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Mitral valve prolapse, aortic compliance, and skin
collagen in joint hypermobility syndrome
CLIVE E HANDLER,* ANNE CHILD,t NICHOLAS D LIGHT,4:
DEBORAH E DORRANCEt

From the Departments of *Cardiology and tRheumatology, Guy's Hospital, London; and the TAFRC Meat
Research Institutes Langford, Avon

SUMMARY Mitral valve prolapse was sought clinically and with phonocardiography and M mode
and sector echocardiography in 15 women aged 22-57 years with joint hypermobility syndrome.
The type III:III + I collagen ratio was measured in skin biopsy specimens and was found to be
raised in seven of 10 patients sampled. Thirteen patients had increased aortic wall compliance
measured by the continuous wave Doppler ultrasound technique. Ten (67%) patients had mitral
valve prolapse shown by auscultatory signs or echocardiography or both-a prevalence at least
three times greater than that in the general adult population.

It is concluded that if the abnormality of collagen biosynthesis found in skin biopsy samples in
these patients is also present in their mitral valve tissue this may predispose them to prolapse of
the valve.

The primary mitral valve prolapse syndrome is one
of the commonest cardiac abnormalities, being
present in 4-21% of the adult population.' 2 Most of
those affected are symptom free and have a good
prognosis,3 but sudden death,45 infective endo-
carditis,6 spontaneous chordal rupture, and
progressive mitral regurgitation7 are rare compli-
cations and make this an important condition to rec-
ognise. The subject has been well reviewed.28-12
The synonymous term, floppy mitral valve syn-

drome, emphasises the well established structural
abnormality of the valve leaflets, although the mol-
ecular basis for this defect remains unclear. The
main structural abnormality of the valve leaflets in
primary mitral valve prolapse consists of myxo-
matous degeneration and disruption of the pars
fibrosa and there is dilatation of the mitral an-
nulus.2
The association of mitral valve prolapse with cer-

tain inherited diseases (secondary mitral valve pro-
lapse) including the Marfan syndrome,'3 the
Ehlers-Danlos syndrome,'4 and osteogenesis imper-
fecta,'5 lends support to the hypothesis that mitral
valve prolapse may be due to abnormalities in the
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production or structure of collagen. Such changes
have been shown to occur in these conditions.'6
The hypermobility syndrome is a sex influenced

usually dominantly inherited disorder of collagen
production characterised by non-inflammatory joint
pain associated with generalised joint laxity.17
Mitral valve prolapse is present in about a third of
cases,' 819 providing further evidence that a systemic
abnormality of collagen may be associated with
mitral valve prolapse. There is, at present, little in-
formation on this connection. One study of the fam-
ily of a patient with type IV Ehlers-Danlos
syndrome has shown a consistent association of
mitral valve prolapse and abnormally low type III
collagen production.20 A more recent study,
however, has shown an increased proportion of type
III collagen in floppy mitral valve tissue compared
with normal controls.21
The purpose of this study, therefore, was to assess

the frequency of mitral valve prolapse among a
group of patients who had evidence of a generalised
connective tissue disorder and examine the link with
the ratio of III:III + I collagen types in skin biopsy
specimens.

Patients and methods

Fifteen patients (all female, with an age range of
22-57, mean 39 years) were selected from a group of
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72 consecutive patients (62 women, 10 men) with
joint hypermobility and joint pain attending Guy's
Hospital rheumatology department. Radiographs of
the affected joints were normal, and all patients were
seronegative.
These 15 patients were selected because they had

clinical evidence of generalised connective tissue
weakness. Eleven of the 15 patients had skeletal
signs (arm span 3 inches (7 62 cm) greater than
height, scoliosis, pectus excavatum, high palate, an-
timongoloid slant to the eyes, long fingers). Eight
had dermatological signs (thin, hyperextensible
skin, striae, easy bruisability), and eight had eye
signs (hypertelorism, epicanthic folds, redundant
upper eyelids, severe myopia, strabismus). In addi-
tion, a clear family history of joint hypermobility
associated with pain in a first degree relative, most
often a mother or sister, was obtained from all but
one patient (case 4).

