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Background: Extracellular matrix remodeling in the aortic wall results in increased aortic stiffness (AoS)
in Marfan syndrome (MFS). Pulsed-wave velocity (PWV) constitutes the best indirect AoS measurement.
We aimed to assess PWV in MFS patients using two-dimensional (2D) and Doppler echocardiography.
Methods: Thirty-one MFS patients, (mean age 31 ± 14 years, 16 men) and 31 controls were examined.
Blood flow was recorded in the aorta near the aortic valve and immediately after in the descending aorta
with simultaneous electrocardiography. PWV was calculated by dividing the distance between the two
sample volume positions (D) by the time difference (TD) between the intervals from the QRS start to
the ascending and descending aortic flow onsets. B-stiffness was also measured. Results: TD (described
in “Methods” section) and, aortic arch length were significantly increased in MFS patients, P < 0.001.
Thus, PWV values were significantly higher in patients when compared with controls, 7.20 m/s (5.12,
9.43) versus 4.64 m/s (3.37, 6.24), P < 0.001. B-stiffness was also significantly increased in MFS patients;
5.15 (3.69, 7.65) versus 2.44 (1.82, 3.66), P < 0.001. Multiple regression analysis showed a positive
association with MFS diagnosis and age, (P = 0.002 and 0.009, respectively). Reproducibility of PWV
measurements was <5%. Conclusions: AoS was significantly higher in MFS patients as expected. Our
data demonstrated that PWV measurements can be performed, in the absence of serious musculoskeletal
abnormalities in MFS adults, as part of a cardiac ultrasound scan. This technique can be helpful in
diagnosis and management in MFS. (Echocardiography 2011;28:29-37)
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Marfan syndrome (MFS) is a relatively com-
mon autosomal dominantly inherited disorder
of the connective tissue characterized by ocu-
lar, musculoskeletal and cardiovascular manifes-
tations and caused by mutations in the fibrillin-1
gene that encodes for the protein fibrillin-1.1

Research studies in MFS patients and mu-
tant mice have provided evidence on the im-
portance of fibrillin-1 in the structural integrity
and function of the cardiovascular system, thus
dramatically improving our understanding of the

This study was performed at St George’s University of London
and St George’s Hospital, NHS Trust, London, UK.
Conflict of interest: None declared.

Address for correspondence and reprint requests: Dr. Anne
H. Child, M.D., F.R.C.P., Department of Cardiac and Vascu-
lar Sciences, St. George’s University of London, Cranmer Ter-
race, London, SW17 0RE, UK. Fax: +44 208 7252653; E-mail:
achild@sgul.ac.uk

pathogenesis of the disease.2 Calcium-binding
sites located on fibrillin-1 help protect the mi-
crofibrils from the proteolytic action of serine
proteases and matrix metalloproteinases.3 Recent
exciting experimental work pioneered by Profes-
sor Dietz has also shown that fibrillin-1 plays an
important role in transforming growth factor-β
bioactivity and signaling. Transforming growth
factor-β is a protein which in the presence of
fibrillin-1 deficiency induces transcriptional re-
sponses through activation of the intracellular
signaling cascade resulting in phenotypic conse-
quences in MFS.4

Experimental studies on the MFS mouse model
showed fragmentation of the elastic fibers and in-
creased collagen deposition attributed to fibrillin-
1 deficiency and associated excessive transform-
ing factor-β bioactivity.5

Previous studies have demonstrated increased
aortic stiffness (AoS) and decreased aortic
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distensibility in patients with MFS using echocar-
diographic, cardiovascular magnetic resonance,
and invasive techniques.6–9

Increased AoS in these patients could be ex-
plained by extracellular matrix remodeling and
abnormalities in the transforming growth factor-
beta biological pathway due to a fibrillin-1 defi-
cient environment.

Pulsed-wave velocity (PWV) is an indirect mea-
sure of arterial stiffness whereas elastic modu-
lus and stiffness index constitute direct measures
that estimate the relationship between arterial di-
ameter changes and pressure within the vessel
lumen.10

The aim of this study was to assess the fea-
sibility of PWV, measurement to evaluate AoS in
adult patients with MFS as a part of a routine
echocardiogram.

