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L-1 B#FEE 1 Marfan Syndrome

Harald Kaemmerer, M.D.
Department of Pediatric Cardiology and Congenital Heart Disease,

Deutsches Herzzentrum Miinchen, Technische Universitat Miinchen,
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Classical Marfan syndrome (MFSI) is a generalized connective tissue disorder caused by mutations in the
fibrillin 1 gene. Marfan syndrome type II is caused by mutations in the TGFBR2 gene. In 1996 the revised
“Ghent criteria” were offered as an international standard for the diagnosis of MFS. In 2010 these criteria
have been revised. MFS is a hazardous condition, often associated with premature cardiovascular death

unless surveillance and management are optimized.

The prognosis for patients with MFS mainly depends on the severity of cardiovascular complications.
Particularly the neonatal form is often associated with a dismal course and with premature death.
Progressive tricuspid and mitral valve regurgitation from atrioventricular valve prolapse are main causes
of morbidity during infancy. Aortic ectasia, aortic dissection and chronic aortic valve regurgitation is the
foremost cause of mortality and morbidity in adults. Aortic root abnormalities predispose to progressive
aortic dilatation and dissection, aortic- and AV-valve anomalies to congestive heart failure. Aortic rupture,

aortic dissection, and heart failure account for approximately 90 % of all deaths in adults.

Prior to adequate pharmacologic and surgical treatment the historically reported life expectancy of Marfan
patients was about two-thirds of that of healthy people. The lack of diagnostic criteria and awareness of
MFS with subsequent misdiagnosis were the main reason for high morbidity and mortality in the past.
Over the past 4-5 decades, modern therapeutic concepts have considerably improved long-term outcome.
Particularly, successful and timely aortic root surgery, aortic valve and mitral valve replacement or repair
as well as earlier detection, careful follow-up and the prophylactic use of beta-blockers have reduced
morbidity and mortality and prolonged survival. Nevertheless, cardiovascular complications are still the
most common causes of patient loss, often due to sudden death in previously undiagnosed patients and in

patients with rapid progression of previously diagnosed problems.

Diagnostic imaging

Diagnostic imaging is very important for detection and evaluation of cardiovascular involvement and case
management, particularly to define therapeutic strategies.There is no single definite test modality for the
diagnosis of MFS. In addition to a history of symptoms the family history and a complete, systematic
evaluation of all potentially involved organ systems is mandatory, particularly regarding the heart and
blood vessels, the eyes, and the musculo-skeletal system. In the past decade imaging modalities have
shifted toward the use minimal invasive and noninvasive techniques. Doppler-echocardiography, magnetic
resonance imaging (MRI) , and modern computed tomography (CT) are the gold standard and should be

judged as complementary in patients with MFS.

Management
Patients must be well informed about potential complications from the syndrome and how life-style
modification can improve outcome. Guidelines for physical activity depend on the severity of the disease

and the symptoms. Strenuous exercise, maximal and isometric exercises should be refrained. There is some
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evidence that beta-blocking agents prevent or delay the onset and rate of aortic root enlargement, reduce
the risk of rupture or dissection and improve survival rate in all age group. The use of beta-blockers in
MFS was established 1994 by a small prospective, open-label, randomized trial. Other retrospective studies
confirmed the efficacy of beta-adrenergic blockade in patients with MFS. However, it is well known that
some patients respond better than others do. Particularly from the pediatric group questions were raised,

about the beneficial prophylactic effect.

Currently, all (adult) Marfan patients should be maintained on long-term beta-adrenergic blockade provided
no contraindications exist. In the future, angiotensin converting enzyme inhibitors may play the most
important roll in the prevention and treatment of aortic wall degeneration and disproportionate growth rate

of the aortic root.