JOINT HYPERMOBILITY
All the patients were examined by one of us (AHC),
and joint mobility was graded by the hypermobility
score of Beighton and Horan.22 The scoring system
is as follows: (a) passive hyperextension of the fifth
metacarpophalangeal joint to 900 scores 1 for each
hand; (b) passive apposition of the thumb to the vo-
lar aspect of the forearm scores 1 for each thumb; (c)
passive hyperextension of the elbow to more than
100 scores 1 for each arm; (d) passive hyperextension
of the knees to beyond 100 scores 1 for each leg; (e)
placing hands flat on floor by flexing spine while
maintaining knees straight scores 1. The maximum
score is 9. A score of > 3 indicates a widespread
hypermobility of the joints.

COLLAGEN III:III+I RATIO ASSESSMENT
Collagen types I and III were measured by a
modification of the method described by Light.23
After local spray anaesthesia, small, full thickness,
scissor biopsy specimens of forearm skin tissue were
taken and frozen immediately at - 700C and then
dissolved in formic acid. Collagen types I and III
were measured by sodium dodecyl sulphate poly-
acrylamide gel electrophoresis after- digestion of skin
samples with cyanogen bromide.

AORTIC WALL COMPLIANCE
Collagen comprises nearly half of the content of the
aortic media and makes the greatest contribution to
the tensile strength of the wall. The distensibility of
the aortic wall is measurable by Doppler shift con-
tinuous wave ultrasound signals24 and is directly re-
lated to vessel compliance. This is defined as the
fractional distension of diastolic lumen diameter per
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unit of pulse pressure: C = (A D/D)/AP, where C is
the vessel compliance and AD is the increase in di-
ameter of the lumen D produced by an increment of
pressure P. Compliance is usually expressed as C%
per 10 mm Hg change in pulse pressure. Thus the
distensibility of the aortic wall, which depends on its
tensile strength, is directly related to the vessel's
compliance.
The optimum method for measuring aortic com-

pliance requires a system that is capable of mea-
suring the change in luminal diameter produced by
changes in pressure along the full length of the aorta.
This takes into account variation in collagen content
of the aortic wall and variable aortic tethering.

Accurate measurement of aortic pressures is not
easily obtained except by direct aortic cath-
eterisation. Pulsed wave echo ultrasonography al-
lows the measurement of aortic compliance at given
sites but not along the aortic length.

Aortic compliance cannot be measured directly by
the continuous wave Doppler technique but it is
possible to measure the characteristic pulse wave ve-
locity by recording Doppler shift signals generated
by reflection of the ultrasound beam from passing
red blood cells at two simultaneously insonated sites
on the aortic pathway. The puse wave velocity
(PWV) equals L/T; where L is the distance between
the two sites, T the delay time for the same heart
beat at sites L apart between the start of systolic
upswing of the blood velocity Doppler shift pulses.
The characteristic pulse wave velocity is de-

pendent on the blood density and the elastic modu-
lus of volume distensibility of the artery wall per
unit length.24 The variability and reproducibility of
this method have been studied in 900 normal volun-
teers.25 Normal values for aortic compliance are low
in the neonate, rise gradually to a peak at 10 years of
age, and then fall gradually to adult levels. These
studies have shown that the maximum standard de-
viation from the mean in each cohort is 10% and that
there is no appreciable variation in aortic compliance
with blood pressure changes within physiological
limits.25 The normal range is taken as 100 (2 SD)
(that is 80-120%) (Fig. 1).
Aortic compliance is not corrected for blood pres-

sure as there is little variation in aortic compliance
with change in blood pressure at physiological pres-
sures.25 It has also been shown that the maximum
variability of aortic compliance throughout the day
is 9 10%. Hourly aortic compliance was- measured
during the day in six symptom free adults (four men,
two women, aged 20-26 years) who continued their
usual daily activities (S Kontis, personal commu-
nication). Only variations > 10% were regarded as
abnormal in this study-that is values above 130%
or below 70%.
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Table Summary of results and clinical data