Methods:
Study Population:
To assess the feasibility of the use of this technique
we enrolled 34 patients with MFS diagnosed ac-
cording to the internationally accepted Ghent cri-
teria.11 Patients were recruited from the MFS clin-
ics at St George’s, Royal Brompton and Harefield
Hospitals. In each case, the clinical diagnosis was
confirmed by three experienced observers (MM,
AK, and AHC). In three patients it was not possible
to obtain an interpretable echocardiogram from
a suprasternal view. We are presenting data ob-
tained from 31 unoperated patients with MFS,
16 men and 15 women, with a mean age of
31 ± 14 years, prior to commencing a β-blocker
treatment. The participating patients were not
on any other medications. We also studied 31
normal controls with no significant differences in
age, sex and body surface area (BSA) from the pa-
tient group. All subjects were studied by one ob-
server taking two sets of measurements 5 minutes
apart.

None of the study subjects had a history of any
cardiac disease/surgery or any clinical disorders
known to compromise arterial function. Smok-
ing and excessive alcohol consumption were also
added as exclusion criteria.

Ethics approval was obtained from our hos-
pital and university research review committees
and a written informed consent taken from each
participant.

Echocardiography:
We used standard M-mode, two-dimensional
(2D) and Doppler echocardiography to assess left
ventricular (LV) function, AoS and PWV. LV func-
tion parameters and aortic root sizes were as-
sessed in accordance with the widely accepted
American and European guidelines.12 LV dimen-

sions were measured using M-mode echocardiog-
raphy from a long-axis parasternal view. Anatom-
ical M-mode was used in subjects with off-axis
views. Ejection fraction was calculated by the
Simpson’s biplane method. Aortic root diameter
was measured at the sinuses of Valsalva from a 2D
parasternal long-axis view using a leading edge to
leading edge technique. Aortic annulus diameter
was measured from the same view using the in-
ner to inner edge method at the base of the aortic
leaflets. Aortic root size was indexed to BSA. Peak
aortic flow velocity was obtained by applying con-
tinuous wave Doppler across the aortic valve on
a five-chamber apical view.

AoS was evaluated using the B-stiffness index
formula by Stefanadis et al.13 From the M-mode
of the ascending aorta we measured the end-
diastolic and peak systolic aortic dimensions using
the outer to inner edge method (Figure 1). Blood
pressure measurements were performed using an
electronic cuff sphygmomanometer at the start
and end of each echocardiogram from both arms
with the subject in a seated position. One limi-
tation worth noting at this point is that in AoS
assessment the blood pressure had to be taken
from the brachial artery and not invasively. All
echocardiographic measurements were averaged
over three consecutive cardiac cycles which were
recorded for each view with breath held at end
expiration. An ECG was recorded simultaneously
at a sweep speed of 100 mm/s.

Pulsed-Wave Velocity Assessment:
To assess PWV we performed a 2D-
echocardiogram of the aortic arch obtained
from a suprasternal view as it is shown in
Figure 2, panel A.14 Panel B in the same figure
demonstrates a pulse Doppler recording with the
sample volume placed in the centre of the aorta
near the aortic valve with simultaneous ECG
recording. This method was used to measure the
time from the start of QRS to onset of ascending
aortic flow, characterized as time1. Immediately
after this recording the sample volume was
placed in the most distal displayed point of the
descending aorta to measure the time from
the start of QRS to onset of the descending
aortic flow that was characterized as time2, as
seen in Figure 2, panel C. Finally, panel D in
Figure 2 shows measurement of the distance
between the position of the two sample volumes
used in the Doppler recordings. We used the
open trace tool available on the scanner and in
the analysis software to measure the distance.
PWV was calculated by dividing the distance
between these two points by the time difference
(TD).

Care was taken to keep the sample volumes
as close to the center of the aorta as possible to
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ensure optimal recording of blood flow as indi-
cated by colour Doppler.

