-27 There is evidence of an abnormality of
collagen.23 2628 The dissolution or dysgenesis of col-
lagen in the continuous complex of pars fibrosa and
chordae appears to be the basic mechanism respon-
sible for the ballooning of the mitral leaflets.4 It
remains uncertain, however, as to whether the fun-
damental problem is a dyscollagenosis26 or whether
the collagen abnormalities and superimposed
glycosaminoglycan infiltration giving the tissue its
myxomatous appearance can develop in a valve that
originally was structurally and histologically normal
but for some reason prolapsed and thereby altered the
magnitude and distribution of mechanical forces act-
ing on the leaflet, annulus, and chordae.23 26 28 29 The
chordal deficiencies described by Becker and de Wit
as being very common in mitral valve prolapse and
relatively uncommon with normal non-prolapsing
mitral valves30 may also render the leaflets more vul-
nerable to mechanical damage.

This general pattern of abnormality in prolapsing
mitral valves that become available for pathological
examination, either by surgical excision because of
severe mitral regurgitation requiring valve replace-
ment or by death and subsequent necropsy, cannot be
assumed to be the norm in all cases of mitral valve
prolapse. The Framingham study data have provided
powerful evidence that echocardiographic mitral valve
prolapse can be a transient phenomenon at a certain
stage in life, at least for women.9 The prevalence of
mitral valve prolapse (by M mode echocardiography
screening, with cross sectional echocardiography for
confirmation in more than 90% of subjects) declined
progressively for successive decades from 16-90/o for
women in their twenties through 12-2% in their forties
and 4-4% in their sixties to 1.4% for women of 80
years and older. In contrast, the prevalence among
men showed no particular age related trend and aver-
aged about 3%. It seems unlikely that structural
abnormalities would be present in the mitral valves of
a significant proportion of younger women and simi-
larly unlikely that these would be remedied in most as
they get older. Rather, we should look to factors
beyond the mitral valve itself, and age related changes
in left ventricular size, shape, or wall movement may
be part of the explanation.

In evaluating possible associations between mitral
valve prolapse and various disorders we must bear in
mind that an echocardiographically prolapsing mitral
valve is not necessarily abnormal in any way13 14 16
and draw realistically limited conclusions in those
conditions in which cardiac tissue has not been avail-
able for systematic pathological and biochemical
study in surgical or necropsy series.

Malcolm

Association with abnormalities of left ventricular
size, shape, or function

Excessive bulging of one or both mitral leaflets into
the left atrium may be due to factors other than
floppy leaflets, elongated chordae, or a dilated
annulus.3 13 31 32 Thus disturbance of the normal bal-
ance between ventricular and valvar size may cause
anatomical prolapse in the absence of any pathological
feature of mitral leaflets or chordae. This would occur
when left ventricular size is sufficiently reduced or
shape sufficiently altered that maintenance of normal
leaflet position and contour during systole is imposs-
ible and some degree of prolapse into the left atrium
results, as in hypertrophic obstructive car-
diomyopathy.332 In secundum atrial septal defect,
where up to half the patients seem to have mitral valve
prolapse,3 13 33 34 the reduced left ventricular size with
distorted ventricular geometry is probably often
responsible for the mitral valve prolapse.13 34 There
are, however, instances where the mitral valve has
become severely regurgitant and been found to have
the myxomatous degeneration characteristic of prim-
ary mitral valve prolapse.3 35 Distortion of the
atrioventricular area and reduced left ventricular size
have been proposed as the mechanism of prolapse in
patients with progressive muscular dystrophy and
straight or lordotic thoracic spines.36 Ischaemically
induced disturbance of contractile function in papil-
lary muscles or subjacent myocardium may result in
failure to maintain chordal systolic tension and so pro-
lapse ensues3 32 37; this would be the most common
cause of secondary mitral valve prolapse. Disturbance
of left ventricular contraction with previous rheuma-
tic carditis or viral myocarditis or with congestive car-
diomyopathy may result in prolapse.37 It has also
been proposed that the abnormal sequence of ven-
tricular activation in the Wolff-Parkinson-White syn-
drome can give rise to mitral valve prolapse.37 38 but
the idea that the bypass tract and prolapse are associ-
ated structural malformations within the atrioven-
tricular region is an alternative explanation.3