Cardiograpy

Patient Age (yr) joint Aortic Collagen Echo Phono Auscultation ECG Symptoms
hypermobility compliance III:II+ I
(max =9) (%)

1 22 8 100 27 MVP MSC MSC N Palpitation
2 27 3 167 24 MVP MSC MSC N Dyspnoea
3 28 5 145 27 N N N N -
4 29 6 138 - N N N N -
5 31 2 118 28 N N N N ACP
6 31 5 157 25 N N N N -
7 33 5 130 29 MVP N N N -
8 38 1 148 - MVP MSC MSC N -
9 44 5 144 30 N MSC MSC T inv, II, Palpitation
> ~~~~~~~~~~~~~~~~~~~~~~~~III,aVF
10 45 5 141 - N N N N -
11 50 1 143 - MVP N N T inv, VI, -

III
12 52 7 149 - MVP MSC MSC 1st deg ACP

HB, Tinv,
II, III

13 53 4 139 31 MVP MSC MSC N Palpitation
14 53 7 169 33 MVP MSC N N Dyspnoea
15 53 7 217 46 MVP N N N -

ECG, electrocardiogram; ACP, atypical chest pain; MVP, mitral valve prolapse; MSC, midsystolic click; HB, heart block; T inv, T wave inversion.
Aortic compliance: normal range 80-120%, mean 145% in these patients.
Collagen III:III + I: normal range 23-27%, mean 30% in these patients.

METHOD OF MEASURING AORTIC COMPLIANCE
The pulse wave velocity was measured with the pa-
tient supine and unsedated. A hand held probe from
a 4 MHz bidirectional Doppler ultrasound veloci-
meter (Sonicaid, Vasoflow 2 BV 980) was placed in
the left supraclavicular fossa over the subclavian ar-
tery, pointing medially. Simultaneously, a probe
from an identical 4 MHz bi-directional Doppler ul-
trasound velocimeter was placed over the abdominal
aorta at the level of the umbilicus, just proximal to
the aortoiliac bifurcation. The instantaneous spec-
trum of blood velocities in the vessel lumen at each
site was monitored by recording the Doppler shift in
frequency of the backscattered ultrasound signals on
to stereomagnetic tape. The Doppler ultrasound ve-
locimeters were modified by means of frequency do-
main processing to display both forward and reverse
flow on each channel. The distance (L) was taken
from the midpoint on the medial side of the sternal
notch to the transducer site on the abdomen. From
cadaver studies this has been shown to be within 5%
of the effective aortic pathway.26 Brachial blood
pressure was recorded at the end of the mea-
surement.
The recorded audio frequency Doppler shift sig-

nals from the two sites were simultaneously spec-
trally analysed on separate channels of a spectrum
analyser (Doptek). A hard copy printout of the re-
sultant sonogram on ultraviolet light sensitive paper
(Kodak Linagraph 1801) was obtained by means of a
fibreoptic recorder (Medilec SOR 1002). The delay

time (T) between the start of the systolic velocity
upstroke for each pulse was measured with an elec-
tronic digitiser (Summagraphics, Bitpad) and a
microcomputer (Commodore Pet type 8032). Care
was taken to obtain the value of T from the systolic
foot to foot separation of the proximal and distal
waveforms, and T was averaged for at least 20 pulses
to minimise change in the aortic compliance caused
by pressure fluctuations with respiration. Aortic
compliance was then calculated from the equation:

C% per 10 mm Hg (1-33 kPa)=66-7 (T/L)
Aortic compliance (C) was expressed as a percentage
of the normal value found per 10 mm Hg change in
pulse pressure.24

CARDIAC ASSESSMENT
All the patients were examined by one of us (CEH).
Auscultatory signs of mitral valve prolapse were
sought with patients being examined supine, in the
left lateral position, and standing. This was supple-
mented by a phonocardiographic examination with a
Smith Kline Instruments diagnostic module P/N
8544-9000, which was performed with the patient in
the 400 left lateral position and breathing gently.
A standard 12 lead electrocardiogram was ob-

tained in all patients. M mode and sector echo-
cardiography were performed by a standardised
technique with the patient in the partial left lateral
position. We used an Ekoline sector 2 (Smith Kline
Instruments) with a 2-1 MHz 900 transducer.
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Fig. 1 Aortic compliance (%) of individual subjects
plotted against age (years). Mean (solid line) and 2 SD M
(broken lines) for aortic compliance previously measured in
normal subjects are shown.