Calculations:
1. Pulse pressure = systolic blood pressure –

diastolic blood pressure (mmHg);
2. Peak aortic flow = peak aortic velocity x aor-

tic annulus cross-sectional area (cm3/s);
3. Transit time = time2 – time1 (seconds);
4. PWV = aortic arch length/transit time

(cm/s);
5. Elastic modulus (Ep) = pulse pressure/

[(maximum systolic ascending aortic di-
ameter – end-diastolic ascending aortic
diameter)/end-diastolic ascending aortic di-
ameter] (mmHg);

6. Stiffness index = ln (systolic blood pres-
sure/diastolic pressure/[(maximum systolic

ascending aortic diameter – end-diastolic
ascending aortic diameter)/end-diastolic as-
cending aortic diameter]);

7. Input impedance (Zi) = pulse pressure/peak
aortic flow (dyne s/cm5, 1 mmHg = 1,333
dyne/cm2);

8. Characteristic impedance (Zc) = PWV × ρ/
aortic annulus cross-sectional area (dyne s/
cm5, blood density ρ = 1.06 g/cm3, 1
dyne = 1 g cm/s2).

9. Corrected characteristic impedance (Zcs) =
PWV × ρ/AOsCSA (dyne s/cm5)14

Intraobserver Variability:
Reproducibility was assessed by one observer tak-
ing two sets of measurements 5 minutes apart in
all subjects. Bias (mean difference), standard devi-
ation (SD) of the bias, and P-values were obtained
from the Bland-Altman plots, while the adjusted

Figure 1. A. M-mode echocardio-
gram of the ascending aorta obtained
from a young female patient with MFS.
End-diastolic and peak systolic aortic
dimensions were measured using the
outer to inner edge method. B. M-
mode echocardiogram recorded from
an age-, gender- and body surface
area-matched normal volunteer using
the same methodology. There is a clear
reduction in the systolic expansion of
the ascending aorta from the MFS pa-
tient in comparison to the control.
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Figure 2.

Figure 3.
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R2 and associated P-values computed were ob-
tained using linear regression analysis to assess
the robustness of the methods. Two datasets and
their respective averaged measurements were
analyzed.

Statistical Analysis:
Continuous variables were summarized as
means ± SD. To test for the hypothesis of nor-
mality, the Kolmogorov–Smirnov test was used.
Differences in continuous variables between pa-
tients with MFS and normal volunteers were in-
vestigated using a t-test for independent samples.
Categorical variables were expressed as absolute
numbers. The statistical test in these cases was
the chi-square test.

To investigate possible factors influencing the
AoS in addition to the disease status (MFS), mul-
tiple regression analysis was used with AoS as the
dependent variable and MFS diagnosis, age, sex,
BSA, and heart rate (HR) as possible confounders.

A P-value of <0.05 was considered to be sta-
tistically significant. Data were analyzed using
SPSS R© (SPSS version 16.0.2, 2008, SPSS Inc.,
Chicago, IL, USA). Bland-Altman plots were gen-
erated using the MedCalc software whereas linear
regression analyses and relevant curves were ob-
tained using Analyse it for the Excel programme.

Results:
Examination of the aortic arch through a
suprasternal view was successfully performed for
all but three of the candidates. The clinical char-
acteristics are illustrated in Table I. There were no
significant differences in the baseline characteris-
tics between the two groups except for HR which
was slightly lower in the patient group.

The echocardiographic variables are shown in
Table II. Patients with MFS had higher LV end-
diastolic (LVEDD) and LV end-systolic (LVESD) di-
ameters with the latter being higher even after

being indexed to the BSA, (P = 0.003). Ejec-
tion fraction (EF) measurements were significantly
lower in the patient group although they were still
within the normal range, (P < 0.001). Aortic root
size at the level of the sinuses of Valsalva and aor-
tic annulus diameter were significantly increased
in the patient group.