Secondary mitral valve prolapse is probably of no
special significance in most subjects, but it has been
suggested that an abnormally stressed mitral valve
might ultimately develop the same pathological
changes found in primary mitral valve prolapse.'3
Nevertheless, when secundum atrial septal defect is
accompanied by a regurgitant prolapsing mitral valve
the differential diagnosis with primum atrial septal
defect complicated by atrioventricular valve abnor-
mality has to be considered and there may be surgical
implications.3 Infective endocarditis, which hardly
ever occurs in isolated secundum atrial septal defect,
can occur when associated mitral valve prolapse is
present, and Jeresaty recommends antibiotic
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prophylaxis for secundum atrial septal defect with
mitral valve prolapse and late systolic or pansystolic
murmurs.3 Perhaps it would be prudent to follow the
same guidelines for secondary mitral valve prolapse in
ischaemic heart disease.37

Association with congenital heart disease

Secundum atrial septal defect is the commonest
reported association, as discussed in the previous sec-
tion, but there are a variety of other congenital cardiac
abnormalities in which an association with mitral
valve prolapse has been claimed.3 37 A retrospective
study of M mode echocardiograms from 120 adults
with congenital heart disease revealed mitral valve
prolapse in nine of 32 (28%) patients with secundum
atrial septal defect, in none of five with primum atrial
septal defect, in 10 of 25 (40%) with ventricular septal
defect, in five of seven (71%) with persistent ductus
arteriosus, in three of five (60%) with tetralogy of
Fallot, in five of 15 (33%) with pulmonary stenosis, in
two of 14 (15%) with left ventricular outflow obstruc-
tion, in two of three (67%) with Ebstein's anomaly,
and in four of 14 (29%) with miscellaneous other
defects.33 Among 45 children with M mode echocar-
diographically demonstrated mitral valve prolapse
there were three cases of ventricular septal defect, one
of persistent ductus arteriosus, and two of hyper-
trophic obstructive cardiomyopathy.39

Pathological studies have provided some interesting
data in respect of ventricular septal defect and
Ebstein's anomaly. Among 112 hearts with isolated
ventricular septal defect collected over a 30 year
period and restudied specifically for gross and micro-
scopic (significant thickening of the spongiosal layer
and invasion and disruption of the fibrosa by the
spongiosa) evidence of mitral valve prolapse there was
an overall incidence of the condition of 18%.40 There
was no significant difference in the incidence of mitral
valve prolapse for the three age groups (<1 year, 1-16
years, and 17-91 years) considered. Spongiosal inva-
sion of the fibrosa was fully developed by 3 months of
age, and there was no evidence that the incidence or
severity of spongiosal invasion increased between the
ages of 3 months and 88 years. In no patient was the
mitral valve prolapse considered to be the cause of
death. Complications of the prolapse in terms of rup-
tured chordae, endocarditis, mitral regurgitation, and
fibrin deposits at the mitral valve-left atrial angle
occurred at approximately the same frequency as that
reported in necropsy studies of isolated mitral valve
prolapse. In the specimens with prolapse 63% also
had similar involvement of the tricuspid valve, 16% of
the pulmonary valve, and 5% of the aortic valve. In a
separate study the hearts obtained at necropsy from
10 patients with Ebstein's anomaly of the tricuspid
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valve were examined for mitral valve prolapse and the
condition was found in none of five hearts from
patients aged 1 day to 10 months but in 3 of 5 hearts
from patients aged 18 to 72 years.4' The most severe
degree of prolapse occurred in the 18 year old, whose
mitral valve histology showed myxomatous change
with a pronounced increase in acid mucopolysac-
charide material in the leaflets.42 These pathological
studies would potentially have underestimated the
frequency of mitral valve prolapse with congenital
cardiac abnormalities for they depended on necropsy
specimens, and mitral valve prolapse secondary to dis-
turbances of left ventricular dynamics,3' as in secun-
dum atrial septal defect,34 would have been missed.