The M mode echocardiographic diagnosis of mi- j
tral valve prolapse was made by showing mid to late
systolic displacement of one or both leaflets at least 2
mm below the line joining the point of valve closure
in systole (C) to the point of valve opening in di-
astole (D); or a pansystolic posterior displacement of
at least 3 mm below the line joining C and D with
the least displacement occurring in.mid systole.27
The criterion for diagnosis of mitral valve prolapse
on the sector scan was protrusion of a portion of one
or both mitral valve leaflets across the plane of the V

atrioventricular ring into the left atrium during sys-
tole.829 Mitral valve prolapse was diagnosed if
either the M mode or sector scan echocardiographic
criteria were fulfilled.

Results

The Table summarises the results and clinical data. Fig. 2 Scanning electron micrograph of a skin biopsy
specimenfrom an age and sex matched control (a) and a

patient (b) (case 13) with mitral valve prolapse, raised
AORTIC COMPLIANCE collagen type III:III +I ratio in the skin, and increased
Thirteen of the 15 patients had a significantly in- aortic compliance. Case 13 had decreased skin thickness, a
creased aortic compliance (Table). The two highest decreased proportion of thick collagen fibres, and an increased
values were found in the oldest patients, whereas the proportion offine disorganised collagen fibres.
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RV

Fig. 3 Surface electrocardiogram (top), phonocardiogram
(middle), and M mode echocardiogram (bottom) from a

patient (case 12) who had clinical, echocardiographic, and
phonocardiographic features of mitral valve prolapse and T
wave inversion andfirst degree heart block (PR interval
0 24 s) on a resting 12 lead electrocardiogram. Lower arrow

indicates prolapse of the posterior mitral valve leaflet. RV,
right ventricle; IVS, intraventricular septum; AMV,
anterior mitral valve leaflet.

youngest patient had a normal value. There was no

significant correlation of aortic compliance either
with age or with skin collagen type III or types
III+I.

SKIN COLLAGEN III:III+I RATIO

In six of the 10 patients sampled the ratio of
III:III + I collagen in the skin was increased. In the
three patients aged more than 53 years these ratios
were 31%, 33%, and 46%. Samples from the three
youngest patients (aged under 28 years) were within
normal limits. Skin collagen ratio III :III+ I in-
creased significantly with increasing age (p <0-01).

Fig. 2 shows a typical scanning electron micro-
graph of a skin biopsy specimen from a patient (case
13) with mitral valve prolapse, raised type
III:III + I collagen ratio in the skin, and increased
aortic compliance, compared with a skin biopsy
specimen from a normal age and sex matched con-

trol. The micrograph of case 13 shows decreased
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skin thickness, a decreased proportion of thick col-
lagen fibres, and an increased proportion of fine dis-
organised collagen fibres.

CARDIAC FINDINGS
Five patients had both auscultatory and echo-
cardiographic features typical of mitral valve pro-
lapse. One patient had a mid systolic click on
phonocardiography and mitral valve prolapse on
echocardiography but no abnormality detected by
auscultation. One patient had a click on pho-
nocardiography and on auscultation but had a nor-
mal echocardiogram. Three patients had mitral
valve prolapse diagnosed only by echocardiography.
Thus 10 of the 15 patients had mitral valve prolapse
diagnosed by one or more of the criteria used and in
nine of these patients echocardiography was posi-
tive. Fig. 3 shows a representative M mode echo-
cardiogram (from case 1).
Three patients had an abnormal electro-

cardiogram, and all three had mitral valve prolapse.
The electrocardiographic abnormalities consisted of
non-specific T wave inversion in the inferior leads
and, in one patient, first degree heart block. Seven
patients had cardiac symptoms (mainly palpitation
and atypical chest pain), and one of these did not
have mitral valve prolapse. Three patients with
echocardiographic evidence of mitral valve prolapse
were symptom free.