Values for the AoS parameters are presented in
Table III. The TD between the intervals from QRS
to the onset of ascending aortic flow and QRS
to the onset of descending aortic flow was sig-
nificantly increased in the MFS group. The aortic
arch length between the two pulsed-wave sam-
ples in the ascending and descending aorta was
also significantly longer in MFS patients. The aor-
tic arch length divided by the TD resulted in
increased PWV in the patient group. The char-
acteristic impedance, when corrected to the as-
cending aorta systolic diameter, showed a slight
significance at the level of less than 10%. How-
ever, the elastic modulus and B-stiffness were sig-
nificantly increased in the patient group as it can
be seen from Table III.

Table V shows the AoS parameters in MFS pa-
tients with normal and dilated aortic roots. Peak
aortic flow measurements were significantly in-
creased in MFS patients with dilated aortic roots
(P = 0.005). There was also a significant dif-
ference in input impedance values between the
two patient groups (P = 0.009). When the same
parameters were compared between the patient
group (with normal aortic root size) and normal
controls only B-stiffness index and elastic modulus
were significantly increased in the MFS patients,
as it can be seen in Table VI, P < 0.001.

The results of the multiple regression analyses
demonstrated that MFS diagnosis was strongly
associated with increased AoS (P = 0.002).
In addition, regression analysis demonstrated
a positive association between PWV and age
(Table IV).

←−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Figure 2. A. 2D-echocardiogram of aortic arch from a suprasternal view. B. Pulse Doppler of aorta obtained at valve leaflets
showing method used to measure time from start of QRS to onset of ascending aortic flow (T1). C. Pulse Doppler of aorta
obtained at valve leaflets showing method used to measure time from start of QRS to onset of descending aortic flow (T2). D.
2D echocardiogram demonstrating method used to measure length of aortic arch between the two sample volume points. The
time difference (TD) between T1 and T2 was measured and PWV was calculated by dividing the distance between the two points
of Doppler recordings by TD.

←−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Figure 3. Bland-Altman plots and linear regression analyses to test reproducibility of each of the components used to calculate
the pulsed-wave velocity. The analyses results were obtained from two datasets each containing an average of two measurements
performed by a single observer. A. and D. show the Bland-Altman plot of agreement and the linear regression curve, respectively,
for the time interval between the start of QRS to the onset of ascending aortic flow. B. and E. illustrate the Bland-Altman plot of
agreement and the linear regression curve, respectively, for the time interval between the start of QRS to the onset of descending
aortic flow. C. and F. demonstrate the Bland-Altman plot of agreement and the linear regression curve, respectively, for the
measurement of aortic arch length between the two pulsed-wave Doppler sample volumes.
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TABLE I

Baseline Characteristics for MFS Patients and Controls

Variable N MFS N Controls P-Value

Sex (male/female) 16/15 11/20 0.200†
Age (years) 31 31 ± 14 31 33 ± 9 0.674
Weight (kg) 31 77.68 ± 13.65 31 76.87 ± 15.37 0.827
Height (cm) 31 186.08 ± 11.04 31 180.15 ± 13.19 0.059
BSA (m2) 31 2.00 ± 0.22 31 1.96 ± 0.26 0.484
SBP 31 115.71 ± 8.81 31 113.55 ± 8.10 0.318
DBP 31 74.87 ± 6.36 31 76.06 ± 5.79 0.443
HR 31 57 ± 8 31 62 ± 8 0.028
Caucasian race 31 All 31 All –
Smoking 31 No history 31 No history –

MFS = Marfan syndrome; BSA = body surface area; SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart
rate.
Results are represented as mean ± SD
P-values are obtained from t-tests, adjusted for unequal variances if necessary; †chi-square test.

