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Cardiac, skeletal, and ocular abnormalities in patients
with Marfan's syndrome and in their relatives
Comparison with the cardiac abnormalities in patients with
kyphoscoliosis
L BRUNO, S TREDICI, M MANGIAVACCHI, V COLOMBO, G F MAZZOTTA,
C R SIRTORI
From the Cardiovascular Division "De Gasperis" Niguarda Ca Guarda Hospital, Milan, Italy

SUMMARY Polygraphic (including apexcardiograms and carotid pulse tracings) and M mode
echocardiographic examinations were carried out in 34 symptomatic patients with Marfan's syn-

drome; similar studies were performed in 32 relatives and in 34 young patients with kyphoscoliotic
disease. The purpose of these investigations was to determine the association between cardiac and
oculoskeletal abnormalities and to identify specific patterns of disease with a poor prognosis.

Polygraphic tests showed significant changes in all patients with Marfan's syndrome: 74% showed
the apical systolic click and murmur of mitral valve prolapse; 48% had the diastolic murmur of aortic
regurgitation; isolated mitral valve prolapse was found in 52%, 26% had isolated aortic regurgita-
tion, and 22% had a combination of the two. Echocardiographic changes were also found in all
patients: 79% had aortic root dilatation; 48% fluttering of the anterior mitral leaflet; 79% mitral
valve prolapse, mostly pansystolic; 34% both mitral prolapse and aortic root dilatation; and 34%/o left
ventricular dilatation. The severities of the cardiac and oculoskeletal abnormalities were not corre-

lated. The high prevalence of mitral valve prolapse found in these patients, which did not vary with
age or sex, was also present in their relatives: mitral prolapse was present in 38% and aortic
dilatation, with or without regurgitation, in 14%. Four of the relatives had clearcut Marfan's
syndrome, and at least four others a forme fruste. The metacarpal index was abnormal in 41% of the
relatives; ocular abnormalties were rare. In kyphoscoliotic patients only an increase in the preval-
ence of mitral prolapse (18-2% in women, none in men) was found.
These findings underline a complex pattern of association between cardiac, ocular, and skeletal

abnormalities in patients with Marfan's syndrome and confirm an appreciable inheritability of
several of the markers of the disease.

Marfan's syndrome is a generalised inherited disorder
of the connective tissue, transmitted as autosomal,
non-sex-linked, with variable penetrance. The main
abnormalities are related to the skeleton,' eyes,2 and
cardiovascular system.3 The clinical picture can easily
be recognised in patients with long thin limbs, arach-
nodactyly, chest malformations, ectopia lentis, and
dilatation of the ascending aorta.4 Diagnosis is more
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difficult in patients with only some of the typical
external signs.3 S6 The prognosis is related to the car-
diovascular changes, with a reduced overall survival.
In a group of 257 patients, Murdoch et al noted 72
deaths, 93% of which were attributable to cardiovas-
cular complications7: these included rupture or dis-
section of a thoracic aortic aneurysm, aortic regurgita-
tion, heart failure, and myocardial infarction. Accord-
ing to McKusick, the downward course of the disease
is rapid, after the onset of cardiovascular symptoms,
generally leading to a fatal outcome within two years.3
The early detection of patients with Marfan's syn-
drome, as well as their appropriate clinical evaluation,
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is therefore of considerable clinical importance.89
Tests should also be carried out on the relatives of
patients with Marfan's syndrome using non-invasive
methods,6 10 and possibly on patients with other
forms of connective tissue disease, who are likely to
have changes typical of Marfan's syndrome.

Mechanocardiography and echocardiography allow
early and quantitative recognition of cardiovascular
changes. In this study the polygraphic and echocar-
diographic features of Marfan's syndrome-for
example, the incidence of mitral valve prolapse and
aortic root dilatation with or without aortic
regurgitation-were identified in a continuous series
of patients referred, usually with symptoms, between
1976 and 1982. Our objective was to acquire a better
understanding of the evolution of the cardiovascular
changes; to evaluate their prevalence and severity,
comparing them with the skeletal and ocular abnor-
malities which might be present, and, finally, to iden-
tify subjects with a particularly unfavourable prog-
nosis. The skeletal, ocular, and cardiovascular
changes were also determined in a group of relatives
of patients with Marfan's syndrome. Finally, on the
premise that Marfan's syndrome represents an

extreme form of a general disease of the connective
tissue, which can, however, manifest itself in a less
severe form, cardiological abnormalities were also
looked for in a group of asymptomatic subjects with
severe kyphoscoliosis.