Discussion

Our findings are consistent with those from other
studies in which an increased frequency of second-
ary mitral valve prolapse has been found in patients
with certain connective tissue diseases12-16 and an
abnormality of collagen. The results also suggest
that a raised generalised ratio of collagen types
III:III + I may be important in the pathogenesis of
this condition, which has been attributed to a disor-
ganisation of the lamina fibrosa of the mitral valve
CUSpS.30
Our results accord with those of a recent study by

Cole et al on normal and floppy valves from nec-
ropsy and surgical material.2' They found a greatly
increased amount of type III collagen and a smaller
increase in type I collagen in tissue from the floppy
valve.

Evidence for the heterogeneity of collagen
deficiency in this condition has come from Hammer
et al, who reported a deficiency of types III and V
collagen in a floppy mitral valve.3"
An earlier study by Jaffe et al on the family of a

proband with classic type IV Ehlers-Danlos syn-
drome also provides evidence for an abnormality of
type III collagen production in patients with co-
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Fig. 4 Histogram showing the prevalence of mitral valve
prolapse (% ) reportea in joint hypermobility syndrome
(JHS),'8 in joint hypermobility syndrome with additional
evidence of connective tissue disorder,l9 and thefrequency
found in the present study. Thefrequency of mitral valve
prolapse in patients with joint hypermobility, multisystem
connective tissue disorder, and abnormal skin collagen is at
least three times that in the general adultfemale population.

existing mitral valve prolapse.20 They found a lower
type III collagen production in those patients with
mitral valve prolapse than in family members who
did not have mitral valve prolapse. An increased
prevalence of mitral valve prolapse has been found
in patients with osteogenesis imperfecta,'5 where
collagen type I is abnormal. These reports and our
own data strongly suggest heterogenous abnormal-
ities of collagen biosynthesis in patients with mitral
valve prolapse.

SKIN COLLAGEN RATIOS

Skin collagen ratios were measured in only 10 of our
15 patients. When we were establishing the micro-
assay used in this study, the collagen extracts from
four age matched controls and patients 4, 8, 10, 11,
and 12 were run on a gel and the results were tech-
nically unsatisfactory. This is a clear disadvantage of
working with small samples as there may not be
enough collagen peptides to repeat a run. These five
patients could not undergo repeat biopsy because
they had been entered into a drug trial which af-
fected their skin collagen ratios. In a previous study,
however, the ratio of collagen types III:III+ I in
abdominal skin from normal donors ranging in age
from 3 months to 92 years was shown to be 18-21%
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for young and middle aged donors.32 In older do-
nors the relative amount of type III collagen was
increased to varying degrees (24-28%). In the
present study six patients had increased ratios of
type III:III + I (28-40%) compared with four nor-
mal age and sex matched controls in whom values
ranged from 24% to 26%. In two patients aged 53
years these ratios were above 30% and in one (aged
57) it was 46%. These values reflect extreme abnor-
malities in collagen metabolism in the skin.

All of our patients were selected because they had
joint hypermobility, which mainly affects females. 18
Both joint hypermobility syndrome and mitral valve
prolapse are inherited as sex influenced dominant
traits and predominantly affect women.33 Since all
of our patients were females, we cannot draw firm
conclusions about the relevance of our findings to
male patients with primary or secondary mitral valve
prolapse. Further studies are required to clarify this
point.