TABLE II

Echocardiographic Parameters in MFS Patients and Controls

Variable N MFS N Controls P-Value

LVEDD (cm) 31 5.16 ± 0.50 31 4.80 ± 0.47 0.005
LVESD (cm) 31 3.28 ± 0.49 31 2.88 ± 0.36 <0.001
LVEDD/BSA (cm/m2) 31 2.60 ± 0.33 31 2.47 ± 0.24 0.077
LVESD/BSA (cm/m2) 31 1.65 ± 0.27 31 1.48 ± 0.17 0.003
EF (%) 31 66.46 ± 6.87 31 72.06 ± 4.27 <0.001
Aortic root size (cm) 31 3.87 ± 0.55 31 3.10 ± 0.34 <0.001
Aortic root size/BSA (cm/m2) 31 1.96 ± 0.33 31 1.60 ± 0.16 <0.001
Aortic annulus (cm) 31 2.42 ± 0.27 31 2.18 ± 0.26 <0.001
Ascending aorta size (diastole) (cm) 31 3.01 ± 0.48 31 2.60 ± 0.34 <0.001
Ascending aorta size (systole) (cm) 31 3.16 ± 0.45 31 2.94 ± 0.31 0.033
Peak aortic flow velocity (m/s) 30 1.12 ± 0.16 31 1.29 ± 0.17 <0.001

MFS = Marfan syndrome patients; LVEDD = left ventricular end-diastolic diameter; LVESD = left ventricular end-systolic diameter;
EF = ejection fraction evaluated by the Simpson’s biplane method; BSA = body surface area.
Results are represented as mean ± SD.
P-values are obtained from t-tests, adjusted for unequal variances if necessary.

TABLE III

PWV, Pulse Pressure, Peak Aortic Flow and other Elasticity Measurements in MFS Patients and Controls

Variable N MFS N Controls P-Value

TT (msec) 31 15.64 ± 6.87 31 20.60 ± 9.58 P = 0.023
Aortic arch length (cm) 31 9.75 ± 1.68 31 8.03 ± 0.95 <0.001
PWV (m/s) 31 7.41 ± 3.26 31 4.92 ± 2.72 0.002
Peak aortic flow (cm3/s) 30 5.26 ± 1.13 31 4.84 ± 1.3 0.187
Pulse pressure (mmHg) 31 40.84 ± 10.21 31 37.48 ± 8.00 0.155
Input impedance (dyne s/cm5) 30 80.64 ± 25.79 31 82.08 ± 27.58 0.834
Characteristic impedance (dyne s/cm5) 31 178.3 ± 91.96 31 149.8 ± 97.53 0.241
Corrected characteristic impedance (dyne s/cm5) 31 100.9 ± 42.21 31 80.1 ± 47.44 0.074
Elastic modulus (mmHg) 31 1013.43 ± 500.60 31 371.54 ± 286.30 <0.001
B-stiffness index 31 9.02 ± 3.73 31 3.50 ± 2.17 <0.001

MFS = Marfan syndrome; TT = transit time; PWV = pulsed-wave velocity.
Results are represented as mean ± SD.
P-values are obtained from t-tests, adjusted for unequal variances if necessary.
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TABLE IV

Multiple Regression Analysis Results Demonstrating the Effect
of Various Clinical Characteristics on PWV Measurements

Variable Method Coef. (95% C.I.) P-Value

PWV MFS 0.258 (0.099, 0.416) 0.002
diagnosis

Age 0.01 (0.003, 0.017) 0.009
Sex 0.115 (−0.093, 0.322) 0.272
BSA −0.317 (−0.736, 0.102) 0.135
HR −0.0002 (−0.009, 0.009) 0.97

Results are represented as regression coefficient and 95% con-
fidence interval. All coefficients show the effect of each con-
founder for one unit increase.
PWV = pulsed-wave velocity; MFS = Marfan syndrome;
BSA = body surface area; HR = heart rate.

Reproducibility:
Relevant results on the reproducibility of the
method are shown in Figure 3.

Discussion:
Increased AoS and decreased aortic distensibility
have been repeatedly reported in patients with
MFS using various imaging and invasive tech-
niques.6–9,15 The purpose of the current study
was to assess the feasibility of PWV measurements
in adult patients with MFS via the aortic arch seg-
ment as a part of a routine echocardiogram, in
conjunction with AoS assessment. To the best
of our knowledge, this technique has not been
utilized in assessing an adult group of patients
with MFS before. It was first used by Sandor
et al. where it was successfully implemented to
study AoS in children with MFS.14,16 Although,
they studied a small number of patients, they
demonstrated statistically significant differences
between the patient groups and normal controls.
In our study we took up the challenge of applying
this methodology to a group of adult unoperated
patients.