Subjects and methods

PATIENTS
Thirty four patients with Marfan's syndrome were

studied, and their clinical data are given in Table 1.
They were referred to our centre either because of
subjective symptoms (one had aortic dissection) or

because of abnormalities on cardiac examination and
instrumental tests, or because of both. Of the 34, 26
were males and eight females. Four boys and two girls
were under 16 years of age, mean age being 23*8+ 11*7
years (range 9-53) in males and 23-0+88 years (range
11-38) in females. Twenty three underwent a poly-
graphic examination, 29 echocardiography, and 18
both tests. The height span difference was determined
in 29 and metacarpal index in 20. Twenty four
underwent ocular examination.

Thirty two relatives of nine patients with Marfan's

Table 1 Clinical data on the 34 patients with Marfan's sndrome

Case No Sex Age Weight Height Span Height span Metacarpal Ocular state*
(yr) (kg) (CM) (CM) difference (cm) index

1 M 13 58 174 183 9 95 ++
2 M 17 60 185 194 9 - -
3 M 30 72 176 184 8 8-6 ++
4 M 17 64 182 192 10 - -
5 F 22 50 163 165 2 8-8 0
6 M 19 69 185 191 6 8-4 0
7 F 11 37 160 167 7 - +
8 M 9 37 162 170 8 - 0
9 F 12 34 145 - - 8-8 -
10 M 23 57 182 190 8 8-5 +
11 M 11 35 147 - - 8-6 -
12 F 24 65 178 183 5 8-6 -
13 M 27 67 184 192 8 8-5 +
14 M 19 70 185 194 9 - -
15 M 53 67 176 182 6 8-0 +
16 M 16 68 186 - - - -
17 M 17 67 184 193 9 9-8 +
18 M 47 68 187 176 9 - -
19 M 13 56 182 190 8 8-5 ++
20 M 16 60 184 193 9 - 0
21 F 27 50 170 178 8 - +
22 M 25 65 180 189 9 - -
23 F 21 45 170 - - - +
24 F 29 54 176 184 8 10-6 ++
25 M 28 62 185 195 10 8-5 +
26 M 23 68 188 1% 8 - +
27 M 21 69 188 197 9 8.9 +
28 M 51 72 180 188 8 8-0 -
29 M 21 58 182 190 8 - ++
30 M 37 75 185 - - - +
31 M 16 64 188 197 9 8-5 +
32 F 38 70 182 190 8 8-5 ++
33 M 21 60 184 192 8 8-4 ++
34 M 31 62 185 194 9 8-6 ++

*Subjects classified as having probable (+ +), possible (+), or no (0) ocular signs of Marfan's syndrome.
Cases 15, 6, and 20 are father and two children, cases 30 and 7 are father and daughter, and cases 5 and 24 are niece and aunt.
Cases 24, 25, 27, 28, and 32 underwent operations for massive aortic regurgitation; case 30 underwent operation for aortic dissection; cases 24,
25, and 30 are dead.
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syndrome were similarly considered; there were 17
females and 15 males, with six girls and two boys
under 16 years of age. Mean ages of the relatives were
30-5± 16-4 years (range 5-54) in males and 28*5± 15.3
years (range 11-55) in females. M Mode echocardio-
graphy was performed in 29, skeletal examination in
17, and ophthalmological evaluation in 20.
A continuous series of 34 subjects with severe

kyphoscoliosis, evaluated at the orthopaedic division
of this hospital, were similarly examined. The group
included 12 males and 22 females, mean age being
16-2±5-0 years (range 12-23) in males and 16-1±501
years (range 11-31) in females. Echocardiography and
mechanocardiography were performed in all: in eight
cases pharmacological tests (amyl nitrite, methox-
amine) and cross sectional echocardiography were
necessary to confirm the presence of mitral valve pro-
lapse. Height and arm span were determined in all
and metacarpal index in 20. None had ocular symp-
toms and the ophthalmological examination was not
performed.

METHODS

Cardiac evaluation
The polygraphic tests were recorded with an Elema-
Shonander Mingograph 82 apparatus at a paper speed
of 100 mm/s. Tracings were analysed independently
by at least two cardiologists for the presence of sys-
tolic clicks and murmurs and diastolic regurgitant
murmurs. Carotid pulse tracings were examined care-
fully, paying particular attention to the plateau and
dicrotic notch and wave. In the morphological evalua-
tion of the apexcardiogram particular attention was
paid to the systolic plateau and to the a wave amp-
litude.
M mode echocardiograms were performed using a

Smith Kline Ekoline 20 echocardiograph, with a 2-5
MHz piezoelectric crystal transducer (13 cm internal
diameter). Tracings were recorded with a Honeywell
strip chart fibreoptic instrument. The following indi-
ces were determined. (1) Aortic diameter (absolute
value), which was considered increased in adults
when it exceeded 37 mm. In subjects under 16 years it
was always related to the body surface area. (2) Aortic
diameter (related to the body surface area), which was
considered increased in adults when it exceeded 22
mM/m2 body surface area. For patients under 16 years
the following criteria were applied: aortic dilatation
was considered present when aortic diameter
exceeded 15 mm in patients with body surface areas of
less than 0-5 M2; 22 mm in patients with surface areas
of 0-6 to 10 M2; 27 mm in patients with surface areas
of 1-1 to l-5 M2; and 28 mm in patients with surface
areas greater than 15 M2. (3) The ratio of left atrium
to aorta was considered decreased when -0.07.