Cardiovascular surgery

Elective surgery is performed in adults to prevent aortic dissection or rupture or to treat aortic valve or
AV-valve regurgitation. The indication for elective surgery is particularly based on aortic size, rate of aortic
growth, and family history of aortic dissection. Prophylactic aortic root replacement is usually recommended
when the diameter reaches 50 mm. However, certain experienced institutions replace the ascending aorta in
adults as soon as the aortic root diameter exceeds 45 mm. Early aortic surgery is also recommended if the
aortic root diameter is enlarging rapidly. Elective surgery can be indicated in patients with a family history
of aortic dissection or sudden cardiovascular death even much earlier to avoid a disaster. Dissection of the
descending aorta can usually be managed medically. The descending aorta should be replaced if the aortic
diameter exceeds 55 or 60 mm, if complications, pain or organ ischemia is present, if the aortic diameter
increases more than 0.5 to 1.0 cm per year, or when the aortic diameter exceeds twice the diameter of the

normal aorta.

For infants and children no authoritative recommendations exist. Aortic surgery is performed as Composite
Valve Graft repair (so-called modified Bentall procedure) or as valve-sparing aortic surgical repair.
The Yacoub procedure is referred to as the “remodeling technique,” and the David procedure as the

“reimplantation technique” .

Recently, implantation of aortic stent grafts into the descending aorta was introduced for type B dissection
in Marfan patients which could not be managed conservatively. However, the complication rate in MFES is

significant and MFS patients are not ideal candidates for this procedure.

It has to be emphasized that Marfan patients receive their ongoing medical care at a subspeciality center.
Surgery in MFS should only be performed by cardiac surgeons with special expertise and in experienced
cardiac centers. After surgery Marfan-patients require lifelong follow-up to detect future progression of the
disease in time. Particularly the aortic arch and the descending aorta are at risk for later-onset aneurysmal
formation and dissection. The proposed control interval should not exceed 12 months in untreated patients
with an aortic root diameter under 40 mm or in pts with an uneventful postoperative or postinterventional
course. Patients with an aortic root diameter above 40 mm, with aortic regurgitation, after surgical or
interventional treatment of the aorta, or with a family history of aortic dissection or sudden cardiac death
should be restudied by echocardiography, with CT or MRI at least every 6 (to 12) months, as changes
can occur suddenly, even in asymptomatic patients. Each MFS patient with new onset of acute thoracic or
abdominal pain or with other extraordinary symptoms should immediately seek medical attention and urge

for medical clarification, including imaging of the aorta.
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L-2 1B#5:%@E 2 Doppler Echocardiography and Heart Failure
in Congenital Heart Disease

Erwin Oechslin,M.D.
Director, ACHD Program, University Health Network/Toronto General Hospital; Peter Munk Cardiac Centre; Toronto, Ontario,

Canada

1. Introduction
Echocardiographic assessment of myocardial function is essential in patient with congenital heart disease,

and patients with heart failure in particular. Evaluation of systolic function is challenging due to the
confounding effect of many factors: ventricular geometry, variable loading conditions (pre-/afterload) and
intrinsic myocardial function. Physiologic concepts of myocardial function and limitations of the different

echocardiographic techniques must be understood.

2. Mechanics of Cardiac Systolic Function
Systolic function itself consists of intrinsic myocardial function (contractility) and ventricular pump function

(performance). Ventricular performance further depends on many factors: ventricular geometry, loading
conditions (venous return, valvular function, arterial impedance), myocardial perfusion, and heart rate.
The stroke volume/cardiac output depends on: preload, afterload, heart rate and intrinsic contractility. The
latter refers to the ability of the cardiac muscle to generate force and shorten independently of preload,
afterload and heart rate. Most indices of cardiac function are indices of intrinsic contractility, but are also
responsive to loading conditions and do not provide an accurate measurement of contractile function of
the myocardium. The reference method for assessing ventricular contractility is the invasive recording of

pressure-volume loops.