To assess the reproducibility of the method,
our data was analysed using Bland-Altman plots
and linear regression analyses. The intraobserver
variability testing two measurements per param-
eter and average measurements obtained from
two datasets was less than 5%. The results in-
dicate that PWV evaluated by 2D and Doppler
echocardiography is a simple, bedside, repro-
ducible technique which does not require special
difficulty, high expertise and/or additional equip-
ment when performed during the course of an
echocardiogram.

In conjunction with the investigation of the
feasibility of PWV measurements our study also
evaluated AoS in our study subjects. Our find-
ings demonstrated increased AoS in patients with
MFS, as was expected.

AoS plays a key role in the pathophysiol-
ogy of the cardiovascular system. The two ma-
jor clinical determinants of AoS are blood pres-
sure and age while the molecular determinants
of AoS are related to extracellular matrix struc-
tural proteins such as fibrillin-1, elastin, col-
lagen and fibronectin.16 The stiffer the aor-
tic vessel is, the less dilated it becomes thus
the stroke volume is expelled across the vessel
with increased PWV. PWV is considered to be
the gold standard measurement of AoS. Various
techniques have been developed in assessing
AoS by measuring PWV. Amongst them appla-
nation tonometry is a cost-efficient and user-
friendly technique but requires the appropriate
equipment.17

Our study demonstrated increased AoS in
unoperated adults using an ultrasound ma-
chine without additional required technology. In-
creased PWV in our series could be attributed
to the MFS pathology in addition to the effect
of age. Indeed, our results provided informa-
tion indicative of the significance of these two
factors. Another factor that could affect AoS is
increased systolic and diastolic blood pressures.
However, in our study there were no differences
in blood pressure measurements between the
study groups. Pulse pressure measurements were
also comparable between the two groups. With
regards to other measures of arterial heamody-
namics such as aortic input impedance and char-
acteristic impedance there were no significant
differences with the latter being of borderline sig-
nificance. These findings corroborate with those
obtained by Sandor et al. from their series of chil-
dren. Given the strong dependence of impedance
on the vessel diameter, they stated that absence
of differences could be attributed to the correct-
ing effect of dilated aortic annular size which
was the denominator in the equation used in
the assessment of characteristic aortic impedance.
However, in our series when the characteristic
impedance was corrected for the systolic diam-
eter of the ascending aorta it reached a slight sta-
tistical significance at the level of less than 10%,
P = 0.074.

In hypertension, increased PWV is attributed
to changes in mean arterial pressure rather than
vessel stiffening. Furthermore, increased aortic
impedance correlates with increased pulse pres-
sure.18 In our study, since the blood pressure
and pulse pressure measurements showed no dif-
ferences, increased PWV and aortic impedance
could be caused by structural changes within the
aortic wall which cause it to become rigid and
noncompliant.

Although the patient group consisted of a rel-
atively small number of patients, when it was
divided in two subgroups, one with normal
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TABLE V

Aortic Stiffness Parameters in MFS Patients with Normal and Dilated Aortic Roots

MFS MFS
Variables N Normal < 3.9 cm N Dilated ≥ 3.9 cm P-Value

PWV (m/s) 14 6.58 ± 2.79 17 8.09 ± 3.54 0.206
Peak aortic flow (cm3/s) 14 4.67 ± 0.97 16 5.78 ± 1.03 0.005
Pulse pressure (mmHg) 14 42.00 ± 6.85 17 39.88 ± 12.45 0.574
Input impedance (dyne s/cm5) 14 93.38 ± 23.52 16 69.50 ± 22.87 0.009
Characteristic impedance (dyne s/cm5) 14 176.60 ± 77.06 17 179.60 ± 105.01 0.93
Corrected characteristed impedance (dyne s/cm5) 14 110.70 ± 49.21 17 92.80 ± 34.91 0.245
Elastic modulus (mmHg) 14 906.25 ± 525.07 17 1101.7 ± 477.01 0.287
B-stiffness index 14 7.86 ± 4.10 17 9.98 ± 3.21 0.117