The criteria suggested by Brown et al"I were fol-
lowed to evaluate the aortic root dilatation, which was
considered present when two of the above criteria
were positive.

Mitral valve prolapse was diagnosed when systolic
posterior movements of both mitral leaflets were pres-
ent on the echocardiogram, with leaflet separation of
at least 3 mm. Prolapses were divided into pan-
systolic and mid-end systolic, according to the timing
of the posterior mitral leaflet backward movement.
During diastole the echocardiogram often shows an
anterior movement of the posterior leaflet. The pres-
ence of diastolic fluttering of the mitral leaflets, par-
ticularly of the anterior one, was regarded as a sign of
aortic regurgitation.
The following values were also calculated. (1) Left

ventricular end diastolic diameter: in adults normal
values were 35-56 mm (corrected for body surface
area 19/33 mM/m2) and in children with body surface
areas less than 0.5 m2 normal values were 13-32 mm;
for children with surface areas of 0*6-10 m2 normal
values were 24-42 mm; and for children with surface
areas of 1 1-1*5 m2 normal values were 33-47 mm. (2)
Shortening fraction, which was calculated using the
formula:
end diastolic diameter-end systolic diameter

end diastolic diameter x 100
(normal value ¢30%). (3) Mean rate of circumferen-
tial fibre shortening, which was calculated using the
formula:

end diastolic diameter-end systolic diameter
end diastolic diameter x left ventricular ejection time
(normal value l10-l.9/s). The presence of paradoxical
motions of the posterior aortic wall was also investi-
gated.'2

Skeletal evaluation
Body height and arm span were considered abnormal
if the span exceeded the height by 7-6 cm.'3 Metacar-
pal index (ratio between the total axial length of the
second, third, fourth, and fifth metacarpals of the
right hand determined by x ray examination in the
posterior anterior position, and the total width of the
same metacarpals at their mid-points) was measured:
the ratio of 8.4 or more was considered abnormal and
values between 8.0 and 8-3 as doubtful. Kypho-
scoliosis, vertebral abnormalities, long ribs, clavicles,
or toes, pectus exavatum, and pectus carinatum were
not considered diagnostic of Marfan's syndrome.
Kyphoscoliosis was considered severe if evident in the
upright position.

Ophthalmological evaluation
Subjects were classified as having probable, possible,
or no ocular signs of Marfan's syndrome.9 Subjects

222

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.51.2.220 on 1 F
ebruary 1984. D

ow
nloaded from

 

http://heart.bmj.com/


Cardiac, skeletal, and ocular abnormalities in patients with Marfan's syndrome and in their relatives

with subluxation of the lenses and abnormalities of
the anterior chamber angle were classified as probable
cases of Marfan's syndrome.- Lenses, in these cases,

are typically small and globular (spherophakia) and
may be associated with coloboma and localised non-

progressive dot opacities, iridodonesis, hypoplasia of
the iris, poor dilatation of the pupils, secondary
glaucoma, various forms of peripheral degeneration,
and detachment of the retina.2 14 Subjects with nor-

mal lenses, but with abnormalities of the anterior
chamber angle, were classified as possible cases of
Marfan's syndrome. Some subjects had other ocular
abnormalities (myopia, astigmatism, exotropia, or lat-
tice degeneration), often occurring in conjunction
with Marfan's syndrome. These abnormalities are

very common in the general population and are there-
fore not diagnostic of Marfan's syndrome.

Results

PATIENTS WITH MARFAN'S SYNDROME

Polygraphic findings
Substantial changes were found in all patients with
Marfan's syndrome (Table 2). A non-ejection apical
systolic click and murmur were found in 74% and in
most cases both a mesosystolic click and mid-end sys-
tolic murmur were present. A diastolic murmur of
aortic regurgitation was found in 48%, a polygraphic
pattern of isolated mitral valve prolapse in 52%, a
polygraphic pattern of isolated aortic regurgitation in
26%, and a polygraphic pattern of both mitral valve
prolapse and aortic regurgitation was found in 22%/.
The carotid pulse tracing was also recorded, and in

six of 11 with aortic regurgitation (55%) a systolic
bisferiens plateau was noted. In general, the dicrotic
notch was well preserved in these subjects, the dicro-
tic wave being normal or enlarged. Systolic time
intervals were normal in all but one with mitral valve
prolapse and aortic regurgitation, presenting with a

shortened corrected left ventricular ejection time and
an increased ratio of pre-ejection period to left ven-

tricular ejection time.
The apexcardiogram was recorded in 20 patients.