AORTIC COMPLIANCE
Most of our patients had a raised aortic compliance
indicating an increased distensibility of the aortic
wall. This is presumably related to abnormal col-
lagen in the media. Abnormally high values for aor-
tic compliance have been reported in various
inherited connective tissue disorders including those
with a known collagen abnormality.34 The raised
values in our patients confirm the presence of a gen-
eralised connective tissue disorder.
The normal aortic compliance in the youngest pa-

tient may reflect the variability of expression of the
gene determining this disease, producing lax liga-
ments and joint capsules while leaving the aorta
relatively unaffected. It would be interesting to re-
measure the compliance in this patient at a later date
to assess whether her mitral valve prolapse has
progressed.

In a previous blind study the aortic compliance of
nine patients with Ehlers-Danlos syndrome type IV
was found to be significantly increased.35 The more
severely affected patients with very low type III col-
lagen production had the highest compliance values.
In a second blind study aortic compliance was
shown to be increased in six out of 10 patients with
ruptured intracranial aneurysm.36 Four of the six
patients had low production of type III collagen in
skin fibroblasts.

Joint hypermobility syndrome, in which there is
an apparent deficiency of collagen type I with over-
production of collagen type III, is a third instance of
a collagen deficiency disease in which structural car-
diovascular weakness (here of the mitral valve) is as-
sociated with increased aortic compliance.
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CARDIAC FINDINGS
One of our patients (case 9) had auscultatory and
phonocardiographic signs of mitral valve prolapse
and a normal M mode and sector echocardiogram.
Most investigators have found that about 10% of
patients with typical auscultatory findings do not
have prolapse on echocardiography and vice versa.2
This weak association between physical signs and
echocardiographic features of mitral valve prolapse
is corroborated by the Framingham study.37 It is
also conceivable that one or more of our patients had
echonegative and silent mitral valve prolapse. None
of our patients had murmurs, and this is perhaps a
little surprising since soft systolic murmurs may be
present in apparently healthy women.38

Certain electrocardiographic abnormalities, in-
cluding non-specific T wave changes, are well recog-
nised in patients with mitral valve prolapse.1039 All
three patients with abnormal electrocardiograms in
this study had mitral valve prolapse.
Sudden unexpected death is a rare but recognised

complication of secondary mitral valve prolapse. Re-
cently, Pocock et al reported a young patient with
mitral valve prolapse who died suddenly.40 They
suggested that she had ventricular fibrillation which
was probably related to multifocal premature ven-
tricular contractions. They have assembled sixteen
other cases of sudden death in patients with mitral
valve prolapse, and although they emphasise that the
frequency of sudden death is low, they stress the
importance of identifying the small group ofpatients
at higher risk and of managing them appropriately.

Because the risks of sudden death and other com-
plications, including those requiring valve replace-
ment, appear small, physicians usually reassure most
patients who have only echocardiographic evidence
of mitral valve prolapse but may keep them under
periodic review. Antibiotic prophylaxis against in-
fective endocarditis is, at present, usually recom-
mended only for those patients who have systolic
murmurs,4' but this approach is not universal. The
results from this study suggest that all patients with
hypermobility syndrome and signs of generalised
connective tissue deficiency should have careful
clinical asessment with echocardiography because
the frequency of mitral valve prolapse is likely to be
high (Fig. 4). Antibiotic prophylaxis should be seri-
ously considered in patients shown to have mitral
valve prolapse, since endocarditis can develop (al-
beit rarely) in patients who have clicks and no
murmurs.41 42

It is not yet known whether those patients in
whom complications develop are more likely to have
a generalised connective tissue disorder and a more
severely abnormal mitral valve structure or both
than those with a good prognosis.
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The results of our study suggest a link between
secondary mitral valve prolapse and abnormal skin
collagen. It would be of interest and possible clinical
importance to assess collagen characteristics in mi-
tral valve tissue from patients with hypermobility
syndromes and also to assess collagen characteristics
in skin and, whenever possible, mitral valve tissue
from patients with primary mitral valve prolapse. If
there is a common abnormality of collagen in the
skin and mitral valve tissue, then it is possible that
this could be of relevance in those patients who de-
velop progressive mitral regurgitation or abrupt
severe mitral regurgitation due to chordal rupture.
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