Results are presented as mean ± SD.
MFS = Marfan syndrome; PWV = pulsed-wave velocity.

aortic root size and the second with dilatation,
PWV and other parameters such as characterized
and corrected characterized impedance, elastic
modulus and B-stiffness showed no statistically
significant differences. There was a significant
difference in input impedance which could be
explained by increased peak aortic flow in pa-
tients with dilated aortic roots. Lack of differ-
ences in all the other stiffness values could be
attributed to the underlying pathophysiological
substrate leading to increased AoS in all patients,
Table V. This can also be confirmed by comparing
the AoS parameters between MFS patients with
normal aortic roots and normal controls, Table VI.
AoS variables such as elastic modulus and B-
stiffness were significantly different between the
two groups although, PWV and corrected charac-
teristic impedance were significant at the level of
<10%.

Another factor which can cause increased stiff-
ness is atherosclerosis.19 In our experience, MFS
is a relatively atheroma-free disease; therefore,
lipid profile was not included in our protocol.
According to the available medical histories, all
participants had no conventional risk factors for

atherosclerosis. In addition, in a previous paper
published by our center on carotid compliance in
MFS, lipid profile values for the majority of can-
didates were within normal limits, indicating that
impaired carotid compliance in the MFS group
could not be attributed to increased lipid levels.20

However, lack of lipid profiles for the subjects par-
ticipating in the current study could be consid-
ered as one of our limitations.

Another limitation in our study is the small
number of subjects who underwent assessment of
PWV through a suprasternal view. The main ob-
stacles for this were musculoskeletal abnormalities
such as scoliosis and lower back pain. In addition
to their routine heart scan patients had to lie still
in a supine position for another 10–15 minutes
for the examination of PWV.

Ideally in PWV evaluation, blood pressure
should be measured using an intraarterial tech-
nique. In order to keep our study noninvasive,
blood pressure measurements were performed
on the brachial artery. There were no significant
differences in blood pressure measurements be-
tween the two groups. However, since SBP is
higher within the brachial artery compared to the

TABLE VI

Aortic Stiffness Parameters in Normal Controls and MFS Patients with Aortic Roots <3.9 cm

Variables N MFS < 3.9 cm N Controls P-Value

PWV (m/s) 14 6.58 ± 2.79 31 4.92 ± 2.72 0.066
Peak aortic flow (cm3/s) 14 4.67 ± 0.97 31 4.84 ± 1.3 0.66
Pulse pressure (mmHg) 14 42.00 ± 6.85 31 37.48 ± 8.00 0.075
Input impedance (dyne s/cm5) 14 93.38 ± 23.52 31 82.08 ± 27.58 0.191
Characteristic impedance (dyne s/cm5) 14 176.60 ± 77.06 31 149.8 ± 97.53 0.368
Corrected characteristed impedance(dyne s/cm5) 14 110.70 ± 49.21 31 80.1 ± 47.44 0.054
Elastic modulus (mmHg) 14 906.25 ± 525.07 31 371.54 ± 286.30 <0.001
B-stiffness index 14 7.86 ± 4.10 31 3.50 ± 2.17 <0.001

Results are presented as mean ± SD.
MFS = Marfan syndrome; PWV = pulsed-wave velocity.
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aortic arch segment, our chosen method would
have affected the accuracy of elasticity measure-
ments in both groups.

Conclusions:
In conclusion, AoS was found to be significantly
higher in patients with MFS as expected. Struc-
tural changes in the aortic wall due to underlying
MFS pathophysiology and age-related increase in
aortic wall stiffness may be well evaluated us-
ing 2D and Doppler echocardiography through a
suprasternal view. Ultimately, this technique may
prove helpful in diagnosis, and improve the long-
term follow-up, management and risk stratifica-
tion of patients with MFS provided that patients
are echogenic and not suffering from any severe
musculoskeletal abnormalities.
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