The a wave amplitude was increased in six (30%), four
with aortic regurgitation and two with both aortic
regurgitation and mitral valve prolapse. The systolic
plateau had a normal configuration in 11 (55%), the
mid-systolic notch being synchronous with the click
in seven (35%) (Fig. 1). A hypertrophic configuration
(ogival shape) was seen in two cases.

Echocardiographic findings
Abnormalities on the echocardiogram pattern were
found in all patients with Marfan's syndrome. In 79%
the intrapericardial aorta was considerably dilated
(Fig. 2 and 3). This percentage fell to 55% (Table 3),
however, when all three diagnostic criteria were
applied. This finding was most prominent in male
patients, even those under 16 years, thus confirming
the observation" that in patients with Marfan's syn-
drome dilatation of the aortic root is prevalent in
males. Anterior mitral leaflet fluttering indicative of
aortic regurgitation (Fig. 4) was noted in 48%, mainly
male patients older than 16 years, both associated
with mitral valve prolapse and isolated (Tables 4 and
6). A clearcut echocardiographic picture of mitral
valve prolapse was found in 79%, essentially charac-

Table 2 Polygraphicfmdings in patients with Marfan's syndrome

Mak patiens Female patients Total (%/o)

<16 years Adults Total (%) <16 years Adult Total (%)

No of patients 3 15 18 1 4 5 23
Normal findings 0 0 0 0 0 0 0
Apical systolic murmur 3 11 14 (78)* 1 2 3 (60)* 17 (74)*

Pansystolic 1 2 3 0 0 0 3
Mesotelesystolic 2 9 11 1 2 3 14

Click 3 11 14 (78) 1 2 3 (60) 17 (74)
Mesosystolic 3 7 10 1 2 3 13
Protosystolic 0 2 2 0 0 0 2
Proto + mesosystolic 0 2 2 0 0 0 2

Diastolic regurgitant murmurt 0 9 9 (50) 0 2 2 (40) 11 (48)
Protodiastolic 0 4 4 0 0 0 4
Proto-mesodiastolic 0 3 3 0 2 2 5
Pandiastolic 0 2 2 0 0 0 2

Apical systolic click and murmur alone4 3 6 9 (50) 1 2 3 (60) 12 (52)
Diastolic regurgitant murmur aloneS 0 4 4 (22) 0 2 2 (40) 6 (26)
Apical systolic click and murmur 0 5 5 (28) 0 0 0 (0) 5 (22)
+ diastolic regurgitant murmur

*Percentages are related to the number of patients in the sample.
All patients with aortic regurgitation, isolated or associated with mitral prolapse.
OnlY patients with mitral valve prolapse alone.
Only patients with isolated aortic regurgitation.
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Table 3 Echocardiographic incidence ofaortic dilatation according to different criteria*

Male patiens Female patients Total (%/o)
<16 years Adults Total (%) <16 years Adults Total (%)

No of patients 4 19 23 2 4 6 29Aortic dilatation
Two positive criteriat 3 17 20 (87) 1 2 3 (60) 23 (79)Three positive criteria 3 12 15 (65) 0 1 1 (17) 16 (55)

*See text for explanation.
tTable 5 gives number of patients with only two positive criteria.

Table 4 Fluttering of the anterior mitral leaflet determined by echocardiography

Male patients Femak patients Total (%/o)
<16 years Aduks Total (%) <16 years Adults Total (%o)

No of patients 4 19 23 2 4 6 29Mitral valve fluttering 1 11 12 (52) 0 2 2 (33) 14 (48)

Table 5 Prolapse of the mitral valve determined by echocardiography

Male patients Female patients Total (%)
<16 years Adults Total (%) <16 years Adults Total (%)

No of patients 4 19 23 2 4 6 29Mitral valve prolapse 4 14 18 (78) 2 3 5 (83) 23 (79)Pansystolic 2 9 11 (61) 2 1 3 (60) 14 (61)Mid-end systolic 2 5 7 (39) 0 2 2 (40) 9 (39)

Table 6 Swnmary ofechocardiographicfindings and skeletal and ocular abnortnalities

Male patients Female patients Total (°/o)
<16 years Adults Total (%/0) <16 years Adults Total (%/0)