Association with other cardiac structural abnor-
malities

Tricuspid valve prolapse coexists fairly frequently
with mitral valve prolapse, as shown at necropsy,3 22
on cineangiography,34344 and by M mode34546 and
cross sectional echocardiography. 17 47 48 For example,
in 61 symptomatic patients with auscultatory signs of
mitral valve prolapse and no significant occlusive dis-
ease on selective coronary arteriography left ventricu-
lar angiography detected prolapse in 52 (84%), and
right ventricular angiography showed tricuspid valve
prolapse in 32 (5r/o); in nine cases prolapse involved
the tricuspid valve alone. Although 21% of a group of
53 patients with mitral valve prolapse had concomit-
ant tricuspid valve prolapse on M mode echocardio-
graphy, imaging of the tricuspid valve by this techni-
que is inconsistent and cross sectional echocardiogra-
phy is more often successful and provides better vis-
ualisation of the tricuspid leaflets.'7 48 Thus cross sec-
tional echocardiography showed concomitant tricus-
pid prolapse in 48% of 64 patients with mitral valve
prolapse'7 and in 190/o of 31 patients with mitral valve
prolapse.48 Contrast echocardiography is helpful in
evaluating tricuspid regurgitation in this situa-
tion.'7 47 The general observation has been made that
among subjects with tricuspid valve prolapse a more
severe form of mitral valve prolapse is prevalent. '7
Although it has been claimed that tricuspid valve pro-
lapse occurs rarely as an isolated lesion,3 careful cross
sectional echocardiographic technique has been
shown to be capable of demonstrating it in 6% of an
assortc: group of 112 subjects without mitral valve
prolapse,48 and it can be shown angiographically
when prolapse is not evident on the contralateral ven-
tricular cineangiogram.44 Data are lacking on the his-
tological state of prolapsing tricuspid valves where
there has not been concomitant mitral valve prolapse
but the prolapse may be secondary to disturbed right
ventricular dynamics. A genetically determined
abnormality of atrioventricular valve development or
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maintenance or both would explain dual valvar
involvement.

Aortic valve prolapse was evaluated by cross sec-
tional echocardiography in 50 subjects with mitral
valve prolapse and no stigmata of Marfan's syn-
drome.47 Twelve (24%) subjects had redundant aortic
leaflets bulging into the left ventricular outflow tract
during diastole, and most of these subjects also had
aortic regurgitation. In one subject who underwent
mitral and aortic valve replacement for severe heart
failure both excised valves showed characteristic
myxomatous degeneration. In an earlier study of 112
subjects with mitral valve prolapse successful cross
sectional detailed imaging of the aortic valve was
achieved in 77 and a prolapse pattern identified in 17
(22%), 16 of whom showed increased echo reflection
from aortic leaflet tissue and four of whom had aortic
regurgitation.'7 The aortic root measurement on M
mode echocardiography was normal in the 60 subjects
with mitral valve prolapse without aortic valve pro-
lapse but enlarged in six of the 17 subjects with both
aortic valve and mitral valve prolapse. Other evidence
of myxomatous involvement of the aortic valve in
some cases of mitral valve prolapse has been reported
with aortic leaflets thickened or folded on cross sec-
tional echocardiograms, systolic oscillation and mul-
tiple leaflet echoes on M mode scans, and confirma-
tion of the myxomatous nature of one aortic valve
replaced at operation.49 The myxomatous degenera-
tion25 which typifies primary mitral valve prolapse is
therefore not confined to atrioventricular valve tissue
in certain individuals, and comprehensive clinical
evaluation of the subject with mitral valve prolapse
should be conducted with this in mind. Cross sec-
tional echocardiography is the major tool for precise
evaluation of this sort'747 and may even show triple
valve involvement.47

