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Abstract

Background: Cardiovascular involvement in Marfan syndrome is mainly characterized by progressive dilatation of the proximal aorta.

Whether left ventricular dysfunction is present in these patients is not clear at present.

Objectives: Assess left ventricular function in patients with Marfan syndrome, free of significant valvular heart disease, using a combination

of MRI and Tissue Doppler imaging (TDI).

Methods and results: A total of 26 Marfan patients (mean age=32.0T10.9, 12 men) without significant valvular heart disease, and 26 age-

and sex-matched controls were studied. Left ventricular volumes and ejection fraction were measured with magnetic resonance imaging.

Systolic and diastolic function parameters were assessed using conventional echocardiography and TDI. When compared to controls, Marfan

patients showed impairment of left ventricular contractile function as expressed by a reduced ejection fraction (53.5T9.0% vs. 59.6T6.7%,

p =0.009), an increased end-systolic volume (36.0T9.5 vs. 29.5T6.7 ml/m2, p =0.007), and reduced peak systolic velocities at the basal

septal and lateral myocardial wall (5.2T1.4 vs. 6.4T1.3 cm/s, p =0.003 and 6.0T2.2 vs. 7.5T2.3 cm/s, p =0.03, respectively). Diastolic

function was impaired with an increased deceleration time of the E wave (171T41 ms vs. 141T36 ms, p =0.006). Peak early diastolic

velocity at the mitral valve annulus was significantly lower (9.6T2.4 cm/s vs. 11.9T3.3 cm/s, p =0.006).

Conclusion: These data provide evidence for mild, but significant impairment of left ventricular systolic and diastolic function in Marfan

patients, not related to valvular heart disease.
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1. Introduction

Marfan syndrome (MFS, MIM#154700) is an inherited

connective tissue disorder characterized by manifestations

in different organ systems, including the ocular, skeletal and

cardiovascular systems [1]. The clinical diagnosis is based

on the presence of major and minor criteria in these

different organ systems, as formulated in the ‘‘Ghent

Nosology’’ [2]. Cardiovascular involvement in MFS is

characterized by progressive dilatation of the proximal

aorta, which may lead to aortic dissection, acute aortic
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regurgitation or rupture and sudden death [3]. Life

expectancy in patients with MFS is mainly determined by

these cardiovascular complications [4]. Other cardiovascu-

lar findings in MFS include mitral valve prolapse,

pulmonary artery dilatation and dilatation or dissection of

the descending aorta [5]. Impairment of left ventricular (LV)

function in MFS may occur as a consequence of significant

valvular disease, but there is also recent evidence for

impaired LV function, in the absence of valvular heart

disease, as expressed by increased LV diameters in a small

subset of patients [6,7]. Similarly, there are indications that

left ventricular diastolic function is impaired in MFS, but

the available data are scarce [8,9].

Up to date, a combined study of left ventricular systolic

and diastolic function in Marfan syndrome using recently

developed sensitive techniques, i.e. magnetic resonance

imaging (MRI) and Tissue Doppler imaging (TDI) has not

yet been performed.

We conducted a case-control study, combining echocar-

diography and MRI in order to evaluate LV systolic and

diastolic function in patients with Marfan syndrome,

without significant valvular heart disease.
2. Methods

Thirty-one patients with established Marfan syndrome

were screened with echocardiography. Twenty-six of them

were considered suitable for further analysis. Five cases

were excluded because of significant valvular heart

disease (2 cases) or previous aortic root surgery (3 cases).

The 26 remaining patients were free of significant valvular

heart disease. For these 26 remaining patients, matched

control subjects were recruited among healthy volunteers.

Care was taken as to match for sex and age (range T5
years). All patients were in New York Heart Association

(NYHA) class 1. Twenty-one patients (72%) were on

beta-blocking therapy but patients taking beta-blockers

were asked to stop the medication for 3 days before the

study.

Control subjects were healthy volunteers recruited

among colleagues and family members of the researchers.

None of them was known with cardiovascular disease. None

had hypertension or valvular heart disease was excluded in

all of them.

All patients and controls underwent echocardiography

and MRI on the same day.

The study was approved by the local ethics committee.

All patients and controls gave oral and written informed

consent.