No of patients 4 19 23 2 4 6 29Normal echocardiogram 0 0 0 0 0 0 0Aortic dilatation only 0 0 0 0 0 0 0Aortic dilatation + anterior mitral 0 5 5 (22) 0 1 1(16-5) 6 (21)leaflet fluttering*
Aortic dilatation + mitral valve prolapse 2 6 8 (35) 1 1 2 (33) 10 (34)Aortic dilatation + anterior mitral 1 6 7 (30) 0 1 1 (16-5) 8 (27)leaflet fluttering + mitral valve prolapse
Mitral valve prolapse only 1 2 3 (13) 1 1 2 (33) 5 (17)Skeletal abnormalitiest 4 16 20 1 4 5 25
Ocular abnormalities# 2 11 13 1 3 4 17

The number of patients with aortic dilatation is reported on the basis of two positive criteria (see text).*Includes the patients with aortic dissection and aortic regurgitation.
. Patients are included with either increased metacarpal index or height span difference, or both.
:Patients classified as having probable or possible signs of Marfan's syndrome are included.

terised by pansystolic prolapse, with no clear age and
sex difference (Table 5). Mitral valve prolapse was
usually associated with echocardiographic changes
typical of aortic root dilatation (Table 6).

Dilatation of the left ventricle (Fig. 4) was present
only in adults, almost all of whom were men with
aortic regurgitation; one of these had aortic root dis-
section. This patient is included in the tables among
cases with aortic dilatation and anterior mitral leaflet

fluttering. Fig. 5 shows the typical pattern of aortic
root dissection.'s 16 Left ventricular end diastolic
diameter (mean 53+11.5 mm) was increased, both as
an absolute value and corrected for body surface area,
in 10 patients (34%), all of whom were adults-nine
men and one woman.
One man had aortic dissection and aortic regurgita-

tion, four men had both mitral valve prolapse and
aortic regurgitation, three men and the woman '
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Table 7 Sumnary ofdata from the 18 patienus with both polyechocardiographic and echocardiographic evaluation

Male paen Fmale paten Total (%)

<16 years Adults Total (%) <16years Adult Total (%)

Polygraphic data
C:ick syndrome 3 5 8 (53) 1 2 3 (100) 11 (61)
Click syndrome + aortic

regurgitation 0 5 5 (33) 0 0 0(0) 5 (28)
Aortic regurgation 0 2 2 (13) 0 0 0 (0) 2 (11)

Echocardiographic data
Isolated mitral valve prolapse 1 2 3 (20) 0 1 1(33) 4 (22)
Mitral prolapse + aortic dilatation 2 3 5 (33) 1 1 2 (67) 7 (39)
Mitral prolapse + aortic dilatation
+ aortic repurgtation 0 5 5 (33) 0 0 0(0) 5 (28)

Aortic dilatation + aortic
regurgitation 0 2 2 (13) 0 0 0 (0) 2 (11)

aortic regurgitation only, one man had mitral valve
prolapse only. None the less, shortening fraction was
never substantially altered, and mean rate of cir-
cumferential fibre shortening was normal in all, show-
ing that left ventricular pump failure was not present.
A paradoxical movement of the posterior aortic wall
was found in only two cases (Fig. 2). The data from
the 18 patients on whom both polygraphic and
echocardiographic examinations were performed are
summansed in Table 7.

A:

ACG'

Fig. 1 Apexcardiogram in a 25 year old man with Marfan's
syndrome. A mid-systolic notch, synchronous with a non-eection
click can be seen.

Skeletal and ocular findings
Height span differences were determined in 29
patients; 24 had a difference >-7*6 cm. The
metacarpal index, determined in 20, was >n8.4 in
18. Of the 24 ocular examinations, eight were consi-
dered as probably and 12 as possibly diagnostic of
Marfan's syndrome.

Table 6 compares the cardiological, ocular, and
skeletal abnormalities. In two boys under 16 years
(cases 1 and 19 in Table 1) changes of all three systems

I .

Ac~ ~~~~~I

Ao

. ' iS:

Fig. 2 Echoca,;rdiogrphic identfifwation ofparadoxical systolic
movemen of the posterior aortic wall ina40year old woman
with Marfan's syndrome. The posterior wall shows a backward
motn evn after the maximal opening of the aortic valve
(dashed line indicates the aortitc box), contnued until
mid-eection. Considerable aortic dilatation is present.
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Fig. 3 Echocardiographic findings in a 30year old woman
wtnth Marfan's sydrome with severe aorttcdilam. AV, aortic
valve; LA, kft atriw.
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Fig.ol4 Fltein ofheanteriormitra lheafleft(AML) m(aV4
is considerably dikted. IV'S, intrvetwlr septum.

were present; two boys under 16 years (cases 8 and 11
in Table 1) showed both cardiological and skeletal
changes. A girl under 16 years (case 7 in Table 1)
showed mitral valve prolapse, aortic dilatation, and
ocular abnormalities; the other girl under 16 years
(number 9 in Table 1) showed mitral valve prolapse
and skeletal alterations. Among men, abnormalities of
all three systems were present in nine, whereas seven
others showed skeletal and cardiological changes, and
two others showed cardiological and ocular signs of
the disease (one of these two (case 30 in Table 1) had
an aortic dissection). Somatic changes typical of the
syndrome were present in one patient (case 16 in
Table 1), in whom span and metacarpal index were
not measured; at echocardiography mitral valve pro-
lapse and aortic dilatation with aortic regurgitation
were present. Three women had changes of all three
systems and another woman had skeletal and car-
diological abnormalities.