3. Echocardiographic Assessment of Ventricular Systolic Function
Different techniques were introduced to assess ventricular global or regional myocardial function.

a) Dimensional Changes To Assess Ventricular Function:
The following three measurements are used to assess global ventricular function:

® Fractional shortening (M-mode): to assess circumferential/radial shortening

® Displacement of the atrio-ventricular valve annulus - to assess longitudinal function
(TAPSE: Tricuspid Annular Plane Systolic Excursion by M-mode; MAPSE: Mitral Annular Plane
Systolic Excursion). Advantage: simple measurement, less dependent on optimal image quality.
Disadvantage: assumption that the displacement of a single segment represents the function of a
complex 3D structure, angle dependency, load dependency

® Ejection fraction (2 D-echocardiography, 3-D echocardiography). There are several challenges
to calculate ejection fraction, in particular for the RV or in patients with univentricular hearts:
abnormal geometry of the RV / univentricular hearts (geometrical assumptions); suboptimal/
poor endocardial delineation/extensive trabeculations of the RV (how do you trace the RV
volume? Do you include the trabeculae into the blood pool?) Calculation of the ejection fraction
by 2 D echocardiography is not possible for the right ventricle (complex geometry). Three

D-echocardiography is used to calculate RV ejection fraction.
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® Fractional area change (fac): fac = (end-diastolic area - end-systolic area)/end-diastolic area.

® Velocity of circumferential fiber shortening (VcF):fractional shortening (FS) is divided by
ejection time. This index is relatively insensitive to preload changes, but highly sensitive to changes
in contractility and afterload. Limitations: global parameter; short-axis has to be circular and LV

shape elliptical.

All these methods have limitations but they are commonly used in daily clinical practice (except VcF). As

discussed, geometry and load dependency are one of their main limitations.

b) Doppler Measurements:

® Maximal dP/dt: The maximal rate of rise in ventricular pressure during the isovolumic
contraction period (dp/dtmax) is an invasive index derived from pressure traces and reflecting
pressure-generating capacity of the cardiac muscle. It can be derived from a continuous-wave
Doppler tracing of AV valve regurgitation jet (there is no significant rise in left atrial pressure and
therefore the rise in AV regurgitation velocity during isovolumetric contraction period reflects dP/
dtmax). Limitation: dP/dt is not a real isovolumetric measurement because some volume changes
in the ventricle are required for the regurgitant volume; preload-dependency; lack of data in
normal subjects (dp/dtmax not recommended for routine use)s. Advantage: geometry-independent
measurement and sensitivity to changes in contractility, relative independence from changes in
afterload (measurements are performed before opening of the aortic valve).

® Aortic/pulmonary blood flow velocities

® Myocardial Performance Index (MPI): this is a non-geometrical index expressing global
ventricular function (systolic and diastolic function). It includes isovolumic contraction time (ICT),
ejection time (ET) and isovolumic relaxation time (IRT). MPI = (ICT + IRT) / ET. Normal values:
0.35 £ 0.03 for the left ventricle, 0.28 = 0.04 for the right ventricle. The larger the MPI, the more
abnormal ventricular function. Advantages: no geometric assumptions. Disadvantages: measure
of global myocardial function; no differentiation between systolic and diastolic dysfunction, load-
dependency; unreliable in patients with elevated atrial pressure.

® Doppler Tissue Imaging (DTI): It allows non-geometric quantitative measures of both systolic
and diastolic ventricular function that is easily obtained, reproducible and clinically valid. DTI
is a direct assessment of myocardial function (in contrast, the previously discussed measures of
myocardial function by looking at dimensional changes or at blood pool data during the ejection
period). The normal pulsed-wave DTI is characterized by first a short and sharp isovolumic
contraction peak (S-wave), followed by a longer systolic contraction peak, that corresponds to base-
to-apex motion of the myocardium during systole. This is followed by another short-lived isovolumic
relaxation peak. Later, the early diastolic (E-wave) and the late-diastolic waves (A-wave) occur.
Limitations: dependency on heart rate, age, geometry, preload, afterload and angle; tissue Doppler
velocities also are unidimensional and rely on a one-dimensional assessment of the myocardial
velocity (in either the longitudinal or radial direction); cardiac translation (movement of the heart
within the thorax) is also measured; in addition, motion and velocity of a myocardial segment are
influenced not only by its own intrinsic contractility but also by adjacent myocardial segments
(defined as tethering). Advantage and disadvantage: the same as displacement atrio-ventricular