2.1. Echocardiographic examination

All patients and all normal subjects underwent a standard

echocardiographic examination, using a VIVID 7 Vingmed-

General Electric ultrasound scanner (GE Vingmed Ultra-
sound, Horten, Norway). Subjects were examined in the left

lateral recumbent position using standard parasternal short-

and long-axis and apical views. The left ventricular

dimensions were assessed in the parasternal long-axis view.

Left ventricular end-diastolic and end-systolic diameters

(LVEDD and LVESD) as well as septal and posterior end-

diastolic wall thickness (IVS and PW) were measured in 2D

mode. Sample volume (size=2 mm) of the pulsed wave

Doppler was placed between the tips of the mitral leaflets in

the apical four chamber view. Early (E) and late (A)

transmitral flow velocities, the ratio of early to late peak

velocities (E/A) and deceleration time of E velocity (DTE)

were obtained. Isovolumic Relaxation time (IVRT) was

measured using continuous wave Doppler with the trans-

ducer beam angulated towards the left ventricular outflow

tract, so that aortic and mitral flows were simultaneously

recorded [10].

Pulsed wave TDI was performed with the sample volume

positioned at the septal side of the mitral annulus. Early (Ea)

and late (Aa) mitral annulus velocities were obtained. The

mean value of at least two different cycles was obtained.

Color Doppler TDI images obtained in 2 apical views (4-

chamber and 2-chamber) were stored in digital format on a

remote hard-disk. Data were reviewed offline with a

commercially available image processing program (Echopac

6.3, GE Vingmed Ultrasound, Horten, Norway). Regional

myocardial velocities were measured in basal segments of

the lateral, septal, inferior and anterior left ventricular walls.

Peak systolic velocity (Sm) was measured ignoring the

initial peak that is observed during isometric ventricular

contraction. Adequate apical 2-chamber view was difficult

to obtain in 7 Marfan patients, due to underlying thoracic

deformities. Therefore, assessment of peak Sm at the inferior

and anterior wall was omitted in the analysis.

Left ventricular mass was calculated according to

Devereux et al. [11]: 1.04((LVEDD+PWT+IVST)3)*0.8+

0.4; with LVEDD=internal diameter, PWT=posterior wall

thickness, IVST=interventricular septal thickness.

Echocardiographic assessment of left ventricular vol-

umes was not possible, again due to the inability to obtain

adequate apical 2-chamber views.

Meridional wall stress (rm) was calculated according to

the formula: rm=LVESP*LVESD
2/(4h(LVESD+h)) [12];

with LVESD=end-systolic pressure in the left ventricle,

estimated as peak systolic pressure; LVESD=end-systolic

left ventricular diameter, h =mean wall thickness in systole

(PWT+ISWT)/2.

2.2. MRI study

Left ventricular volumes were measured on a 1.5 T MR

system (Magnetom Symphony, Siemens, Erlangen, Ger-

many). Ten to twelve 6-mm slices with 1.2-mm interslice

gap were scanned in the short axis direction, from base to

apex. A 15-segment, ECG-triggered trueFISP sequence was

used with a repetition time (TR) of 50 ms, and an echo time
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Table 2

Systolic function parameters

Marfan Control P value

MRI

LVEDV (ml) 154.7T41.3 133.4T30.6 0.04

LVEDV/BSA (ml/m2) 78.4T18.8 73.1T12.0 0.24

LVESV (ml) 71.1T21.7 53.8T15.1 0.001

LVESV/BSA (ml/m2) 36.0T9.5 29.5T6.7 0.007

EF (%) 53.5T9.0 59.6T6.7 0.009

Echocardiography

LVEDD (mm) 51.4T6.8 47.1T4.8 0.01

LVEDD/BSA (mm/m2) 26.2T3.1 26.3T2.0 0.8

LVESD (mm) 33.4T6.8 30.1T5.9 0.17

LVESD/BSA (mm/m2) 17.0T3.4 17.2T2.8 0.8

LV mass (g) 152.3T55.5 112.0T36.7 0.2a

Sm basal septum (cm/s) 5.2T1.4 6.4T1.3 0.001b

Sm basal lateral (cm/s) 6.0T2.2 7.5T2.3 0.04b

Average Sm (cm/s) 5.7T1.4 7.0T1.5 0.006b

Meridional wall stress (mmHg) 57.1T21.5 57.6T20.7 0.5b

LV mass/volume ratio (g/ml) 2.2T0.8 2.2T0.6 0.9

LVEDVand EDD: left ventricular end-diastolic volume and diameter; BSA:

body surface area; LVESV and LVEDD: left ventricular end-systolic

volume and diameter; EF: ejection fraction; Sm: peak systolic myocardial

velocity.
a After correction for BSA.
b After correction for age, BSA and heart rate.
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(TE) of 1.82 ms. Volumes were calculated by semi-

automated delineation of left ventricular lumen on all slices

in end-diastolic and end-systolic phase, and consecutively

adding the luminal volume (surface� (slice thickness+ in-

terslice gap)) of all the slices.

2.3. Statistical analysis

Results are presented as meanTS.D. Independent sample

t-test was used to compare continuous variables with a

normal distribution; non-normal distributed values were

compared using Mann–Whitney U test; v2 test was used to

compare categorical variables. A p-value of <0.05 was used

to define statistical significance. Univariate and when

appropriate, multivariate analysis, were applied to assess

the interaction between different parameters. SPSS version

11.0.1 was used for the statistical analysis (SPSS Inc,

Chicago, IL, USA).

Although patients were matched for age, age was

included as a covariant in the statistical analysis. The reason

for this approach is that the covered range of age in the

population is rather wide (13–60), introducing considerable

age-induced variability for parameters varying with age,

which may overpower the variation of parameters due to the

pathology.
3. Results

3.1. Baseline characteristics

Baseline characteristics in patients and controls are

presented in Table 1.

As expected, Marfan patients were significantly taller

when compared to normal subjects and they were also

slightly heavier, resulting in an increased BSA. Heart rate

and blood pressure were comparable between both groups.

The aortic sinus was significantly larger in Marfan

patients, when compared to controls (3.9T0.6 cm vs.
Table 1

Baseline characteristics

Marfan (N =26) Control (N =26) P value

Age (years) 32.0T10.9 35.3T12 0.3

Men/Women 12/14 12/14 1

Length (m) 1.83T0.10 1.74T0.11 0.001

Weight (kg) 75.4T14.3 67.8T13.5 0.06

BMI (kg/m2) 22.5T4.3 22.4T3.0 0.9

BSA (m2) 2.0T0.2 1.8T0.2 0.01

Heart rate (bpm) 62.6T9.0 67.0T10.1 0.11

Systolic blood

pressure (mmHg)

113.8T8.2 111.9T10.4 0.5

Diastolic blood

pressure (mmHg)

64.2T10.1 63.4T7.2 0.7

Mean arterial blood

pressure (mmHg)

80.7T8.2 79.6T7.6 0.6

Aortic sinus diameter (cm) 3.9T0.6 2.9T0.3 <0.0001
2.9T0.3 cm, p <0.0001). This difference remained signifi-

cant after correction for BSA ( p <0.0001).

A total of 5 patients and 1 control subject had mild, yet

insignificant aortic insufficiency (pressure half-time>600

ms). Four patients had mild mitral valve insufficiency,

which was caused by mitral valve prolapse in 2 of them.

None of the control subjects had mitral valve insufficiency.

3.2. Left ventricular systolic function parameters

Left ventricular systolic function parameters assessed

with conventional echo, color Doppler TDI and MRI are

presented in Table 2.

Left ventricular diameters assessed with echocardiogra-

phy from the parasternal long axis view were not

significantly different between both groups. In contrast,

MRI assessment of left ventricular volumes and EF showed
Table 3

Diastolic function parameters

Marfan Control P value

Peak E (cm/s) 74.0T14.7 82.2T15.0 0.18

Peak A (cm/s) 49.9T11.3 57.9T14.9 0.02

E/A ratio 1.5T0.4 1.6T0.4 0.7

DT of the E wave (ms) 171.8T40.5 141.1T36.2 0.001

Ea (cm/s) 9.6T2.5 11.9T3.3 0.003

Aa (cm/s) 6.9T2.3 8.2T2.2 0.023

E/Ea 8.2T2.3 7.1T1.4 0.06

Ea/Sm basal septal 1.9T0.6 1.9T0.5 0.8

E: early filling wave velocity; A: atrial contraction wave velocity; DT:

deceleration time; Ea: TDI peak early diastolic velocity at the mitral valve

annulus; Aa: TDI peak late diastolic velocity at the mitral valve annulus.