RELATIVES (Table 8)
Among the 32 relatives a mid-systolic click or systolic
murmur, or both, was found on physical examination
in 10 patients. In another, with aortic dissection, a
diastolic murmur of aortic regurgitation was present,
and in a further patient a pansystolic murmur of
mitral regurgitation and diastolic murmur of aortic
regurgitation were noted. Echocardiography showed
mitral valve prolapse in eight of the 29 patients
studied, and in three more mitral valve prolapse and
aortic dilatation (one of these showed mitral valve pro-
lapse, aortic dilatation, and aortic regurgitation); in
one other patient (case 30 in Table 1) aortic dilatation
and dissection and anterior mitral leaflet fluttering
were found.

In two of the 20 relatives examined, ocular abnor-
malities, possibly diagnostic of Marfan's syndrome,
were present. One of these had mitral valve prolapse
and the other had aortic dissection. In seven of the 17
relatives in whom the metacarpal index was measured
a value 38-4 was found; in four of these mitral valve
prolapse was present.

PATIENTS WITH SEVERE KYPHOSCOLIOSIS
(Table 9)
In none of the 34 patients examined could a height
span difference >-7-6 cm be detected. Metacarpal
index, measured in 20, was 8.4 in two and between 8-0
and 8.3 in six.

Mitral valve prolapse was detected by M mode
echocardiography in four, all females (182%/o of the
female patients); a click or a prolonged systolic mur-
mur was noted on polygraphic examination in 10. In
eight patients with murmurs and without a mid-
systolic click, in whomM mode echocardiography did
not show mitral valve prolapse, pharmacological test-
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Fig. 5 Echocardiographic diagnosis
ofaortic root dissection in a 37 year old
man with Marfan's syndrome. X

Aorta s w: indicates the false aortic lumen.

0p.

Table 8 Cardiovascular, skeletal, and ocular data from relatives ofpatients with Marfan's syndrome
Case No Relationship to Age Sex Auscultation Echo Ocular

index cases (yr) MI abnormalities
AD AR MVP

7a Sibling 13 F Click No No Mid-systolic 8-0 0
7b Parent 37 M AR Aortic dissection - +15a Child 19 M MR No No Mid-systolic 8.4 0
15b Child 16 M AR + MR Yes Yes Pansystolic - 015c Child 14 F Normal No No No 7.8 0
15d Sibling 45 M Normal No No No - -
15e Sibling 43 F Normal No No No - -
17a Parent 47 M MR Yes No Pansystolic 7-1 0
17b Parent 44 F Normal No No No 8.5 0
17c Sibling 19 M Click No No Mid-systolic 7-6 +
17d Sibling 14 F Normal No No Mid-systolic 8-6 0
17e Sibling 11 F Click No No Mid-systolic - -
19a Parent 40 M Normal No No No - 0
19b Parent 39 F Normal No No No - -19c Sibling 18 M Click No No Mid-systolic 8-5 0
19d Sibling 16 M Normal No No No - -
19e Sibling 15 F Normal No No No - -
19f Sibling 11 F Click No No Mid-systolic 8-4 0l9g Sibling 9 M Click No No No 7-8 0
19h Sibling 5 M Normal No No No - -
24a Sibling 19 F Normal No No Mid-systolic 8-0 0
24b Sibling 52 F Normal No No No 77 -
24c Sibling 22 F MR No No No 8-8 0
25a Parent 54 M Normal - - - - 0
25b Parent 55 F Normal - - - - 0
25c Sibling 30 F Normal No No No 77 -
27a Parent 50 M Normal - - - - 0
27b Sibling 24 F Normal No No No 8-5 0
32a Sibling 36 M Normal No No No - -
32b Sibling 33 F Normal No No No - -
33a Parent 47 M MR Yes No Pansystolic 7-6 0
33b Parent 46 F Normal No No No 75 -

MVP, mitral valve prolapse; MR, murmur of mitral regurgitation; click, non ejection click; AR, aortic regurgitation; AD, aortic dilatation;
MI, metacarpal index. Case 7b = case 30, case 15a = case 6, case 15b = case 20, and case 24c = case 5 in Table 1.