Atrial septal aneurysm combined with mitral valve
prolapse has been found at necropsy in two patients,50
but no mention was made of myxomatous degenera-
tion in the leaflet tissue. Bulging of the aneurysm can
be seen on cross sectional echocardiography, and
there is a report of five patients with the combined
conditions, four of whom also had tricuspid valve pro-
lapse.5' A developmental abnormality affecting the
tissue of interatrial septum and mitral valve can be
supposed.50 51

There are a number of reports of a definite associa-
tion between pre-excitation atrioventricular pathways
and mitral valve prolapse.337385255 The relation
with the Wolff-Parkinson-White syndrome was first
reported by Gallagher et al in 1975 with seven cases of
mitral valve prolapse among 68 patients with the
Wolff-Parkinson-White syndrome and attacks of
arrhythmia that were sufficiently frequent or of such
severity as to be disabling or life endangering.52 The

Malcolm
Lown-Ganong-Levine syndrome has been found in
association with mitral valve prolapse in several
instances.3 5 Of 12 patients with paroxysmal sup-
raventricular tachycardia, three had the Lown-
Ganong-Levine syndrome, one the Wolff-
Parkinson-White syndrome type A, and eight normal
electrocardiograms.54 Six of the eight patients with
normal electrocardiograms were, however, shown on
electrophysiological study to have atrioventricular
bypass tracts. This evidence suggests that supraven-
tricular tachycardia in patients with mitral valve pro-
lapse could often be related to bypass tracts that, if the
surface electrocardiogram is normal, will require spe-
cial electrophysiological studies to enable diagnosis,
and the authors felt that there may be a developmental
link between the consistently left sided bypass tracts
and the mitral valve prolapse.S4 These data from
patients with major arrhythmia problems52 54 have to
be kept in perspective when dealing with subjects
with mitral valve prolapse and little or no symp-
tomatology of this sort. In two British series, without
particular selection for problems with tachyarrhyth-
mias, there were no cases of short PR interval of any
sort among the study groups of 851" and 18212 sub-
jects with mitral valve prolapse.

Problems of cardiac impulse formation and conduc-
tion are also encountered in subjects with mitral valve
prolapse.3 31 56 57 Sixty symptomatic patients with
mitral valve prolapse underwent electrophysiological
study; 49 had documented arrhythmias and 28 had
experienced syncope.57 Spontaneous second or third
degree atrioventricular block was documented in
eight patients, and 10 had chronic bundle branch
block. Electrophysiological study showed abnormal
sinus node function in eight patients, prolonged HV
interval in 10, intra-Hisian delay in nine, and func-
tional bundle branch block in 15. Dual atrioventricu-
lar nodal pathways were detected in 24 patients.
Comparison with 101 similarly symptomatic patients
without mitral valve prolapse showed a greater pre-
valence of dual atrioventricular nodal pathways and
functional bundle branch block in the patients with
mitral valve prolapse, but the other features were not
significantly more or less common in the control
group and therefore probably represent casual coinci-
dence with mitral valve prolapse.

Association with thoracic spine and chest wall
abnormalities

Narrow anteroposterior chest diameter, straight back,
and pectus excavatum deformity are commonly
associated with mitral valve prolapse.3 31 58-62 The
mitral valve undergoes differentiation to its final form
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between the thirty fifth and forty second day of fetal
development, when the vertebral column and thoracic
cage are beginning their chondrification and os-
sification. Any influence on fetal development at this
stage may therefore affect both the mitral valve and
bony thorax.58 In one radiological study in Hong
Kong the metacarpal index was also measured, and,
somewhat surprisingly, among the study group of 1 15
subjects with mitral valve prolapse almost all with
abnormal metacarpal indices had normal chest meas-
urements (ratio of anteroposterior to transverse
diameter)62; the reason for this dissociation is obs-
cure, but it does suggest that in respect of aetiology
subjects with mitral valve prolapse are likely to be
heterogeneous and that a substantial proportion are
unlikely to have anything to do with Marfan's syn-
drome.