Fig. 1. Relationship between Ea and age in both groups.

J.F. De Backer et al. / International Journal of Cardiology 112 (2006) 353–358356
a significant increase in end-systolic volume corrected for

BSA ( p =0.007) and a decrease in EF ( p =0.009) in Marfan

patients.

Peak Sm assessed with color Doppler TDI at the lateral

and septal border of the left ventricular wall was
Fig. 2. Overview of the main findings in this study. EF: ejection fraction (%); Sm:

time of the E wave; Ea: early mitral annulus velocity (septal); solid squares: con
significantly lower in Marfan patients. In a multivariate

analysis including age, BSA, mitral valve insufficiency and

aortic insufficiency as covariates, the presence of Marfan

syndrome appeared as the only factor independently

associated with EF, left ventricular end-systolic volume

and peak Sm.

3.3. Left ventricular diastolic function parameters

Diastolic parameters measured with conventional echo-

cardiography and with pulsed tissue Doppler are described

in Table 3.

Marfan patients had a significantly increased DTE,

suggesting impaired relaxation. This finding was not

influenced by heart rate. Both peak early (Ea) and late

(Aa) diastolic velocities at the mitral valve annulus were

decreased when compared to normal subjects ( p =0.003 and

0.023, respectively), indicating reduced longitudinal move-

ment of the left ventricle. Multivariate analysis including

age, aortic insufficiency, mitral valve insufficiency and

ejection fraction showed that age and the presence of

Marfan syndrome were the only independent determinants

of Ea.

There was a linear relationship between age and Ea in

both study groups. Ea was lower in Marfan patients at all

age groups, but this difference was most pronounced in the

younger age group (Fig. 1).

A summary of the main results is displayed in Fig. 2.
average peak systolic velocity (septal and lateral corner); DTE: deceleration

trols; solid circles; Marfan patients.
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4. Discussion

This study demonstrated mild, though significant prima-

ry impairment of LV function in patients with MFS,

including both systolic and diastolic dysfunction. Left

ventricular dysfunction in the patient group under study

here could not be attributed to underlying valvular heart

disease.

Left ventricular diastolic function in MFS has been

evaluated in a few studies. A first study conducted with

MRI and echocardiography in children demonstrated

impaired LV diastolic function with an increased decelera-

tion time and isovolumic relaxation time ascribed to

weakened elastic recoil [8]. A subsequent echocardiograph-

ic study showed an unusual pattern of transmitral diastolic

flow in which a decreased ventricular compliance (de-

creased deceleration time) and reduced myocardial relaxa-

tion (increased isovolumic relaxation time) coexist [9]. Our

study demonstrated a prolongation of the early filling phase

of the left ventricle. The reduced tissue Doppler velocities of

the early filling wave at the mitral annulus (Ea) indicate that

myocardial tissue relaxation is impaired.

Studies evaluating LV systolic function in Marfan

syndrome are even rarer. In a recent study [6], we were

able to demonstrate increased LVEDD and LVEDS in a

subset of Marfan patients, results which were in line with a

study by Chatrath et al. [7]. In contrast to these previous

trials in which the obtained values in Marfan patients were

compared with normal values from literature, we compared

our patient group with a matched control group and we used

MRI and TDI for the evaluation of LV function. Our study

equally could not demonstrate clear differences in left

ventricular diameters assessed with conventional echocar-

diography. However, the strength of this study lies in the

fact that additional techniques to assess left ventricular

function were applied. Both MRI and TDI did show left

ventricular abnormalities in the MFS group, indicating that

conventional echocardiography may not be sensitive enough

to detect subtle abnormalities. Our results indicate that both

MRI and TDI are more appropriate techniques for the

correct evaluation of LV function in Marfan patients. In

view of the lower costs and wider availability of TDI, which

has become an established part of routine echocardiography

in clinical practice, TDI should be recommended. The

findings from the TDI study are in line with the observations

in several forms of inherited cardiomyopathies, in which

TDI appeared to be a more sensitive technique for the

evaluation of myocardial dysfunction [21].