ing with amyl nitrite and methoxamine, together with or moderately reduced the murmur. Mitral valve pro-
cross sectional echocardiography, were performed. lapse was not detected by cross sectional echocardio-
Amyl nitrite caused accentuation of the murmur in all graphy. In none with severe kyphoscoliosis could aor-
of the patients studied; methoxamine did not modify tic dilatation or aortic regurgitation be found.
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Table 9 Cardiovascular and skeletal data from patients with severe kyphoscoliosis

Case No Sex Age Height Span MI FCG Methoxamine M mode echo CS echo
(cm) (CM)

35 F 11 154 148 8-4 Normal MVP36 F 13 160 155 6-7 Syst murmur No MVP Normal Normal37 F 14 162 160 7.4 Click MVP38 F 16 164 165 8-1 Syst murmur No MVP Normal Normal39 F 15 166 169 Syst murmur No MVP Normal Normal40 M 12 147 151 7-2 Syst murmur No MVP Normal Normal41 F 12 140 141 Normal Normal42 M 15 178 182 Syst murmur No MVP Nonnal Normal43 F 23 165 169 8.0 Syst murmur No MVP Normal Normal44 F 11 141 143 Normal Normal45 F 13 150 150 7-6 Syst murmur No MVP Normal Normal46 M 18 190 195 8-4 Normal Normal47 M 14 172 175 8-1 Normal Normal48 M 16 190 195 8.3 Normal Normal49 F 11 139 140 Normal Normal50 M 23 184 183 7-6 Syst murmur No MVP Normal Normal51 M 21 183 185 8.2 Nonnal Normal52 M 16 176 176 Normal Normal53 F 14 160 162 Normal MVP54 M 15 170 168 Normal Normal55 M 14 152 154 8-0 Normal Normal56 F 31 168 165 7-6 Normal Normal57 F 23 158 160 7.3 Normal Normal58 F 22 165 162 Normal Normal59 F 14 155 158 7-3 Normal Normal60 M 18 180 178 Normal Normal61 F 15 164 162 7-2 Click MVP62 F 16 164 160 Normal Normal63 M 13 160 163 7-0 Normal Normal
64 F 15 162 162 Normal Normal
65 F 14 160 160 7-2 Normal Normal
66 F 19 170 170 7-3 Normal Normal
67 F 19 165 165 Normal Normal
68 F 17 162 162 Normal Normal

MI, metacarpal index; FCG, phonocardiogram; methoxamine, methoxamine test; CS echo, cross sectional echocardiogram.

Discussion

Essentially, all of the patients with Marfan's syn-
drome showed definite polygraphic and echocardio-
graphic changes, usually diagnostic of mitral valve
prolapse, which was either isolated or associated with
dilatation of the aortic root. The results of this series
are different from those reported by Brown et al, who
found polygraphic abnormalities in only 54% of their
patients-for example, they found systolic non-
ejection clicks and apical murmurs in 46% (39% of the
males and 58% of the females), without age differ-
ences.I Diastolic murmurs of aortic regurgitation
were also described by these authors in eight out of 35
(23%), all males, and only one younger than 16 years.
The high incidence of abnormalities in our group

may be explained by the history of subjective or objec-
tive symptoms, or both, prompting their referral to
our centre. These patients are therefore a selected
group, unlike the group of Brownet al, for which no
selection criteria are reported. "I It is noteworthy that
in our series all patients under 16 years had mitral
valve prolapse, while none showed aortic regurgita-
tion.
The carotid pulse tracing of patients with aortic

regurgitation showed a bisferiens plateau in 55%, with
an adequate preservation of the dicrotic notch.17 The
systolic time intervals were essentially normal in all
except one. This finding differs from those reported
by Sakamoto et al, who found an increased ratio of
pre-ejection period to left ventricular ejection time in
a greater proportion of their cases.'8 This discrepancy
may be accounted for by differences in the types of
patients studied in the two series. It is possible that in
the group studied by Sakamoto et al'8 patients with
haemodynamically significant mitral regurgitation or
myocardial impairment, or both, were included. The
a wave amplitude on the apexcardiogram was
increased in 30% of our subjects, thus providing indi-
rect evidence of a high left ventricular end diastolic
pressure. A mid-systolic notch synchronous with the
click was noted in 35%. Particular attention was paid
to isolated mitral valve prolapse, the commonest
polygraphic finding in our series (52%). This was, in
fact, present in all six subjects under 16 years and in
40% of men and 50% of women. In contrast to obser-
vations by other authors,"'19 all patients with
echocardiographic evidence of mitral valve prolapse
had the polygraphic changes of the click syndrome
(Table 7).
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Cardiac, skeletal, and ocular abnormalities in patients with Marfan's syndrome and in their relatives