Breast development may be impaired in some
women with mitral valve prolapse, and the explana-
tion could be similar to that for abnormalities of the
bony thorax associated with mitral valve prolapse-
namely, that both breast and mitral valve are of
mesenchymal origin and undergo simultaneous
primordial development.63 In a group of 27 patients
with hypomastia referred for elective augmentation
mammoplasty, 13 (48%) had mitral valve prolapse on
both M mode and cross sectional echocardiograms
compared with only two (6%) of 33 controls.63 Con-
versely, of 28 women selected consecutively from the
echocardiographic data base at the same medical
centre during the same 14 month period with mitral
valve prolapse shown on echocardiography, 17 (61%)
had hypomastia; hypomastia was found in eight (24%)
of the controls. Whether the explanation for the link
between hypomastia and mitral valve prolapse is
entirely explicable in terms of embryological and
mesenchymal dysplasia is a matter of dispute.64 With
a much higher prevalence of mitral valve prolapse
among lean persons than among those of above aver-
age body weight in the Framingham study9 and with
other data indicating a correlation with slim build and
below average weight,46' 64 the hypomastia may sim-
ply be due to reduced contribution of adipose tissue to
breast size.64

Clinicians should be aware of the increased chance
that mitral valve prolapse is present when thoracic
skeletal deformities or hypomastia (defined as a breast
size -2O0 m163) are present. Familial clustering of
cases of mitral valve prolapse does occur,3 65-67 but,
although there is some evidence of an autosomal
dominant mode of inheritance,3 61 66 67 it appears that
convincing proof of this hypothesis is lacking at pres-
ent.9 68 Nevertheless, diagnostic appraisal of possible
mitral valve prolapse in the potentially affected close
relatives of subjects with primary mitral valve pro-
lapse seems warranted.68

357

Association with inherited disorders characterised
by weakness or laxity of certain tissues

It is well established that mitral valve prolapse is an
integral part of many inherited connective tissue dis-
orders,3 4 3' 68 best known among which are the Mar-
fan and Ehlers-Danlos syndromes.

In an M mode echocardiographic study of 35
patients with the Marfan syndrome mitral valve pro-
lapse was found in 91%.69 In 50 consecutive patients
with the syndrome reported by Pyeritz and
McKusick, 24 (48%) had midsystolic clicks with or
without late systolic murmurs and 29 (58%) had
echocardiographic (probably M mode for most cases,
although not specified) evidence of mitral valve pro-
lapse.70 Among 13 patients with typical Marfan's
syndrome, fusiform aneurysms of the ascending
aorta, and chronic aortic regurgitation studied at nec-
ropsy7' mitral valve prolapse was evident in only four,
but the mitral annulus was larger than normal in most
of the hearts and histological examination of the
mitral leaflets showed excessive acid mucopolysac-
charide material in all cases. Despite the frequency
with which mitral valve prolapse is encountered in
those with the Marfan syndrome, and despite some
tendency for mitral valve prolapse to be associated
with a marfanoid habitus,61 68 the suggestion72 that
mitral valve prolapse represents a forme fruste of
Marfan's syndrome has now been firmly rejected.3 68
The Ehlers-Danlos syndrome is a group of inheri-

ted defects of connective tissue sharing certain physi-
cal features such as hypermobile joints, fragile skin,
bruising, hernias, and various deformities including
pectus excavatum73; there are several reports of its
coexistence with mitral valve prolapse.3 74-77 In type
IV Ehlers-Danlos syndrome a propensity for aortic
rupture73 is a striking point of similarity with the
Marfan syndrome. In a family with type IV Ehlers-
Danlos syndrome cross sectional echocardiography
detected mitral valve prolapse in eight of 10 subjects
examined, and when production of type III collagen73
was assessed by use of cultured fibroblasts from skin
biopsy specimens it was found to be deficient in all
eight echopositive cases and normal in the two cases
with normal echocardiograms.77 Abnormal type III
collagen is the fundamental biochemical defect in
Ehlers-Danlos syndrome type IV73 and analysis of a
surgically excised valve from a patient with mitral
valve prolapse and severe mitral regurgitation, who
did not have the Marfan or Ehlers-Danlos syndrome,
has shown a pronounced deficiency of type III col-
lagen.78 More recent data from Australia, however,
have shown that in 19 myxomatous mitral valves
obtained at valve replacement surgery there is
increased production of several types of collagen, in
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particular type 111,28 and prompts-speculation that the
glycosaminoglycan inffitration and cellular prolifera-
tion in the valves are part of a repair process. The
microstructural basis for mitral valve prolapse may
thus be different in primary mitral valve prolapse
compared with the mitral valve prolapse encountered
in the inherited disorders of collagen synthesis.