The ratio of Ea to peak Sm at the basal septum was

comparable between both groups, indicating a concordant

reduction in contraction and relaxation velocities, with a

preserved contraction/relaxation coupling in patients with

Marfan syndrome. As a consequence, the observed diastolic

dysfunction is most likely secondary to primary contractile

dysfunction. Further evidence for primary contractile

dysfunction comes from the observation that meridional
wall stress was comparable between both groups, meaning

that afterload is not altered in Marfan patients and indicating

that the observed differences in ejection fraction are likely

due to impaired contractility.

We observed that the differences in both systolic and

diastolic parameters were most pronounced in the younger

age group. We assume that this is to be attributed to the

design of our study in which we excluded those subjects

with significant valvular disease. As these valvular abnor-

malities tend to increase with age, it is probable that we have

excluded more severely affected older subjects from our

study.

The pathogenesis of left ventricular dysfunction in

Marfan patients is not yet completely understood. Structural

and/or functional abnormalities of the fibrillin-1 protein, as a

result of the underlying fibrillin-1 mutation in Marfan

patients are likely to be responsible for the observed

myocardial dysfunction.

Fibrillin-1 is one of the major constituents of the 10–12

nm microfibrils composing the extracellular matrix. These

are located primarily around the periphery of the amorphous

elastin component of the elastic fibers. Elastin plays an

important role in mediating elastic recoil [13]. Microfibrils

appear to subserve several global functions including

scaffolding for tropoelastin deposition and elastic fiber

formation and anchoring endothelial and epithelial cells to

elastic fibers. Microfibrils are extensible themselves and

may contribute to the mechanical properties of mature

elastic tissues by means of load redistribution between

individual elastic fibres [14].

Immunohistochemical studies of the myocardium with

antibodies directed to fibrillin-1 demonstrated that micro-

fibrils form myofiber–collagen fiber linkages at sites where

the power of myocardial contraction is being transmitted to

the extracellular connective tissue framework in the

myocardium [15]. Mutations in the FBN1 gene might cause

structural and/or functional abnormalities in the microfibrils

leading to impairment of myocardial contraction. Another

pathway through which fibrillin-1 likely interferes with

myocardial function is through the complex transforming

growth factor-h (TGF-h) signaling process. Recent studies

have shown that the amount of fibrillin-1 in the matrix may

be one determinant of the reservoir for TGF-h [16].

Elevated TGF-h1 gene expression has been measured in

ventricular biopsies from hypertrophic and dilated cardio-

myopathy patients [17,18]; the Leu10YPro polymorphism

in the TGF-h1 gene is associated with end stage heart

failure in dilated cardiomyopathy patients [19]. Further

studies are needed to elucidate this complex interaction of

fibrillin-1 with cytokines in patients with Marfan syndrome.

It would also be interesting to study the possible role of

fibrillin 1 in the pathogenesis of cardiomyopathies.

It is to be acknowledged that there are some limitations

related to this study. Firstly, the study groups are relatively

small. Secondly, it is always difficult to assess ‘‘normality’’

of normal control subjects. However, our control values for
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left ventricular volumes and TDI measurements were found

to be comparable with available data from literature [20].

An important aspect is the wash-out period for beta-

blockers, which was 3 days in our study. One could argue

that some residual effect might have been present and/or that

the observed differences might be attributable to chronic

beta blockade. We cannot rule this out for some of the

observed differences, but seems unlikely that a reduced EF

would be a result of chronic beta blocking therapy. On the

other hand, in many other studies, beta blocker therapy is

not interrupted at all [21] or stopped for a shorter period

[22]. For ethical reasons, we considered withdrawal of beta-

blockers for a longer period in this patient population

unwise.

In conclusion, we demonstrated abnormalities in systolic

and diastolic left ventricular function in patients with MFS

using a combination of MRI and tissue Doppler imaging.

Follow-up studies are needed to evaluate the evolution of

these left ventricular abnormalities over time. With respect

to cardiovascular treatment in MFS patients, these results

could suggest a possible role for drugs supporting myocar-

dial function, such as ACE inhibitors.
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