annulus; plus segment interaction.
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® Myocardial acceleration during isovolumic contraction (IVA): this is an index of
contractility calculated as the average rage of myocardial acceleration during isovolumic contraction
and expressed in centimeters per second. IVA has been validated as a sensitive noninvasive index
of right and left ventricular contractility that is unaffected by preload and afterload within a
physiologic range. Limitations: heart rate dependent; preload dependent in patients with elevated
ventricular EDP, no consistent relationship between regional IVA and regional myocardial
contractility in patients with ischemic heart segments. IVA should only be used as global functional

parameter when calculated from longitudinal velocities near the base of the heart.

b) Doppler Measurements:
® Strain and strain rate: to assess regional deformation. Limitations: angle-dependent and
load-dependent technique; no clinical validation/lack of normative data. Research tool; segment
interaction.

® Speckle tracking: IAngle-independent. Limitation: load-dependent; very limited clinical use

4. Echocardiographic Assessment of Diastolic Function
Diastolic function/dysfunction has been less well understood and investigated than systolic function. One

of the major challenges are that Doppler patterns that characterize diastolic function vary significantly
among different congenital heart defects and are not validated at all. All normal values of diastolic indices
obtained and validated in adults with normal structure of the heart or acquired heart disease canNOT be
extrapolated and applied to patients with congenital heart disease. What are normal diastolic indices for a
subaortic right ventricle or a univentricular heart (Fontan circulation)? There is a lack of validated data.

a) Doppler echocardiography: mitral/pulmonary venous inflow; tricuspid/systemic venous inflow;
pulmonary venous inflow

b) Tissue Doppler Imaging (TDI): Pused TDI can be useful, but there are limitations: angle-dependency;
it is critical to interrogate the myocardial segment parallel to the wall motion in order to obtain true peak
velocities; segmental wall motion patterns do not reflect global myocardial function.

c) Myocardial deformation:
® strain/strain rate. Limitations as discussed above.

® Speckle tracking
d) Atrial volume(s): it reflects chronic cumulative filling pressures over time (in contrast to Doppler
indices, which describe diastolic function at one moment in time).

e) Inferior vena cava: dimension and respiratory variation

5. What Can/Should | Measure During My Daily Clinical Practice?
Be aware of the limitations of each method!

a) Systolic function:
® Visual assessment

® Fractional shortening
® Fractional area change
® FEjection fraction (left ventricle); it may be reasonable to reserve 3 D echocardiography to calculate

volumes/ejection fraction in selected patients (right ventricle, univentricular heart?) and laboratories
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Displacement of the atrio-ventricular valve annulus (TAPSE/MAPSE)
DTI at the base of the ventricles (S )

(MPI - measure of global ventricular function)

Diastolic function:

Tricuspid/systemic venous inflow
Mitral/pulmonary venous inflow
DTT at the base of the ventricles
Atrial volume(s) / inferior vena cava (IVC)

(MPI - measure of global ventricular function)

The following parameters are research tools:

® Strain/strain rate; speckle tracking
® IVA
6. Summary

® There is no single, robust technique available to measure systolic / diastolic function of the
ventricles in patients with (complex) congenital heart disease.

® jsual assessment of systolic ventricular function is inadequate and quantitative parameters must be
routinely obtained; at least two, reproducible parameters of systolic and diastolic function must be
incorporated into the routine echocardiographic assessment of the ventricle(s) . Combining more
than one measure of ventricular function is more reliable;

® Normal values derived from healthy subjects/patients with acquired heart disease cannot be
extrapolated and applied to patients with congenital heart disease; each patients is his/her own
control during follow-up;

® Longitudinal data and dynamic changes of the measurements are more important than one
single measurement;

® All methods have major limitations including load-dependency, heart rate dependency and/or
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geometry-dependency.
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