Hypermobility of joints has been found to be more
common in 21 subjects with echocardiographically
identified primary mitral valve prolapse than in
matched controls, but there was no significant differ-
ence in skin thickness, skin elasticity, or prevalence of
either skeletal deformity or marfanoid habitus bet-
ween the groups.79 Other investigators'2 have not
found this undue joint mobility, but among 182
patients with M mode echocardiograms showing
mitral valve prolapse 22 (12%) were noted to have had
a herniorrhaphy in the past, perhaps indicative of a
tendency for weakness of collagen common to mitral
valve and extracardiac tissue.'2 Patients with hyper-
mobile joints attending a rheumatology clinic were
found to have auscultatory and M mode echocardiog-
raphic evidence of mitral valve prolapse more fre-
quently than control patients with normal joint mobil-
ity scores.80 Laxity of joints may be associated with a
more widespread abnormality of collagen within the
cardiovascular system. This is suggested by the
finding of an increased aortic compliance (as meas-
ured by a continuous wave Doppler ultrasound tech-
nique) in 44 of 72 patients with the hypermobility
syndrome,8' some of whom were also shown to have
collagen abnormalities on biochemical analysis and
electron microscopy of skin biopsy specimens.
The data cited in respect of the Marfan and

Ehlers-Danlos syndromes give reasonable grounds for
expecting to find mitral valve prolapse in a high pro-
portion of patients with other generalised disorders of
connective tissue,3 where structural weakness of
mitral leaflets, chordae, and annular tissue would be
the cause of the prolapse. This expectation is fulfilled
in a study of pseudoxanthoma elasticum,82 but in
osteogenesis imperfecta, despite reports of two regur-
gitant prolapsing mitral valves requiring replace-
ment83 and of one mitral valve showing severe myxo-
matous degeneration,84 an M mode echocardio-
graphic study of 20 patients detected mitral valve pro-
lapse in only one.85 An increased prevalence of mitral
valve prolapse has been shown with cross sectional
echocardiography in 15 patients with von Willebrand
syndromes, among whom mitral valve prolapse was
found in 60% compared with 13% of matched con-
trols86; the concept of a linked mesenchymal dysplasia
was proposed as a unifying hypothesis to explain the
association of mitral valve prolapse with this vascular
endothelial abnormality and with various skeletal and
connective tissue dysplasias already mentioned.86

Makolm
Association with disorders of skeletal muscle

Although there are several reports of an increased
prevalence of mitral valve prolapse in myotonia
atrophica,387 there is no clear evidence either of
myxomatous degeneration of mitral valve tissue or of
myocardial involvement with dysfunction localised so
as to impair mitral valve function.87 A recent prospec-
tive study of 25 adults with myotonia atrophica
showed that on cross sectional echocardiography mild
mitral valve prolapse was present in three and moder-
ate mitral valve prolapse in four cases.88 The
significance of mitral valve prolapse in myotonia
atrophica and in other muscle diseases requires
further elucidation with larger series and provision of
some correlative cardiac pathological data.