Many patients with a definite mitral valve prolapse
with aortic dilatation showed no clear signs of aortic
regurgitation. Moreover, there was no correlation
between aortic root diameter and echocardiographic
or mechanocardiographic signs of aortic regurgita-
tion. This lack of correlation may be due either to the
difficulty in defining whether dilatation occurs eccen-
trically or the difficulty in estimating the degree of
dilatation. Echocardiographic measurements of this
type may, in fact, be subject to criticism, particularly
in patients with Marfan's syndrome. Dilatation can-
not be correctly estimated, the original diameter being
unknown; if values are corrected for body surface
area, as in our patients, they are only approximate in
normal subjects and far less reliable in dysmorphic
patients, such as those with Marfan's syndrome. The
ratio of left atrium to aorta is not a reliable index
either, the comparison being between two chambers
which may be unevenly dilated.
Our echocardiographic findings seem to confirm

previous observations3 11 that aortic changes may
progress with age, leading to aortic regurgitation, an
occurrence more common in males than in females.
They also confirm the findings of the study by Mur-
doch et al on the different probability of survival
related to age and sex.7 In our study aortic root dilata-
tion and regurgitation were found in the absence of
changes in the mitral valve, thus making mitral valve
prolapse a common component of the syndrome, but
not a constant observation. When no mitral valve
abnormalities were present, we often found a greater
degree of aortic root dilatation with aortic regurgita-
tion,20 suggesting a more rapid and unfavourable
course. The general validity of this clinical observa-
tion is, of course, limited by the relatively small sam-
ple of patients with Marfan's syndrome as well as by
the inaccuracy of the echocardiographic method of
determining aortic dilatation.

Another objective of this study was an analysis of
the abnormalities associated with Marfan's syndrome
both in patients and in their relatives, as well as an
evaluation of changes typical of Marfan's syndrome in
patients with another type of connective tissue dis-
ease, kyphoscoliosis. In many of the patients with
Marfan's syndrome, abnormalities of all three organ
systems, or of the heart and the skeleton, were often
associated. A less common association was that
between ophthalmological and cardiological abnor-
malities. We did not, however, find a significant cor-
relation between abnormalities in the three different
systems: some patients showed severe skeletal
changes with moderate cardiovascular changes; in
others the opposite was found, thus confirming the
variation in penetrance in the typical markers of the
syndrome.
Our series of relatives also had a high percentage of

cardiovascular abnormalities. Mitral valve prolapse
was present in 38% and aortic dilatation with and
without aortic regurgitation in 14%. Seven of the 17
studied relatives had a metacarpal index :8.4 (41%)
and nine (53%) >8.0. These values, although lower
than those found in patients with Marfan's syndrome,
are certainly higher than those found in the general
population. Four of the relatives reported in Table 8
and Table 1 had clearcut signs of Marfan's syndrome
(the findings from the three propositi are reported
only in Table 1). At least four other relatives might
reasonably be considered to have a forme fruste of the
syndrome. In our series ophthalmological abnor-
malities were less common, occurring in only two of
the 20 relatives (10%).
Of the 34 patients with severe kyphoscoliosis only

two had a metacarpal index of 8.4 and only one of
these showed echocardiographic and polygraphic evi-
dence of mitral valve prolapse. Mitral valve prolapse
was present in four (12%), all women as it
happened-that is, in a far lower percentage com-
pared with patients with Marfan's syndrome and their
relatives. No patient with kyphoscoliosis showed aor-
tic dilatation and aortic regurgitation. The frequent
presence of a prolonged systolic murmur often
required the performance of pharmacological tests
(the methoxamine test may be considered more relev-
ant in this condition since methoxamine increases
only the regurgitant murmur, whereas amyl nitrite
increases both the ejection and the regurgitant mur-
mur of mitral valve prolapse), as well as cross sec-
tional echocardiography, to avoid misinterpretation
and to determine the exact prevalence of mitral valve
prolapse.
The 12% (18 rlo in females) prevalence of mitral

valve prolapse in the patients with kyphoscoliosis is
not easily compared with percentages found in other
published work, the range of these being too large
(from 0 3 to 21%).21-23 It has been argued that the
best estimate for the prevalence of mitral valve pro-
lapse in the general population is close to 4%24; by
adopting this value, our kyphoscoliotic patients show
a high prevalence of mitral valvulopathy.
The results of this study indicate that Marfan's

syndrome has a definite pattern of inheritance, signs
of the disease being far more common in the relatives
of patients with Marfan's syndrome compared with
the general population. The picture is less clear in
patients with kyphoscoliosis, in whom cardiac
abnormalities are less common, although more so

than in the general population.
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