Association with endocrine disorders

When Jeresaty's monograph of mitral valve prolapse
was published in 19793 it contained but one reference
to an associated endocrine disorder and that was to a
report89 of a single case of acromegaly with a systolic
click and murmur complicated by streptococcal
endocarditis. How surprising then that it should have
taken until 1981 for an association with one of the
more common disturbances of endocrine function-
namely, hyperthyroidism-to be reported.90 Impres-
sed by what seemed to be a high frequency of mitral
valve prolapse in patients with hyperthyroidism and
aware of the evidence that adrenergic tone is increased
both in hyperthyroidism9l and in symptomatic mitral
valve prolapse,492 clinicians at the Temple University
School of Medicine in Philadelphia looked for mitral
valve prolapse in 40 patients with hyperthyroidism.90
The diagnosis of mitral valve prolapse depended on
auscultatory and echocardiographic (both M mode
and cross sectional) assessment, and in only one
instance (a hyperthyroid patient) was the diagnosis
made on auscultatory findings alone. Sixteen of 39
(41%) patients with Graves' disease and one patient
with toxic nodular goitre had mitral valve prolapse
compared with seven of 40 (18%) patients in a control
group. The prevalence of mitral valve prolapse did
not differ significantly between those who were hyper-
thyroid at the time of evaluation and those who were
not and seemed unrelated to the sex or race of the
patient.
The link between mitral valve prolapse and hyper-

thyroidism is further explored in a much larger study
from Tsrael reported in this issue of the journal
(p 374-7).93 The investigators used both M mode and
cross sectional echocardiography to detect mitral
valve prolapse. Among a group of 126 hyperthyroid
patients there were 12 (9.5%) cases of mitral valve
prolapse, which is not significantly different from the
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prevalence of 5.4% in the control group of 111 sub-
jects. When the 49 patients with Graves' disease were
considered separately, however, the prevalence was
16-5%, and this difference is significant. As in the
American study9" it made no difference whether the
patients were hyperthyroid or had become euthyroid.
The prevalence of hyperthyroidism among 64 subjects
with mitral valve prolapse was also assessed; in one
case the laboratory tests indicated hyperthyroidism,
but clinical features of hyperthyroidism were lacking.
The basis for the association between mitral valve

prolapse and Graves' disease is a matter of conjec-
ture.9093 It would seem that the valvar prolapse is not
attributable to myocardial dysfunction caused by a
direct effect of high concentrations of thyroid hor-
mones, and there are no data on the gross morphology
or histology of mitral valves from patients with this
combination. Proof of a common autoimmune
mechanism909394 would probably require immuno-
histological studies of mitral valve and thyroid tissue.
Certain histocompatibility antigens have been
reported to be associated with mitral valve pro-
lapse90 93 95 and with Graves' disease,90 93 but the
pathophysiological mechanisms by which this might
cause the two disorders remain undetermined.
Perhaps the best guess that can be made at present is
to suppose a defect of genetic coding for control of
mitral valve tissue formation, turnover, or subsequent
modification at a locus adjacent to one exerting some
influence over the control of thyroid function or all
three. This could be the basis for some of the other
clinical associations636886 and is worthy of further
investigation.

Conclusion

There is still much to be learned about mitral valve
prolapse,49697 and in clinical practice major issues
which remain imperfectly resolved include the
pathogenesis and management of accompanying chest
pain,498 identification and protection of those subjects
at risk of thromboembolic complications4 97 or
arrhythmic sudden death,99100 and prophylaxis
against endocarditis.97 101 There is no doubt that
anatomical prolapse of mitral leaflets is common, but
in only a small proportion of subjects should we con-
sider this to be "abnormal."''6 In some it will be eva-
nescent. It may be some years before pathological
studies on mitral valves from an appreciable number
of supposed "normal variant" subjects with mitral
valve prolapse can be reported. Improved cross sec-
tional echocardiographic instrumentation and
meticulous attention to details of technique will
enable mitral leaflet thickness to be determined, as
very recently reported by Chandraratna et al, 102 and
this may be the key to distinguishing between "nor-
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mal" prolapsing mitral valves and pathological96
forms of mitral valve prolapse. A completely new set
of cross sectional echocardiographic surveys of mitral
valve prolapse in unselected populations and in sub-
groups of patients with the various conditions sus-
pected to be associated with mitral valve prolapse will
now have to be carried out, and it is to be hoped that
the opportunity will be taken, wherever possible, to
ascertain the morphology, histology, and histochemis-
try of the mitral valve and any other features of car-
diac pathology.
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